
Shunsuke Koga, MD
Naoya Aoki, MD
Ryan J. Uitti, MD
Jay A. van Gerpen, MD
William P. Cheshire, MD
Keith A. Josephs, MD
Zbigniew K. Wszolek,

MD
J. William Langston, MD
Dennis W. Dickson, MD

Correspondence to
Dr. Dickson:
dickson.dennis@mayo.edu

When DLB, PD, and PSP masquerade
as MSA
An autopsy study of 134 patients

ABSTRACT

Objective: To determine ways to improve diagnostic accuracy of multiple system atrophy (MSA),
we assessed the diagnostic process in patients who came to autopsy with antemortem diagnosis
of MSA by comparing clinical and pathologic features between those who proved to have MSA
and those who did not. We focus on likely explanations for misdiagnosis.

Methods: This is a retrospective review of 134 consecutive patients with an antemortem clinical
diagnosis of MSA who came to autopsy with neuropathologic evaluation of the brain. Of the 134
patients, 125 had adequate medical records for review. Clinical and pathologic features were
compared between patients with autopsy-confirmed MSA and those with other pathologic diag-
noses, including dementia with Lewy bodies (DLB), Parkinson disease (PD), and progressive supra-
nuclear palsy (PSP).

Results: Of the 134 patients with clinically diagnosed MSA, 83 (62%) had the correct diagnosis
at autopsy. Pathologically confirmed DLB was the most common misdiagnosis, followed by PSP
and PD. Despite meeting pathologic criteria for intermediate to high likelihood of DLB, several pa-
tients with DLB did not have dementia and none had significant Alzheimer-type pathology. Auto-
nomic failure was the leading cause of misdiagnosis in DLB and PD, and cerebellar ataxia was the
leading cause of misdiagnosis in PSP.

Conclusions: The diagnostic accuracy for MSA was suboptimal in this autopsy study. Pathologi-
cally confirmed DLB, PD, and PSP were the most common diseases to masquerade as MSA. This
has significant implications not only for patient care, but also for research studies in MSA cases
that do not have pathologic confirmation. Neurology® 2015;85:404–412

GLOSSARY
ANOVA 5 analysis of variance; CDLB 5 Consortium on Dementia with Lewy Bodies; DLB 5 dementia with Lewy bodies;
MSA 5 multiple system atrophy; MSA-OPCA 5 multiple system atrophy with predominantly olivopontocerebellar involve-
ment; MSA-SND 5 multiple system atrophy with predominantly striatonigral involvement; MSA-SND/OPCA 5 multiple
system atrophy with equally severe involvement of striatonigral and olivopontocerebellar systems; NFT 5 neurofibrillary
tangle; PD 5 Parkinson disease; PSP 5 progressive supranuclear palsy; PSP-C 5 progressive supranuclear palsy with cer-
ebellar ataxia; RBD 5 REM sleep behavior disorder.

Multiple system atrophy (MSA) is a sporadic, progressive neurodegenerative disorder character-
ized by a variable combination of autonomic failure, parkinsonism, cerebellar ataxia, and pyram-
idal symptoms.1–3 The current diagnostic criteria for MSA stipulate 3 levels of diagnostic
certainty—possible, probable, and definite MSA, with the latter requiring autopsy confirma-
tion.4 In spite of well-established clinical criteria for MSA, antemortem diagnosis is difficult.
Previous autopsy studies revealed a wide range of diagnostic accuracy—between 29% and
86%.1,5,6 Misdiagnosis has often been with other neurodegenerative diseases that share clinical
features with MSA. Difficulty in clinical diagnosis of MSA can also occur when MSA coexists
with other neurodegenerative disease processes, such as Alzheimer-type pathology, Lewy-related
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pathology,7 or tauopathy,8 a problem that be-
devils clinical diagnosis in virtually all of these
diseases.

To assess the accuracy of clinical diagnosis
of MSA, we examined the neuropathology of
134 patients who were clinically diagnosed
with MSA at the time of death. We reviewed
medical records to identify possible reasons
for misdiagnosis.

METHODS Subjects. We identified 134 consecutive patients

with clinically diagnosed MSA whose brains were sent to the

Mayo Clinic brain bank between 1998 and 2014 from 37 states

and 1 province of Canada. Brain autopsies were obtained after

consent of the legal next of kin and are considered exempt from

human subject research. The Mayo Clinic brain bank operates

under protocols approved by the Mayo Clinic institutional review

board. Most patients were white; 7 were Asian, 1 was Pacific

Islander, and 1 was African American. We reviewed medical re-

cords of 125 patients with adequate documentation. The study

design is shown schematically in the figure.

Neuropathologic assessment. All cases underwent a standard-
ized neuropathologic assessment for Alzheimer-type and Lewy-

related pathologies as previously reported.9 Braak neurofibrillary

tangle (NFT) stage10 and Thal amyloid phase11 were assigned to

each case based upon thioflavin S fluorescent microscopy.

Immunohistochemistry for a-synuclein (NACP; 1:3,000) was

used to establish neuropathologic diagnosis of MSA.12 MSA was

subclassified as MSA with predominantly striatonigral involvement

(MSA-SND), MSA with predominantly olivopontocerebellar

involvement (MSA-OPCA), and MSA with equally severe

involvement of striatonigral and olivopontocerebellar systems

(MSA-SND/OPCA).7 Lewy-related pathology was assessed in

cortex, amygdala, basal forebrain, and brainstem, and classified as

brainstem, transitional, or diffuse Lewy body disease.13 Lewy body

subtype and degree of Alzheimer-type pathology were used to

classify cases as low, intermediate, or high likelihood of dementia

with Lewy bodies (DLB) according to the Third Consortium on

Dementia with Lewy Bodies (CDLB) recommendations14; a

pathologic diagnosis of DLB was assigned to cases with

intermediate or high likelihood of CDLB. A pathologic diagnosis

of Parkinson disease (PD) requiredmoderate to severe neuronal loss

in the substantia nigra and CDLB scores of low likelihood.15

Clinical assessment. A neurologist (S.K.) abstracted the follow-

ing information from medical records collected throughout the

course of disease and entered it into a database: sex, age at symp-

tomatic onset, age at death, family history of neurologic disease,

initial and final clinical diagnoses, signs and symptoms during

the disease course and their timing, and neurologic findings as

documented by a neurologist or movement disorder specialist.

