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ABSTRACT: Background: Neuroimaging has been used to support a diagnosis of possible multiple system
atrophy (MSA). Only blood pressure changes upon standing are included in the second consensus criteria but
other autonomic function tests (AFT) are also useful to diagnose widespread and progressive autonomic failure
typical of MSA. Additional diagnostic tools are of interest to improve accuracy of MSA diagnosis.

Objectives: To assess the utility of diagnostic tools beyond brain imaging and AFT in enhancing a laboratory-
supported diagnosis of MSA to support the upcoming revision of the consensus criteria.

Methods: The International Parkinson and Movement Disorders Society MSA Study Group (MoDiMSA) performed
a systematic review of original papers on biomarkers, sleep studies, genetic, neuroendocrine,
neurophysiological, neuropsychological and other tests including olfactory testing and acute levodopa
challenge test published before August 2019.

Results: Evaluation of history of levodopa responsiveness and olfaction is useful in patients in whom
MSA-parkinsonian subtype is suspected. Neuropsychological testing is useful to exclude dementia at time of
diagnosis. Applicability of sphincter EMG is limited. When MSA-cerebellar subtype is suspected, a screening for
the common causes of adult-onset progressive ataxia is useful, including spinocerebellar ataxias in selected
patients. Diagnosing stridor and REM sleep behavior disorder is useful in both MSA subtypes. However, none of
these tools are validated in large longitudinal cohorts of postmortem confirmed MSA cases.

Conclusions: Despite limited evidence, additional laboratory work-up of patients with possible MSA beyond
imaging and AFT should be considered to optimize the clinical diagnostic accuracy.

Multiple system atrophy (MSA) is an adult-onset neurodegenera- neurodegenerative changes in striatonigral or olivopontocerebellar
tive disorder manifesting with autonomic failure, parkinsonism structures. Clinical diagnosis of MSA is currently made according
and cerebellar ataxia in any combination. Neuropathologically, to the consensus criteria which combine clinical features and neu-
MSA is a synucleinopathy characterized by abnormal aggregation roimaging findings that reflect changes in putamen and
of alpha-synuclein in glial cytoplasmic inclusions and infratentorial brain structures such as pons, middle cerebellar
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peduncle (MCP) and cerebellum.! In the current diagnostic
criteria for MSA, brain MRI and ""FDG-PET findings and
dopamine transporter imaging contribute to the diagnosis of possi-
ble MSA, whereas the diagnosis of probable MSA is exclusively
based on clinical features." Two recent clinicopathological studies
have shown that the accuracy of MSA diagnosis during lifetime
against neuropathologically established diagnosis ranges between
62% and 79%.>> The previous systematic review by the Interna-
tional Parkinson and Movement Disorder Society (MDS)-
endorsed MSA Study Group (MoDiMSA) focused on the utility
of brain and cardiac imaging and autonomic function tests (AFT)
for the early diagnosis of MSA.* Neuroimaging features character-
istic of MSA may be absent in early disease stages suggesting their
suboptimal sensitivity. Recent data suggest that the inclusion of
diffusion-weighted MRI sequences and automated volume seg-
mentation in the conventional MRI protocols may allow for an
earlier and more accurate diagnosis.* However, diagnosis of MSA
based on imaging remains challenging due to overlap with
Parkinson’s disease (PD), dementia with Lewy bodies (DLB), pro-
gressive supranuclear palsy (PSP), sporadic adult onset ataxia
(SAOA) and, less commonly, genetic disorders mimicking MSA.
Cardiovascular autonomic tests (excluding blood pressure change
upon standing), bladder ultrasonography and urodynamic tests,
and "*N-metaiodobenzylguanidine (MIBG)-scintigraphy are not
recognized in the current consensus criteria," although laboratory
indices of early, progressive and severe autonomic failure can be
useful to improve diagnostic accuracy in individual cases.” The
MOoDiMSA review on the utility of AFT for diagnosis of MSA
suggested that incomplete bladder emptying or detrusor-sphincter
dyssynergia on urodynamic study, neurogenic OH (nOH) on head
up tilt test, and normal myocardial sympathetic postgangionic
innervation on !'*I-MIBG scintigraphy may increase the accu-
racy of the revised MSA diagnostic criteria that are underway.* In
some MSA patients, autonomic dysfunction may be mild or mod-
erate or may appear later in the disease course, resembling that of
Lewy body disorders.® Patients with PSP and genetic ataxia may
occasionally present with urinary or cardiovascular autonomic dys-
function, suggesting overlapping AFT findings between MSA and
related disorders.* Therefore, laboratory indices of autonomic fail-
ure should be regarded as a supportive feature of MSA with a diag-
nostic yield depending on the clinical context. Given the
limitations of brain and cardiac imaging and AFT, inclusion of
other diagnostic tools into the revised consensus criteria should be
considered to enhance a laboratory-supported diagnosis of MSA.”
Therefore, the MoDiMSA Study Group conducted a systematic
review of the literature to determine the accuracy, benefits and
limitations of additional diagnostic tests in the work-up of patients
with MSA.

