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ABSTRACT
Introduction: Multiple system atrophy is a sporadic α-synucleinopathy, characterized by parkinsonism, 
cerebellar and pyramidal signs combined in different ways, in association with autonomic failure. In 
absence of disease-modifying therapies, management is directed toward symptomatic treatment and 
maintenance of function.
Areas covered: This review critically appraises current evidence, highlights novel therapeutic strategies, 
and provides guidance for clinical practice and future research directions. A literature search without 
date restrictions was conducted using PubMed to identify published studies relevant to this review. 
Motor symptom interventions are primarily levodopa-based, yielding partial and transient responses, 
especially in MSA-P, whereas dopaminergic agonists, MAO-B inhibitors, amantadine, and device-aided 
therapies provide a limited or short-lived benefit. Physiotherapy, occupational therapy, and multi
disciplinary rehabilitation are integral to motor symptoms management. Non-motor symptoms man
agement target autonomic failure (neurogenic orthostatic hypotension, urinary/sexual dysfunction, 
etc.), gastrointestinal dysmotility and sleep disorders (REM sleep Behavior Disorder, stridor, etc.), 
using a stepwise combination of lifestyle measures, pharmacological agents and device-aided 
interventions.
Expert opinion: Management of MSA remains largely symptomatic. Multimodal treatment and inte
gration of rehabilitative and non-pharmacological strategies are critical, while ongoing trials in neuro
protection and neuromodulation represent key avenues to improve long-term outcomes.
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1. Introduction

Multiple system atrophy (MSA) is an adult-onset, rare, and pro
gressive neurodegenerative disorder characterized by a-synu
clein accumulation and the presence of oligodendroglial 
cytoplasmatic inclusions [1]. Clinically, it is defined by 
a combination of progressive autonomic failure, parkinsonian 
features, cerebellar dysfunction, and pyramidal signs [2]. We 
recognize two major forms of MSA: the parkinsonian variant 
(MSA-P) and the cerebellar variant (MSA-C). MSA is a largely 
sporadic disease. To the best of our knowledge, the prevalence 
of MSA is approximately 3 to 5 per 100.000 individuals, and MSA- 
P generally occurs more frequently than MSA-C, with ratios ran
ging from 2:1 to 4:1 across most countries [1]. The core clinical 
manifestations of MSA include parkinsonism, cerebellar ataxia 
and autonomic dysfunction in a variable combination.

Current management is limited to symptomatic therapy, as no 
disease-modifying treatments are available. Pharmacological 
options for motor symptoms remain insufficient: levodopa may 
provide only partial and often short-lived benefit in parkinsonism, 
and there are no proven pharmacological therapies for cerebellar 
dysfunction [1]. Non-motor symptoms, including urinary and 

cardiovascular autonomic dysfunction, sleep disturbances, and 
other systemic complications, may be improved with tailored 
pharmacological and non-pharmacological strategies.

The aim of this review is trying to provide an updated and 
comprehensive overview of treatment approaches in MSA. It 
will summarize the management of motor symptoms, discuss 
evidence-based interventions for autonomic dysfunction, and 
address therapeutic options for sleep, cognitive, and beha
vioral symptoms. Additionally, the review will outline non- 
pharmacological strategies and highlight emerging disease- 
modifying therapies, offering a structured framework for clin
icians managing this challenging disorder. For this purpose, 
a literature search without date restrictions was conducted 
using PubMed to identify published studies relevant to this 
review and supplemented by browsing ClinicalTrials.gov to 
identify recently completed or ongoing clinical trials on MSA.

2. Motor symptoms in MSA

Motor involvement in MSA includes a broad spectrum of 
symptoms ranging from parkinsonian features to cerebellar 
signs and dystonia [3]. Parkinsonism is present in about 90% 
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of all MSA patients, and in about 60% of patients with MSA 
cerebellar variant [3]. Parkinsonian syndrome in MSA is gen
erally more symmetric as compared to idiopathic Parkinson’s 
Disease (PD), and poorly responsive to dopaminergic treatment, 
while tremor is typically postural, irregular with a jerky compo
nent, known as polyminimyoclonus [4]. Furthermore, other aty
pical features could distinguish MSA from PD, such as the 
predominant axial involvement in MSA characterized by Pisa 

syndrome or camptocormia, disproportionate anterocollis and 
orofacial dystonia [5]. Cerebellar features in MSA typically include 
broad-based gait with imbalance and postural instability, inten
tion tremor, gaze evoked or positional down-beat nystagmus. 
Motor symptoms substantially worsen disability and increase fall 
risk, which may also be affected by co-existing orthostatic hypo
tension [1]. Unfortunately, symptomatic treatment options 
remain very limited. Table 1 summarizes management principles 
for motor symptoms in MSA.

2.1. Treatment of parkinsonism

Treatment of parkinsonism in MSA includes pharmacological 
and non-pharmacological strategies, pharmacological treat
ment of parkinsonism is based on the use of levodopa, dopa
mine agonists, MAO-B inhibitors and other drugs (e.g. 
amantadine, COMT inhibitors); however, there is a lack of 
consensus and low evidence of efficacy for most of these 
drugs in MSA.

2.1.1. Levodopa
Levodopa remains the most commonly used therapy for par
kinsonism in MSA, although its overall effectiveness is limited. 
Data from the European and American MSA registries show 
that a substantial proportion of patients receive levodopa 
(about 37%); with response rates consistently higher in MSA- 
P subtype rather than in MSA-C [3]. Across studies, only 
a minority of patients demonstrated meaningful clinical ben
efit, and when improvement occurs, it is typically partial and 

Article highlight

● Motor involvement in MSA includes parkinsonism, cerebellar dysfunc
tion, and dystonia, all of which significantly contribute to disability. 
Levodopa remains the main treatment option for parkinsonism in 
MSA, although its overall effectiveness is limited.

● Cerebellar symptoms respond poorly to pharmacotherapy; non- 
invasive brain stimulation and intensive physiotherapy provide mod
est but often temporary effects.

● Although autonomic symptoms represent the core features of MSA, 
evidence to guide treatment remains limited and management, rely
ing on approaches validated in other disorders, should consider that 
therapies beneficial for one symptom may have detrimental effects 
on others.

● The management of sleep–wake disorders requires multidisciplinary 
evaluation and individualized therapeutic strategies tailored to each 
specific disturbance, as they significantly affect quality of life, disease 
progression, and survival.

● Disease-modifying therapies are a major unmet need in the manage
ment of the disease. Several clinical trials addressing a-synuclein 
aggregation, neuroprotection and neuroinflammation are ongoing 
and foster hope for the discovery of disease-modifying agents for 
this fatal and orphan disease.

Table 1. Management principles for motor symptoms in MSA.

Motor 
symptom

Treatment  
approach Key evidence & outcomes Limitations/Adverse effects

Parkinsonism Levodopa Most commonly used drug; ~37–57% of MSA-P patients show 
initial benefit (esp. bradykinesia, rigidity, tremor); response is 
usually short-lived (≤2–3 years)

Response wanes over time; motor fluctuations are 
common; dystonic dyskinesias (~7%); orthostatic 
hypotension (up to 39%); rare psychiatric AEs

Dopamine 
Agonists (DA)

Limited data; lisuride, bromocriptine, lergotrile showed minimal 
benefit; rotigotine improved UMSARS by ~37% in small series

Psychiatric complications (hallucinations, agitation); 
infusion site issues (with lisuride); possible worsening 
OH; very small sample sizes

MAO-B inhibitors Rasagiline showed no significant benefit; safinamide case series 
showed partial improvement (mobility, falls, FOG)

Poor evidence; improvements often transient; AEs: 
drowsiness, confusion, headache

Amantadine Some studies show improvement in motor scores (UMSARS, 
reaction time); reported efficacy also in levodopa non- 
responders

RCTs inconclusive; AEs: nightmares, psychosis (rare)

Device-aided 
Therapies

LCIG: case series & cohort showed motor/sleep benefit; DBS: 
transient improvement in tremor, rigidity, gait in misdiagnosed 
PD → deterioration within 6–12 months

AEs: hallucinations, psychosis, OH, dyskinesia 
exacerbation, surgical risks; no evidence from RCTs

Non- 
Pharmacological

Physiotherapy (strength, balance, gait training) improves UPDRS, 
UMSARS, TUG; occupational therapy improves ADL scores.

Falls, pain, hypotension possible during treatment; benefit 
not always sustained

Dystonia Botulinum toxin Effective in blepharospasm, antecollis (some reports); should be 
used cautiously in cervical dystonia

Risk of worsening dysphagia

Amantadine No statistically significant difference vs placebo in RCT Limited evidence
Muscle Relaxants 

(baclofen)
Oral/intrathecal baclofen studied → no clear benefit. Limited evidence

Occupational 
Therapy

Improved UPDRS and ADL scores; no AEs reported. –

Cerebellar 
symptoms

Pharmacological Propranolol improved intention tremor (not gait/speech); Acetyl- 
DL-Leucine: no significant benefit, but some patients 
continued therapy for subjective improvement.

