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Abstract

Multiple system atrophy (MSA) may be difficult to distinguish clinically from other disorders, 

particularly in the early stages of the disease. An autonomic-only presentation can be 

indistinguishable from pure autonomic failure. Patients presenting with parkinsonism may be 

misdiagnosed as having Parkinson disease. Patients presenting with the cerebellar phenotype of 

MSA can mimic other adult-onset ataxias due to alcohol, chemotherapeutic agents, lead, lithium, 

and toluene, or vitamin E deficiency, as well as paraneoplastic, autoimmune, or genetic ataxias. A 

careful medical history and meticulous neurological examination remain the cornerstone for the 

accurate diagnosis of MSA. Ancillary investigations are helpful to support the diagnosis, rule out 

potential mimics, and define therapeutic strategies. This review summarizes diagnostic 

investigations useful in the differential diagnosis of patients with suspected MSA. Currently used 

techniques include structural and functional brain imaging, cardiac sympathetic imaging, 

cardiovascular autonomic testing, olfactory testing, sleep study, urological evaluation, and 

dysphagia and cognitive assessments. Despite advances in the diagnostic tools for MSA in recent 

years and the availability of consensus criteria for clinical diagnosis, the diagnostic accuracy of 

MSA remains sub-optimal. As other diagnostic tools emerge, including skin biopsy, retinal 

biomarkers, blood and cerebrospinal fluid biomarkers, and advanced genetic testing, a more 

accurate and earlier recognition of MSA should be possible, even in the prodromal stages. This has 

important implications as misdiagnosis can result in inappropriate treatment, patient and family 

distress, and erroneous eligibility for clinical trials of disease-modifying drugs.
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INTRODUCTION

Multiple system atrophy (MSA) is the most rapidly progressive of the synucleinopathies, a 

group of disorders characterized by the abnormal deposition of the protein α-synuclein 

(αSyn) in the central and peripheral autonomic nervous system (Roncevic et al., 2014; 

Wenning et al., 2013). While in patients with Parkinson disease (PD) αSyn predominantly 

accumulates in neurons forming Lewy bodies and Lewy neurites, in patients with MSA it 
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accumulates mostly in oligodendroglial cells forming glial cytoplasmic inclusions (GCI). A 

significant percentage of patients with MSA present with genitourinary dysfunction and 

orthostatic hypotension (OH) due to dysfunction of the autonomic nervous system, 

frequently combined with a history suggesting rapid eye movement (REM) sleep behavior 

disorder (RBD). Within a few years patients go on to develop balance, speech and 

coordination abnormalities that progress fairly rapidly. Depending on their initial 

predominant motor deficits, MSA is sub-classified into a parkinsonian (MSA-P) and a 

cerebellar phenotype (MSA-C)(Quinn, 2015). Age at onset, prevalence of cardiovascular 

autonomic dysfunction, sleep disorders, and retinal abnormalities are similar in both 

phenotypes (Mendoza-Santiesteban et al., 2015; Palma et al., 2015; Roncevic et al., 2014). 

Specific neuroimaging markers differ between the cerebellar and parkinsonian phenotypes 

(Deguchi et al., 2015; Huppertz et al., 2016; Lee et al., 2015), as well as the degree of 

sudomotor dysfunction which may be more severe in patients with MSA-P (Coon et al., 

2016) and urogenital dysfunction which may occur earlier in patients with MSA-C (Zheng et 

al., 2017).

Patients with MSA have a mean age at onset of 55–60 years, and an average survival from 

the onset of motor symptoms of 8–9 years, although some pathology-proven cases survived 

more than 15 years (Fanciulli et al., 2015; Petrovic et al., 2012).

MSA may be difficult to distinguish clinically from other disorders, particularly in patients 

at the early stages of the disease. An autonomic-only presentation can be indistinguishable 

from pure autonomic failure (PAF) (Kaufmann et al., 2017b; Muppidi et al., 2017). Patients 

presenting with parkinsonism may be misdiagnosed as PD. The reverse also occurs; 

approximately 20% of patients with a clinical diagnosis of MSA turn out to have PD or DLB 

at autopsy (Koga et al., 2015). Patients presenting with the cerebellar phenotype can mimic 

other adult-onset ataxias due to alcohol, chemotherapeutic agents, lead, lithium, and toluene, 

or vitamin E deficiency, as well as paraneoplastic, autoimmune, or genetic ataxias (e.g., 

spinocerebellar ataxias, fragile X–associated tremor ataxia syndrome, or late-onset 

Friedreich ataxia) (Klockgether, 2010; Lin et al., 2016). Misdiagnosis can result in 

inappropriate treatment, patient and family distress, and erroneous eligibility for clinical 

trials.

The accurate clinical diagnosis of MSA is based on a careful medical history and meticulous 

neurological examination. Ancillary investigations are helpful to support the diagnosis, rule 

out potential mimics, and define therapeutic strategies. This review summarizes diagnostic 

investigations useful in the diagnosis of MSA.

CLINICAL EVALUATION

A detailed clinical evaluation, including a medical history (Goldstein et al., 2017b), physical, 

and neurological examinations with special attention to gait, coordination and muscle tone, 

is the most important step in the evaluation of a patient with suspected MSA. The medical 

history should include questions about the onset and progression of motor symptoms as well 

as non-motor features including symptoms of cardiovascular, gastrointestinal, genitourinary, 

and sudomotor dysfunction; special attention should be paid to sleep disorders, the presence 
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of cognitive, mood and behavioral problems, dysphagia, and visual abnormalities. Response 

to anti-parkinsonian medications, particularly levodopa, is usually sub-optimal and often 

transient (Calandra-Buonaura et al., 2016). Cold hands and feet are a typical feature of the 

disease (Asahina et al., 2013). A bluish discoloration of the feet is frequently seen in 

wheelchair-bound patients, probably due to venous stasis (Figure 1A).