For each patient, a particular clinical symptom or sign was consid-

ered present if specifically stated as present in the clinical records.

If clinical symptoms or signs were not described, then for the pur-

pose of analysis, they were considered to be absent, except in the

case of levodopa responsiveness. The following symptoms and

neurologic signs were abstracted from medical records: orthostatic

hypotension, syncope, dizziness, urinary incontinence, constipa-

tion, erectile dysfunction, asymmetry of parkinsonism, resting

tremor, bradykinesia, axial/limb rigidity, falls, early falls (defined

as occurring within 1 year of symptomatic onset), gait ataxia, limb

ataxia, nystagmus, vertical gaze palsy, pyramidal signs (spasticity,

hyperreflexia, and Babinski sign), cognitive impairment, visual

hallucinations, and REM sleep behavior disorder (RBD). Ortho-

static hypotension was considered to be positive if there was docu-

mented blood pressure drop of at least 30/15 mm Hg (according

to MSA criteria4) or patients were medicated for orthostatic hypo-

tension (e.g., fludrocortisone, midodrine). Patients were consid-

ered to have cognitive impairment if at least short-term memory loss,

disorientation, or executive dysfunction were diagnosed by a

physician, or there were recorded complaints of these symptoms by

the patient or their family members. RBD was positive if found on

polysomnography or if it was clinically suspected based upon

behavioral descriptions of the bed partner and noted by a physician.

The degree of levodopa responsiveness was recorded as no response,

partial response, or good response. The information on symptoms was

gathered from a combination of medical records, pathology records

summarizing clinical history, or a brain bank questionnaire filled out

by a close family member. The questionnaire included the clinical

diagnosis, age at onset of symptoms, family history, initial symptoms,

clinical symptoms (disorientation, agitation, hallucinations, tremors,

stiffness, difficulty walking, fluctuating course, violent outbursts,

eating disorder, wandering, weight loss, sleep disorder, visual

problems, delusions, falls, personality changes, and other

noteworthy symptoms), hand dominance, specialty of the physician

(neurology, psychology, or psychiatry), and medications. All patients

were retrospectively assigned a diagnosis of probable or possible MSA

from available clinical information according to the second consensus

criteria of MSA.4

Given the retrospective nature of the study, the quality of avail-

able medical records was variable, and a score was devised to provide

a means to assess possible bias that might be related to differential

completeness of clinical information with respect to pathologic

diagnostic groups: 0, inadequate clinical records; 1, only the brain

bank questionnaire; 2, clinical records from general practitioners;

3, clinical records from neurologists; 4, clinical records from move-

ment disorder specialists.

Neuroimaging assessment. To assess MRI findings, the fol-

lowing features were abstracted from both radiology reports and

interpretations of the physician of record: atrophy of cerebral cor-

tex, cerebellum, brainstem, and putamen, abnormal signal inten-

sity in putamen, and specific description suggesting a certain

diagnosis such as a hot cross bun sign and a hummingbird sign.

For the subset of patients evaluated at Mayo Clinic, digitized

scans were reviewed.

Figure Flow chart of study design

DLB5 dementia with Lewy bodies; MSA5multiple system atrophy; PD5 Parkinson disease;
PSP5 progressive supranuclear palsy; OPCA5 predominantly olivopontocerebellar involve-
ment type of multiple system atrophy; SND 5 predominantly striatonigral involvement type
of multiple system atrophy; SND/OPCA 5 equally severe striatonigral and olivopontocere-
bellar involvement type of multiple system atrophy.
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Statistical analyses. All statistical analyses were performed in

SigmaPlot 11.0 (Systat Software, San Jose, CA). A x2 test was

performed for group comparisons of categorical data. Analysis of

variance (ANOVA) on ranks, followed by Dunn post hoc test, or

one-way ANOVA, followed by post hoc Holm-Sidak test, were

used for analyses of continuous variables as appropriate. p Values
,0.05 were considered statistically significant. To adjust for age

at death, multivariable logistic regression models were built for

each combination of the pathologic groups using the significant

pathologic variables from univariate analyses.

RESULTS Brains of 134 patients with a clinical diag-
nosis of MSA were received by the brain bank in the
time frame of the study, and 83 (62%) met patho-
logic criteria for MSA (figure). Demographic infor-
mation for the 134 patients is listed in table 1. The
breakdown of the 51 misdiagnosed patients by path-
ologic diagnosis is as follows: DLB in 19 (37%),

progressive supranuclear palsy (PSP) in 15 (29%),
PD in 8 (15%), and other disorders in 9 (18%)

(including 2 corticobasal degeneration and 2 vascular

parkinsonism, as well as 5 miscellaneous disorders).

The proportion of patients included in final clinico-

pathologic analyses after exclusion of those with inad-

equate medical records was similar for the 4 major

pathologic groups (i.e., MSA, DLB, PD, and PSP).