Lack of evidence from RCTs

Non- 
Pharmacological

rTMS & tDCS: multiple RCTs → improved SARA, UMSARS, ICARS 
scores. Physiotherapy improves gait, TUG, SARA (short-term).

Heterogeneous protocols; benefits often temporary after 
stopping therapy
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short-lived, often limited to the first two years of disease 
[3,6–8].

Reported symptomatic gains mainly involve bradykinesia, 
rigidity and tremor, but the impact and durability of response 
vary widely. Several studies describe initial improvement fol
lowed by motor fluctuations and progressive loss of efficacy 
[7–9]. Despite temporary motor benefit in some patients [10– 
12], overall disability, reflected in clinical scale such as UMSARS 
part IV (Global disability scale), continues to worsen as part of 
the natural disease course [13].

Adverse events (AEs) are notable, levodopa-induced dyski
nesias occurs in a small but significant subset of patients and 
often presents atypical phenomenology compared to 
Parkinson’s disease characterized by oromandibular or asym
metric dystonic pattern [7,14,15]. Worsening of orthostatic 
hypotension is relatively frequent, whereas psychiatric disor
ders such as hallucinations are less prominent [11,12,14].

Overall, the literature supports that levodopa offers limited, 
transient benefit in MSA, with better responsiveness in MSA-P 
(57% of patients) than MSA-C (25% of patients) [10]. In line 
with diagnostic criteria, a poor levodopa response is defined 
as less than 30% improvement on MDS-UPDRS part III despite 
adequate dosing (on up to 1000 mg or tolerated) [16], under
scoring the generally suboptimal therapeutic effect of dopa
minergic therapy in this disorder.

2.1.2. Dopamine agonists
Dopamine agonists (DAs) have been evaluated only in few 
studies on MSA patients or in past studies on Olivo-ponto- 
cerebellar atrophy (OPCA) patients, resulting in a very low 
level of evidence that includes a single RCT, two uncontrolled 
case series, and one retrospective cohort. Lisuride has been 
tested both orally and via continuous subcutaneous infusion. 
Oral administration showed no meaningful improvement in 
disability and was frequently associated with psychiatric AEs, 
which includes hallucinations, agitation, and confusion, as well 
as mild gastrointestinal symptoms and dizziness [17]. 
Subcutaneous infusion showed short- and medium-term 
motor benefits, but treatment was limited by infusion reac
tions, psychotic disorders and choreiform dyskinesias, leading 
to discontinuation in at least one patient [18].

Bromocriptine and lergotrile were examined as add-on 
therapies in a small OPCA cohort, with response largely reflect
ing levodopa responsiveness [19]. In contrast, rotigotine has 
shown more consistent improvement: in a case series of four 
MSA patients, a 37% reduction in UMSARS total score was 
reported [20]. Overall, DA may offer modest symptomatic 
benefit in selected individuals, with rotigotine appearing the 
most promising. However, available data are limited by very 
small sample size, diagnostic heterogeneity and concerns 
regarding psychiatric side effects, infusion related complica
tions and the potential risk of worsening orthostatic 
hypotension.

2.1.3. MAO-B inhibitors
Monoamine oxidase-B (MAO-B) inhibitors have been explored as 
potential treatments for motor symptoms in MSA, but current 
evidence is limited and variable. In one of the largest RCT to date, 
rasagiline (1 mg/daily) was evaluated in 174 patients with 

probable or possible MSA and did not demonstrate significant 
improvement in UMSARS part II motor scores, disability out
comes, or quality of life (QoL) with placebo [21].

Indeed, several small, uncontrolled studies have suggested 
potential symptomatic benefit with Safinamide [21–25]. 
A retrospective cohort including 14 individuals with MSA 
found that roughly one-third experienced improvements in 
mobility and falls, though AEs such as drowsiness, confusion, 
and headache were also reported in a similar proportion of 
patients [22]. Additional small case series have described tran
sient improvement in freezing of gait, bradykinesia, tremor, 
dysphagia, and pain, with generally good tolerability aside 
from occasional mild dyskinesias [24,25]. However, benefit 
was often not sustained over time. Overall, while MAO-B 
inhibitors appear to be reasonably well tolerated, evidence 
supporting their clinical efficacy in MSA remains insufficient, 
and their therapeutic role is yet to be established.

2.1.4. Amantadine
Evidence on the use of Amantadine in MSA patients spans 
several decades, but many older studies are difficult to inter
pret because they included patients with OPCA [26–28], which 
could not fully align with current MSA diagnostic criteria. More 
recent investigations, primarily small, non-randomized trials 
and uncontrolled case series provide limited but suggestive 
data [29,30]. Across these studies, amantadine has shown 
modest benefit in some patients, including improvements in 
motor performance and disability score, assessed, respectively, 
with UMSARS part II and part IV [29,31,32–34], although find
ings are inconsistent and not confirmed in placebo-controlled 
trials. A randomized cross-over study in probable MSA-P did 
not demonstrate significant benefit compared with pla
cebo [34].

Amantadine appears to offer a mild and variable therapeu
tic effect, with generally transient or modest symptomatic 
improvement. Reported AEs are usually mild, though psychia
tric symptoms may occur. Anecdotal observations suggest 
that some patients with poor levodopa response might derive 
limited benefit [33], but current evidence remains insufficient 
to support strong conclusions about its efficacy in MSA [34].

No clinical trials or case series assessing the efficacy of 
COMT inhibitors in MSA were reported in the literature.

2.1.5. Device-aided therapies
Device-aided therapies, widely used in PD, have only limited 
application in MSA, Subcutaneous Apomorphine (SA), levodopa- 
carbidopa intestinal gel (LCIG), and deep brain stimulation (DBS) 
have been tried, but supporting evidence remains sparse.

Only one RCT has evaluated SA in MSA, enrolling three 
patients, without clinical benefit and subsequent discontinua
tion in all patients [33]. LCIG has been investigated in one 
retrospective cohort of seven MSA-P patients and small 
uncontrolled case series including three individuals overall 
(two MSA-P, one MSA-C) [35,36]. In both studies, patients 
reported improvements in motor symptoms and sleep quality. 
However, LICG was frequently associated with local device- 
related complications such as leakage, granulomas, and stoma 
dermatitis, in addition to dopaminergic side effects including 
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hallucinations, psychosis, worsening orthostatic hypotension, 
and exacerbated dyskinesia.

DBS has mostly been applied in patients initially misdiag
nosed with PD, as showed in a large case series where patients 
that underwent to DBS had a subsequent diagnosis of MSA 
[37]. Despite initial benefit on motor symptoms, particularly 
tremor, MSA patients presented worsening in terms of cogni
tion and autonomic dysfunction [37].

Several targets have been explored, including STN, GPi/GPe, 
Vim, PPN, and cortical areas. Short-term improvement in tremor, 
rigidity, dystonia, dyskinesias, and gait has been reported [37–39]. 
An improvement of UPDRS III scores emerged in bilateral STN-DBS 
[38], while PPN-DBS enhanced gait speed and balance and 
reduced FOG episodes up to one year [40]. Nonetheless, these 
benefits were not sustained: most part of patients deteriorated 
within 6–12 month, regardless of target, with particularly poor 
outcomes in those receiving GPi stimulation alone [41]. Other 
AEs include neuropsychiatric complications (i.e. psychosis, para
noia) [41–43].

In summary, while isolated short-term gains have been 
reported, device-aided therapies do not appear to modify 
disease progression in MSA and are generally not recom
mended outside of carefully selected cases.

2.1.6. Non-pharmacological treatment
Non-pharmacological treatment for parkinsonism includes 
physiotherapy and occupational therapy. As for physiotherapy, 
all the published studies reported an improvement of motor 
symptoms. Inpatient rehabilitation involving a 4-week hospi
talization with physical, occupational, and speech therapy in 
15 MSA-C patients improved ataxia, cognition, and health- 
related quality of life [44]. In a prospective cohort study on 
10 MSA patients, evaluating a protocol that comprehends 
exercises including supervised strength, flexibility, posture, 
and balance exercises, transfers, swings, walking and coordi
nation training, dual task, and stair climbing performed for 
60 min for 5 days, followed by homebased 60-min exercise for 
5 days per week for 2 weeks; showed a sustained improve
ment on MDS-UPDRS part I, II and III, UMSARS part I and II 
and time up and go test [45]. In an RCT enrolling 17 MSA 
patients, occupational therapy showed a significant improve
ment in total UPDRS score and ADL sub-score in the interven
tion group, without any AEs or drop-out [46].