Non-motor signs and symptoms

All patients with MSA have gastrointestinal, cardiovascular, urogenital and 

thermoregulatory abnormalities but the severity of symptoms varies among patients 

(Fanciulli et al., 2015; Roncevic et al., 2014). Indeed, the diagnosis of probable or possible 

MSA according to the 2008 consensus criteria (Table 1) relies on either the presence of OH 

or urinary dysfunction indicating pathological involvement of autonomic neurons (Gilman et 

al., 2008). Early and severe autonomic failure appears to be associated with poorer prognosis 

(Coon et al., 2015; Glasmacher et al., 2017). Bladder and sexual dysfunction (erectile 

dysfunction in men and dyspareunia in women) as well as orthostatic dizziness, 

lightheadedness or syncope due to neurogenic OH were the earliest signs of the disease in up 

to 50% of patients, years before the emergence of motor signs (Kaufmann et al., 2017b). 

Rapid eye movement (REM) sleep behavior disorder (Palma et al., 2015) or stridor 

(Kaufmann et al., 2017a) may also appear years before the motor symptoms. Cognitive 

impairment is not a typical presenting feature of patients with MSA, but it may emerge later 

in the course of the disease (Stankovic et al., 2014). Depressive symptoms can precede the 

onset of motor signs in around 16% of cases, with the prevalence of depression increasing 

up to 60% as the disease progresses (Schrag et al., 2010). Pseudobulbar affect with 

pathological laughter and crying occurs in 36% of patients with MSA-C (Parvizi et al., 

2007).

Motor signs and symptoms

Virtually all patients with MSA will develop parkinsonism during the course of the disease, 

regardless of their initial presentation (Gilman et al., 2005; Kollensperger et al., 2010). Most 

patients have a bilateral rigid-akinetic form but the parkinsonism can occasionally be 

markedly asymmetric (Batla et al., 2013; Tison et al., 2002). A quivery voice is 

characteristic. Early falls (i.e., within the first year of the diagnosis) are common in patients 

with MSA (Tison et al., 2002) although not as frequent as in patients with progressive 

supranuclear palsy (PSP). Cerebellar dysfunction, particularly a broad-based ataxic gait, 

eventually develops in up to 60% of patients with MSA, regardless of their initial 

presentation (Kollensperger et al., 2010). Limb ataxia, scanning (ataxic) dysarthria, and 

cerebellar oculomotor dysfunction including excessive square wave jerks, mild-moderate 

hypometric saccades, impaired vestibulo-ocular reflex suppression, spontaneous or 

positional downbeat nystagmus are also relatively frequent (Anderson et al., 2008; Testa et 

al., 2001). Corticospinal (pyramidal) signs, including brisk deep tendon reflexes and 

Babinski sign, are present in 40–50% of patients with MSA; these seem to be more frequent 

in patients with MSA-C than in those with MSA-P (Kollensperger et al., 2010; Roncevic et 

al., 2014). Abnormal postures and deformities of the hand and foot, named “striatal” by 

Charcot who recognized they were caused by lesions in the putamen or caudate (Ashour et 

al., 2005), are frequent in patients with MSA. Extending the arms typically shows the hands 
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slightly flexed at metacarpophalangeal joints with extension at interphalangeal joints and 

sometimes ulnar deviation. Patients with MSA-C typically show hyperextended hands with 

the fingers pointing up (“scooping”). Occasionally, patients with MSA can have an abnormal 

upward posturing of the big toe, a “striatal toe” that resembles a spontaneous extensor 

plantar response without the fanning of the toes (Figure 1B). Although some patients with 

MSA can present with spastic paraparetic gait, this should raise the possibility of other 

disorders, such as hereditary spastic paraparesis, or adrenoleukodystrophy (Fontes-Villalba 

et al., 2013). Over the course of the disease, up to 40% of patients with MSA will develop 

abnormal postures including camptocornia (severe forward trunk flexion, which increases 

while walking and disappears in the recumbent position), Pisa syndrome (severe lateral tonic 

bending of the trunk), and cervical dystonia causing disproportionate antecollis (severe 

forward neck flexion, interfering with eating, speaking and sight) (Figure 1C).

L-dopa response—The motor response to levodopa is variable in patients with MSA 

(Colosimo, 1998; Kollensperger et al., 2008; Slawek et al., 2006; Tison et al., 2002; van de 

Warrenburg et al., 2007). Because of the traditional assumption that patients with MSA do 

not respond to L-dopa therapy as well as those with PD, a L-dopa challenge is frequently 

used to distinguish between these two disorders. A study investigating the predictive value of 

an L-dopa challenge in PD versus non-PD patients, however, found that 15% were wrongly 

classified (Holmberg et al., 2001). Indeed, in series with pathologically confirmed cases, 30–

70% of patients with MSA had an initial good therapeutic response to L-dopa (Colosimo et 

al., 1995; Hughes et al., 1992; Wenning et al., 1995). The beneficial effect is usually short-

lived unfortunately and, within 3 years of diagnosis, only a minority of patients still report 

L-dopa responsiveness. In those with a good L-dopa response, dyskinesia can develop that 

almost exclusively involve the craniocervical region even after short-term use with a 

minority of patients showing limb dyskinesias (Boesch et al., 2002; Kollensperger et al., 

2010; O’Sullivan et al., 2008).

