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Cognitive impairment in multiple system atrophy
Changing concepts

Agessandro Abrahdo, Livia Almeida Dutra, Pedro Braga Neto, José Luiz Pedroso,
Ricardo Aratijo de Oliveira, Orlando Graziani Povoas Barsottini

Abstract — Multiple system atrophy (MSA) is characterized by a variable combination of cerebellar ataxia,
parkinsonism and pyramidal signs associated with autonomic failure. Classically, cognitive impairment was not
considered a clinical feature of MSA and dementia was pointed out as an exclusion diagnostic criteria. Based
on comprehensive neuropsychological assessment, cognitive impairment was found to be a frequent feature in
MSA, and clinically-defined dementia is now reported in 14-16% of cases. This article reviews the current data
on cognitive impairment in MSA along with its neuropsychological profile and pathophysiology.

Key words: multiple system atrophy, cognitive impairment, dementia, atypical parkinsonism, neuropsychological
evaluation.

Comprometimento cognitivo na atrofia de multiplos sistemas: mudando os conceitos

Resumo — A Atrofia de Multiplos Sistemas (AMS) é caracterizada por uma combinac¢do varidvel de
ataxia cerebelar, parkinsonismo e sinais piramidais, associados a disfun¢do autondmica. Classicamente, o
comprometimento cognitivo nao ¢ considerado como manifestagao clinica da AMS e a deméncia é apontada como
um critério de exclusdo para o diagndstico. Baseado na avaliagao neuropsicolégica ampla, o comprometimento
neuropsicolégico revelou-se frequente na AMS e a presen¢a de deméncia ¢é atualmente descrita em 14-16% dos
casos. Este artigo revisa os dados atuais sobre o comprometimento cognitivo na AMS, seu perfil neuropsicoldgico
e fisiopatologia.

Palavras-chave: atrofia de multiplos sistemas, comprometimento cognitivo, deméncia, parkinsonismo atipico,
avaliagdo neuropsicolégica.

Introduction

Multiple system atrophy (MSA) is characterized by a
variable combination of cerebellar ataxia, parkinsonism
and pyramidal signs associated with autonomic failure.
The core feature of MSA pathology is the presence of
widespread argyrophilic neuronal and glial cytoplasmatic
inclusions (GCI) containing a-synuclein, which is the
obligatory feature for a definite diagnosis. The density of
GClIs containing o-synuclein correlates significantly with
neuronal deterioration and disease duration. Also, another
common pathological finding is significant neuronal loss in
the basal ganglia, cerebellum, pons, inferior olivary nuclei
and spinal cord.'?

The earliest description of sporadic cases presenting
with cerebellar ataxia and urinary incontinence dates from

1900 and was reported by Dejerine and Thomas. They in-
troduced the term olivopontocerebellar atrophy for these
neurological conditions.* In the years that followed, the
concepts of postural hypotension and dysautonomia
were incorporated by Shy and Drager, who described a
syndrome characterized by orthostatic hypotension, an-
hidrosis, urinary and fecal incontinence, as well as sexual
impotence associated with variable neurological involve-
ment.>® In the 1960s, cases presenting predominantly with
parkinsonism were described as striatonigral degenera-
tion.”® Finally, the term MSA was proposed by Graham and
Oppenheimer to encompass the three conditions above.’
The first diagnostic criteria'® have indicated that de-
mentia was an exclusion criteria for the diagnosis of MSA.
The ensuing updated consensus of 2008'" considered de-
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mentia (as defined by DSM-IV'?) and severe cognitive im-
pairment (according to the Mini Mental State Examina-
tion — MMSE") as non-supporting features. However, in
the last few years, cognitive impairment was found to be a
frequent feature in MSA based on evidence from qualita-
tive neuropsychological assessment.'*'> Dementia in MSA
is now reported in 14-16% of cases.'*'®

In the present report, we review and discuss the current
data on cognitive impairment in MSA.

Methods

A literature search was carried out on the PubMed
database analyzing only papers published in English and
indexed on Medline up until May, 2011. The following
key words were used: multiple system atrophy, striatoni-
gral degeneration, olivopontocerebellar atrophy, memory,
cognitive impairment and dementia. From the retrieved
articles, a total of 40 papers were included for relevance
and encompassed retrospective and prospective studies,
case series reports, clinical trials and reviews.

MSA overview

MSA comprises two categories of clinical manifesta-
tions: MSA with predominant parkinsonism (MSA-P)
and MSA with predominant cerebellar ataxia (MSA-C)."!
According to the final report of the European Multiple
System Atrophy Study Group (EMSA-SG),"” mean age at
disease onset was 57.8 years and disease duration at time
of diagnosis was 5.8 years. MSA-P represented 68.2% of
European patients and is also more common in the North
America.' By contrast, in Japan, MSA-C is more prevalent
than MSA-P (83.8% vs. 16.2% in a cohort of 142 patients®’
and 67.4% vs. 32.6% in a retrospective analysis of 230 Japa-
nese patients).?