2.2. Treatment of dystonia

Dystonia is a frequent manifestation of MSA, presenting either 
as a primary component of the disease, commonly antecollis, 
hand dystonia or blepharospasm, or as a consequence of 
L-dopa treatment, with peak-dose craniocervical dystonia 
representing the most typical dyskinetic complication [2,7]. 
Therapeutic evidence for management of dystonia in MSA 
are limited. Botulinum toxin injection is considered the most 
practical pharmacological option, and although data specifi
cally obtained from MSA patients are poor, small studies 
suggest potential benefit, particularly for blepharospasm and 
dystonic-related pain [2]. Cervical dystonia required caution 
during treatment due to the substantial risk of worsening the 

dysphagia in this population [2]. Indirect support for botuli
num toxin use can be drawn from its established efficacy in 
management of axial dystonia in PD since camptocormia and 
Pisa syndrome may be observed in both diseases [47]. 
However, randomized controlled trials focused exclusively on 
MSA patients are still lacking, limiting the strength of current 
recommendations.

Other pharmacological interventions demonstrated insuffi
cient evidence of benefit. Amantadine administrated at 
dosage of 200 mg/daily showed non-significant trends toward 
improvement in posture and postural stability, suggesting 
only marginal and unconfirmed effect on dystonic manifesta
tion [34]. Oral or intrathecal baclofen failed to exhibit clear 
therapeutic value for dystonia [19,48].

Non-pharmacological strategies may complement manage
ment, with pilot data indicating that occupational therapy can 
improve functional outcomes in affected patients. In a small 
randomized controlled trial, eight structured 40-minute sessions 
resulted in measurable benefits, supporting the relevance of 
rehabilitative approaches in comprehensive dystonia care [49].

2.3. Treatment of cerebellar symptoms

Several pharmacological agents have been used off-label for 
treatment of cerebellar features, such as propranolol, baclofen, 
and amantadine, but none have robust evidence of efficacy. 
Propranolol may reduce intention tremor, though it does not 
improve gait or speech [19]. A RCT study of acetyl-DL-leucine 
showed some subjective improvements reported by partici
pants, despite no significant benefit were disclosed on SARA, 
UMSARS, or functional motor tests [50].

More promising results have been reported for noninvasive 
brain stimulation (NIBS), including transcranial direct current 
stimulation (tDCS) and repetitive transcranial magnetic stimu
lation (rTMS) [51–53]. rTMS is generally well tolerated and has 
demonstrated improvement in cerebellar scales (SARA, ICARS, 
UMSARS) in both short- and long-term protocols [54–59]. 
However, the heterogeneity in stimulation targets and proto
cols remains a major limitation.

Physiotherapy continues to play a pivotal role in the man
agement of cerebellar symptoms of MSA. Although evidence 
is based on small, uncontrolled studies, multidisciplinary reha
bilitation, such as intensive inpatient programs or home-based 
telerehabilitation, can yield modest improvements in gait per
formance and SARA scores [44,45,60]. These benefits, however, 
are often not sustained once treatment stops.

In summary, current therapeutic options for cerebellar impair
ment in MSA are largely supportive, with physiotherapy and 
emerging neuromodulation techniques offering the most pro
mise, while effective pharmacological strategies are still lacking.

3. Management of cognitive and behavioral 
symptoms

3.1. Treatment of cognitive symptoms

Cognitive impairment is increasingly recognized as 
a relevant feature of MSA, most commonly involving execu
tive functions, attention, and memory [61]. Mild cognitive 
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impairment (MCI) affects nearly half of patients (44%), 
whereas dementia appears less common, occurring in 
roughly 7% of cases [62]. Despite this clinical burden, ther
apeutic strategies remain poorly investigated. 
Pharmacological treatments routinely used in other neuro
degenerative diseases, such as cholinesterase inhibitors or 
memantine, have not shown proven benefit in MSA, and no 
studies have specifically demonstrated their efficacy in 
patients with cognitive dysfunction to date [62]. 
Neuromodulation techniques such as rTMS have been asso
ciated with improvements in attention and spatial working 
memory in MSA-C patients, as reflected by enhances reac
tion times [63]. In addition, multidisciplinary inpatient reha
bilitation programs combining physiotherapy, occupational 
therapy and speech therapy have demonstrated significant 
gains in global cognition, including improvements in 
Montreal Cognitive Assessment (MoCA) score in patients 
with MSA-C and cognitive decline [44]. Although supported 
by small and heterogeneous cohorts, these findings collec
tively suggest that structured rehabilitative and neuromodu
latory interventions could represent promising and safe 
therapeutic options for cognitive impairment in MSA.

3.2. Treatment of behavioral symptoms

Depression and anxiety are common clinical features in MSA 
and the estimated prevalence ranges from 46% to 80% for 
depression and from 37% to 54% for anxiety [64].

The evidence is sparse, consisting of a few small RCTs, 
several observational studies, and some uncontrolled case 
series. Overall, the certainty of evidence is low.

3.2.1. Antidepressants
Evidence for antidepressant use in MSA remains limited and 
largely inconclusive. Two RCTs investigating serotonin reup
take inhibitors (SSRIs), paroxetine in a small cohort of 20 
patients and fluoxetine in a large sample of 81 individuals, 
did not demonstrate significant improvement in depressive 
symptoms measured by standard rating scales such as the 
BDI and HAMD [65,66]. Although SSRIs are widely prescribed 
in clinical practice, concerns have emerged regarding their 
safety profile in this population: increased fall risk has been 
reported with SSRI use [67], and escitalopram or fluoxetine 
may cause predominantly mild AEs, including constipation, 
transient anxiety, and nausea [29,68]. Overall, available data 
do not support a clear therapeutic benefit for SSRIs in mana
ging depression in MSA, despite their routine use.

3.2.2. Anxiolytics
Evidence on anxiolytic therapy is even more sparse. Small 
observational studies comparing escitalopram with tandos
pirone and case series evaluating buspirone reported no 
clinically meaningful improvements in anxiety or depressive 
scores among MSA patients [69,70]. Side effects were typi
cally mild nausea, dizziness, and constipation being the 
most common. Given the limited evidence base, the effec
tiveness of anxiolytics for anxiety symptoms in MSA remain 
uncertain.

3.2.3. Mood stabilizers
Mood stabilizers have not shown therapeutic value in MSA. 
Lithium carbonate was evaluated in a small randomized trial (9 
participants), but the study was halted prematurely due to AEs 
in the lithium group, that presented higher mortality and no 
indication of clinical benefit [67]. Despite poor evidence, in the 
clinical practice SSRIs and/or anxiolytics are commonly pre
scribed in people with MSA according to clinical judgment.

4. Management and therapy of autonomic disorders

4.1. Cardiovascular autonomic failure

Neurogenic orthostatic hypotension, post-prandial 
hypotension, supine/nocturnal hypertension
Neurogenic OH in MSA is mainly related to failure of areas of 
central nervous system (CNS) involved in baroreflex control, 
while only a minority (< 30%) of patients have degeneration of 
post-ganglionic sympathetic nerves [71,72]. Neurogenic OH 
affects 60–88% of MSA patients, and its early occurrence is 
associated with a worse prognosis [16,73–77]

Diagnostic workup aims to distinguish OH from other con
ditions that cause orthostatic intolerance (e.g. reflex syncope, 
postural orthostatic tachycardia syndrome) and to establish 
whether OH is neurogenic or whether it is secondary to 
other causes (intravascular volume depletion, blood pooling, 
severe anemia, medications, and physical deconditioning). 
Orthostatic hypotension is defined as a sustained reduction 
of systolic BPe (SBP) of at least 20 mmHg and/or diastolic BP 
(DBP) of at least 10 mmHg within 3 minutes of standing or 
Head up TILT test [78]. The neurogenic etiology of OH is 
identified by a blunted heart rate (HR) response to BP 
decrease during orthostatic test (ΔHR/ΔSBP ratio <0.5 beats 
per minute/mmHg) or by showing impaired BP responses to 
the Valsalva maneuver [16,79–81]. Neurogenic OH could be 
associated with postprandial hypotension (PPH) [14], with 
supine hypertension (SH) and nocturnal hypertension [82].

It can be symptomatic or asymptomatic, and symptoms 
(e.g. visual disturbances, dizziness, lightheadedness, cognitive 
slowing, weakness, fatigue, suboccipital/paracervical ‘coat- 
hanger’ neck pain, syncope) appear exclusively upon standing 
up and abate when sitting and lying down [83].

Neurogenic OH can increase disability as it can cause syn
cope and falls and affects quality of life by contributing to 
fatigue [84]. The goal of treatment should prioritize reducing 
symptom burden, increasing time spent standing, and improv
ing the patient’s physical abilities to restore independence in 
activities of daily living, rather than normalizing BP values 
[85,86]. A 4-step hierarchical process algorithm has been pro
posed by a consensus expert panel: (1) review and modify or 
discontinue preexisting medications, (2) apply nonpharmaco
logical approaches, (3) implement single-agent pharmacologi
cal treatment, and (4) combine pharmacological treatments. 
At each step, the patient should be evaluated after at least 
2 weeks to assess whether sufficient symptomatic benefit has 
been achieved [85].