BRAIN AND CARDIAC NEUROIMAGING

Current consensus guidelines include neuroimaging criteria for the diagnosis of possible 

MSA (Gilman et al., 2008) (Table 1). These include the presence of atrophy of the putamen, 

middle cerebellar peduncle, pons or cerebellum on brain magnetic resonance imaging 

(MRI), and putamen, brainstem or cerebellum hypometabolism on brain fluorodeoxyglucose 

(FDG) positron emission tomography (PET), as well as dopaminergic denervation on PET or 

single photon emission computed tomography (SPECT).

Brain magnetic resonance imaging

Brain MRI is the gold standard imaging technique for the evaluation of parkinsonian and 

cerebellar syndromes, including MSA. A brain MRI including standard sequences and 

diffusion weighted imaging (DWI) should be included in the initial evaluation of every 

patient with suspected MSA. Several brain MR modalities are available.

Standard brain magnetic resonance imaging—Brain 1.5-Tesla and 3-Tesla MRI 

shows several abnormalities including atrophy of the putamen, pons, middle cerebellar 
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peduncles, cerebellum, medulla oblongata, midbrain, a dilated fourth ventricle, as well as 

various signal intensity alterations in a significant number of patients with MSA (Brooks et 

al., 2009; Burk et al., 2005; Lee et al., 2004; Lin et al., 2016). In comparison, standard MRI 

is typically normal in PD. Characteristic MSA brain MRI signal intensity abnormalities 

include the “hot cross bun” sign, a cruciform hypointensity in the pons that resembles the 

Easter pastry, and the “putaminal slit” sign, an hyperintense signal in the dorsolateral margin 

of the putamen, have high positive predictive value for the diagnosis of MSA (Figure 2) 

(Horimoto et al., 2002; Schrag et al., 2000). Interestingly, patients with early “hot cross bun” 

sign are more likely to develop severe cerebellar symptoms later in the course of the disease, 

whereas patients who show early bilateral putaminal slit signs commonly develop the 

parkinsonian variant of MSA (Horimoto et al., 2002). However, a hyperintense putaminal 

rim can be a nonspecific “normal” finding on 3-Tesla MR imaging (Lee et al., 2005) and the 

“hot cross bun” sign can be seen in other disorders including spinocerebellar ataxias (Burk et 

al., 2001; Lee et al., 2009), leptomeningeal carcinomatosis (Zhang et al., 2013), vasculitis 

(Muqit et al., 2001) and others. Several MRI algorithms to distinguish MSA-P from PD have 

been proposed. In general, all have high specificity but low sensitivity (Bhattacharya et al., 

2002; Horimoto et al., 2002; Lee et al., 2004; Nair et al., 2013; Schocke et al., 2002; 

Watanabe et al., 2002). Routine MR imaging has very low specificity to distinguish MSA 

from other atypical parkinsonian syndromes (Schrag et al., 2000; Yekhlef et al., 2003). 

Increasing use of 7-Telsa MR imaging, and better sequences to discriminate the brainstem 

anatomy, should enable the development of more sensitive and specific diagnostic 

algorithms (Hoch et al., 2016; Kim et al., 2016).

Diffusion-weighted imaging and diffusion tensor imaging—Diffusion-weighted 

imaging (DWI) is a technique used to determine the random movement of water molecules. 

Quantification of diffusion is performed by calculation of the apparent diffusion coefficient 

(ADC) in tissue. Movement of water molecules is typically increased in degenerating and 

ischemic neural tissue. Compared to PD, increased putaminal diffusivity in MSA-P has been 

consistently reported, even in early disease stages (Barbagallo et al., 2016; Baudrexel et al., 

2014; Pellecchia et al., 2009; Schocke et al., 2002; Schocke et al., 2004; Seppi et al., 2004). 

DWI might be useful in distinguishing MSA-P from PSP (Paviour et al., 2007). 

Interestingly, a prospective study showed progressive abnormalities of the diffusivity of the 

putamen over time, thus allowing the possibility of using DWI imaging as a marker of 

disease progression and an outcome measure in clinical trials for MSA (Pellecchia et al., 

2011). Diffusion tensor imaging (DTI), a similar technique to DWI which analyzes the 

three-dimensional shape of the diffusion and produces 3-D neural tract images (Huisman, 

2010), is being increasingly used to distinguish MSA from PD and PSP (Du et al., 2017; 

Ofori et al., 2017; Planetta et al., 2016; Prodoehl et al., 2013; Worker et al., 2014).

Magnetic resonance volumetry—Quantitative assessment with MR volumetry using 

region-of-interests (ROI) in patients with MSA showed atrophy of the putamen, caudate, 

brainstem and cerebellum (Burk et al., 2004; Ghaemi et al., 2002; Huppertz et al., 2016; 

Sako et al., 2014; Schulz et al., 1999). The MR Parkinsonism Index (MRPI), taking into 

consideration the volume of the pons, midbrain, and cerebellar peduncles, appears to have 

high sensitivity and specificity to distinguish between PSP and MSA-P or PD (Hussl et al., 
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2010; Quattrone et al., 2008). Voxel-based morphometry (VBM), an operator-independent 

automated method, can detect focal volume differences between 2 or more groups based on 

study-specific templates (Ashburner et al., 2000). Studies using this approach confirmed 

previous ROI-based volumetric studies suggesting basal ganglia, infratentorial as well as 

cortical volume loss in MSA patients (Minnerop et al., 2007; Moller et al., 2017; Specht et 

al., 2003; Tzarouchi et al., 2010). Moreover, specific longitudinal changes in MSA (early 

atrophy of basal ganglia followed by late cortical atrophy) have been identified with this 

technique (Brenneis et al., 2007). Other findings, such as degeneration of the ponto-

cerebellar tract and white matter abnormalities in specific areas have been identified using 

VBM (Minnerop et al., 2007; Yu et al., 2015). Cognitive impairment in MSA is also 

associated with specific VBM changes (Fiorenzato et al., 2017). Because it requires group 

comparisons using study-specific templates and sophisticated processing and analysis, VBM 

is not routinely applied in the clinical diagnostic work-up of patients with MSA (Hotter et 

al., 2009).

