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Abstract.
Background: Prodromal multiple system atrophy (MSA) has been characterized mainly by retrospective chart reviews.
Direct observation and tracking of prodromal markers in MSA have been very limited
Objective: To report the baseline characteristics and evolution of prodromal markers of MSA as they were prospectively
measured in patients with idiopathic/isolated REM sleep behavior disorder (iRBD)
Methods: Patients with iRBD were evaluated as part of a comprehensive protocol repeated annually. The protocol included
assessment of motor, sleep, psychiatric, and autonomic symptoms supplemented by motor examination, quantitative motor
testing, neuropsychological examination, orthostatic blood pressure measurement, and tests of olfaction and color vision.
Patients who eventually developed MSA were described and compared with those who phenoconverted to Lewy body disease
(Parkinson’s disease and dementia with Lewy bodies).
Results: Of 67 phenocoverters, 4 developed MSA-P and 63 developed Lewy body disease. An additional 2 MSA-C patients
were seen at baseline, already with cerebellar signs. Compared to those with Lewy body disease, those with MSA-P were
younger, had less severe loss of tonic REM sleep atonia, more insomnia symptoms, and better olfaction. Clinically-evident
autonomic dysfunction was not invariable in prodromal stages, often developing proximate to or after motor phenoconversion.
Of the autonomic symptoms, genitourinary dysfunction was the first to develop in all cases. Olfaction and cognition remained
normal throughout the prodromal and clinical disease course, in clear contrast to patients with Lewy body disease.
Conclusion: Prodromal MSA progresses rapidly, often without substantial autonomic dysfunction, and with preserved
olfaction and cognition throughout its prodromal course.
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INTRODUCTION

Multiple system atrophy (MSA), like all neurode-
generative conditions, has a prodromal stage, namely
a period in which some clinical signs or symptoms
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of disease are evident but are not yet at threshold
for clinical diagnosis. The ability to directly mea-
sure this stage has been extremely limited, mainly
because there are few methods to reliably detect pro-
dromal MSA. This represents a critical unmet need,
as it will be crucial to intervene as early as possi-
ble with neuroprotective therapy once this becomes
available.

Most of what is known about prodromal MSA
comes from retrospective recall or chart review of
clinical symptoms among those with clinical MSA
[1]. Predominant symptoms of the prodromal state
include autonomic failure and REM sleep behavior
disorder (RBD). Most studies of prodromal MSA
have come from autonomic laboratories; studies have
suggested that approximately 4–20% of patients diag-
nosed with pure autonomic failure will develop MSA
over the subsequent 4–10 years [2–5]. However, auto-
nomic failure is not the only prodromal presentation
of MSA. Large observational studies have found
that that approximately 4–5% of patients with idio-
pathic/isolated RBD (iRBD) will ultimately develop
MSA [6], providing a second avenue to directly exam-
ine prodromal MSA.

Retrospective surveys of RBD occurrence in MSA
have been performed; approximately 30–40% of
patients with MSA retrospectively recognize RBD
symptoms prior to disease onset, with most of
these noting that RBD was the initial symptom
[7] (note that many more may have RBD but be
unaware). Studies have suggested that the presence
of RBD anticipating MSA also predicts poor prog-
nosis, including earlier death [7, 8]. However, studies
prospectively tracking prodromal MSA patients from
iRBD have been extremely limited. One observa-
tional study found that MSA patients had normal
olfaction at baseline, in distinction to those who
developed Lewy body disease (i.e., Parkinson’s dis-
ease (PD) and dementia with Lewy bodies (DLB)
[9]. This study only assessed baseline measures and
did not describe the evolution over time of prodromal
MSA. Over the last 17 years in our center, we have
been systematically tracking iRBD patients using a
prospective annual follow-up protocol. During this
period, we have directly observed 4 patients develop
MSA-P from their prodromal state, plus two with
MSA-C who already had mild cerebellar findings. We
describe here the evolution of clinical and biomarker
features of these patients, compare them to those who
developed PD and DLB, and discuss the implications
of our findings for development of potential prodro-
mal MSA criteria.