The diagnostic accuracy was not different between

general neurologists (33/53, 62%) and movement

disorder specialists (35/56, 63%). After retrospective

assessment of clinical features, 49 patients were

judged to fulfill the criteria for probable MSA, 35

for possible MSA, and the remaining 41 were not

assigned to levels of diagnostic certainty due to lack

of adequate clinical information (e.g., levodopa

Table 1 Demographic and pathologic features of pathologically diagnosed MSA compared with non-MSA

Features MSA

Non-MSA

p ValueDLB PD PSP Others

Demographic features

Number of patients 83 19 8 15 9

Male, % (n) 60 (50/83) 81 (16/19) 75 (6/8) 60 (9/15) 44 (4/9) 0.12

Patients with clinical records, % (n) 95 (79/83) 93 (18/19) 88 (7/8) 93 (14/15) 78 (7/9) 0.97

Quality of clinical records, median
(25th, 75th percentile)

3 (3, 4) 4 (3, 4) 4 (3, 4) 3 (1, 4) 3 (3, 4) 0.73

Age at onset, mean 6 SD 57 6 9 63 6 10 68 6 8a 66 6 11a 59 6 4 ,0.001

Age at death, mean 6 SD 65 6 8 72 6 9a 77 6 8b 74 6 9b 68 6 3 ,0.001

Symptoms duration, mean 6 SD 8.4 6 3.7 9.0 6 3.8 9.4 6 5.5 8.1 6 3 8.7 6 4.1 0.95

FH of parkinsonism, % (n) 11 (9/79) 22 (4/18) 0 (0/7) 7 (1/14) 43 (3/7) 0.38

FH of dementia, % (n) 13 (10/79) 22 (4/18) 14 (1/7) 21 (3/14) 0 (0/7) 0.68

Pathologic features

Brain weight, g, mean 6 SD 1,219 6 142 1,245 6 167 1,192 6 96 1,175 6 236 1,144 6 209 0.47

Braak NFT stage, median
(25th, 75th percentile)

I (0, II) III (I, III)a II (II, III)a II (I, III) I (I, II) 0.001

Thal Ab phase, median
(25th, 75th percentile)

0 (0, 1) 2 (1, 3)a 2 (0, 2) 0 (0, 3) 0 (0, 1) 0.008

Lewy-related pathology, % (n) 8 (7/83) 100 (19/19) 100 (8/8) 0 (0/14) 22 (2/9) —

Brainstem subtype, % (n) 86 (6/7) 0 (0/19) 100 (8/8) — 22 (2/9) —

Transitional subtype, % (n) 14 (1/7) 63 (12/19) 0 (0/8) — 0 (0/9) —

Diffuse subtype, % (n) 0 (0/7) 37 (7/19) 0 (0/8) — 0 (0/9) —

Variant of MSA, % (n)

MSA-SND 31 (26/83) — — — — —

MSA-OPCA 19 (16/83) — — — — —

MSA-SND/OPCA 49 (41/83) — — — — —

Abbreviations: Ab 5 b-amyloid; DLB 5 dementia with Lewy bodies; FH 5 family history; MSA 5 multiple system atrophy;
MSA-OPCA 5 multiple system atrophy with predominantly olivopontocerebellar involvement; MSA-SND 5 multiple system
atrophy with predominantly striatonigral involvement; MSA-SND/OPCA 5 multiple system atrophy with equally severe
striatonigral and olivopontocerebellar involvement; NFT5 neurofibrillary tangle; PD5 Parkinson disease; PSP5 progressive
supranuclear palsy.
ap , 0.05, MSA vs DLB, PD, or PSP.
bp , 0.01, MSA vs PD, or PSP.
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responsiveness). The diagnostic accuracy was 71% in
probable MSA and 60% in possible MSA. Correctly
diagnosed patients with MSA had a younger age at
onset and age at death than patients with PD or PSP,
but duration of symptoms did not differ.

Although the brain weights did not differ among
the 4 groups, Braak NFT stage in both DLB and
PD and Thal amyloid phase in DLB were higher than
in MSA (table 1). In a multiple logistic regression
analysis adjusting for age at death, the difference for
Thal amyloid phase was higher in DLB than in MSA
(odds ratio 1.5, 95% confidence interval 1.05–2.26,
p 5 0.028), but differences in Braak NFT stage in
DLB and PD were not significant. The breakdown of
Lewy-related pathology and pathologic variants of
MSA is summarized in table 1.

Table 2 lists the frequency of clinical features in
autopsy-confirmed MSA, DLB, PD, and PSP.

Comparing MSA and DLB, urinary incontinence,
limb ataxia, nystagmus, and pyramidal signs were more
frequent in MSA. Cognitive impairment and visual
hallucinations were more frequent in DLB. Compar-
ing MSA and PD, urinary incontinence was less fre-
quent and visual hallucinations were more frequent in
PD. Comparing MSA and PSP, urinary incontinence,
constipation, orthostatic hypotension, and RBD were
more frequent in MSA. Vertical gaze palsy was more
frequent in PSP. Frequency of levodopa responsiveness
and average Mini-Mental State Examination score
were not different among the groups.

To clarify the factors that led to misdiagnosis, we
summarized initial diagnosis, final diagnosis, reasons
for diagnosing MSA, and pathologic features in 34
pathologically confirmed patients (18 DLB, 6 PD,
and 10 PSP) with the best medical documentation
(i.e., scores 3–4), since records with quality scores

Table 2 Clinical features of pathologically diagnosed MSA compared with non-MSA

Features MSA

Non-MSA

p ValueDLB PD PSP Others

Symptoms

Syncope 35 (28/79) 61 (11/18) 29 (2/7) 21 (3/14) 29 (2/7) 0.06

Dizziness 32 (25/79) 56 (10/18) 43 (3/7) 21 (3/14) 29 (2/7) 0.17

Urinary incontinence 84 (66/79) 50 (9/18)a 43 (3/7)a 50 (7/14)a 29 (2/7) 0.001

Constipation 62 (49/79) 50 (9/18) 43 (3/7) 14 (2/14)a 29 (2/7) 0.01

Erectile dysfunction 60 (29/48) 33 (5/15) 20 (1/5) 25 (2/8) 50 (2/4) 0.06

Falls 72 (57/79) 72 (13/18) 71 (5/7) 93 (13/14) 57 (4/7) 0.40

Early falls 13 (10/79) 28 (5/18) 0 (0/7) 29 (4/14) 14 (1/7) 0.14

Cognitive impairment 37 (29/79) 89 (16/18)a 71 (5/7) 64 (9/14) 71 (5/7) ,0.001

Last available MMSE 28 6 2 (16/79) 25 6 3 (9/18) 28 6 2 (2/7) 28 6 1 (2/14) 22 6 6 (2/9) 0.08