Many drugs used to treat hypertension, depression, bladder 
or motor symptoms, including levodopa, can lower BP by 
reducing blood volume, inducing vasodilation, antagonizing 
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the renin-angiotensin system, exerting a negative inotropic/ 
chronotropic effect, or having a central sympatholytic effect 
[87]. Discontinuation, dose reduction or modification of the 
dosage schedule must be proposed on the basis of an indivi
dual risk-benefit assessment.

Patients and their caregivers should be educated about the 
physiological mechanism underlying nOH and PPH and how 
to recognize symptoms early, avoid potential triggers and 
promote lifestyle measures to counteract the BP drop 
[85,86,88].

Despite paucity of evidence in MSA the following non- 
pharmacological measures can be useful to improve BP and 
symptoms after standing or meals: a physical activity program 
with recumbent or sitting exercises, physical counter maneu
vers to be applied immediately when symptoms occur (e.g. 
bending, leg crossing, squatting), increase fluid or salt intake 
or rapid bolus water drinking (350–450 mL) to increase plasma 
volume and the use abdominal or lower limb compressive 
garments during standing [88–94]. Elevating 20–30 cm the 
head-end of bed during sleep may decrease nocturia and 
overnight depletion of plasma volume and improve nocturnal 
hypertension and morning OH [95].

If non-pharmacological approaches do not adequately 
improve the symptoms of nOH, the second step is to initiate 
pharmacotherapy which is mainly based on two complemen
tary strategies: (1) increasing peripheral vascular resistance 
with midodrine and droxidopa and (2) expanding intravascu
lar volume with fludrocortisone. Pharmacological treatment 
of nOH in MSA is challenging due to limited evidence, a lack 
of comparative studies, and unknown long-term effects. 
Therapy must be tailored to the individual patient’s needs, 
taking also into account comorbidities, the degree of periph
eral sympathetic denervation, which may be assessed by 
determining norepinephrine levels [96,97], the presence of 
plasma volume depletion, and the severity of supine 
hypertension.

Among the pressor agents, midodrine is rapidly converted 
into the selective short-acting α1-adrenergic agonist desgly
midodrine and was demonstrated to improve both upright BP 
values and symptoms of nOH in randomized controlled trials 
including MSA patients. Side effects include SH, piloerection, 
scalp itching, and urinary retention [98–100].

Droxidopa is an oral short acting prodrug which is con
verted into norepinephrine. Effect of droxidopa on BP values 
and symptoms in OH and PPH was evaluated on mixed 
cohorts including MSA patients with contrasting results as 
only two out of four large phase III studies met their primary 
outcome suggesting a positive short-lasting effect on OH 
symptoms and standing BP during the first two treatment- 
weeks [101]. The pressor response to droxidopa may depend 
on the degree of postganglionic sympathetic denervation, 
with patients with low plasma norepinephrine levels before 
treatment having the greater response [96]. The most com
mon side effects are hypertension, headache, and nausea 
[102]. An emerging approach is the use of norepinephrine 
reuptake inhibitors like atomoxetine and ampreloxetine, 

whose pressor effect is greater when peripheral sympathetic 
neurons are spared [96]. Atomoxetine was demonstrated to 
improve SBP values upon standing, but not symptoms [103], 
while the efficacy of ampreloxetine in the treatment of nOH in 
MSA is currently under investigation [104].

Fludrocortisone is a synthetic mineralocorticoid which 
expands the intravascular volume by increasing renal reab
sorption of sodium and water in the kidney. Oral fludrocorti
sone administration was found to increase BP in the supine/ 
seated and upright position in small MSA samples and to 
ameliorate symptoms in half of the cases [99,105,106]. 
However, studies on the long-term clinical effectiveness and 
safety of fludrocortisone in the treatment of nOH are scarce 
[107]. Common short-term side effects include SH, hypokale
mia, and peripheral edema, while long-term use exacerbates 
SH and is associated with left ventricular hypertrophy, renal 
failure, and with a higher risk of all-cause hospitalization com
pared to midodrine [107–109].

Pyridostigmine, a cholinesterase inhibitor, enhances choli
nergic neurotransmission in sympathetic and parasympa
thetic ganglia and can be used to improve orthostatic BP 
drops and symptoms in patients with less severe autonomic 
impairment. Combining pyridostigmine with midodrine leads 
to a significant improvement in SBP orthostatic drop 
[110–112].

Pharmacological treatment of PPH includes the α- 
glucosidase inhibitor acarbose which decreases the gastroin
testinal absorption of glucose [113] and the subcutaneous 
administration of the somatostatin analogue octreotide 
which induces vasoconstriction of splanchnic vessels [114].

Few data are available about the efficacy and safety of 
different therapeutic combinations versus monotherapy for 
nOH. The most recommended approach is to appropriately 
titrate a single agent to the maximum tolerable dose and, if 
symptomatic relief is lacking, consider switching to a different 
therapy or adding a second agent [85].

Recently, the implantation of an epidural spinal cord stimu
lator targeting the thoracic root entry zone at the T10 to T11 
level was shown to improve nOH in an MSA patient and in 
a patient with Pure Autonomic Failure converting in MSA. The 
effect was achieved by stimulating the afferent fibers in the 
posterior roots that project to the sympathetic ganglia via 
glutamatergic interneurons in the presence of preserved post
ganglionic fibers. The system was also able to adapt the 
stimulation according to the patient’s position through an 
accelerometer embedded within the impulse generator, thus 
potentially reducing the risk of supine hypertension [115,116]. 
Supine hypertension in patients with nOH is defined as an SBP 
of ≥140 mmHg and/or DBP of ≥90 mmHg after at least 5 min 
of supine position. The physiological nocturnal BP fall at night 
(mean nocturnal BP dip ≥10% with respect to daytime) can be 
lost with a reduced-dipping (< 10%) or a non-dipping/rising 
profile [82].

Nearly 37% of MSA patients show SH and up to 75% loss 
the nocturnal BP fall [117–119]. Norepinephrine release from 
intact post-ganglionic sympathetic fibers in the context of 
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severe baroreflex impairment drives nSH in MSA, but anti- 
hypotensive drugs used for the treatment of nOH may unmask 
or exacerbate it [120]

Neurogenic SH is usually asymptomatic or causing nonspe
cific complaints like headache; however, it exacerbates natriur
esis during sleep, leading to nocturia, sleep disturbances, 
volume depletion overnight and worsening of nOH in the 
morning [82]. Furthermore, target organ damage, cardiovas
cular events and premature death have been observed as 
long-term effects [121].

The goal of SH treatment is to reduce BP value in supine 
position and natriuresis during sleep and lower the risk of 
target organ damage without worsening nOH taking also in 
to account the prognosis of the disease. The approach 
shared by experts is to prioritize the treatment of nOH in 
relation to its immediate consequences (falls, syncope) rather 
than the treatment of SH [122].

Before starting treatment, it is advisable to monitor BP 
over 24 hours to assess the nocturnal BP profile. The ther
apeutic process is based on successive steps, as for the 
treatment of nOH (Figure 1(b)).

Patients with nOH are extremely sensitive to pressor 
agents. Therefore, some drugs that do not increase BP in 
healthy subjects may do so in these patients (e.g. nonsteroidal 
anti-inflammatory drugs ibuprofen and indomethacin) and 
should be avoided before bedtime. Similarly, medications for 
the treatment of nOH should not be given within 3–4 hours of 
going to bed, preferring short-acting pressor agents to 
fludrocortisone.

Suggested non-pharmacological approaches include avoid
ing lying down during the day, limiting water intake, or con
suming a carbohydrate-rich snack or drinking a small amount 
of alcohol at bedtime, elevating 20–30 cm the head-end of the 
bed during sleep and application of an abdominal heating pad 
[95,122].

Studies conducted on small samples and over a short per
iod of time, testing antihypertensive drugs in the treatment of 
nocturnal hypertension, have shown that the following drugs 
administered before bedtime effectively reduce nighttime BP: 
nitric oxide-mediated vasodilating drugs (phosphodiesterase 5 
inhibitor sildenafil, transdermal nitroglycerin patches, beta- 
blocker nebivolol) [123–125], the short-acting calcium channel 
blocker nifedipine [125], central sympatholytic drugs such as 
the α-2 agonist clonidine [126], the angiotensin blocker losar
tan [127] and the mineralocorticoid receptor antagonist epler
enone [128]. However, only clonidine and losartan reduced 
nocturnal diuresis and none of the tested drugs improved 
morning OH [126,127,129].