METHODS

All patients were enrolled in an ongoing prospec-
tive study of iRBD, which has been described in
detail elsewhere [10, 11]. Briefly, all patients met cri-
teria for polysomnography (PSG)-confirmed iRBD,
defined with standard ICSD-III criteria [12], and
were free of parkinsonism or dementia at baseline.
Patients were then followed on an annual basis, with
a systematic protocol that included motor markers
(Unified Parkinson Disease Rating Scale, timed-up
and go, alternate tap test, Purdue Pegboard), cog-
nitive evaluation (Montreal Cognitive Assessment
and an extensive neuropsychological battery [13]),
clinical measures of autonomic function (orthostatic,
urinary, erectile, and bowel symptoms on the Unified
Multiple System Atrophy Rating Scale [14], systolic
blood pressure drop measured manually in the supine
and standing position after 1 min), special senses
(olfaction with the cross-cultural 12-item version
of the University of Pennsylvania Smell Identifica-
tion Test (UPSIT) test [15], and color discrimination
with the Farnsworth-Munsell 100 Hue test (FM-
100) [16]), other sleep measures (Insomnia severity
Index [17], Epworth sleepiness scale [18], Pittsburgh
Sleep Quality Index [19], PSG indices of REM sleep
atonia [20, 21]), and depression and anxiety mea-
sures (Beck depression and Anxiety Inventories [22,
23]). Other additional diagnostic procedures includ-
ing neuroimaging [24] and skin biopsy [25] were
more recently added to the protocol and assessed on
a subset. All participants provided written informed
consent and ethics approval was obtained from the
local research ethics board.

Patients were then annually assessed with the same
protocol and examined for development of defined
neurodegenerative syndromes. Outcomes of interest
included dementia for parkinsonism (first by UK
brain bank [26], then by Movement Disorders Soci-
ety criteria [27]) or dementia (using DLB criteria [28,
29]). If patients developed parkinsonism, the most
likely diagnosis was defined according to best clini-
cal impression, based upon all diagnostic information
available at final clinical visit.

RESULTS

Four patients developed MSA-P, all without par-
kinsonism at baseline examination. Details of each
case are provided.
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Table 1
Description of baseline measures in patients who developed MSA-P

Variable Case 1 Case 2 Case 3 Case 4

Sex M F M F
Duration of RBD symptoms 4 2 6 6
Prodromal Interval Baseline to MSA (y) 2.5 1.3 2.8 2.6
Family History

Parkinsonism No No No No
Dementia No Yes No Yes
RBD Symptoms No No No No

Sleep Variables
Tonic REM % 43 45 25 52
Phasic REM % 34 39 14 32
Apnea-Hypopnea Index 0.9 12.9 N/A 0.8
Other Sleep Symptoms (self-report) Insomnia Insomnia Insomnia Mild Somnolence
Insomnia Severity Index 15 23 18 9
Epworth Sleepiness Scale 3 7 7 9
Pittsburgh Sleep Quality Index 10 13 10 6

Motor Variables
UPDRS Part III 1 9 0 0
UPDRS Part II 2 3 0 0
Alternate Tap Test (normal ∼ > 175) 239 197 194 162
Purdue PegBoard (normal ∼ > 10) 12 13 13 11.5
Timed Up and Go (s) 5 7 5.5 8.5

Cognition
MoCA / 30 27 27 27 27
MCI – neuropsychologic exam Normal Normal Normal MCI multiple domain

Autonomic function
Orthostatic Symptom Score 1 0 0 0
Systolic Blood Pressure drop (mmHg) 2 –2 0 –4
Urinary Dysfunction Score 0 2 2 1
Erectile Dysfunction Score 0 N/A 1 N/A
Constipation Score 0 0 0 0
Bowel movement Frequency / week 7 7 7 10