Visual hallucinations 13 (10/79) 56 (10/18)a 57 (4/7)a 29 (4/14) 29 (2/7) ,0.001

RBD 37 (29/79) 28 (5/18) 0 (0/7) 7 (1/14)a 0 (0/7) 0.04

Neurologic signs

Orthostatic hypotension 57 (45/79) 72 (13/18) 71 (5/7) 14 (2/14)a 29 (2/7) 0.006

Asymmetric parkinsonism 41 (32/79) 56 (10/18) 29 (2/7) 29 (4/14) 0 (0/7) 0.40

Resting tremor 30 (24/79) 39 (7/18) 43 (3/7) 7 (1/14) 0 (0/7) 0.19

Bradykinesia 68 (54/79) 78 (14/18) 71 (5/7) 36 (5/14) 43 (3/7) 0.07

Rigidity 84 (66/79) 89 (16/18) 86 (6/7) 64 (9/14) 71 (5/7) 0.29

Postural instability 56 (44/79) 67 (12/18) 29 (2/7) 43 (6/14) 43 (3/7) 0.15

Gait ataxia 29 (23/79) 11 (2/18) 0 (0/7) 43 (6/14) 29 (2/7) 0.07

Limb ataxia 48 (38/79) 6 (1/18)a 29 (2/7) 43 (6/14) 14 (1/7) 0.009

Nystagmus 23 (18/79) 0 (0/18)a 0 (0/7) 7 (1/14) 0 (0/7) 0.04

Vertical gaze palsy 14 (11/79) 22 (4/18) 0 (0/7) 57 (8/14)a 29 (2/7) 0.001

Pyramidal sign 41 (32/79) 11 (2/18)a 14 (1/7) 14 (2/14) 29 (2/7) 0.02

Abbreviations: DLB 5 dementia with Lewy bodies; MMSE 5 Mini-Mental State Examination; MSA 5 multiple system
atrophy; PD 5 Parkinson disease; PSP 5 progressive supranuclear palsy; RBD 5 REM sleep behavioral disorder.
Values are % (n) or mean 6 SD (n).
ap , 0.05, MSA vs DLB, PD, or PSP.
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of 2 or less usually did not describe the rationalization
for diagnosing MSA (table 3). The most frequent
reason for misdiagnosing DLB as MSA was auto-
nomic failure. Seventeen of 18 patients with DLB
presented with autonomic failure, which was

specifically mentioned as the reason for reaching a
clinical diagnosis of MSA in 14 patients. Seven pa-
tients were given a diagnosis of MSA as an initial
diagnosis because of autonomic failure. Similar to
DLB, autonomic failure was the most frequent reason

Table 3 Clinical and pathologic features of 34 patients masquerading as MSA

Pathologic
diagnosis Age, y

Initial
diagnosis

Final
diagnosis

Reason for
diagnosing MSA

Braak NFT
stage

Thal Ab
phase

Lewy body
type CDLB

DLB-1 74 Dementia MSA vs PD Pism IV 5 D High

DLB-2 84 PD MSA NA IV 3 D High

DLB-3 79 PD MSA AF IV 3 D High

DLB-4 75 PD MSA AF III 1 D High

DLB-5 59 MSA MSA AF, Pism II 2 D High

DLB-6 71 ET MSA-P AF I 4 D High

DLB-7 63 MSA MSA AF, RBD, LDU I 2 D High

DLB-8 85 AD MSA-P LDU II 0 T High

DLB-9 50 PD MSA AF, LDU II 1 T High

DLB-10 70 PD MSA N/A I 3 T High

DLB-11 79 MSA MSA AF I 2 T High

DLB-12 62 MSA MSA AF I 1 T High

DLB-13 70 MSA MSA AF I 0 T High

DLB-14 73 MSA MSA AF IV 3 T Intermediate

DLB-15 77 MSA MSA-P AF, LDU, dysphagia III 5 T Intermediate

DLB-16 78 TIA MSA AF III 3 T Intermediate

DLB-17 74 Pism and MND MSA AF III 0 T Intermediate

DLB-18 69 PD MSA AF III 0 T Intermediate

PD-1 77 PD MSA AF III 2 B Low

PD-2 81 MSA MSA AF III 1 B Low

PD-3 87 PD MSA NA III 0 B Low

PD-4 80 MSA MSA AF II 0 B Low

PD-5 62 MSA MSA AF I 2 B Low

PD-6 70 PD MSA AF I 0 B Low

PSP-1 83 MSA MSA AF IV 3 — —

PSP-2 81 MSA MSA vs SCA CA IV 0 — —

PSP-3 73 PSP MSA CA III 2 — —

PSP-4 70 PSP vs MSA PSP vs MSA LDU II 0 — —

PSP-5 70 Pism MSA-P AF, LDU II 0 — —

PSP-6 87 MSA vs PSP MSA CA II 0 — —

PSP-7 60 PD MSA AF II 0 — —

PSP-8 84 PSP vs MSA PSP vs MSA CA I 0 — —

PSP-9 74 MSA-C MSA-C CA 0 0 — —

PSP-10 71 Alcohol ataxia MSA AF 0 0 — —

Abbreviations: Ab 5 amyloid-b; AD 5 Alzheimer disease; AF 5 autonomic failure; B 5 brainstem type; CA 5 cerebellar
ataxia; CDLB 5 likelihood of dementia with Lewy bodies based on the Third Consortium on Dementia with Lewy Bodies;
D5 diffuse type; DLB5 dementia with Lewy bodies; ET5 essential tremor; LDU5 L-dopa unresponsiveness; MND5motor
neuron disease; MSA 5 multiple system atrophy; MSA-C 5 multiple system atrophy with predominant cerebellar ataxia
variant; MSA-P 5 multiple system atrophy with predominant parkinsonism variant; NA 5 not available; NFT 5 neurofibril-
lary tangle; PD 5 Parkinson disease; Pism 5 parkinsonism; PSP 5 progressive supranuclear palsy; SCA 5 spinocerebellar
ataxia; T 5 transitional type; VH 5 visual hallucinations.
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for misdiagnosing PD as MSA. It is worth noting that
3 patients with PD with severe autonomic failure
early in the disease course were diagnosed with
MSA. In contrast to DLB and PD, the most frequent
reason for misdiagnosing PSP as MSA was the pres-
ence of cerebellar ataxia. Three patients with PSP
presented with cerebellar ataxia as the initial clinical
feature, and 4 other patients developed ataxia (limb
ataxia in 6, gait ataxia in 6, and ataxic speech in 2)
during the course of the disease. Eight patients with
PSP also had signs or symptoms of autonomic failure,
and 7 patients had vertical gaze palsy.