4.2. Urogenital dysfunction

4.2.1. Urinary dysautonomia
Lower urinary tract dysfunction affects over 80% of MSA 
patients, representing the only initial manifestation in 18% of 
cases and worsening both quality of life and prognosis. 
Clinical manifestations include both storage symptoms (urin
ary urgency, daytime frequency, nocturia, and urge inconti
nence) and voiding symptoms (hesitancy, intermittent urinary 

stream or poor flow difficulty in bladder emptying, sensation 
of incomplete bladder emptying, double voiding, urinary 
retention with post-void residual volume, post-void residual 
(PVR) volume >100 ml) [73,76,130,131]. The following diagnos
tic workup is recommended in MSA patients: (1) history taking 
for the evaluation of symptoms; (2) completing a 3-day blad
der diary; (3) digital rectal examination and ultrasonography to 
evaluate possible enlargement of the prostate gland in male 
patients; (4) measurement of PVR (sonographically, by urody
namics or in-out catheterization).

Urodynamic findings include detrusor overactivity, detrusor 
underactivity during voiding and detrusor-external sphincter 
dyssynergia [132] There are no specific guidelines or good 
quality studies for the treatment of urinary disorders in MSA 
(Figure 2), therefore we recommended to follow the recent 
guidelines on the treatment of urinary disorders in neurologi
cal diseases [133].

The goals of treatment are to maintain renal function, 
achieve effective bladder emptying and control, and minimize 
the risk of urinary tract infections. Behavioral advice (like 
prompted/timed bladder emptying) and pharmacotherapy 
with anticholinergics and β3-adrenergic receptor agonist are 
the first-line treatment for overactivity bladder. Anticholinergic 
drugs improve symptoms by reducing cholinergic output to 
the bladder and, thus, relaxing the detrusor muscle; however, 
they can worse urinary retention. It is preferable to use antic
holinergic drugs with high selectivity for M3 receptors and low 
permeability to the CNS (trospium, darifenacin and solifenacin) 
to reduce side effects, such as cognitive deficits. Other com
mon adverse reactions are xerostomia, xeropthalmia, gastro
paresis, and constipation [134,135].

Oral administered Mirabegron, a selective β3-adrenergic 
receptor agonist, improves bladder capacity by promoting 
relaxation of the detrusor muscle during the storage phase 
and was demonstrated to ameliorate urinary frequency, 
urgency, and incontinence in patients with overactive bladder. 
Adverse events include urinary retention, pelvic/abdominal 
pain, and hypertension [136].

In an open-label study on four PD and two MSA patients, 
200 IU botulinum toxin type A injection into the detrusor 
muscle at 20 sites under cystoscopic guidance improved 
refractory neurogenic detrusor overactivity, however PVR 
volume increased, and intermittent catheterization was 
required in MSA patients [137].

Nocturia or nocturnal polyuria (nocturnal urinary produc
tion >33% of 24-hour urine volume) can be improved by 
reducing fluid intake 3–4 h before bedtime and with intranasal 
administration of desmopressin with monitoring for possible 
hyponatremia [138–140]. A recent meta-analysis in neurologi
cal populations (including small MSA cohorts) found desmo
pressin significantly reduced nighttime voids (mean difference 
−0.75/night; 95% CI − 1.10 to −0.41) and increased longest 
uninterrupted sleep, though evidence quality was low – mod
erate and adverse-event rates were variable [141].

Alpha-adrenergic blockers that act on the urethra-like tam
sulosin or prazosin, may be effective in reducing PVR volume, 
due to detrusor-sphincter dyssynergia, however they can 
aggravate nOH [142].
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Clean intermittent self-catheterization is recommended in 
patients with a PVR volume of >150 ml to prevent infections. 
Indwelling catheterization, preferably suprapubic, may be 
required for emptying the bladder when intermittent cathe
terization is not feasible or for managing urinary inconti
nence [133].

4.2.2. Sexual dysfunction
Male and female sexual dysfunctions are frequent in MSA 
patients (over 90% of patients), impacting quality of life. 
Main symptoms are erectile dysfunction (ED), ejaculation pro
blems and decrease in sexual intercourse and orgasm [130].

As a first step in treatment, it is important to evaluate the 
effect on sexual function of concomitant medications (antihy
pertensive drugs like beta-blockers, anticholinergics, 

antidepressants like selective serotonin reuptake inhibitors 
and antipsychotics) and address comorbidities (like diabetes, 
anxiety, depression). Patient education and psychotherapy 
may also help to address multidimensional factors affecting 
sexual activity and intimacy [133].

Regarding pharmacotherapy phosphodiesterase type 5 
inhibitors are recommended as a first-line treatment for ED 
in males with neurological diseases [133]. Sildenafil citrate, the 
shorter acting PDE-5 inhibitors, improves ED in a small, rando
mized placebo-controlled trial in twelve MSA patients [143]. 
Although all PDE-5 inhibitors could be effective in treating 
MSA patients with ED, their main limiting factor is that they 
induce systemic vasodilation and may worsen symptoms of 
nOH, so in MSA it is recommended to always prescribe the 
one with the shortest action (e.g. sildenafil, half-life of 

Figure 1. Therapeutic algorithm for neurogenic orthostatic hypotension (nOH) (a) and supine/nocturnal hypertension (b) in MSA.
MSA: Multiple System Atrophy; PDE5 inh.: Phosphodiesterase 5 inhibitors; TID: lat. ter in die, three times daily; QD: BID: lat. bis in die, twice daily; QD: lat. quaque die, once daily; PPH: 
postprandial hypotension. 

8 C. SORRENTINO ET AL.



approximately 4 hours) and to advise against remaining in an 
erect position for several hours after taking a dose.

Vacuum pump devices and intracavernous prostaglandin 
injections are recommended as second-line treatment for 
ED [133].

Therapeutic options for female sexual dysfunction are lim
ited. Vaginal lubricants may be considered for female indivi
duals with neurological diseases who experience dyspareunia 
or vaginal dryness. Psychotherapy and hormonal therapy for 
women who are perimenopausal or postmenopausal might 
also be helpful [133,144].

4.3. Gastrointestinal dysfunction

4.3.1. Dysphagia
Prevalence of dysphagia in MSA ranges between 31% and 
78%. The oropharyngeal phases of swallowing are most 
impaired however, in early disease-stage dysfunctions in the 
oral phase like delayed bolus transport from the oral cavity to 
the pharynx can be the only manifestation in MSA-C. Subtle 
esophageal dysmotility may also be observed during the dis
ease course.

The clinical consequences of dysphagia are linked to the 
patient’s overall prognosis and may include aspiration events 
(bolus below the true vocal folds) causing aspiration pneumo
nia, sudden death due to aspiration, malnutrition, and dehy
dration [145–147].

The evaluation of dysphagia comprises: (1) history taking 
for the evaluation of symptoms (coughing/choking or wet/ 
hoarse voice after eating or drinking, perception of food or 

pills stuck in the throat, food modifications or posturing 
adopted spontaneously, prolonged meal duration and fatig
ability, drooling or food falling from mouth, recurrent pneu
monia or episodes of fever of unknown origin, unexplained 
weight loss); (2) screening questionnaire; (3) clinical assess
ment like the Volume-Viscosity Swallowing Test; (4) instrumen
tal assessment (videofluoroscopic swallow study, fiberoptic 
endoscopic evaluation of swallowing and manometry) [145].

Patients should be screened at the time of diagnosis and 
periodically thereafter. Treatment of dysphagia in MSA 
requires a multidisciplinary team including otorhinolaryngolo
gists, phoniatrists, speech and language pathologists, dieti
cians, and neurologists. Since the main component of 
dysphagia in MSA is related to parkinsonism, it is recom
mended to follow the same strategies used for PD [145,148]. 
The response of dysphagia to levodopa in MSA varies greatly 
and some patients may improve, therefore individual evalua
tion is recommended [149]. Compensatory strategies (to ease 
the bolus flow by making eating and drinking safer and easier) 
include strategies for meal management (reduced meal 
volumes, eating slowing, avoid mixed consistency foods), 
adapting bolus characteristics (thickening liquids), head-body 
postures (chin-down, chin-tuck posture) and compensative 
swallowing maneuver (supraglottic swallow). Expiratory mus
cle strength training, voice therapy using Lee Silverman Voice 
Treatment and video-assisted swallowing therapy may be 
effective treatments for dysphagia in patients with parkinson
ism [148,150].

Botulinum toxin injections might improve dysphagia linked 
to failed relaxation of the upper esophageal sphincter [151].