Magnetic resonance spectroscopy—Magnetic resonance spectroscopy (MRS) 

acquires signals from carbon-bound, non-exchangeable protons in order to discriminate 

molecules based on their characteristic chemical changes (Trabesinger et al., 2003). Within 

the brain, N-acetylaspartate, choline, creatine, and lactate reflect the integrity and function of 

neurons, glial activity, energy metabolism and anaerobic glycolysis, respectively 

(Trabesinger et al., 2003). A meta-analysis concluded that MRS of the striatum was not 

useful in the differential diagnosis of parkinsonian disorders (Clarke et al., 2001). MRS of 

other brain areas may have better discriminative capacity (Takado et al., 2011; Watanabe et 

al., 2004).

Functional brain magnetic resonance imaging—Functional MR imaging (fMRI) 

techniques are able to measure brain activity by detecting changes in regional blood flow. 

Acquisition of fMRI is usually performed during specific tasks (e.g., motor tasks). Motor 

control studies using fMRI engage an extensive task-related network including the basal 

ganglia, cerebellum, and motor cortex in healthy subjects, and defective activation of these 

structures in PD, MSA and PSP (Planetta et al., 2015). A study assessing longitudinal fMRI 

changes over the course of 1-year in PD, MSA, and PSP using a hand-grip-force paradigm 

showed reduced fMRI signal and more widespread and more pronounced changes in basal 

ganglia, cerebellum, and motor cortex in patients with MSA and PSP compared to PD 

(Burciu et al., 2016). This technique may be potentially useful as a marker of disease 

progression and outcome measure in clinical studies.

Brain computerized tomography

Brain computerized tomography (CT) scans are of limited use when evaluating the 

neuroanatomy of the posterior fossa. For this reason, the usefulness of brain CT in MSA is 

limited, and should only be used in patients with contraindications to magnetic resonance 

(MR) imaging (i.e., pacemaker, metal implants). Brain volumetric analysis obtained from 3-

dimensional CT scans, however, could be useful to monitor disease progression in MSA 

(Miyatake et al., 2010).
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Brain positron emission tomography

Brain 18F-fluorodeoxyglucose positron emission tomography (18FDG-PET) has been 

extensively used in the differential diagnosis of parkinsonian disorders (Arbizu et al., 2014). 

In patients with PD, brain 18FDG-PET is normal or shows an increase in uptake in the 

putamen nucleus whereas in patients with MSA specific hypometabolic patterns have been 

described. The most characteristic finding in patients with MSA-P is a reduction in 18FDG-

PET uptake in both putamen nuclei with a rostrocaudal gradient. This finding has a 

sensitivity of ~95% and a specificity of 100% to distinguish PD vs. MSA-P (Brooks et al., 

2009). Decreased 18FDG-PET uptake can also be detected in the thalamus, brainstem and 

cortical areas. Thus, current consensus diagnostic criteria for MSA established 

hypometabolism in the putamen nucleus, mesencephalic region and cerebellum as 

supportive for MSA-P (Gilman et al., 2008). This pattern has a positive predictive value of 

88% in the first 2 years of the disease and of 100% after 5 years (Tang et al., 2010). In 

patients with MSA-C, hypometabolism of the anterior cerebellar hemispheres and the vermis 

may be seen 1-year after the onset of motor symptoms, although hypometabolism of the 

putamen can also be observed (Eckert et al., 2005) and is a supportive feature for the 

diagnosis of MSA-C (Gilman et al., 2008).

Brain single photon emission computed tomography

It has been reported that single photon emission computed tomography (SPECT) using 

technetium-99m-ethyl cysteinate dimer perfusion showed different perfusion patterns of the 

putamen in patient with MSA compared to those with PD; however, the diagnostic accuracy 

was poor (sensitivity 73.3%, specificity 84%) (Bosman et al., 2003). Combining perfusion 

SPECT with other imaging modalities may improve diagnostic accuracy (Miyoshi et al., 

2016; Van Laere et al., 2006).

Striatal dopaminergic imaging

Pre- and postsynaptic dopaminergic neuronal function as assessed with nuclear imaging 

techniques has been widely documented in parkinsonian conditions. Multiple tracers are 

available, including 18F-Dopa (dopamine storage capacity), 11C-dihydrotetrabenazine 

(DTBZ, vesicular monoamine transporter function) for PET, and 123I-β-CIT and 123I-FPCIT 

(dopamine transporter binding) for SPECT (Arbizu et al., 2014; Brooks et al., 2009). 

Because pre-synaptic dopaminergic metabolism is impaired in all basal ganglia disorders, 

presynaptic dopaminergic markers cannot distinguish between parkinsonian syndromes, 

although they may be useful to distinguish MSA-C from other adult-onset cerebellar ataxias 

(Gebus et al., 2017). In contrast, post-synaptic D2/D3 receptor radiomarkers show normal 

binding in patients with PD but reduced binding in two third of patients with MSA (Brooks 

et al., 2009).