Beck Depression Inventory N/A 9 10 11
Beck Anxiety Inventory 9 2 1 N/A
UPSIT result 11 (Normal) 12 (Normal) 9 (Normal) 10 (Normal)
Color Vision (FM-100 score) Normal (8) Abnormal (164) Abnormal (168) Normal (128)

MoCA, Montreal Cognitive Assessment; MCI, mild cognitive impairment; UPSIT, University of Pennsylvania Smell Identification Test
(12-item cross-cultural version); FM-100, Farnsworth-Munsell 100 Hue test; UPDRS, Unified Parkinson Disease Rating Scale; RBD, REM
sleep behavior disorder; MSA, multiple system atrophy.

Case descriptions

Please see Table 1 for details of all baseline vari-
ables and Fig. 1 for changes over time.

Case 1 was a man who presented with a clinical
history of RBD for 4 years prior to polysomnog-
raphy. Baseline evaluation revealed normal motor
function, cognition, and olfaction. Regarding auto-
nomic findings, he had only equivocal orthostatic
symptoms, without objective blood pressure drop.
Over the following 3 years, the evaluation remained
entirely normal, with his final pre-diagnostic visit
showing a UPRDS of 0, no orthostatic hypoten-
sion, no erectile dysfunction, a Montreal Cognitive
Assessment (MoCA) of 26, and normal olfaction. Of
note, he had a skin biopsy [25], which was nega-
tive and MRI 6 months prior to conversion showed a

right swallow-tail sign [30], with no other abnorma-
lities.

Six months after the previous normal examina-
tion, he called to request urgent follow-up for rapid
deterioration. Upon this evaluation, UPDRS was
now 12, with left sided rigidity and bradykine-
sia. He now had new erectile dysfunction, urinary
frequency with mild retention symptoms, and con-
stipation. There was still no orthostatic hypotension
(blood pressure 143/78 lying to 144/78 standing). He
received levodopa with clear, but moderate benefit
that only became evident at doses of 600 mg per
day. Over the next 3 years, he has required high
doses of levodopa for symptom control (1500 mg per
day) and experienced on-off fluctuations and dysk-
inesia (dyskinesia include the face). Balance has
remained normal. As of last visit, he had evident
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Fig. 1. Combined progression trajectory of motor and non-motor manifestations from prodromal stages. For each marker, the 0 point is set
as the normal control values, selected from our cohort study. The 100% indicates severe abnormality of the marker, as assessed as the worst
1 standard deviation of patients with advanced Parkinson’s disease and RBD, taken from a previous study [31].

orthostatic hypotension (systolic drop = 20 mm Hg at
1 min, despite taking fludrocortisone), severe urinary
retention requiring catherization (prostate examina-
tion was normal), severe bowel dysfunction often
requiring manual disimpaction because of sphinc-
ter dyssynergia, and complete erectile dysfunction.
There was severe bulbar dysfunction, with frequent
choking. Exam revealed polyminimyoclonus and
brisk reflexes. Cognition and olfaction have remained
normal throughout.

Case 2 was a woman who presented with a clinical
history of RBD for 2 years. On baseline examination,
UPDRS was 9, with mild increase in bradykinesia
scores, with no rigidity, tremor, or postural instabil-
ity. However, quantitative motor tests were normal,
as was cognition, olfaction, and orthostatic blood
pressure. After a 1.3-year follow-up parkinsonism
progressed, and at diagnosis, UPDRS was 15. At
diagnosis, there was no orthostatic drop. However,
urinary and fecal incontinence developed, and a
sphincter EMG suggested findings consistent with
MSA. MRI was unremarkable (this did not include
neuromelanin or susceptibility weighted imaging).
She received levodopa with symptomatic benefit,
including fluctuations. She experienced facial dysk-
inesia/dystonia as a side effect. Postural instability

with repeated falls developed 2 years after diagnosis.
She was followed clinically at another institution but
returned for examination 6 years post diagnosis (she
has since died). At this time there was a 32 mmHg
systolic drop, and she had severe urinary reten-
tion requiring catheterization. She continued to have
response to levodopa with facial dystonia/dyskinesia
as a side effect. Olfaction and cognition were normal
throughout.