. Second4 -line measures

Storage. Detrusor botulinum tox
sites - cystostcopic guidance). Desmopressin (5-10 g 

QHS).
Voiding

3. First-line measures
Storage

β3
adrenergics (e.g. mirabegron 25- ) mg QD20

Voiding. Tamsulosin, prazosin (consider nOH), 
- ) ml>150

2

Digital and/or sonographic -void residual volume measurement, 
urodynamics

1

3 Thorough history taking; 2) 1) -day bladder 
diary

Storage urgency, frequency, nocturia, urge (
voiding symptoms (hesitancy, 

-poor flow, incomplete emptying) 

Figure 2. Therapeutic algorithm for urinary dysautonomia in MSA.
MSA: Multiple System Atrophy; QD: lat. quaque die, once daily; nOH: neurogenic orthostatic hypotension; PVR: post-void residual; QHS: lat. quaque hora somni, every night at bedtime. 
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Percutaneous endoscopic gastrostomy feeding may be 
applied when there is a severe risk of malnutrition, dehydra
tion, and pulmonary complications; however, there is no evi
dence that it improves survival or quality of life in MSA [145]

4.3.2. Sialorrhea
Functional treatment of dysphagia and behavioral modification 
(e.g. instructing patients to carefully swallow their saliva at spe
cific times) may improve sialorrhea. Pharmacotherapy with oral 
glycopyrrolate (1 mg twice daily) has been shown to be effective 
in the very short-term treatment of sialorrhea in patients with PD; 
however, due to side effects (dry mouth, confusion, urinary 
retention, constipation), local administration of anticholinergics 
(e.g. 1% atropine sublingual drops) may be preferable, although 
the evidence is insufficient [152,153]. Botulinum toxin injections 
into the salivary glands were demonstrated to improve drooling 
in PD and MSA patients. Repeat injections are typically required 
every 3–6 months and despite being generally safe, treatment 
may aggravate dysphagia [154,155].

4.3.3. Constipation
Constipation is a common symptom in MSA and should be 
investigated by asking about symptoms such as excessive 
straining, time spent on the toilet, and the use of postural or 
digital maneuvers to assist defecation [130,156]. Similar to 
other autonomic dysfunctions, treatment of constipation is 
based on successive approaches and follows the same recom
mendations provided for slow-transit constipation related to 
multiple etiologies [156]. First, it is advisable to discontinue 
medications that can worsen symptoms (like opioids), increase 
fluid and dietary fiber intake, including fermented milk pro
ducts with probiotics, increase exercise, and ritualize bowel 
habit. The second-line treatment is to add oral fiber supple
ments, such as psyllium (3.3 g up to TID) and methylcellulose 
[157]. Fiber supplements can cause bloating, fullness, and 
abdominal discomfort, and it is important to recommend 
adequate hydration. Osmotic laxatives such as polyethylene 
glycol osmotically draw water into the gastrointestinal lumen 
and soften the stool and likely increase bowel movement 
frequency with limited adverse events (gas/bloating, mild 
nausea and, occasionally, diarrhea) [158].

If these treatments are not successful, oral treatment with 
prokinetic drugs (serotonergic agonists such as prucalopride) 
or secretagogues (guanylate cyclase C activators such as lubi
prostone or chloride channel activators such as linaclotide) 
might be considered [156] despite absence of evidence in 
MSA population.

5. Management and therapy of sleep disorders

5.1. Insomnia and sleep fragmentation

Insomnia is highly prevalent in MSA, affecting up to ~70% of 
patients in some series [159].

Etiology is multifactorial, from the neurodegenerative pro
cess itself to nocturnal motor symptoms, autonomic urinary 
disturbances, comorbid anxiety/depression, and coexisting 
sleep disorders, hence, management should be individualized, 
and mechanism-directed (Figure 3(a)) [160,161].

5.1.1. Assessment and general care
A structured sleep history, complemented, by scales validated 
in parkinsonian disorders, is the first step to identify treatable 
drivers such as nocturia, nocturnal hypertension, obstructive 
sleep apnea (OSA), stridor, and medication effects [161]. 
Behavioral therapy is first line: sleep hygiene, stimulus control, 
sleep restriction, and relaxation techniques improve sleep 
continuity and have supportive evidence in PD, with prag
matic transposability to MSA [162]. Daytime activity, light 
exposure, and limitation of late naps help consolidate circa
dian timing [161]. When medication is required after addres
sing causes, small PD trials support doxepin (10 mg QHS) 
[162], zopiclone or eszopiclone (3.75–7.5 mg QHS) [163], and 
melatonin (2–12 mg QHS) [164,165] for sleep maintenance. 
These data are commonly extrapolated to MSA with careful 
attention to falls and respiratory risk [166].

5.1.2. Nocturnal motor discomfort and pain
Severe nocturnal akinesia, rigidity, dystonia, and pain are 
major precipitants of sleep maintenance insomnia. When levo
dopa responsiveness is present, adding nocturnal dopaminer
gic coverage (e.g. long-acting agonists or an extra levodopa 
dose) can reduce awakenings [167]. In levodopa-poorly- 
responsive dystonia, focal botulinum toxin injections, and 
nonspecific analgesics may be useful [168].

5.1.3. Urinary contributors
Nocturia, incontinence, and nocturnal polyuria commonly frag
ment sleep and should be addressed with specific treatment.

5.1.4. Psychiatric comorbidity
Anxiety and depression may be common correlates of early- 
morning awakening. Treatment options include SSRIs, use of 
tricyclics (may also aid bladder overactivity), or evening mian
serin. Psychological support should be integral to care [168].

5.1.5. Coexisting sleep disorders
Sleep fragmentation is frequently compounded by sleep- 
disordered breathing, hence treating OSA/stridor often yields the 
largest gains. Restless legs syndrome (RLS) appears less common 
in MSA than PD and is less often a driver of insomnia [160,169].

5.2. Excessive daytime sleepiness

Excessive daytime sleepiness (EDS) is common in MSA with 
variable prevalence among studies and clinically meaningful 
even when not extreme on screening scales (Figure 3(b)) 
[170–172].

5.2.1. Clinical management
EDS in MSA is multifactorial as fragmented/insufficient noctur
nal sleep, SBD, depression/anxiety, and medications may wor
sen the clinical picture [168]. Medication reconciliation is 
essential; dose reduction or timing changes often help, 
though reductions may be limited by symptom control 
needs [173]. Although dopaminergic dose is not consistently 
linked to EDS in MSA at the group level [170], single-patient 
reports and small series show levodopa-related sleep attacks 
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[171,174,175]. Moreover, treatment of SBD can meaningfully 
improve daytime alertness [170]. When PPH or OH is sus
pected as a contributor to post-meal ‘sleep attacks,’ address 
aggravating factors may be determinant [168,176]. If disabling 
EDS persists after addressing comorbidities and medication 
contributors, and optimizing behavioral strategies already sug
gested for PD patients [176], multiple sleep latency test is 
required to document objective sleepiness as history or ques
tionnaire alone should not drive pharmacological treat
ment [172].

5.2.2. Pharmacologic options
No wake-promoting agent has been validated in randomized 
controlled trials specifically for EDS in MSA. In practice, and by 
analogy with PD, modafinil or armodafinil may be considered 
for residual, function-limiting EDS once nocturnal contributors 
are treated; responses are variable and the PD evidence base 
is mixed, with some negative trials [161]. High-dose caffeine 
could be an accessible alternative for selected patients [166]. 
Any stimulant trial in MSA requires careful monitoring of BP, 

(a)

. Pharmacological measures3

Melatonin (2- (3.75 mg QHS), eszopiclone12 - mg QHS), doxepin (10 mg QHS 7.5 - comorbid anxiety)

. Non2 -pharmacological measures

niques; CBT -I 

1

Nocturnal discomfort/pain due to motor symptoms, nocturia, sleep-related breathing (i.e., apnea) 
and movements (e.g., RLS) disorders, depression/anxiety 

)b(

4. Pharmacological measures

. Non3 -pharmacological measures

Sleep hygiene, excercise, light therapy

2

worsen/mimic EDS

1

Sleep- ial hypotension, 
depression/anxiety 

Figure 3. Therapeutic algorithm for insomnia (a) and excessive daytime sleepiness (EDS) (b) in MSA.
MSA: Multiple System Atrophy; RLS: Restless Legs Syndrome, CBT-I: cognitive behavioral therapy for insomnia; QHS: lat. quaque hora somni, every night at bedtime; MSLT: Multiple Sleep 
Latency Test. 
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HR, and neuropsychiatric status. Agents with prominent 
respiratory depressant effects (e.g. sodium oxybate) should 
generally be avoided in MSA [168].

5.3. REM sleep behavior disorder

RBD is common in MSA and often precedes motor/autonomic 
manifestations, underscoring the need for early recognition 
and treatment to prevent injuries [177,178]. Diagnosis should 
be confirmed with video-polysomnography (vPSG) to docu
ment REM sleep without atonia and to exclude mimics, parti
cularly severe obstructive sleep apnea that can present with 
complex movements during arousals [160,179].

5.3.1. Non-pharmacological management
First-line management includes structured counseling and 
environmental safety: padding sharp edges, removing throw
able objects, securing windows, and, when needed, temporary 
bed partner separation (Figure 4) [167]. A bed alarm with 
a reassuring message has shown benefit in medication- 
refractory cases [161]. Medication review is essential; antide
pressants with serotonergic/noradrenergic action (e.g. parox
etine, fluoxetine, venlafaxine, mirtazapine) and certain β- 
blockers may exacerbate RBD and should be reduced or 
switched when clinically feasible [166,168]. Coexisting SBD 
should be actively treated because fragmented sleep and 
desaturations can amplify dream enactment; in MSA, treating 
RBD is also important to protect positive airway pressure (PAP) 
adherence and avoid mask removal [161].