We chose patients with at least moderate quality
medical records (i.e., scores 2–4) and compared
MRI findings in MSA, DLB, PD, and PSP (table 4).
Although the frequency of cerebellar atrophy was
lower in DLB than in MSA, the frequency of brain-
stem atrophy, cerebral atrophy, and abnormalities in
the putamen (e.g., hyperintensity or hypointensity in
lateral putamen on T2-weighted images) were not
different among the 4 groups. The duration between
performance of MRI and death was shorter in DLB
and PD than in MSA (1.9 vs 3.8 years). Hot cross
bun sign was noted in 1 patient with MSA, and a
hummingbird sign was noted in 1 patient with PSP.

DISCUSSION In this unselected referral autopsy
series of patients with antemortem diagnoses of
MSA, the diagnostic accuracy was about 62%, which
is within the range of other autopsy series.1,5,6 This
study confirms that MSA can be difficult to differen-
tiate from DLB, PD, and PSP not only in early stages,
but also at late stages of the disease process. One of
the most intriguing results from the present study is
that patients with atypical presentations (e.g., ataxia
in PSP) or uncommon clinical features (e.g., dysau-
tonomia in DLB and PD) of DLB, PD, and PSP can
be misdiagnosed as MSA. Other studies of clinical

and autopsy studies have demonstrated that autonomic
failure can be a feature of DLB,16–18 but this fact does
not seem to be widely appreciated in clinical practice.
Indeed, 6 patients with DLB were initially diagnosed
with PD, but the diagnoses were changed to MSA
because of developing autonomic failure. Furthermore,
4 patients initially presenting with autonomic failure
(orthostatic hypotension in 3 patients) and later devel-
oping parkinsonism were diagnosed as MSA. Similar
to DLB, 5 patients with PD were misdiagnosed with
MSA because of autonomic failure. Three of them had
autonomic failure as an initial symptom, adding fur-
ther evidence that dysautonomia can present another
premotor feature of PD.19–21 Until now, severe dysau-
tonomia in early stages of PD has been considered an
exclusion criterion for PD.22–24 Based on our study,
clearly this is not the case. In addition to the auto-
nomic failure, some atypical features in PD (e.g., short
duration of symptoms and levodopa unresponsiveness)
may also contribute to misdiagnosis as MSA. One
patient with DLB and 2 patients with PD developed
limb ataxia, usually slight dysmetria on finger-to-nose
testing and not severe ataxia seen in MSA. Two
patients with ataxia had sensory neuropathy, and
sensory ataxia may be the etiology.

In this unselected autopsy series of patients with
clinically diagnosed MSA, absent or mild cognitive
impairment limited correct diagnosis of DLB defined
as intermediate or high likelihood CDLB.14 This con-
trasts with findings in prospectively studied cohorts
recruited from memory disorder clinics where the
CDLB neuropathologic criteria are highly correlated
with the DLB clinical syndrome.25 The results of this
study suggest that a subset of patients in a nonspecialty
setting with intermediate to high likelihood of DLB
pathology (i.e., limbic or diffuse cortical Lewy bodies
and minimal Alzheimer-type pathology) may have an
atypical parkinsonian syndrome with minimal

Table 4 MRI findings of pathologically diagnosed MSA compared with non-MSA

Features MSA

Non-MSA

p ValueDLB PD PSP

Patients with MRI findings 67 (53/79) 72 (13/18) 29 (2/7) 57 (8/14) 0.17

Years to death, mean 6 SD 3.8 6 2.3 1.9 6 2.1a 1.5 6 1.4a 4.1 6 0.6 0.006

Negative findings 38 (20/53) 54 (7/13) 50 (1/2) 25 (2/8) 0.41

Atrophy of cerebellum 42 (22/53) 8 (1/13)a 50 (1/2) 38 (3/8) 0.04

Atrophy of brainstem 23 (12/53) 0 (0/13) 50 (1/2) 25 (2/8) 0.19

Abnormality of putamen 13 (7/53) 8 (1/13) 0 (0/2) 13 (1/8) 0.89

Atrophy of cerebrum 15 (8/53) 38 (5/13) 0 (0/2) 25 (2/8) 0.24

Abbreviations: DLB 5 dementia with Lewy bodies; MSA 5 multiple system atrophy; PD 5 Parkinson disease; PSP 5

progressive supranuclear palsy.
Values are % (n) or mean 6 SD (n).
ap , 0.05, MSA vs DLB or PD.
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cognitive impairment that can be misdiagnosed as
MSA. In this autopsy series, only 4/18 patients with
DLB underwent formal neuropsychological evalua-
tions, and cognitive impairment might have been over-
looked. While cognitive impairment was more
frequent in DLB than in MSA, the degree of cognitive
impairment in patients with DLB thought to have
MSA was not sufficient to diagnose dementia and
pathologic analyses showed minimal Alzheimer-type
pathology (median Braak NFT stage III and Thal amy-
loid phase 3). These results suggest that pathologically
pure DLB can masquerade as MSA because of absent
or mild cognitive impairment in combination with
features of autonomic failure or limited response to
levodopa.