Cardiac sympathetic neuroimaging

In contrast to patients with PD, in whom cardiac post-ganglionic sympathetic innervation is 

reduced in virtually all cases, most patients with MSA have preserved post-ganglionic 

innervation of the heart, as ascertained by normal 18F-dopamine PET or 123I-

metaiodobenzylguanidine (MIBG) scintigraphy (Braune, 2001; Goldstein, 2014; Kaufmann 
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et al., 2013; Orimo et al., 2002). A meta-analysis showed that reduced cardiac MIBG 

scintigraphy has high sensitivity and specificity to distinguish PD from other 

neurodegenerative disorders (Orimo et al., 2012). Around a third of patients with MSA, 

however, do have some degree of cardiac sympathetic denervation as shown by reduced 

MIBG uptake (Nagayama et al., 2010; Nagayama et al., 2008). Interestingly, in addition to 

GCI in the CNS, such patients also have αSyn deposition within Lewy bodies in 

sympathetic ganglia or post-ganglionic nerves (Orimo et al., 2007). Therefore, in the 

differential diagnosis of PD vs. MSA, neuroimaging evidence of intact cardiac sympathetic 

innervation almost certainly excludes PD, but neuroimaging evidence of cardiac sympathetic 

denervation does not exclude MSA (Goldstein, 2014; Kaufmann et al., 2013).

AUTONOMIC TESTING

Autonomic dysfunction is a characteristic feature of MSA. Retrospective cohorts reveal that 

autonomic symptoms were the first manifestation of MSA in 43% of cases with MSA-P and 

54% with MSA-C (Roncevic et al., 2014). The most common autonomic complaints of 

patients with MSA are OH, neurogenic bladder (incontinence or incomplete bladder 

emptying), and constipation (Kaufmann et al., 2017b; Low et al., 2015; Roncevic et al., 

2014).

Cardiovascular autonomic testing

In patients with MSA, αSyn deposition and neurodegeneration occur in the pre-ganglionic 

neurons within the CNS. This prevents the normal activation of post-ganglionic sympathetic 

fibers upon standing. Although the post-ganglionic fibers remain mostly intact, neuronal loss 

in CNS areas involved in the baroreflex prevents the appropriate release of norepinephrine, 

the sympathetic neurotransmitter, in the upright position. Without adequate vasoconstriction, 

particularly of the splanchnic vascular bed, blood pressure (BP) falls when standing. 

Neurogenic OH occurs in ~60% of patients with MSA (Wenning et al., 2013), although this 

percentage rises to ~70–80% in cohorts from autonomic clinics, perhaps due to selection 

bias (Low et al., 2015; Roncevic et al., 2014).

The diagnosis of neurogenic OH requires autonomic function testing with continuous BP 

monitoring to rule out non-neurogenic causes (i.e., OH due to other factors such as volume 

depletion, anemia, medications side effects). The diagnosis of neurogenic OH in patients 

with MSA is made by first identifying a sustained fall of at least 30 mmHg in systolic BP or 

15 mmHg in diastolic BP within 3 minutes of standing. Once an orthostatic BP fall is 

detected, it is then necessary to determine whether this fall is due to the chronic failure to 

increase sympathetic activity to the vasculature when upright (i.e., autonomic failure). 

Performing a standardized Valsalva maneuver increases intrathoracic pressure and reduces 

venous return to the heart. Under normal circumstances, the acute reduction in cardiac filling 

pressure triggers a compensatory baroreflex-mediated reflex increase in sympathetic outflow 

to the vasculature to maintain BP. When the Valsalva strain is released, venous return is 

abruptly restored, and cardiac output increases acutely. Normally, BP will “overshoot” from 

baseline levels for a few heartbeats, owing to the peripheral vasculature being 

vasoconstricted. This is known as the phase IV overshoot. When the sympathetic nerves 
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cannot be activated, the phase IV BP overshoot is absent and the fall on standing is attributed 

to a neurogenic cause (Goldstein et al., 2017a). Around 15% of patients with MSA have 

difficultly performing the Valsalva maneuver with sufficient respiratory strength to raise 

intrathoracic pressure.

Although cardiovascular autonomic testing provides valuable information, it is often 

insufficient to reliably distinguish MSA from PD. Patients with MSA have neurogenic OH 

more frequently than those with PD (~70% vs. ~50%). Despite several reports of 

abnormalities in the Valsalva maneuver and the heart rate variability during paced deep 

breathing being worse in patients with MSA than in patients with PD (Baschieri et al., 2015; 

De Marinis et al., 2000; Deguchi et al., 2006; Schmidt et al., 2009b), the differences are not 

consistent enough to distinguish between both groups.

In addition to neurogenic OH, patients with autonomic failure frequently have hypertension 

when supine. The diagnostic gold standard to detect nocturnal hypertension is ambulatory 

24-hour BP monitoring (ABPM). Supine hypertension appears to be slightly more severe in 

MSA compared to PD (Pilleri et al., 2014; Schmidt et al., 2009a; Vichayanrat et al., 2017). 

In addition, AMBP can be useful to detect hypotensive episodes not found during a regular 

clinic visit, for example after meals (i.e., postprandial hypotension), and to further define 

treatment of OH and supine hypertension (Fanciulli et al., 2016; Gibbons et al., 2017; Jordan 

et al., 2002; Norcliffe-Kaufmann et al., 2014; Palma et al., 2017; Pavelic et al., 2017; 

Umehara et al., 2016).

Recent prospective studies show that neurogenic OH can be an early feature of MSA 

(Kaufmann et al., 2017b; Riku et al., 2017). Of the patients first seen at an autonomic clinic 

with neurogenic OH as the sole clinical feature, around 6% will develop MSA within 4-

years. Of those patients that went on to receive a diagnosis of MSA, all had REM sleep 

behavior disorder first, suggesting that the neurodegenerative process was already present 

within the CNS. Other cardiovascular autonomic biomarkers associated with an increased 

future risk of developing MSA in a patient with neurogenic OH include circulating 

norepinephrine levels >110 pg/ml and a resting heart rate >70 bpm. The full diagnosis of 

MSA is usually reached within 5 years after the onset of neurogenic OH (Kaufmann et al., 

2017b).