A consensus statement on the diagnosis of MSA was
proposed in 1998' and revised in 2008 by Gilman et al."
The latter simplified the previous criteria and incorporated
new pathological, laboratory and neuroimaging findings.

Definite MSA diagnosis requires the demonstration of
widespread a-synuclein-positive GCI and neurodegenera-
tive findings in striatonigral or olivopontocerebellar struc-
tures. Probable and possible MSA criteria are listed in Table
1."! Additionally, supporting and non-supporting features
for MSA diagnosis are also summarized in Table 1. Of note,
dementia is considered a non-supporting feature."

Parkinsonism in MSA shares similar clinical features
to Parkinson’s disease (PD), such as bradykinesia, rigid-
ity, postural instability and also resting tremor. Transitory
response to levodopa may also be seen. On the other hand,
when cerebellar syndrome is present, ataxic gait with early
falls and ocular movement abnormalities are found.” Py-
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ramidal signs occur in almost fifty percent of patients?? and
dysphagia and dysarthria may appear in early stages.” Dys-
autonomia may cause erectile dysfunction in male patients,
urinary incontinence, constipation, orthostatic blood pres-
sure decline, diaphoresis or cold blue hands.* Dystonia is
a supporting feature, especially when anterocollis or Pisa
syndrome (axial dystonia with lateral flexion of trunk) are
present.»?!

In MSA-P, MRI findings include putaminal atrophy,
putaminal dorsolateral T2-hypointensity, with “slit-like”
marginal T2-hyperintensity. In MSA-C, MRI findings in-
clude atrophy of the lower brainstem, pons, middle cer-
ebellar peduncles, and vermis, as well as pontine cruciform
hyperintensity on T2-weighted images and diffuse T2-hy-
perintensity of middle cerebellar peduncles.”

Cognitive impairment in MSA

Early reports — Classically, dementia was considered
an exclusion criteria based on analysis of retrospective
data.'®!>152 In this context, MSA diagnosis was ruled out at
the first medical interview if significant cognitive impair-
ment was present although no reliable cognition analyses
is available from these studies."

Nevertheless, in the early nineties, a few authors report-
ed the occurrence of cognitive impairment in patients with
sporadic late-onset ataxia or parkinsonism associated with
dysautonomia. In this scenario, Sullivan et al.*® reported a
55-year-old woman that presented clinical and neuroim-
aging features characteristic of MSA-P concomitant with
short term memory and language impairment. Consistent
data on this issue emerged one year later, when neuropsy-
chological evaluation of sixteen MSA patients disclosed
frontal lobe dysfunctions compared to matched controls.”

Epidemiology — The frequency of cognitive impair-
ment in MSA patients is highly variable, as are the methods
and tools employed for its diagnosis, ranging from bedside
clinical impression to comprehensive neuropsychological
battery. In a retrospective analysis of 203 pathologically-
confirmed MSA patients, dementia was found in only one
patient, although mild or moderate intellectual impair-
ment was documented in 25% of patients, based on bed-
side unstructured impressions.?

Results from a Japanese center reported that demen-
tia was found in 10 out of 58 MSA patients evaluated. Al-
though dementia may occur as a late feature of the disease,
one Japanese patient presented dementia one-year prior
to motor symptoms. Unfortunately no post-mortem ex-
amination was performed to confirm a definite diagnosis.”
Nevertheless, disease duration correlated weakly with cog-
nitive impairment.

In another retrospective study of pathologically-con-
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firmed cases, dementia was identified in 15.7% of 38 MSA
patients, typically five years after disease onset."* O’Sullivan
et al.'® demonstrated that 11 patients out of 83 MSA cases
were demented, using DSM-IV criteria. The final follow-up
analysis of the prospective European cohort (EMSA-SG)
published in 2010 revealed that 4.5% of the patients pre-
sented dementia based on MMSE evaluation.'” Unfortu-
nately, the MMSE probably underestimated the prevalence
of cognitive impairment in this cohort. More substantial
evidence that cognitive impairment is consistent with a
diagnosis of MSA was found in a prospective neuropsy-
chological analysis of 372 MSA patients published by
Brown et al.”?, in a subgroup analysis of the NNIPPS study
(Neuroprotection and Natural History in Parkinson-Plus
Syndromes - a randomized, multi-center, double-blind,
placebo-controlled study of the efficacy and safety of rilu-
zole in patients with MSA and Progressive Supranuclear
Palsy - PSP). In this latter study, the Mattis Dementia Rat-
ing Scale (DRS), a broader and more comprehensive neu-
ropsychological battery, disclosed that 19.6% of MSA pa-
tients presented significant cognitive impairment. A single
cognitive domain impairment was observed in 28.6%, and
multiple domain impairment in 13.5%, of cases. Moreover,
using the Frontal Assessment Battery (FAB), 31.8% of the
patients scored below the cut-off score. Logistic regression
revealed that severe motor disability, fewer than 10 years
of education, male gender, cardiovascular dysautonomia
and absence of genitourinary symptoms were considered
predictors of cognitive impairment. This is the largest pro-
spective cohort of patients with MSA studied to date and
indicates that a remarkable proportion of these patients
have significant cognitive impairment.