Methods

This systematic literature review was conducted by applying
prespecified search terms (available for each domain in the Sup-
plementary systematic evidence Tables S1-S7) in Pubmed

(Medline). Original articles published in extenso in English
between 1989 and August 1, 2019 were included if the following
inclusion criteria were met: at least 10 patients with MSA per
study defined either by post-mortem verification, or clinically
probable, or clinically probable plus possible MSA according to
current consensus criteria,®” and at least one reference group of
MSA-related disorders, including PD, DLB, PSP, and SAOA.
Due to the specific nature of biomarkers and genetic testing, we
included studies with unclassified MSA (level of diagnostic accu-
racy not provided in the paper) and healthy controls as the only
comparative group for these two sections.

Data were extracted using prespecified extraction forms
including test domain, authors, publication year, number of
patients with MSA and their disease duration, reference group(s),
level of diagnostic accuracy, methods, sensitivity, specificity, pos-
itive and negative predictive values (PPV, NPV), study results
and comments. Results are reported in seven systematic domain-
specific evidence tables, including biomarkers, genetic testing,
neuroendocrine tests, neurophysiological tests, neuropsychologi-
cal tests, sleep studies, and other tests including olfactory testing
and acute levodopa challenge test. Relevant studies that fulfilled
the inclusion criteria were critically analyzed by the MoDiMSA
Study Group experts allocated to working groups on seven diag-
nostic domains. Working groups’ statements on the assigned

domains were summarized in the present manuscript.

Results

The search strategy identified 6531 publications including 1984
publications on biomarkers, 2144 on genetics, 196 on neuroen-
docrine tests, 356 on neurophysiological tests, 1396 on neuropsy-
chological tests, and 455 on sleep studies. A total of 235 articles
met the inclusion citeria (see Fig. 1 for an overview of numbers
of publications and patients with MSA per diagnostic domain
and Supplementary systematic evidence Tables S1-S7 for data
from individual papers).

Additional Tests

In Patients With
Parkinsonism Suggestive
of MSA

Evaluation of Levodopa
Responsiveness

Levodopa responsiveness should be reviewed in newly diagnosed
patients with parkinsonism and at regular intervals afterwards. Par-
kinsonism that is poorly responsive to levodopa is considered a
hallmark of MSA.! However, a transient, usually modest, levodopa
response is documented in a considerable proportion of patients in
clinicopathological and natural history studies, with occasional
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FIG. 1. Number of publications and MSA patients studied (in brackets) per diagnostic domain.

patients experiencing dramatic beneficial responses.'’'? Levodopa
unresponsiveness has usually been defined as either <30%
improvement on the Movement Disorder Society Unified PD
Rating Scale or Unified MSA Rating Scale motor examination on
up to 1000 mg L-dopa with a peripheral decarboxylase inhibitor
daily for 1 month, if tolerated, or by applying an acute levodopa
challenge test. This test showed poorer response with more fre-
quent side effects upon levodopa administration (eg, nausea) in
patients with MSA compared to patients with PD (Table 1)."

Olfactory Testing

Olfactory testing is easy, cost-effective and non-invasive. It aids
in the differential diagnosis of MSA as most patients with PD
have hyposmia in contrast to patients with MSA and PSP who
have relatively preserved olfaction (Table 1).'* A combination of
hyposmia and abnormal cardiac MIBG-scintigraphy, reflecting
impaired norepinephrine analogue uptake due to degeneration of
postganglionic myocardial fibers, should guide clinicians towards
the diagnosis of PD versus MSA."® Fluctuations of olfactory per-
formance that may affect the test’s diagnostic value, especially at
early disease stages, have been found in a small but relevant frac-
tion of PD patients during observation periods of 4 to 5 years.'®
Common pitfalls of the smell test include the presence of allergic

rhinitis and smoking habits.

Sleep Studies

Neuropathological studies have documented that 98% of patients
with video-polysomnography (vPSG)-proven REM sleep behavior
disorder (RBD) and a neurodegenerative syndrome (parkinsonism
or cognitive impairment) have an underlying synucleinopathy.'”
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Therefore, documentation of RBD can help to distinguish MSA
from non-synucleinopathy neurodegeneration such as PSP but can-
not be used to distinguish MSA from Lewy body disorders. RBD
can present before MSA onset; a multicenter prospective study
found that 8% of patients with idiopathic RBD who develop neu-
rodegenerative disease after 4 to 5 years, were diagnosed as clinically
probable MSA.'®