Most patients with PSP masquerading as MSA
presented or developed cerebellar ataxia. Although
the presence of prominent, early cerebellar symptoms
is an exclusion criterion for clinical diagnosis of
PSP,26 7 patients with PSP in our series had cerebellar
ataxia. Furthermore, 3 patients had cerebellar ataxia
as an initial and principal symptom. These patients
may fit with an atypical form of PSP with cerebellar
ataxia (PSP-C).27,28 Our findings suggest that when
cerebellar ataxia is present in a patient with features of
an atypical parkinsonian disorder, physicians should
consider PSP in addition to MSA. A recent study has
shown that older onset, early falls, and vertical gaze
palsy without dysautonomia may differentiate PSP-C
from MSA-C.29 Although patients with PSP in our
cohort had frequent autonomic failure, older age at
onset and the combination of vertical gaze palsy and
early falls might be useful in the differential diagnosis
of PSP and MSA (33% in PSP vs 4% in MSA).

Even with MRI studies, clinical diagnosis of MSA
is challenging. In this retrospective series, 38% of pa-
tients with MSA in which imaging results were avail-
able had no abnormal MRI findings, and only one
had a typical hot cross bun sign. The reason for the
low frequency of abnormal findings may be explained
by the timing of the MRI. In most cases it was per-
formed relatively early in the disease course, with no
clinical indication to repeat scans as the disease pro-
gressed. This reflects the nature of clinical practice
in America. While longitudinal MRI is frequent in
movement disorder research clinics, such is not the
case in routine clinical care. In addition, some abnor-
mal findings might have been overlooked because pa-
tients were evaluated by general radiologists, whose
focus is often on cerebrovascular, traumatic, neoplas-
tic, or other acute processes. Patients with PSP had
abnormal findings on MRI at a similar frequency as
patients with MSA. Even when a characteristic find-
ing, such as the hummingbird sign, was noted on
antemortem MRI, patients with PSP were still mis-
diagnosed with MSA. Only a few patients with

pathologically confirmed DLB had cerebellar atro-
phy, brainstem atrophy, or abnormality in the puta-
men, suggesting that MRI may be helpful in
differentiating DLB from MSA. Taken together, the
results suggest that MRI is helpful in some patients,
but is not reliable for diagnosis of MSA if performed
too early in the disease course and not repeated later
as the disease progresses.

There are some clear limitations of our study.
First, it is a retrospective analysis and is not based
on standardized prospective clinical evaluations.
Therefore, some clinical symptoms and neurologic
signs might be underestimated. Hyposmia is an
important preclinical sign of PD,30 but it was not
assessed in our study because it was not described
in most patients. Second, we restricted the neuroi-
maging assessment to MRI. Although other modali-
ties such as [123I]-MIBG myocardial scintigraphy are
useful for differentiating MSA from other parkinso-
nian disorders,31 it is not widely available in clinical
practice. Third, the timing of the clinical examina-
tions and autopsy varied among patients. Patients
have different clinical features early compared to late
in the disease course, and depending upon the records
available, some features at either end of the clinical
spectrum may have been missed. Although our scor-
ing system of the quality of the medical records does
not reflect these issues, records scored in the 3 or 4
range tended to be written later in the disease course.
An inherent limitation of any study using autopsy
samples is selection bias, with atypical patients being
more likely to come to autopsy than typical patients,
as shown for parkinsonian syndromes.6,32

A notable strength of our study is that many of the
patients were derived from the community setting
rather than specialty clinics, and therefore, our find-
ings may better represent the state of diagnostic
accuracy of MSA in general clinical practice. Another
strength is that pathologic diagnostic evaluation used
the latest methods for detecting a-synuclein and tau
pathologies, and the most current pathologic classifi-
cation systems for MSA, DLB, PD, and PSP. The
results serve as a powerful reminder that the misdiag-
nosis rate can be high in MSA, and that DLB can be a
key culprit in causing this confusion, along with PSP
and PD. This has implications not only for patient
care, but also for research studies that do not have
pathologic confirmation.

AUTHOR CONTRIBUTIONS
Shunsuke Koga: conceptualization, execution of the statistical analysis,

execution of the project, writing of the first draft. Naoya Aoki: review

and critique of the manuscript. Ryan J. Uitti: review and critique of

the manuscript. Jay A. Van Gerpen: review and critique of the manu-

script. William P. Cheshire: review and critique of the manuscript. Keith

A. Josephs: review and critique of the manuscript. Zbigniew K. Wszolek:

review and critique of the manuscript. J. William Langston: review and

410 Neurology 85 August 4, 2015

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



critique of the manuscript. Dennis W. Dickson: conceptualization, orga-

nization of the research project, review and critique of the manuscript.

ACKNOWLEDGMENT
The authors thank the patients who donated brains, their families, and

Linda G. Rousseau, Virginia R. Phillips, and Monica Castanedes-Casey

for tissue ascertainment and processing.

STUDY FUNDING
No targeted funding reported.

DISCLOSURE
S. Koga receives research support from the Sumitomo Life Welfare and

Culture Foundation. N. Aoki receives research support from the Uehara

Memorial Foundation. R. Uitti receives research support from the NIH/

National Institute of Neurological Disorders and Stroke (P50-

NS072187) and NIH/National Institute of Neurological Disorders and

Stroke (R01-NS057567), research funding from Advanced Neuromodu-

lation Systems, Inc./St. Jude Medical, and a gift from Carl Edward Bolch

Jr, and Susan Bass Bolch. Dr. Uitti is an editorial board member of

Neurology®. J. van Gerpen receives research funds from the Mayo Clinic

CR program and NIH/National Institute of Neurological Disorders and

Stroke (P50-NS072187). This research received no specific grant from

any funding agency in the public, commercial, or not-for-profit sectors.