Case 3 was a man who presented after a clinical
history of RBD for 6 years. Baseline motor, olfaction,
orthostatic, and cognitive examinations were nor-
mal. The following year, evaluation was unchanged
except for a 10 mm HG systolic drop. After this visit,
he stated that he felt too well to continue follow-
up. However, three years later he returned because
of a symptomatic deterioration that had started one
year prior. At this time, he had developed urinary
frequency and retention, severe erectile dysfunction,
and constipation. Orthostatic blood pressure drop was
20 mm Hg without symptoms of orthostatic hypoten-
sion. MRI demonstrated an equivocal hot cross bun
sign. UPDRS was 39, with rigidity, bradykinesia, and
postural instability, without rest tremor. Levodopa
was started with moderate benefit and mild wearing
off. As of last visit he had developed repeated falls
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(which had started within the first year) with severe
swallowing difficulty and a UPDRS of 45 despite
1500 mg levodopa per day, severe orthostatic symp-
toms, constipation and erectile dysfunction, with
urinary incontinence and retention. Cognition and
olfaction remained normal.

Case 4 was a woman who presented with a 6-
year history of RBD symptoms. Baseline evaluation
revealed UPDRS of 0, with slight slowing observed
on the alternate tap test. Neuropsychological exam
suggested possible multiple domain mild cognitive
impairment (MCI) with impaired attention, executive
functions, and verbal learning (although subjective
cognitive complaints were equivocal, and there were
substantial language and education barriers). There
was no orthostatic blood pressure drop, and olfac-
tion was normal. The following year, UPDRS was
9, with subtle bradykinesia and no rigidity or pos-
tural stability, with subtle urinary frequency and
an orthostatic blood pressure drop of 14. One year
afterwards, UPDRS increased to 16, this time with
equivocal rigidity, an orthostatic drop of 24 mm
Hg and new mild constipation. The following year,
UPDRS was 30, now with clear rigidity, allowing
full diagnosis of unequivocal parkinsonism. MRI was
unremarkable. There was modest levodopa response,
with some off periods and no dyskinesia. How-
ever, she became wheelchair bound within 2 years.
In the final visit before death, UPRDS was 46,
with severe orthostatic hypotension symptoms. She
had both urinary and fecal incontinence. Inspiratory
stridor was present. Cognition testing revealed no
substantial worsening over the years (MoCA = 25,
Mini-Mental State Examination = 28 with equivocal
cognitive complaint) and olfaction remained normal.

MSA-cerebellar

Of note, two cases with previously-undiagnosed
possible MSA-C have also been seen at our center.
However, in both cases, they did not meet inclusion
criteria, because both had mild cerebellar signs on
baseline examination. Without defined thresholds for
clinically-significant cerebellar dysfunction (unlike
is the case for parkinsonism and dementia), these
cases cannot be considered to have clearly been pro-
dromal. Therefore, they are not included in this study.
However, of note, one of the cases had clear auto-
nomic dysfunction and orthostatic hypotension at
baseline (64 mm Hg systolic drop). 5 years later, the
patient was wheel-chair bound. The second had clear
cerebellar ataxia at baseline with urinary frequency

(no retention) and severe erectile dysfunction but had
no orthostatic hypotension (with blood pressure mea-
surements at 1 and 3 min standing). One year later,
there was clear progression of cerebellar findings,
with a new asymptomatic 19-mm Hg systolic drop.