Other sleep abnormalities are also common in MSA. They
include general disruption of the sleep architecture, upper airway
dysfunction (apnea and stridor), loss of REM atonia, and periodic
leg movements during sleep. MSA patients have more severe loss
of REM atonia compared to patients with PD and idiopathic
RBD, ' although an overlap between groups limits the diagnos-
tic potential of REM atonia quantification. Evidence for diagnos-
tic utility of other vPSG sleep parameters is limited. Compared to
patients with PD and idiopathic RBD, patients with MSA have
more periodic leg movements of sleep, more slow-wave sleep,
shorter overall sleep duration, and less wake after sleep onset
(Table 1)."? Apnea (ie, increased apnea/hypopnea index) is com-
monly observed on vPSG, but not clearly increased compared
with other neurodegenerative conditions.'® Increased snoring is
specific for MSA and Lewy body disorders compared to PSP in a
clinicopathological series.> Symptoms associated with restless legs
syndrome are frequent in both patients with MSA (4.8%—28%)
and PD (14%).%'

Inspiratory stridor is commonly observed in MSA and consid-
ered a red flag against the diagnosis of PD.** Home audio record-
ing is sufficient to make a diagnosis of stridor.” Irregular arytenoid
cartilage movements were observed on flexible endoscopic evalua-
tion of swallowing in 91% of patients with MSA (of whom, 44%
showed clinically overt laryngeal dysfunction with stridor), but in
no patients with PD in a recent study published outside of the time
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DIAGNOSTIC TESTS IN MSA

window of this review.?* Stridor onset within the first 3 years from
disease onset was present in 16% of patients with MSA, indicating
low sensitivity in early stages.” It has been only rarely documented
in other degenerative parkinsonian disorders suggesting high speci-
ficity, although controlled studies are lacking.

Pelvic Neurophysiology

Evaluation of bladder function in patients with MSA comprises
simple (ie, post-void ultrasonography and uroflowmetry) and
advanced methods such as urodynamic tests and sphincter elec-
tromyography (EMG). Post-void bladder ultrasonography is a
non-invasive, widely available, highly specific tool for diagnosing
MSA versus PD. However, in early disease stages when symp-
toms of overactive bladder may be present in both MSA and PD
patients, the sensitivity of bladder ultrasonography is suboptimal.*
Urodynamic testing is useful for investigation of the pathophysi-
ology of both urinary incontinence and retention in patients
with MSA.*

EMG recordings from the external anal and urethral sphinc-
ters are commonly abnormal in MSA.2%%’ In a series of 30 defi-
nite MSA cases, 24 had abnormal sphincter EMG, five had
borderline results, and only one was normal.®® Neurogenic
changes in MSA occur as a result of involvement of anterior
horn cells in the Onuf’s nucleus of the sacral spinal cord, and the
most consistent abnormalities are prolonged duration of motor
unit potentials (MUPs) compared to PD, suggestive of chronic
reinnervation (Table 1).2**° The value of sphincter EMG in the
differential diagnosis of parkinsonism has been debated over the
years and a false-negative result can arise if the Onuf’s nucleus is
yet to be involved. Moreover, machine-automated MUP analy-
sis tends to exclude long-duration polyphasic potentials with sat-
ellite potentials, so that additional manual MUP analysis is
advisable in cases where MSA is suspected.”’ Changes of chronic
reinnervation similar to those seen in MSA, may be found,
though usually to a lesser degree, in long standing PD and other
parkinsonian syndromes such as PSP (which also affects Onuf’s
nucleus), DLB and spinocerebellar ataxia (SCA) type 3, follow-
ing cauda equina injury, and following damage to the sphincter
muscle such as haemorrhoid surgery and obstetric pelvic floor
tears. The prevalence of neurogenic changes increases with
duration of disease and worsening neurological disability.>* A
highly abnormal EMG in the absence of other obvious causes in
a patient with suspected MSA in the first 5 years is significant. In
contrast, an entirely normal result after 5 years makes the diag-
nosis of MSA very unlikely; thus, the test is of limited usefulness
in between.”® Lower elicitation rates and prolonged latencies of
the bulbocavernosus reflex were observed in patients with MSA
compared to patients with PD with early urogenital symptoms
(Table 1).*

Among other neurophysiological tests, auditory startle reflex
has occasionally been used for distinguishing PSP (absent or
reduced due to pathology in the reticular formation) from MSA
(normal response) in small unblinded studies.>*
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Neuropsychological Tests

Despite prevalence rates of cognitive impairment of up to 32% in

clinical and autopsy confirmed MSA series, >

neuropsychological
testing is valuable in the differential diagnosis of MSA and other
dementia disorders such as DLB, PD dementia (PDD) and PSP.>"®
Disproportionate deficits in attention, executive functions and visual
processing relative to memory and naming are typical for DLB.*®
PDD, characterized by frontal-executive dysfunction, initially is
mild but often evolves after a mean of 10 years from the onset of
motor symptoms.”” In comparative studies patients with DLB and
PDD performed worse than patients with MSA across all cognitive

.40
domains.