W. Cheshire is consultant for American Academy of Neurology, Neuro

SAE examination writer, 2013; and receives support from NIH, Auto-

nomic Rare Diseases Clinical Research Consortium, 6102, Principal

Investigator, 2011–2013; Mayo Clinic Program in Professionalism &

Ethics, PPE-5 grant, Principal Investigator, 2013–2014; and is an edito-

rial board member of Autonomic Neuroscience. K. Josephs receives

research support from the NIH (R01-DC010367, R01-DC012519,

R01-AG037491) and the Alzheimer’s Association. Dr. Josephs is an edi-

torial board member of Acta Neuropathologica and Neuropathology and

Experimental Biology. Z. Wszolek receives research support from the NIH

(P50-NS072187). Dr. Wszolek serves as Co-Editor-in-Chief of Parkin-

sonism and Related Disorders, Associate Editor of the European Journal of

Neurology, and on the editorial boards of Neurologia i Neurochirurgia

Polska, the Medical Journal of the Rzeszow University, and Clinical and

Experimental Medical Letters; holds and has contractual rights for receipt

of future royalty payments from patents re: A novel polynucleotide

involved in heritable Parkinson’s disease; and receives royalties from pub-

lishing Parkinsonism and Related Disorders (Elsevier, 2013, 2014) and the

European Journal of Neurology (Wiley-Blackwell, 2013, 2014). J. Lang-

ston reports receiving consulting and lecture fees from Teva and consul-

ting fees from Merck Serono, Lundbeck, and Iperion, as well as grant

support from the Michael J. Fox Foundation, Department of Defense,

the California Institute for Regenerative Medicine (CIRM TRI-01246

and TTII-019665), and NIH (U54-ES012077). Dr. Langston serves as

Co-Editor-in-Chief of Journal of Parkinson’s Disease. D. Dickson receives

research support from the NIH (P50-AG016574, P50-NS072187, P01-

AG003949) and CurePSP: Foundation for PSP CBD and Related

Disorders. Dr. Dickson is an editorial board member of Acta Neuropa-

thologica, Annals of Neurology, Brain, Brain Pathology, and Neuropathology,

and he is Editor-in-Chief of American Journal of Neurodegenerative Disease

and International Journal of Clinical and Experimental Pathology. Go to

Neurology.org for full disclosures.

Received November 13, 2014. Accepted in final form March 10, 2015.

REFERENCES
1. Wenning GK, Tison F, Ben Shlomo Y, Daniel SE,

Quinn NP. Multiple system atrophy: a review of 203 path-

ologically proven cases. Mov Disord 1997;12:133–147.

2. Geser F, Wenning GK, Seppi K, et al. Progression of

multiple system atrophy (MSA): a prospective natural his-

tory study by the European MSA Study Group (EMSA

SG). Mov Disord 2006;21:179–186.

3. Fanciulli A, Wenning GK. Multiple-system atrophy. N

Engl J Med 2015;372:249–263.

4. Gilman S, Wenning GK, Low PA, et al. Second consensus

statement on the diagnosis of multiple system atrophy.

Neurology 2008;71:670–676.

5. Osaki Y, Wenning GK, Daniel SE, et al. Do published

criteria improve clinical diagnostic accuracy in multiple

system atrophy? Neurology 2002;59:1486–1491.

6. Hughes AJ, Daniel SE, Ben-Shlomo Y, Lees AJ. The

accuracy of diagnosis of parkinsonian syndromes in a spe-

cialist movement disorder service. Brain 2002;125:

861–870.

7. Ozawa T, Paviour D, Quinn NP, et al. The spectrum of

pathological involvement of the striatonigral and olivopon-

tocerebellar systems in multiple system atrophy: clinico-

pathological correlations. Brain 2004;127:2657–2671.

8. Uchikado H, DelleDonne A, Uitti R, Dickson DW.

Coexistence of PSP and MSA: a case report and review

of the literature. Acta Neuropathol 2006;111:186–192.

9. Wider C, Ross OA, Nishioka K, et al. An evaluation of the

impact of MAPT, SNCA and APOE on the burden of

Alzheimer’s and Lewy body pathology. J Neurol Neuro-

surg Psychiatry 2012;83:424–429.

10. Braak H, Braak E. Neuropathological stageing of

Alzheimer-related changes. Acta Neuropathol 1991;82:

239–259.

11. Thal DR, Rub U, Orantes M, Braak H. Phases of A beta-

deposition in the human brain and its relevance for the

development of AD. Neurology 2002;58:1791–1800.

12. Trojanowski JQ, Revesz T. Proposed neuropathological

criteria for the post mortem diagnosis of multiple system

atrophy. Neuropathol Appl Neurobiol 2007;33:615–620.

13. Kosaka K, Yoshimura M, Ikeda K, Budka H. Diffuse type

of Lewy body disease: progressive dementia with abundant

cortical Lewy bodies and senile changes of varying degree:

a new disease? Clin Neuropathol 1984;3:185–192.

14. McKeith IG, Dickson DW, Lowe J, et al. Diagnosis and

management of dementia with Lewy bodies: third report

of the DLB Consortium. Neurology 2005;65:1863–1872.

15. Dickson DW, Braak H, Duda JE, et al. Neuropathological

assessment of Parkinson’s disease: refining the diagnostic

criteria. Lancet Neurol 2009;8:1150–1157.

16. Horimoto Y, Matsumoto M, Akatsu H, et al. Autonomic

dysfunctions in dementia with Lewy bodies. J Neurol

2003;250:530–533.

17. Thaisetthawatkul P, Boeve BF, Benarroch EE, et al. Auto-

nomic dysfunction in dementia with Lewy bodies.

Neurology 2004;62:1804–1809.

18. Kanazawa M, Sanpei K, Toyoshima Y, Kawachi I,

Honma Y, Takahashi H. An autopsy case of dementia with

Lewy bodies showing autonomic failure and dementia as the

initial symptoms. Mov Disord 2007;22:1212–1213.

19. Bonuccelli U, Lucetti C, Del Dotto P, et al. Orthostatic

hypotension in de novo Parkinson disease. Arch Neurol

2003;60:1400–1404.

20. Langston JW. The Parkinson’s complex: parkinsonism is

just the tip of the iceberg. Ann Neurol 2006;59:591–596.

21. Chaudhuri KR, Schapira AH. Non-motor symptoms of

Parkinson’s disease: dopaminergic pathophysiology and

treatment. Lancet Neurol 2009;8:464–474.