Prodromal MSA versus Lewy body disease

We compared the patients developing MSA-P to
63 iRBD patients who developed Lewy body dis-
ease (Table 2). Noting the limited statistical power
and exploratory nature of the analysis, we found
that the MSA patients at baseline were significantly
younger, had less severe loss of tonic REM sleep ato-
nia, more insomnia symptoms, and normal olfaction.
In terms of autonomic function, MSA convertors at
baseline actually had less orthostatic blood pressure
systolic drop and less constipation but had more uri-
nary dysfunction. Point estimates of measures of both
cognitive and motor testing suggested better base-
line function in MSA, although differences were not
significant.

Patterns of evolution are illustrated in Fig. 1,
mapped using methodology similar to that of a
previously-published evaluation of the entire cohort
[31]. Although sample size precludes direct statistical
analysis of prodromal intervals in MSA, substan-
tial differences with Lewy body disease are evident,
notably normal olfaction at all intervals, normal cog-
nition, an unclear/highly variable autonomic interval
with absent orthostatic hypotension before diagno-
sis, and a shorter motor interval (e.g., UPDRS Part
III interval = ∼=2 years in MSA on average, versus
6.5 years in the entire cohort).

DISCUSSION

The prospective nature of our cohort enabled us to
directly and comprehensively measure the emergence
of MSA-P from its prodromal stages. We report here
the evolution of 4 prodromal MSA-P patients, tracked
1.3–6 years before phenoconversion to parkinsonism.
Although conclusions are obviously limited by the
low number of cases, we note several themes, with
potential implications for early MSA diagnosis and
potential future MSA criteria:

1. Motor progression is rapid. In some cases,
patients converted very quickly from apparent
normality to clear parkinsonism. This was most
notable in Case 1, who went from a UPDRS of 0
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Table 2
Baseline variables in MSA versus Lewy body disease

Variable MSA Lewy body p
(n = 4) disease (uncorrected)

(N = 63)

Age 54.3 ± 7.8 69.5 ± 7.9 < 0.001
Sex (% female) 50 30.5 0.58
Duration of RBD symptoms 4.5 ± 1.9 7.4 ± 8.3 0.49
Age of RBD onset 49.8 ± 7.6 61.1 ± 10.0 0.03
Follow-up Interval baseline to disease (y) 2.3 ± 0.7 3.3 ± 2.7 0.46
Total interval symptoms to disease 6.8 ± 2.6 10.7 ± 8.5 0.37
Family History (first degree relative)

Parkinsonism (%) 0 7.9 1.0
Dementia (%) 50 14.3 0.12
RBD Symptoms (%) 0 7.9 1.0

Sleep Variables
Tonic REM % 42 ± 12 62 ± 26 0.13
Phasic REM % 30 ± 11 38 ± 18 0.32
Apnea-Hypopnea Index 4.7 ± 6.7 11.5 ± 16.1 0.47
Insomnia Severity Index 16.3 ± 5.9 9.7 ± 5.2 0.024
Epworth Sleepiness Scale 6.5 ± 2.5 6.6 ± 4.6 0.96
Pittsburgh Sleep Quality Index 9.8 ± 3.1 7.3 ± 3.9 0.93

Motor Variables
UPDRS Part III 2.5 ± 4.4 6.7 ± 5.2 0.12
UPDRS Part II 1.3 ± 1.5 2.2 ± 2.2 0.52
Alternate Tap Test (normal ∼ > 175) 196 ± 32 164 ± 32 0.053
Purdue PegBoard (normal ∼ > 10) 12.4 ± 0.75 10.5 ± 2.1 0.066
Timed Up and Go (s) 6.5 ± 1.6 7.2 ± 1.6 0.41

Cognition
MoCA 27.0 ± 0 24.7 ± 3.3 0.16
MCI – neuropsychologic exam (%) 25 47 0.61

Autonomic function
Orthostatic Symptom Score 0.25 ± 0.5 0.35 ± 0.6 0.73
Systolic Blood Pressure drop (mmHg) –1.0 ± 2.6 17.0 ± 16 0.024
Urinary Dysfunction Score 1.25 ± 0.96 0.40 ± 0.58 < 0.01
Erectile Dysfunction Score 2 ± 0.75 1.6 ± 1.35 0.36