In patients with PSP, global cognitive performance is
poor compared with MSA patients 4 years after symptom onset,
with more profound executive dysfunction and more rapid progres-
sion.”® However, in early stages the difference in cognitive perfor-
mance may not be present. One study reported that the Dementia
Rating Scale might separate autopsy confirmed MSA from PSP
' The Frontal

2 .. 4
Assessment Battery (FAB)4“ and Montreal Cognitive Assessment™

patients with moderate sensitivity and specificity.”

also showed good discriminative power that was even better for the
verbal fluency and Luria series subitems of the FAB (Table 1.2
More severe deterioration also occurs in other cognitive domains in
patients with PSP than in those with MSA,*!#+4>

A test battery specific for the cognitive screening of patients
with MSA has not yet been developed. Level-1 examination of
the diagnostic procedures for PDD (cognitive deficits severe
enough to impact daily living, MMSE<26 and impairment in at
least two of the following tests: months backward or serial 7 sub-
traction, lexical fluency or clock drawing, MMSE pentagons,
3-word recall)®” showed excellent specificity of 96.9% and a
negative predictive value of 94.1% for detecting dementia in
MSA, while a sensitivity of 84.6% was achieved by applying a
cut-off MMSE score of 27 instead of 26.* Neuropsychological
testing is of limited value in the differentiation of patients pre-

senting with ataxia.

Biomarkers
Alpha-Synuclein

Decreased a-synuclein levels have been reported in cerebrospinal
fluid (CSF) of patients with MSA, but most studies have failed to
discriminate between patients with MSA and PD.*’”>? Most
recently and outside of the time window of this review, a Real-
Time Quaking-Induced Conversion (RT-QulC) assay was
reported to accurately detect a-synuclein seeding activity across
Lewy body synucleinopathies but not in MSA.>® Further research
has shown that o-synuclein aggregates associated with PD and
MSA corresponded to different conformational strains of a-syn-
uclein® and that an a-synuclein-protein misfolding cyclic ampli-
fication (PMCA) assay can discriminate between these disorders
with an excellent overall sensitivity.>> In addition, a-synuclein
oligomers detected by PMCA analysis together with CSF neu-
rofilament light chain (NfL) were able to discriminate patients
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with early MSA from those with Lewy body synucleinopathies.>®

Ultrasensitive single molecule array ELISA is another quantifica-
tion method with the potential to detect plasma and CSF or
exosomal o-synuclein. The lower number of oligodendrogial-
derived plasma exosomes in MSA compared to PD (sensitivity:
62%, specificity: 81%) was reported in another very recent
study.”” Inconclusive results on plasma o-synuclein levels in MSA
have been reported; some of the variability may be ascribed to the
influence of blood contamination, age and different detection

procedures (Table 1).*7-5®

Markers of Axonal and Glial Damage

Neurofilament light and heavy chain (NfH) concentrations in
CSF are increased in patients with atypical parkinsonism includ-
ing MSA compared to patients with PD (Table 1).°>*" Higher
NIL levels were also found in serum in patients with atypical par-
kinsonism including MSA compared to patients with PD, show-
ing good discriminative power in the detection (sensitivity: 82%,
specificity: 92%) and validation cohorts (sensitivity: 80%, specific-
ity: 92%), as well as in the cohort of patients with disease dura-
tion less than 3 years (sensitivity: 70%, specificity: 80%), and a
strong correlation with CSF levels of NfL.%

Amyloid Markers

Decreased CSF levels of Ap1-42, a 42-amino acid long peptide
that forms toxic P-amyloid aggregates, and a lower ratio of
AP1-42/AP1-40, may be used to discriminate patients with DLB
from patients with MSA (Table 1).%%2

Panels of Biomarkers

Combining different wet biomarkers is a promising approach to
increase diagnostic accuracy. A set of 9 CSF biomarkers (INfL,
sAPPa, sAPPP, AP1-42, total tau, phosphorylated tau, a-syn-
uclein, YKL-40, MCP-1), as well as disease duration and severity
were shown to differentiate patients with PD from those with
atypical parkinsonism with a sensitivity and specificity of 91%.
Among them NIfL, a-synuclein and sAPPa independently
predicted the diagnosis of PD versus atypical parkinsonism. The
same panel was able to differentiate between MSA and PSP
patients (Table 1).* However, the applied methodology needs
standardization of the procedures and validation in future pro-
spective studies. Serum miR-24, miR-34b, and miR-148b were
upregulated in MSA compared to PD in one study.®?