Thermoregulatory and sudomotor testing

Up to 80% of patients with MSA have decreased sweating, with global anhidrosis in up to 

45% of cases (Iodice et al., 2012). This degree of sweat loss in MSA is greater than in PD 

and has been classically attributed to a preganglionic lesion (Donadio et al., 2008; Iodice et 

al., 2012). The preganglionic location of the deficit is based on the findings that 

thermoregulatory sweat test (TST, which measures integrity of both pre- and post-ganglionic 

neurons) is abnormal in patients with MSA, whereas quantitative sudomotor axon reflex test 

(QSART, which measures integrity of post-ganglionic sudomotor function) is relatively 

preserved. However, recent studies showing abnormal QSART in ~30% of patients with 

MSA and also histopathology studies showing αSyn deposits in sudomotor nerves, support 

the involvement of postganglionic sudomotor fibers in MSA (Coon et al., 2016; Doppler et 

al., 2015; Provitera et al., 2014). Most studies reporting αSyn burden in cutaneous 
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autonomic fibers of MSA patients show less deposition of phosphorylated αSyn aggregates 

compared to PD (Donadio et al., 2010; Haga et al., 2015; Zange et al., 2015).

OLFACTORY TESTING

Olfactory function has been widely studied in parkinsonian conditions, showing significant 

hyposmia in the majority of patients with PD (Doty, 2012), with normosmia or mild 

hyposmia in the majority of patients with MSA (Glass et al., 2012). Olfactory functions tests 

have very high specificity and moderate sensitivity to distinguish PD from MSA (Krismer et 

al., 2017) and, therefore, should be included in the routine evaluation of patients with 

suspected MSA. Interestingly, olfaction is a good biomarker to predict which patients will 

develop MSA or PD/DLB in patients in the premotor phase of the synucleinopathies (i.e., 

PAF and/or REM sleep behavior disorder) (Kaufmann et al., 2017b). Due to its reliability 

and practicality, the University of Pennsylvania Smell Identification Test (UPSIT) is the 

most widely used and preferred olfactory function test (Doty et al., 1984). In short, the test 

consists of 40 “scratch and sniff” strips embedded with a microencapsulated odorant. The 

scent is released using a pencil. The patient then smells the scratched strip and selects the 

odor from 4 choices. The test is scored out of 40 items. When administering the UPSIT in 

patients with bradykinesia, patients should be encouraged to inhale deeply and not simply 

smell the scratch-and-sniff paper. The major limitation of the UPSIT is that some of its 

odorants might not be familiar to non-US subjects (e.g., pumpkin pie, root beer). An analog 

12-item version of the UPSIT, the Brief Smell Identification Test (BSIT), is cross-cultural 

may be more appropriate for non-US populations (Doty et al., 1996).

SLEEP DISORDERS

Sleep disorders in MSA are common. Virtually all patients with MSA have REM sleep 

behavior disorder, in many of whom is the presenting feature of the disease (Palma et al., 

2015). Although sleep questionnaires appear to have a high false negative and true positive 

ratio, a videopolysomnography is recommended to confirm RBD and rule out other sleep 

problems. Obstructive sleep apnea is more frequent than central sleep apnea, occurring in up 

to 40% of patients with MSA (Ferini-Strambi et al., 2012). Many insurance companies 

require confirmation of sleep-disordered breathing with polysomnography prior to 

approving the use of non-invasive ventilation (e.g., CPAP or bilevel positive airway 

pressure).

A high-pitched sound mainly during inspiration due to upper airway obstruction at the level 

of the glottic aperture characterizes stridor (Ozawa et al., 2016). The prevalence of stridor in 

patients with MSA varies from 15% to 40% (Ghorayeb et al., 2002) and can, in some cases, 

be the presenting feature of the disease (Kaufmann et al., 2017a). Vocal cord paralysis and 

early stridor in patients with MSA are risk factors for shorter survival (Giannini et al., 2016; 

Lalich et al., 2014). Indirect laryngoscopy is useful in the diagnosis of stridor, and serial 

examinations may be required. In patients with stridor, laryngoscopic examination reveals 

restriction of vocal cords abduction, paradoxical cord movements, and floppy epiglottis 

(Isozaki et al., 1996). Stridor represents a life-threatening condition as it may lead to 
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respiratory failure (Yamaguchi et al., 2003). It is unclear whether tracheostomy placement 

prolongs survival (Giannini et al., 2016).

UROLOGICAL EVALUATION

All patients with MSA have urinary dysfunction and this is one of the earliest feature of the 

disease (Kaufmann et al., 2017b; Kirchhof et al., 2003; Roncevic et al., 2014). The most 

frequently reported urinary symptom is voiding difficulty, present in 80% of patients 

followed by nocturia in 74%, urgency in 63%, incontinence in 63%, diurnal frequency in 

45%, nocturnal enuresis in 19%, and urinary retention in 8% of patients (Ogawa et al., 

2017). Male patients with pre-motor MSA frequently undergo surgery for suspected benign 

prostate hyperplasia without realizing that MSA is the actual cause of their urinary 

problems. Urological surgery outcomes are rarely favorable in patients with MSA. Around 

40% of patients with MSA have neurogenic detrusor overactivity (i.e., overactive bladder) 

during the filling phase, and this may be accompanied by uninhibited external sphincter 

relaxation, which worsens the severity of urge-incontinence (Sakakibara et al., 2001; Stocchi 

et al., 1997). Weak detrusor contraction during the voiding phase (i.e., detrusor 

underactivity) is observed in approximately 70% of patients with MSA, resulting in large 

amount of bladder post-void residual volume (Sakakibara et al., 2001). This can increase the 

risk of urosepsis and death.