(n = 2) (n = 45)
Constipation Score 0 ± 0 0.92 ± 0.90 0.046
Bowel movement Frequency (per week) 7.8 ± 1.5 6.3 ± 2.8 0.32
Bowel movement Frequency < 7 (%) 0 51 0.12

Beck Depression Inventory 10 ± 1.0 9.2 ± 6.5 0.83
Beck Anxiety Inventory 4 ± 4.4 8.3 ± 8.2 0.38
Olfaction – UPSIT result 10.5 ± 1.3 6.1 ± 2.4 < 0.01
UPSIT % expected for age/sex 100 ± 13 64 ± 25 < 0.01
Color Vision (FM-100 score) 125 ± 59.5 194 ± 99.4 0.17
FM-100 % expected for age 131 ± 72 138 ± 61 0.84

p values are calculated using t-test and Fisher exact test. They are presented unadjusted for multiple comparisons;
given this, and given the low sample size, they are included for information only, and should be considered
exploratory in nature. MoCA, Montreal Cognitive Assessment; MCI, mild cognitive impairment; UPSIT, University
of Pennsylvania Smell Identification Test (12-item cross-cultural version); FM-100, Farnsworth-Munsell 100 Hue
test; UPDRS, Unified Parkinson Disease Rating Scale; RBD, REM sleep behavior disorder; MSA, multiple system
atrophy.

to 12 in 6 months. At baseline, the MSA patients
showed generally better motor function than
Lewy body patients, despite a nominally shorter
interval between baseline and disease. We have
previously estimated the interval of motor dys-
function in RBD phenoconvertors, finding that
in Lewy body disease, UPDRS deviates from
normal values at approximately 7 years before

diagnosis [31]. In MSA, however, the interval
was clearly shorter, and would correspond to
approximately 2 years (given the low sample
size, this estimate should be considered impre-
cise). This may have implications for prodromal
diagnosis; if the interval is short, identifiable
prodromal motor MSA will be very uncommon
and therefore difficult to find.
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2. Clinically-evident orthostatic hypotension is
uncommon. Although all patients ultimately
developed symptoms of orthostatic hypoten-
sion with corresponding blood pressure drops,
these were not observed in the prodromal state,
or even at the time of parkinsonism diagno-
sis. This is especially notable given that the
majority of prodromal MSA patients previously
described have presented to autonomic labo-
ratories with pure/primary autonomic failure.
Although it should be emphasized that these
were clinical office assessments, generally mea-
sured at only 1 min of standing, it does suggest
that clinically-evident orthostatic hypotension
is not an invariate feature of prodromal MSA,
and that the clinical spectrum of prodromal
MSA needs to be expanded.

3. Erectile dysfunction is not invariably present
before diagnosis. Although both men ulti-
mately developed severe erectile dysfunction
by the time of parkinsonism diagnosis, nei-
ther of them noticed substantial dysfunction
at baseline. Note that sexual dysfunction in
the female participants was not systematically
queried (although Case 2 did spontaneously
report difficulties at baseline examination). This
suggests that erectile dysfunction need not be
required to fulfill a diagnosis of prodromal
MSA.

4. Bladder symptoms may precede orthostatic
symptoms. In each case, symptoms of uri-
nary frequency and urinary retention developed
before orthostatic symptoms. This suggests the
importance of systematic bladder assessment in
the diagnosis of prodromal MSA.

5. Cognitive tests are generally normal in pro-
dromal stages. Only 1 of the 4 prodromal MSA
cases, demonstrated MCI. Of note, even this
diagnosis was uncertain; there were substan-
tial education and language issues which may
have been insufficiently adjusted for, and her
cognitive defects did not substantially progress
over the subsequent 6 years. The other three
retained normal cognition at last follow-up.
By contrast, most Lewy body phenoconvertors
have detectible cognitive impairment at base-
line. Moreover, most PD-first convertors with
3 years of parkinsonism phenoconversion (and
by definition all of the DLB convertors) demon-
strate cognitive impairment [32, 33]. Therefore,
cognitive impairment is uncommon is prodro-
mal MSA.