Arginine Stimulation Test

The arginine stimulation test is based on the ability of this amino
acid to induce growth hormone (GH) secretion through the
inhibition of somatostatin release, which is possibly mediated by
the cholinergic system. In small unblinded studies it was reported
that the GH response to arginine is blunted in patients with

MSA, and relatively preserved in patients with PD and PSP.%*

Genetic Screening

An increasing number of heredodegenerative syndromes that can
occasionally mimic MSA have been described (Table 2). Among
these, a combination of parkinsonism and ataxia may be observed
in SCA2, SCA3, SCA6 and SCA17. A complex phenotype with
L-dopa unresponsive parkinsonism and central hypoventilation
requires attention towards DCTNI mutation. In patients of
European ancestry, screening for the C9orf72 hexanucleotide repeat
expansion should be considered, especially in cases with a family
history of amyotrophic lateral sclerosis or frontotemporal dementia.

Additional Tests In Patients
With Ataxia Suggestive
of MSA

Sleep Studies

Adult onset progressive ataxia and autonomic failure, that initially
presents with urogenital failure followed by nOH, with cerebel-
lar, brainstem and MCP atophy on brain imaging is highly sug-
gestive of MSA-cerebellar type.®> The presence of RBD in the
ataxic patient may point towards the diagnosis of MSA-C versus
SAOA (Table 1). In a recent prospective study, probable RBD
was present in 83% of MSA-C patients and 11% of SAOA
patients.®® Sleep abnormalities can be also seen in patients with

: i 67,68
genetic ataxias.

Exclusion of Common Causes
of Adult Onset Progressive
Ataxia

A progressive course of ataxia starting in midlife requires screening
for the common causes of cerebellar degeneration including toxic
(ie, alcohol, phenytoin, lithium, barbiturates), metabolic (ie, vita-
min B12, or B1 deficiency syndromes), paraneoplastic and non-
cancer related immune mediated disorders (ie, ataxia associated
with antigliadin antibodies, or with anti-glutamic acid decarbox-
ylase antibodies), infections (ie, cerebellitis), parainfectious syn-
dromes, brain mass lesions and multiple sclerosis.

Genetic Screening

Typically, MSA occurs sporadically in the community. Several
pathologically confirmed MSA cases occurring in the same family

d.**"® The diagnostic value of genetic testing

have been reporte
in MSA is evaluated in the setting of a suspected monogenic
inheritance. Homozygous or compound heterozygous loss-of-
function mutations in COQ2 gene, involved in the coenzyme
Q1o (COQj) biosynthesis, are the only monogenic mutations
that have been suggested to cause MSA in two Japanese fami-
lies.”” Furthermore, the common COQ2 polymorphism V393A

identified in the East Asian populations has been suggested as a
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TABLE 2 Neurogenetic MSA mimic syndromes (adapted from Stankovic |, et al.)®

Genetic characteristics

Clinical characteristics

Gene Locus Inh. Typical presentation Typical AAO Red flag(s)

ABCD1 Xq28 XR ALD 1st-3rd decade Adrenal insufficiency, leukodystrophy on MRI,
psychiatric symptoms, elevated very long chain fatty
acids

LMNB1 5q23 AD ALD 4th-6th decade Extensive, U-fiber sparing white matter lesions on MRI,
cognitive impairment in advanced stages

ATXN1 6p22.3 AD SCA1 3rd-4th decade Axonal sensory neuropathy, hyporeflexia, loss of
vibration/proprioception

ATXN2 12g24.1 AD SCA2 4th decade Chorea, dystonia, cognitive impairment, slow saccades

ATXN3 14q21 AD SCA3 4th decade Upper motor neuron signs, executive dysfunction,
ophthalmoparesis

ATXN7 3p21.1-p12 AD SCA7 3rd-4th decade Retinal degeneration

ATXN8 13g21 AD SCA8 4th decade Slowly progressive, hyperreflexia

C9orf72 9p21.2 AD ALS/FTD 4th-7th decade Motor neuron signs, cognitive impairment, psychiatric
symptoms

CACNA1A 19p13.13 AD SCA6 5th-6th decade Family members can present with episodic ataxia or
hemiplegic migraine

CYP27A1 2g35 AR CTX 2nd-3rd decade Diarrhea, cataracts, xanthomas, cognitive and
psychiatric symptoms

DCTN1 2p13.1 AD Perry syndrome 5th decade Hypoventilation, weight loss, psychiatric symptoms

ATN1 12p13.31 AD DRPLA 4th decade Choreoathetosis, dementia, epilepsy, psychiatric
symptoms

FMR1 Xq27.3 XR FXTAS 6th-7th decade Female pre-mutation carriers can present with primary
ovarian insufficiency, family history of fragile-X
syndrome

FXN 9g21.11 AR FRDA 2nd-3rd decade Hyporeflexia, loss of vibration/position sense,
cardiomyopathy, diabetes