An increased residual urinary volume >100 ml has a positive predictive value of 91.6% and 

a residual volume < 100 ml has negative predictive value of 67.8% to distinguish MSA vs. 

PD (Hahn et al., 2005). Thus, evaluation of urinary dysfunction in MSA must include a post-

void residual bladder scan to determine whether urinary retention due to underactive bladder 

is present. This is also useful to define treatment, as patients with a post-void residual 

bladder volume of > 100 ml benefit from clean intermittent self-catheterization (Fowler et 

al., 2003). Urodynamic studies can be useful to fully define the nature of the bladder 

abnormalities and show a different pattern of failure in MSA vs. PD patients (Ogawa et al., 

2017). The main abnormalities which lead to chronic urinary retention in patients with MSA 

are detrusor underactivity, detrusor sphincter dyssinergia, and urethral hypertonia in the 

voiding phase, while in the filling phase inhibited external sphincter relaxation and bladder 

neck dysfunction occur. Detrusor hyperreflexia is a relatively common finding in both PD 

and MSA patients, especially in the early stages of the disease (Ogawa et al., 2017).

DYSPHAGIA EVALUATION

Dysphagia is severe in 32% of patients with MSA (O’Sullivan et al., 2008) and dysphagia 

was a subjective complaint in 73% of patients with MSA in a small study with post-mortem 

diagnostic confirmation (Muller et al., 2001). Because dysphagia is associated with a bad 

prognosis and a short survival time, it should be addressed and treated promptly. A standard 

dysphagia evaluation should include a modified barium swallow test or videofluoroscopy. If 

aspiration is mild, dietary (e.g., liquid thickeners) and positional changes may be required. 

Patients with moderate or severe aspiration may eventually require a gastrostomy tube to 

ensure nutrition and avoid aspiration into the airway. Whether placement of a gastrostomy 

tube prolongs survival in MSA is unknown.

Palma et al. Page 11

Auton Neurosci. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



COGNITIVE EVALUATION

The current consensus diagnostic criteria for MSA consider dementia as a non-supporting 

feature of the disease (Gilman et al., 2008). There is increasing evidence, however, showing 

that cognitive impairment is an integral part of the disease (Koga et al., 2017b; Stankovic et 

al., 2014). Cognitive disturbances in MSA occur across a wide spectrum ranging from mild 

single domain deficits to impairments in multiple domains and even to frank dementia in 

rare cases. Frontal-executive dysfunction is the most common presentation, while memory 

and visuospatial abilities may also be impaired (Brown et al., 2010; Stankovic et al., 2014). 

Thus, all patients with MSA should be screened for cognitive impairment with a 

standardized test, such as the Montreal Cognitive Assessment (MoCA). Operational 

guidelines for the diagnosis and treatment of cognitive impairment in MSA are lacking.

EMERGING DIAGNOSTIC METHODS

Transcranial sonography

Although transcranial sonography is not possible in 10–20% of subjects due to reduced 

temporal bone acoustic window, some works suggest that substantia nigra hyperechogenicity 

may be a potential marker to distinguish PD from atypical parkinsonian syndromes 

(Bouwmans et al., 2010), either alone or in combination with other diagnostic modalities 

(Fujita et al., 2016).

Plasma and CSF biomarkers

There is increasing interest in the development of potential biomarkers in plasma and 

cerebrospinal fluid (CSF) for the diagnosis of MSA (Laurens et al., 2015). The most 

promising so far include plasma norepinephrine levels (Kaufmann et al., 2017b), plasma 

catecholaminergic vesicular storage levels (Goldstein et al., 2015), plasma and CSF 

neurofilament light chain (NfL) protein (Hansson et al., 2017; Hu et al., 2017), and plasma 

and CSF αSyn levels (Sun et al., 2014). Further research is required to confirm the 

sensitivity and specificity of these.

Retinal optical coherence tomography

Even though patients with MSA only rarely have visual complaints, recent studies of the 

retina using optical coherence tomography (OCT) have consistently shown atrophy of the 

peripapillary retinal nerve fiber layer (RNFL) and to a lesser extent the macular ganglion 

cell layer (GCL) complex (Mendoza-Santiesteban et al., 2017a). These abnormalities are 

progressive over time and have been recently confirmed by pathological examination in the 

retinas from 3 patients with MSA (Mendoza-Santiesteban et al., 2015; Mendoza-

Santiesteban et al., 2017b). OCT may be a useful biomarker of disease progression in future 

clinical trials of patients with MSA.

Skin biopsy

In-vivo studies assessing skin αSyn deposits have reported on the presence of αSyn 

aggregates in cutaneous autonomic nerves of patients with PD, with variable frequencies 

ranging from 0% to 100% (Donadio et al., 2014; Navarro-Otano et al., 2015; Wang et al., 
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2013; Zange et al., 2015). Some of these studies included patients with MSA, in whom no 

αSyn aggregates were detected. However, another study did find skin phosphorylated αSyn 

aggregates in 67% of patients with MSA (Doppler et al., 2015). Future studies should define 

the optimal skin biopsy site, the number of biopsies needed to obtain an optimal result, the 

tissue fixation method, and the choice of antibody for immunohistochemistry.