22. Gelb DJ, Oliver E, Gilman S. Diagnostic criteria for

Parkinson disease. Arch Neurol 1999;56:33–39.

23. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of

clinical diagnosis of idiopathic Parkinson’s disease: a

clinico-pathological study of 100 cases. J Neurol Neuro-

surg Psychiatry 1992;55:181–184.

Neurology 85 August 4, 2015 411

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/lookup/doi/10.1212/WNL.0000000000001807


24. Massano J, Bhatia KP. Clinical approach to Parkinson’s

disease: features, diagnosis, and principles of management.

Cold Spring Harb Perspect Med 2012;2:a008870.

25. Fujishiro H, Ferman TJ, Boeve BF, et al. Validation of the

neuropathologic criteria of the third consortium for

dementia with Lewy bodies for prospectively diagnosed

cases. J Neuropathol Exp Neurol 2008;67:649–656.

26. Litvan I, Agid Y, Calne D, et al. Clinical research criteria

for the diagnosis of progressive supranuclear palsy

(Steele-Richardson-Olszewski syndrome): report of the

NINDS-SPSP international workshop. Neurology

1996;47:1–9.

27. Kanazawa M, Shimohata T, Toyoshima Y, et al. Cerebellar

involvement in progressive supranuclear palsy: a clinico-

pathological study. Mov Disord 2009;24:1312–1318.

28. Iwasaki Y, Mori K, Ito M, Tatsumi S, Mimuro M,

Yoshida M. An autopsied case of progressive supranuclear

palsy presenting with cerebellar ataxia and severe cerebellar

involvement. Neuropathology 2013;33:561–567.

29. Kanazawa M, Tada M, Onodera O, Takahashi H,

Nishizawa M, Shimohata T. Early clinical features of patients

with progressive supranuclear palsy with predominant cerebel-

lar ataxia. Parkinsonism Relat Disord 2013;19:1149–1151.

30. Ponsen MM, Stoffers D, Booij J, van Eck-Smit BL,

Wolters E, Berendse HW. Idiopathic hyposmia as a preclinical

sign of Parkinson’s disease. Ann Neurol 2004;56:173–181.

31. Braune S, Reinhardt M, Schnitzer R, Riedel A,

Lucking CH. Cardiac uptake of [123I]MIBG separates

Parkinson’s disease from multiple system atrophy. Neurol-

ogy 1999;53:1020–1025.

32. Maraganore DM, Anderson DW, Bower JH,

McDonnell SK, Rocca WA. Autopsy patterns for Parkinson’s

disease and related disorders in Olmsted County, Minnesota.

Neurology 1999;53:1342–1344.

Introducing Stackly
Organize. Disseminate. Collaborate. Discover.

With simple tools for collecting, organizing, and sharing research materials, Stackly is the new
center of your research world.

• Share what you find and discover what others share

• Collaborate with colleagues on topics that matter to you most

Stackly will integrate with your web browser and work directly with all Neurology® Journals
as well as other publication sites. Access Stackly on the home page and to the right of each article.
Visit http://www.neurology.org/site/includefiles/homepage/stackly.xhtml to learn more and start
stacking for FREE.

Save These Dates for AAN CME Opportunities!
Mark these dates on your calendar for exciting continuing education conferences by the American
Academy of Neurology. Learn more at AAN.com/conferences.

AAN Fall Conference

• October 16–18, 2015, Las Vegas, NV, The Cosmopolitan of Las Vegas

AAN Annual Meeting

• April 15–21, 2016, Vancouver, BC, Canada, Vancouver Convention Centre

412 Neurology 85 August 4, 2015

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



DOI 10.1212/WNL.0000000000001807
2015;85;404-412 Published Online before print July 2, 2015Neurology 
Shunsuke Koga, Naoya Aoki, Ryan J. Uitti, et al. 

When DLB, PD, and PSP masquerade as MSA: An autopsy study of 134 patients

This information is current as of July 2, 2015

Services
Updated Information &

 http://n.neurology.org/content/85/5/404.full
including high resolution figures, can be found at:

Supplementary Material

 807.DC1
http://n.neurology.org/content/suppl/2016/04/10/WNL.0000000000001
Supplementary material can be found at: 

References
 http://n.neurology.org/content/85/5/404.full#ref-list-1

This article cites 32 articles, 11 of which you can access for free at: 

Citations
 http://n.neurology.org/content/85/5/404.full##otherarticles

This article has been cited by 7 HighWire-hosted articles: 

Subspecialty Collections

 http://n.neurology.org/cgi/collection/progressive_supranuclear_palsy
Progressive supranuclear palsy

 http://n.neurology.org/cgi/collection/parkinsons_disease_parkinsonism
Parkinson's disease/Parkinsonism

 http://n.neurology.org/cgi/collection/multiple_system_atrophy
Multiple system atrophy

 http://n.neurology.org/cgi/collection/dementia_with_lewy_bodies
Dementia with Lewy bodies
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://www.neurology.org/about/about_the_journal#permissions
its entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in

  
Reprints

 http://n.neurology.org/subscribers/advertise
Information about ordering reprints can be found online:

rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.
1951, it is now a weekly with 48 issues per year. Copyright © 2015 American Academy of Neurology. All 

® is the official journal of the American Academy of Neurology. Published continuously sinceNeurology 

http://n.neurology.org/content/85/5/404.full
http://n.neurology.org/content/suppl/2016/04/10/WNL.0000000000001807.DC1
http://n.neurology.org/content/suppl/2016/04/10/WNL.0000000000001807.DC1
http://n.neurology.org/content/85/5/404.full#ref-list-1
http://n.neurology.org/content/85/5/404.full##otherarticles
http://n.neurology.org/cgi/collection/dementia_with_lewy_bodies
http://n.neurology.org/cgi/collection/multiple_system_atrophy
http://n.neurology.org/cgi/collection/parkinsons_disease_parkinsonism
http://n.neurology.org/cgi/collection/progressive_supranuclear_palsy
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