GBA 1922 AR GD 1st-2nd decade Cognitive impairment, common in patients of Ashkenazi

AD PD/LBD 6th decade Jewish ancestry

LRRK2 12q12 AD PD 6th decade Family history of L-dopa-responsive Parkinson disease

NOP56 20p13 AD SCA36 5th-6th decade Hearing loss, motor neuron involvement, slow
progression

PDYN 20p13 AD SCA23 5th-6th decade Slow progression

POLG1 15915 AR, AD Mitochondriopathy 1st-4th decade Ophthalmoplegia, hearing loss, neuropathy, epilepsy,
dementia

RFC1 4pla AR CANVAS 4th-6th decade Late-onset ataxia, sensory neuronopathy, bilateral
vestibulopathy, chronic cough, and autonomic
dysfunction

PRNP 20p13 AD Prion disease 3rd-9th decade Myoclonus, dementia, psychiatric symptoms, seizures,
rapid progression

PPP2R2B  5qg32 AD SCA12 4th decade Cerebellar ataxia, hyperreflexia, tremor

SNCA 4q22.1 AD PD, LBD 3rd-4th decade Dementia, early-onset L-dopa responsive parkinsonism

SPG7 16g24.3 AD, AR HSP 3rd-4th decade Spastic paraplegia, cerebellar ataxia, executive
dysfunction

SPG11 15g21.1 AR HSP 3rd-4th decade Severe spastic paraplegia

TBP 6927 AD SCA17 2nd-5th decade Psychiatric symptoms, dementia, chorea

Abbreviations: Inh, inheritance; Mt. DNA, mitochondrial DNA; XR, X-chromosomal recessive; AD, autosomal dominant; AR, autosomal recessive;
AAO, age at onset; ALD, adrenoleukodystrophy; SCA, spinocerebellar ataxia; ALS, amyotrophic lateral sclerosis; FTD, frontotemporal dementia;
CTX, cerebrotendinous xanthomatosis; DRPLA, dentatorubral pallidoluysian atrophy; FXTAS, fragile X tremor ataxia syndrome; FRDA, Friedreich
ataxia; GD, Gaucher disease; PD, Parkinson disease; LBD, Lewy body dementia; HSP, hereditary spastic paraplegia.

possible risk variant.”' This variant is extremely rare in the Cau-
casian population, which could explain the lack of disease associ-
ations in North American or European MSA cohorts.”>”?
Several additional heterozygous variants of unknown significance
have been reported in COQ2, but their role in disease pathogen-
esis is unclear and requires further investigation. In addition,
decreased concentrations of COQ?2 in serum, CSF and cerebel-
lum of MSA patients suggest that COQ, deficiency may con-
tribute to the pathogenesis of MSA (Table 1).7*

In patients presenting with ataxia, either the presence of a
family history or non-supportive features for MSA should guide
the physician towards neurogenetic mimicry. These “red flags,”

however, may not be present in a given case. Genetic screening,
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as a second tier after exclusion of the other common causes of
midlife onset progressive ataxia, should be considered in selected
cases to refine the clinical diagnosis by excluding of the most
common mimicries due to the pathogenic mutations in the
ATXN1, ATXN2, ATXN3, CACNA1A, ATXN7, PPP2R2B,
FMR1, and TBP genes. Repeat expansion mutations in the
RFC1 gene is an underrecognized cause and has been observed
in 22% of patients with late-onset cerebellar ataxia.”® Fragile X—
associated tremor/ataxia syndrome resulting from a premutation
in the FMR1 gene more frequently poses a differential diagnosis
challenge to MSA than the other syndromes due to overlapping
clinical and MRI features including hyperintensities in the MCP.
In Japanese patients, screening for DRPLA needs consideration.
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Notably, however, in a large postmortem series, none of the
patients with a clinical diagnosis of MSA in life had a final diag-
. . .. 3 .
nosis of neurogenetic mimic syndrome.” Other rare neurogenetic
mimic syndromes have been described in the literature, but more

detailed discussion goes beyond the scope of this article.

Biomarkers and Arginine
Stimulation Test

Patients with MSA-C have increased NfL and NfH levels in
CSF compared to patients with SAOA (Table 1).7°

Arginine GH stimulation test failed to show efficacy in differ-
entiating between patients with MSA-cerebellar type from
patients with SAOA, genetic ataxia and healthy controls
(Table 1).””