PREMOTOR DIAGNOSIS OF MULTIPLE SYSTEM ATROPHY

Current consensus guidelines include a possible, probable and definite diagnosis of MSA but 

do not include a prodromal or pre-motor category. The ability to make such a diagnosis may 

be near. In recent years, several prospective studies of at-risk cohorts reported the features of 

prodromal MSA cases. From these studies, prospective biomarkers have emerged. The 

accuracy of predictive diagnostic biomarkers will determine the potential eligibility for 

disease-modifying trials. Follow-up of patients with idiopathic RBD reveals that a small 

percentage go on to develop MSA (Iranzo et al., 2014; Postuma et al., 2015) rather than PD 

or DLB, but because of the low phenoconversion rates it is necessary to have additional 

predictors to diagnose premotor MSA cases. The addition of autonomic biomarkers in a 

patient with RBD helps further refine future phenoconversion risks (Kaufmann et al., 

2017b). Prospective follow-up of patients with isolated autonomic failure and RBD show a 

combination of autonomic biomarkers and clinical features that provide sensitive prodromal 

biomarkers of MSA. The challenge remains to apply these in the clinic to recruit patients for 

future neuroprotective trials in MSA. Undoubtedly, it is this prodromal phase that provides 

the window of opportunity to intervene early enough to halt the spread of synuclein 

throughout the CNS and preserve motor function (Muppidi et al., 2017).

CONCLUSIONS

Although ancillary tests (olfactory testing, autonomic testing, neuroimaging, urological 

evaluation) can assist in the diagnosis and should be performed when possible, the diagnosis 

of probable or possible MSA is grounded on the clinical history and the neurological exam 

and can only be confirmed pathologically after the patient’s death. Recent reports revealed 

that only 62% of patients clinically diagnosed with MSA by community neurologists have 

the correct diagnosis at autopsy (Koga et al., 2015). The most common diseases 

misdiagnosed as MSA included PD, DLB and PSP. On the other hand, autopsy studies show 

that ~5% of patients clinically diagnosed with PD in general neurology clinics turn out to 

have MSA at autopsy (Joutsa et al., 2014). Thus, considering that, in the U.S., the estimated 

point prevalence of PD is ~100 per 100,000 inhabitants between the ages of 50 and 60 

(Pringsheim et al., 2014), and that the estimated point prevalence of MSA is 7.8 per 100,000 

inhabitants in the same age group (Fanciulli et al., 2015), there might be at least 5 additional 

subjects with MSA misdiagnosed as PD per 100,000 inhabitants. Despite the availability of 

consensus criteria for clinical diagnosis and recent advances in diagnostic techniques, the 

diagnostic accuracy of MSA remains sub-optimal. Recent neuropathology studies raise the 

possibility of additional phenotypes, including a “minimal change” variant, and a 

frontotemporal lobar degeneration-synuclein variant (Koga et al., 2017a). As other factors 

emerge, including the possibility of specific genomic traits (Federoff et al., 2015), better 

recognition of all the phenotypic variants of MSA should be possible. This has important 
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implications when planning clinical trials of potential neuroprotective agents in these 

patients.
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Figure 1. 
A. Bluish discoloration in the foot of a patient with MSA-C. B. “Striatal toe”, spontaneous 

extensor toe response in a patient with MSA-C. C. Antecollis in a patient with MSA-P.
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Figure 2. 
Conventional brain magnetic resonance imaging. Axial image (A) showing the “hot cross 

bun” sign and atrophy of cerebellar peduncles, which is shown in detail in C. Sagittal figure 

(B) showing atrophy in pons, medulla and cerebellum.
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Table 1

Current consensus criteria for the diagnosis of multiple system atrophy, adapted from (Gilman et al., 2008).

Criteria for definite MSA include neuropathological findings during postmortem examination of:

 a) Widespread and abundant cerebral α-synuclein–positive glial cytoplasmic inclusions
 b) Neurodegenerative changes in striatonigral or olivopontocerebellar region

Criteria for probable MSA include a sporadic progressive adult (> 30 years old)–onset disease characterized by:

 a) Autonomic failure involving urinary incontinence (inability to control the release of urine from the bladder with erectile dysfunction in 
males) or an orthostatic decrease of blood pressure within 3 min of standing by at least 30 mmHg systolic or 15 mmHg diastolic, and

 b) Poorly levodopa-responsive parkinsonism (bradykinesia with rigidity, tremor or postural instability), or

 c) A cerebellar syndrome (gait ataxia with cerebellar dysarthria, limb ataxia or cerebellar oculomotor dysfunction)

Criteria for possible MSA include a sporadic progressive adult (> 30 years old)–onset disease characterized by:

 a) Parkinsonism (bradykinesia with rigidity tremor or postural instability), or

 b) Cerebellar syndrome (gait ataxia with cerebellar dysarthria limb ataxia or cerebellar oculomotor dysfunction), and

 c) At least one feature suggesting autonomic dysfunction (otherwise unexplained urinary urgency frequency or incomplete bladder emptying 
erectile dysfunction in males or significant orthostatic BP decline that does not meet the level required in probable MSA), and

 d) At least one of the following features:

• Babinski sign with hyperreflexia

• Stridor

• Rapidly progressive parkinsonism

• Poor response to levodopa

• Postural instability within 3 years of motor onset

• Gait ataxia, cerebellar dysarthria, limb ataxia, or cerebellar oculomotor dysfunction

• Dysphagia within 5 year of motor onset

• Atrophy on MRI of putamen middle cerebellar peduncle, pons or cerebellum

• Hypometabolism on FDG-PET in putamen, brainstem or cerebellum

• Presynaptic nigrostriatal dopaminergic denervation on SPECT or PET
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