5.3.2. Pharmacological therapy
Because no randomized trials exist specifically in MSA, treat
ment relies on general RBD evidence applied with MSA- 
specific caution [180,181]. Melatonin and clonazepam are 
co – first-line options. Melatonin reduces behaviors and may 
augment REM atonia; it is favored in patients with gait instabil
ity, cognitive vulnerability, or OH, features common in MSA 
[161,182]. Clonazepam yields partial/complete control in most 
series but requires vigilance for morning sedation, imbalance, 
and cognitive effects; it should be avoided or deferred in 
untreated OSA and used cautiously when respiratory vulner
ability (e.g. stridor) is present [167]. Combination melatonin – 
clonazepam is reasonable when monotherapy is insufficient, 
and side effects are acceptable [180].

Second-line/adjunct options can be considered for refrac
tory cases or when first-line agents are contraindicated. Small 
trials and case reports in synucleinopathies support rivastig
mine (transdermal 4.6 mg/24 h) and donepezil, likely via cho
linergic mechanisms relevant to REM atonia [183,184]. 
Evidence for safinamide is limited by one small trial in PD 
patients with positive results [185], while some case series 
suggest positive effect of pramipexole (possibly via reduced 
fragmentation), whereas controlled data in PD showed no 
clear effect on REM-atonia metrics [186]; selective use of 
these principles may be reasonable when RLS or dopaminergic 
indications coexist [161].

5.4. Sleep-related breathing disorders

SBD are frequent in MSA (OSAS, central sleep apneas, stridor) 
and worsens sleep fragmentation, oxygenation and may 

4 -line pharmacologic measures

il, safinamide, pramipexole, 
etc... 

3. First-line pharmacologic measures

Melatonin (2-12 mg immediate release QHS), clonazepam (0.25-2 mg QHS)

2

Sleep-related breathing disorders (i

. Safety of sleeping environment 1

Separate beds/rooms, long pillow between parters, removal of harmful objects from bed vicinity, 
larms, etc...

Figure 4. Therapeutic algorithm for REM Sleep Behavior Disorder (RBD) in MSA.
MSA: Multiple System Atrophy; QHS: lat. quaque hora somni, every night at bedtime. 
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contribute to shortened survival and nocturnal sudden death. 
Early polysomnographic recognition and multidisciplinary 
management are essential [167,187].

5.4.1. Sleep apnea and other breathing irregularities
OSA is frequent in MSA and contributes to sleep fragmenta
tion, hypoxemia and may also aggravate nocturnal hyperten
sion [160]. First-line therapy is continuous positive airway 
pressure (CPAP) with titration under PSG to suppress apnea/ 
hypopnea and oxygen desaturations [188,189]. Short-term 
physiological improvements with CPAP have been documen
ted [190], and long-term acceptance has been under
lined [191].

Clinicians must actively exclude a ‘floppy epiglottis’ (FE), 
which can convert positive pressure into a dynamic obstruc
tion; CPAP may aggravate upper-airway compromise in FE, 
mandating laryngoscopic assessment or drug-induced sleep 
endoscopy if nocturnal sounds or mask intolerance raise sus
picion [192]. Consensus statements and practical algorithms 
emphasize this airway check before escalating PAP [188,193]. 
Oral appliances may be considered case-by-case when PAP is 
not feasible, but the evidence base in MSA remains sparse 
[194,195]. A tailored PAP strategy is advisable when OSA 
coexists with other breathing phenotypes: in a series of 45 
patients, fixed CPAP was used for isolated stridor, auto-CPAP 
for stridor+OSA, and adaptive servo-ventilation (ASV) when 
central apneas co-occurred, with good adherence and control 
of events [196].

Central sleep apnea (CSA), Cheyne – Stokes – like pat
terns, ataxic/irregular breathing and progression from 
obstructive to central events reflect brainstem involvement 
in MSA and may be independent to OSA [197,198]. CPAP 
may be ineffective in predominant CSA; ASV is recom
mended where heart-failure contraindications are absent, 
with supportive case-based evidence in MSA [188]. 
Pragmatically, PAP selection should be phenotype-driven 
and reevaluated over time because respiratory patterns 
evolve with disease progression.

5.4.2. Stridor
Laryngeal stridor is a strained, high-pitched, harsh respiratory 
sound, mainly inspiratory, occurring only during sleep or 
during both sleep and wakefulness, caused by laryngeal dys
function leading to narrowing of the rima glottidis [193]. Its 
early presentation in MSA has been associated with shorter 
survival [199,200]. Management begins with precise pheno
typing with the support of home audio recording and PSG 
including audio [193].

CPAP can be useful as the first-line symptomatic therapy of 
stridor and stridor-OSA phenotypes. Prospective series demon
strate rapid suppression of stridor, normalization of obstruc
tive events, and improved alertness with CPAP [201,202]. Sleep 
laryngoscopy visualizes partial cord abduction and improved 
oxygenation under CPAP [203] and lower laryngeal resistance 
during application [204]. Practical limitations include accep
tance and adherence and FE, as for OSA [194]. When central 
events coexist or emerge (‘complex’ SDB), case-level evidence 
showed the efficacy of ASV can attenuate CSA [196,205]. 
Persistent and severe stridor may require tracheostomy 

which bypasses glottic obstruction and, across multiple retro
spective series, is linked with longer survival compared with 
CPAP or no intervention [206,207]. Tracheostomy-invasive 
ventilation (TIV) may further extend survival by treating con
comitant central respiratory instability [208]; however, in long- 
term, it may raise ethical issues. Patients typically begin TIV in 
advanced disease stages and are fully dependent at initiation. 
Although TIV may prolong survival, it can also extend periods 
of profound disability and caregiver burden. As noted by 
Delamarre & Meissner [209], decisions regarding long-term 
ventilation require early, individualized discussions that bal
ance survival benefits with quality of life and the patient’s 
values.

Limited surgical alternatives (laser arytenoidectomy ± pos
terior cordotomy) and botulinum toxin to thyroarytenoid have 
been reported in selected cases, but data are sparse and risks 
(aspiration, dysphonia) are nontrivial [210–212].

5.5. Other sleep-related movement disorders

RLS prevalence estimates range from ~5% to 28% but may be 
over- or under-estimated [168,213]. Assessment should apply 
International RLS criteria and PSG is helpful when PLMS or 
other sleep disorders confound the clinical picture [214,215]. 
In MSA cohorts, PLMS indices vary widely across studies, and 
clear evidence linking PLMS/RLS to daytime sleepiness in MSA 
is limited [160].

Management is pragmatic and symptom driven. First, 
correct iron deficiency (ferritin-guided), remove aggravating 
agents (e.g. sedating antihistamines, anticholinergics), and 
optimize nighttime dopaminergic timing when appropriate 
[168]. Moreover, regarding iron supplementation, it should 
be noted that iron accumulation observed in MSA reflects 
secondary neurodegenerative processes, whereas RLS is 
associated with a localized functional iron deficiency in 
dopaminergic pathways; thus, iron repletion in RLS targets 
a distinct mechanism and requires individualized, cau
tious use.

Pharmacologic options mirror general RLS care: dopamine 
agonists, α2δ-ligands (gabapentin/pregabalin), clonazepam, or 
opioids in refractory cases [215]. Given OH, gait instability, and 
polypharmacy in MSA, many clinicians favor α2δ-ligands as 
first-line and use dopamine agonists cautiously. Treat PLMS 
only when it fragments sleep, using the same armamentarium 
employed for RLS [168].

6. Emerging therapies for MSA

Disease-modifying therapies are a major unmet need in the 
management of the disease. In the past two decades, several 
randomized controlled trials failed to slow disease progres
sion, possibly due to an incomplete understanding of the 
pathophysiology of the disease, as well as the lack of limited 
sample sizes in some trials or the lack of adequate biomarkers 
of progression. Besides providing treatment opportunities to 
MSA patients, any future successful disease-modifying trial 
would be valuable to improve our knowledge about the 
pathophysiology of MSA.
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Table 2 summarizes recent and ongoing efforts to develop 
disease-modifying therapies.

6.1. Neuroprotective therapies

A small trial of intrathecal delivery of mesenchymal stem cells 
provided efficacy signals as for the decline rate of UMSARS 
scores and this approach is continuing, with the ultimate goal 
to conduct a phase 3 trial with the aim of slowing disease 
progression [227].

A phase 2 randomized controlled trial of high-dose ubiqui
nol was conducted in Japan, showing a statistically significant 
reduction in progression on the motor examination section of 
the UMSARS [228], thus encouraging the further development 
of ubiquinol as a potential disease-modifying therapy in 
a larger phase 3 trial.