Conclusion And Test
Limitations

Data assessed in this systematic review suggest that several diag-
nostic tools beyond imaging and AFT may support the diagnosis
of MSA in individual cases. The diagnostic discrimination of each
tool depends on the clinical context (ie, predominant clinical
presentation and differential diagnosis) and changes over the dis-
ease course. The paucity of studies in patients with MSA pre-
senting with isolated autonomic failure (ie, distinguishing
premotor MSA from pure autonomic failure due to Lewy body
disease) prevented us from analyzing the evidence in this specific
population. Although severe, widespread and progressive auto-
nomic failure is specific for MSA, there are very few comparative
studies on diagnostic accuracy of autonomic function testing ver-
sus other diagnostic tests. A major limitation of the available evi-
dence is an absence of postmortem diagnostic confirmation in
the majority of studies. Because most studies were cross-sectional,
including patients with advanced disease stages, the evaluation of
the test performance in the first 2 to 3 years from onset (when
the sensitivity for a diagnosis of MSA is most required) is poor.
In patients presenting with parkinsonism, a history of the
levodopa response is required, as a poor response to levodopa is
characteristic of MSA compared to PD. Studies addressing the
performance of an acute levodopa challenge test were difficult to
interpret, as they analyzed different MSA populations, and used
different levodopa doses, assessment methodologies and outcome
measures. There is no information on the value of an acute levo-
dopa challenge in de novo drug-naive MSA patients. Given the
methodological diversity, the proportion of MSA patients in
early disease stages with levodopa-responsive parkinsonism, and
the high number of false-negative cases due to common periph-
eral side-effects we conclude that the acute levodopa challenge
test cannot assist in the earlier diagnosis of MSA. Consequently,
a negative levodopa challenge — when available — should not
deter clinicians from initiating chronic levodopa maintenance
therapy, until a daily dose of 1000 mg has been tried for at least

a month if needed and tolerated. The moderate discriminative
power of olfactory testing in distinguishing MSA (where the test
is normal) from PD (where olfaction is typically impaired) sug-
gests that it might be useful to support a diagnosis of MSA,
despite a lack of blinded data. There are no studies on the effi-
ciency of combined olfactory testing and cardiac sympathetic
imaging in differentiating MSA from PD+nOH. Otherwise
unexplained neurogenic findings in sphincter EMG within a few
years from disease onset are suggestive of MSA. However, due
to overlapping denervation patterns between MSA and PD such
changes may not support the diagnosis in individual patients.
Given some denervation in healthy subjects, the test should be
interpreted with caution. Limitations of the sphincter EMG
include discomfort for the patient, difficulties in interpreting the
results, effects of age, sex, multiple childbirths, and comorbidities
such as prostate hypertrophy, bladder neck stenosis, or stress
incontinence.

Careful neuropsychological screening is useful to exclude
dementia, which is, based on current evidence, rare in MSA but
is an essential feature of DLB and PDD. Assessment of global
cognitive functions employing the Dementia Rating Scale, or
executive functions by applying the FAB may help differentiate
patients with MSA from patients with PSP. However, differenti-
ation made on the basis of cognitive state is not likely to be help-
ful in early stages. There is a need to define a specific cognitive
battery with tests whose performance would not be affected by
motor disability.”®

VPSG-documented RBD and severe loss of REM atonia are
highly indicative of a neurodegenerative synucleinopathy such as
MSA; hence, their absence makes a diagnosis of MSA unlikely.
Documentation of inspiratory stridor by home audio recording
or vPSG is very specific for MSA.*®> Based on a small number of
relevant studies we conclude that vPSG is useful to distinguish
patients with MSA from patients with tauopathies and sporadic,
symptomatic and genetic ataxias (although RBD has been docu-
mented in selected disorders such as SCA3). VPSG cannot assist
in the differential diagnosis of MSA vs. other synucleinopathies.

In patients presenting with progressive adult onset ataxia,
immune mediated (including paraneoplastic and non-cancer
related disorders), metabolic, toxic, and infectious/postinfectious
causes should be excluded. As a second tier, genetic screening for
the most common SCAs is recommended, particularly in cases
with positive family history or non-supportive features for MSA.
Other rare MSA neurogenetic mimicries have been described in
the literature (Table 2) but broad genetic testing beyond the
common SCAs is currently not recommended.

Although there are several promising biomarker candidates
such as a-synuclein (RT-QulC and PMCA assays allowed differ-
entiation between MSA and Lewy body synucleinopathies) or
NIfL (that allowed differentiation between MSA and PD, but not
MSA versus tauopathies) in CSF and plasma none of them is suf-
ficiently robust to support a diagnosis of MSA. By applying
panels with multiple biomarkers, diagnostic accuracy could be
improved. The high varability of findings on fluid biomarkers
across the literature highlights the need to standardize analytical

methods and harmonize standard operating procedures. The
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validation of current biomarkers in large prospective studies is
needed before any wet biomarker can be used for MSA diagno-
sis. The arginine growth hormone stimulation test provided con-
flicting results in different MSA cohorts. The role of this and
other neuroendocrine tests remains to be defined in future, larger
studies.