6. Sleep parameters are not more severe.
Although RBD is extremely common in MSA
and can be very severe, we saw no evidence of
more severe atonia loss compared to Lewy body
convertors (note, of course, that all patients by
definition have RBD, so PD/DLB/MSA patients
without RBD are not included here). We had
also not clinically noted more severe RBD
symptoms in these patients (no published RBD
symptom severity scales have been validated,
so we were unable to quantify severity further).
There were increased insomnia symptoms, but
with substantial overlap between groups. There
was no increased apnea, and no patient had
a history of inspiratory stridor at the time of
phenoconversion. Therefore, no objective or
subjective sleep measures appear to be able to
differentiate prodromal MSA from Lewy body
disease with high sensitivity and specificity.

7. Olfaction remains a reliable differentiat-
ing marker. There were clear differences in
olfactory function between those developing
MSA and those developing Lewy body disease.
Indeed, all 4 MSA patients retained normal
olfaction even after several years of established
disease. By contrast, of 63 Lewy body con-
vertors, only 3 had normal olfaction at time
of parkinsonism/dementia diagnosis. This sug-
gests that hyposmia can be used to indicate a
reduced likelihood of possible prodromal MSA.

It is important to emphasize that we are observing
one pathway of prodromal MSA, namely that which
emerges from prodromal RBD. Most observations of
early/prodromal MSA come from clinics specializing
in autonomic dysfunction [2–4]. These prior studies
have been either retrospective or included a follow-up
examination that is less comprehensive than the cur-
rent study, making direct comparison to our findings
impossible. Regardless, our findings emphasize the
importance of avoiding over-reliance on one path-
way to make prodromal diagnosis (whether that be
from autonomic clinics or sleep/RBD clinics); in par-
ticular, our finding that clinically-evident autonomic
function is not an invariable feature of early MSA
would have not been possible to observe using auto-
nomic clinic-based studies.

Some limitations should be noted. The primary
limitation is a small sample size, which limits statis-
tical analysis. This reflects the relative rarity of MSA,
with the inherent difficulty in detecting its prodromal
stage. This limitation is counterbalanced by the fact
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that there is no published prospective study of pro-
dromal MSA that has assessed patients with such a
comprehensive testing protocol. Another important
limitation is that the diagnosis of MSA cannot be
directly confirmed. In many cases, ancillary diag-
nostic investigations were conducted, but these were
at the discretion of the clinical team (once patients
phenoconvert there is no formal research follow-up
protocol, although we did follow patients whenever
possible). Autonomic testing was very limited in our
protocol to simple clinical measures; it is possible
that numerous abnormalities would have been docu-
mented with a detailed laboratory-based autonomic
protocol. Finally, we are missing a 3-year period of
prodromal data from one patient, who had elected to
not follow with us until he had symptoms.

In summary, by systematically observing MSA
emerging from prodromal stages of RBD, we have
observed a prodromal state characterized by rapid
motor progression, without inevitable clinical auto-
nomic dysfunction, and with normal olfaction and
cognition. These findings may have implications for
detection of early stages of MSA and for development
of prodromal MSA criteria.
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Santé, the W. Garfield Weston Foundation, and the
Canadian Institutes of Health Research. He holds
a Canada Research Chair in Cognitive Decline in
Pathological Aging. Dr Montplaisir received personal
compensation as consultant (Impax pharma, Servier,
Jazz pharma, Merk, Valeant), speaker (Valeant), and
received financial support for research activities from

Merck, GlaxoSmithKline is funded by grants from
the Fonds de Recherche du Québec – Santé, the W.
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