6.2. Drugs targeting a-synuclein

Most research in disease-modifying therapies is focused on 
α-synuclein, aiming to address the aggregation, spreading, 
and clearance of misfolded α-synuclein. A phase 1 trial of 
active immunization against α-synuclein in people with mul
tiple system atrophy revealed that one of the two tested α- 
synuclein-directed short-peptide vaccines induced 
a sustained immune response against α-synuclein, proving 
the concept of active immunization to be successful [216]. 
However, the neuroprotective benefits of this approach 
need to be established in future interventional studies.

Reducing α-synuclein production via antisense oligonucleo
tides, that partly inhibit intracellular production of α-synuclein 
by targeting the pre-mRNA of the SNCA gene, is also being 
studied in a small phase I study, aiming to evaluate the safety 

and tolerability of multiple doses of ION464 administered via 
intrathecal (IT) injection and to evaluate the long-term safety 
and tolerability of ION464 in approximately 40 MSA patients 
[223]. However, understanding the appropriate degree of 
interference with α-synuclein translation would be crucial, 
since a complete α-synuclein knock-out could have detrimen
tal effects.

The iron chelator ATH434 that interferes with α- synuclein 
aggregation has been tested in a Phase II study. ATH434 
demonstrated clinically meaningful efficacy in modifying dis
ease progression at both 50 and 75 mg doses as well as target 
engagement by reducing iron accumulation in MSA affected 
brain regions [218,219].

The oral α-synuclein aggregation inhibitor anle138b 
(Emrusolvin) is currently being tested in a Phase II randomized 
controlled trial with a 48-week double-blind treatment per
iod [217].

A phase II trial of the monoclonal α- synuclein antibody 
Lu AF82422 (AMULET) delivered as an intravenous infusion 
every four weeks provided encouraging results. Sixty-one 
MSA patients were treated for 48 tp 72 weeks with Lu 
AF82422 (n = 40) or placebo (n = 21). The primary endpoint 
showed a non-statistically significant slowing of clinical pro
gression measured by UMSARS TS in the Lu AF82422 group 
vs placebo. However, a post-hoc analysis of a less impaired 
subgroup showed 42% slowing of progression in Lu 
AF82422 treated patients as compared with the placebo 
treated ones [221]. Due to these signals of efficacy, 
a phase III trial has recently started aiming to enroll 
a larger MSA cohort [222].

A phase II randomized controlled trial of another monoclo
nal α- synuclein antibody (TAK-341) enrolled 138 MSA patients 
that received monthly infusions over a 52-week double-blind 

Table 2. Summary of recent and ongoing disease-modifying trials.

Drug Target/mechanism Phase Outcomes Reference

Targeting α-synuclein (inhibition of αSyn aggregation and spreading)
AFFITOPE® PD01A, PD03A Vaccines against αSyn I Evidence of safety, tolerability, and immunogenicity [216]
Anle138b 

(Emrusolvin)
Modulates αSyn 

oligomerization
II Ongoing [217]

ATH434 Iron chelator 
Inhibition αSyn 
aggregation

II Reduces brain iron accumulation in MSA patients [218,219]

TAK-341 aSyn antibody II No effect on progression of disease [220]
Lu AF82422 aSyn antibody II Slowing clinical progression (UMSARS) [221]
Lu AF82422 aSyn antibody III Ongoing [222]
ION464 aSyn oligonucleotide 

antisense
I Ongoing [223]

Neuroinflammation
YA-101 NLRP3 inflammasome 

inhibitor
II Ongoing [224]

Foralumab Anti-CD3 antibody IIa Ongoing [225]
Neuroprotection

MPO inhibitor (AZD3241, 
verdiperstat)

Neuroprotection III No effect on progression of disease [226]

Mesenchymal stem cells Neuroprotection (trophic 
support)

II/III Delayed progression of disease [227]

CoQ10 Mitochondrial function II Reduction of UMSARS II progression [228]
GDNF Neuroprotection I Ongoing [229]
Exenatide Neuroprotection 

(GLP-1 analogue)
II Open label; positive effects on participant-reported symptoms and clinician- 

rated MSA severity
[230]
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treatment period. The study has been recently completed, and 
results did not meet primary and secondary endpoints, not 
supporting further development in MSA [220,231].

6.3. Drugs reducing neuroinflammation

Neuroinflammation is another promising target for disease 
modification in MSA. A Phase 2 trial of YA-101, a dual inhibitor 
of NLRP3 inflammasome and D-amino acid oxidase is currently 
recruiting patients [224]. Nasal foralumab, and anti-CD3 mono
clonal antibody targeting T-cell mediated neuroinflammation, 
is being assessed in a small 6-month open-label Phase 2a 
study [225].

In the past few years, drug discovery programs for multiple 
system atrophy have made good progress.

Neurofilament light-chain measurements in blood and CSF 
as well as quantitative, multimodal MRI are already recognized 
as surrogate markers of disease progression in MSA and can 
contribute to our understanding of disease-modifying thera
pies, while improvement of α-synuclein seeding aggregation 
assays and development of α-synuclein-labeling PET tracers 
detecting aberrant α-synuclein inclusions could shape future 
research on disease modifying strategies.

The large number of ongoing clinical trials with promising 
drugs foster hope for the discovery of disease-modifying 
agents for this fatal and orphan disease. However, it is unlikely 
that a single therapeutic approach will be able to stop the 
neurodegeneration occurring in MSA. In the next future, the 
combination of different therapies targeting different aspects 
of the disease pathophysiology might achieve greater effec
tiveness than single-target treatments.

7. Expert opinion

Due to its multifaceted presentation, management of MSA is 
complex and requires multidisciplinary care. Clinicians should 
be aware of both non-pharmacological and pharmacological 
treatments available to provide symptomatic benefits to MSA 
patients. As for treatment of parkinsonism, in spite of subop
timal efficacy as compared with Parkinson’s disease, levodopa 
remains the mainstay of treatment since up to 70% of patients 
are levodopa-responsive during the disease course. A trial with 
levodopa up to 1000 mg/day as needed or tolerated for at 
least a month should be attempted in MSA patients present
ing parkinsonian features. Rehabilitation has an important role 
in maintaining and possibly improving motor function in 
patients with MSA and is the mainstay of treatment for cere
bellar symptoms, where no effective pharmacological treat
ments are available so far.

Although evidence on the treatment of nOH is limited, given 
its impact on quality of life, disability and prognosis, we believe it 
is advisable to follow the suggested 4-step process, optimizing 
therapy for each individual patient and referring them to a center 
with specific expertise in case of failure after the first two steps. 
Treatment should be individualized not only in relation to 
comorbidities and disease stage, but also after specific 

evaluations like assessing residual sympathetic activity by mea
suring catecholamine levels.

Supine hypertension has been related to increased risk of 
organ damage (cerebral small vessel disease, left ventricular 
hypertrophy, and chronic kidney disease) and with earlier 
occurrence of cardiovascular events and all-cause mortal
ity [121].

The clinicians need to balance between the short-term 
benefits to treat nOH and the long-term risk related to SH in 
each patient after a careful evaluation of the diurnal and 
nocturnal BP pattern, patient’s ability to walk and cardiovas
cular risk. We recommend carefully assessing the possible 
etiology of SH and nocturnal hypertension, including sleep 
disorders breathing, and treating with pharmacological ther
apy only severe nocturnal hypertension that has not improved 
with non-pharmacological approaches.

We recommend that dysphagia treatment follows available 
strategies for the treatment of dysphagia in Parkinson’s dis
ease and to assess the response to levodopa therapy. Despite 
the clinical relevance of dysphagia, research unmet needs 
include absence of a specific diagnostic pathway for early 
diagnosis, lack of evidence of compensatory therapies and 
rehabilitation strategies as well as of PEG placement on quality 
of life and survival.

Although evidence for the treatment of sleep disorders in MSA 
remains limited, their impact on quality of life, safety, and prog
nosis justifies a multidisciplinary and individualized management 
strategy involving neurologists, sleep specialists, ENT surgeons, 
pulmonologists, and palliative care. Current approaches rely heav
ily on extrapolation from PD and iRBD, expert consensus, and 
small observational series. Looking forward, progress will depend 
on earlier and more accurate sleep phenotyping to assess the 
impact of these disorders and the (possible) impact of therapeutic 
actions. Pre-symptomatic identification of RBD and early markers 
of breathing instability may help anticipate high-risk trajectories 
and allow timely interventions. Despite several failed trials in the 
past, many promising interventions are currently in the pipeline 
aiming to slow the disease progression, rather than just trying to 
manage symptoms.

Until disease-modifying therapies become available, the 
goal is to optimize safety, treat prognosis impacting disorder, 
and reduce nocturnal morbidity decreasing quality of life, 
preserve patient autonomy for as long as possible, ensuring 
that treatment choices remain aligned with the patient’s 
values and long-term expectations. Finally, we underline the 
importance of integrating palliative care principles into the 
overall management strategy for MSA, especially in advanced 
stages, further strengthening the need for a holistic approach 
to affected individuals.
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