As with all systematic reviews, this study has several limita-
tions. First, we may have missed original studies due to potential
publication bias. Second, we did not report uncertainty of accu-
racy data, for example, 95% confidence intervals sensitivity and
specificity. Third, PPV and NPV must be judged in the light of
prevalence, which was not available for most settings. Fourth,
data on the same patients could have been published in more
than one study; hence, the cumulative number of patients in
studies from which the range of diagnostic accuracy measures
was derived (Table 1) may not be correct. Fifth, diagnostic test
accuracy characteristics alone are not sufficient to inform clinical
decision making. Further aspects including the benefits and
harms to patients with false negative and false positive results as
well as cost effectiveness must be included in the decision-
making process, which may require decision-analytic modeling
approaches.”

In summary, current best evidence suggests that in patients
with parkinsonism suggestive of MSA, evaluation of history of
levodopa responsiveness and olfactory function is useful. Neuro-
psychological testing should be performed to exclude dementia
at the time of diagnosis. When MSA-cerebellar type is suspected,
a screening for the common causes of adult onset progressive
ataxia is useful. Genetic screening beyond the most common
SCAs is not currently recommended. Diagnosing sleep abnor-
malities is useful in both motor MSA subtypes. The results of
pelvic neurophysiology should be interpreted with caution, and
the role of this testing is limited due to overlapping finding with
PD and other common non-neurological diseases. Based on cur-
rent evidence, we conclude that the laboratory work-up should
be extended beyond brain and cardiac imaging and autonomic
function tests in selected patients with MSA to improve diagnos-
tic accuracy during lifetime. Cohort studies enrolling patients
with MSA within the first 2 years after symptom onset with
blinded test results and postmortem diagnostic confirmation are
required to generate sufficient evidence on test accuracies in early
disease stages.
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Supporting Information

Supporting information may be found in the online version of
this article.

Table S1. Summary of studies on biomarkers in MSA. Search
(“multiple OR  MSA OR
“olivopontocerebellar atrophy” OR OPCA OR  “striatonigral
degeneration” OR SND OR “shy drager syndrome”) AND
(blood OR plasma OR “cerebrospinal fluid” OR CSF). A total
of 1984 papers were identified in Pubmed using the search terms
on July 20th, 2019. A total of 77 relevant papers were included

terms: system

atrophy”

in the analysis.

Table S2. Summary of studies on genetic screening in MSA. Search
terms: (“multiple system atrophy” OR. MSA OR “olivopontocerebellar
atrophy” OR. OPCA OR “triatonigral degeneration” OR. SND OR
“shy drager syndrome”) AND (genetic OR genetics OR  familial OR
mutation). A total of 2144 papers were identified in Pubmed using the sea-
rch terms on July 20th, 2019. A total of 95 relevant papers were included

in the analysis.
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Table S3. Summary of studies on neuroendocrine tests in
MSA. Search terms: (“multiple system atrophy” OR MSA OR
“olivopontocerebellar atrophy” OR OPCA OR “striatonigral
degeneration” OR SND OR “shy drager syndrome”) AND
(neuroendocrine OR arginine OR “growth hormone” OR GH
OR clonidine). A total of 196 papers were identified in Pubmed
using the search terms on July 20th, 2019. A total of 7 relevant
papers were included in the analysis.

Table S4. Summary of studies on neurophysiological tests in
MSA. Search terms: (“multiple system atrophy” OR MSA OR
“olivopontocerebellar atrophy” OR OPCA OR “striatonigral
degeneration” OR SND OR “shy drager syndrome”) AND
(neurophysiology OR “evoked potentials” OR EVP OR elec-
tromyography OR EMG). A total of 356 papers were identified
in Pubmed using the search terms on July 20th, 2019. A total of
26 relevant papers were included in the analysis.

Table S5. Summary of studies on neuropsychological tests in
MSA. Search terms: (“multiple system atrophy” OR MSA OR
“olivopontocerebellar atrophy” OR OPCA OR “striatonigral
degeneration” OR SND OR “shy drager syndrome”) AND
(neuropsychology OR' neuropsychological OR dementia OR
cognition OR cognitive OR frontal-executive OR memory). A
total of 1396 papers were identified in Pubmed using the search
terms on July 20th, 2019. A total of 14 relevant papers were
included in the analysis.

Table S6. Summary of sleep studies in MSA. Search terms:
(“multiple system atrophy” OR MSA OR “olivopontocerebellar
atrophy” OR OPCA OR “striatonigral degeneration” OR SND
OR “shy drager syndrome”) AND (sleep OR “REM sleep
behavior disorder” OR RBD OR REM sleep without atonia).
A total of 455 papers were identified in Pubmed using the search
terms on July 20th, 2019. A total of 3 relevant papers were
included in the analysis.

Table S7. Summary of other tests in MSA. Relevant papers
on other tests were searched manually. A total of 13 relevant
papers were included in the analysis.
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