Neuropsycological profile in MSA and other par-
kinsonian syndromes — MSA, PD, and Dementia with
Lewy Bodies (DLB) are called synucleinopathies because
they share a-synuclein inclusions as a neuropathological
hallmark. In this group, common clinical features besides
parkinsonism, include REM (rapid eye movement) sleep
behavior disorder,?® dysautonomia symptoms and cognitive
impairment, which are well known in early DLB and late
PD. When comparing cognitive profiles of synucleinopa-
thies, it is interesting to note that cognitive impairment is
more pronounced in DLB and only mild in Parkinson’s
disease, whereas MSA patients present an intermediate
profile.”’

Impaired cognitive domains in PD include attention,
memory, visuo-spatial, constructional, and executive
functions. Only PD and DLB patients showed a pattern of
severe global impairment in memory and executive func-
tion.”® On the other hand, MSA patients present involve-
ment of language, non-verbal reasoning, working memory

306 Cognition in multiple system atrophy Abrahao A, et al.

and attention, according to previous studies. There are
conflicting data regarding the involvement of visuospatial
function and praxis in MSA. 2313

Patients with MSA-P present severe involvement of vi-
suospatial and constructional function, verbal fluency, and
executive function, while MSA-C patients present milder
degree of impairment only in visuospatial and construc-
tional function." In addition, neuropsychological impair-
ment in patients with MSA-P was significantly correlated
with a decrease in prefrontal perfusion. However, Burk et
al.¥ demonstrated impaired verbal memory and verbal flu-
ency in 20 MSA-C patients. Despite conflicting data, stud-
ies suggest differences in cognitive impairment between
MSA-P and MSA-C patients while those patients with
MSA-P tend to exhibit broader and more severe impair-
ment in cognitive function compared with patients that
have MSA-C.*

Neuropsychological performance in MSA-C, one of the
causes of olivopontocerebellar atrophy (OPCA), was com-
pared to other causes of OPCA. In this study, four groups
were compared: controls, MSA-C, ataxic patients without
autonomic failure and negative family history (called spo-
radic OPCA in the cited study) and positive family history
of dominantly inherited OPCA. The MSA-C group scored
the lowest results, suggesting that an intrinsic physiopatho-
logical mechanism is present in MSA-C, compared to other
causes of OPCA.*!

Progressive Supranuclear Palsy (PSP) constitutes an-
other differential diagnosis of MSA and its typical presen-
tation is characterized by parkinsonism, dystonia, bulbar
signs and ocular abnormalities such as ophthalmoparesis.
Cognitive function in PSP may be affected in up to 60%
of cases, with prominent deficits in attention and execu-
tive function, with verbal fluency being severely affected, as
well as deficits in both verbal and non-verbal memory with
a relative preservation of recognition.'” When comparing
MSA and PSP using different instruments such as the FAB,
MMSE and Mattis Dementia rating Scale, the profile ob-
served in MSA and PSP were similar, albeit more severe in
patients with PSP.®

More recently, the general concept of cognitive im-
pairment in parkinsonian syndromes is that, independent
of the underlying pathology, a core pattern of cognitive
impairment occurs, probably reflecting both cortical and
subcortical atrophy and their associated cortical pathologi-
cal changes." Neuropsychological assessment serves an im-
portant role in providing objective evidence of cognitive
impairment to support the clinical diagnosis of dementia.
However, its role in differential diagnosis is not conclusive.”

Pathophysiology — The occurrence of cognitive im-
pairment and dementia in synucleinopathies is well known.
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Although DLB, PD and MSA share a-synuclein inclusions
in their pathophysiology, clinical and neuropsychologic
differences are explained by the deposition of these inclu-
sions in variable regions and structures of the brain in each
disorder. In PD, Lewy bodies and neurites are found early
in the deep brainstem and substantia nigra. Conversely,
paralimbic and neocortical structures are affected early in
DLB. Finally, in MSA the deep brainstem, cerebellar nu-
clei, striatal and basal ganglia regions show a-synuclein-
staining inclusions.*> Moreover, a-synuclein inclusions
are found in neurons in PD and DLB, while in MSA both
neuronal intranuclear inclusions and glial cytoplasmic in-
clusions are present.>%

The a-synuclein deposition in the striatonigral path-
way might justify the occurrence of cognitive impairment
in MSA-P, since prefrontal cortex receives afferences from
ganglia basal.” On the other hand, the recently described
role of cerebellum in cognitive tasks such as working mem-
ory,™ executive function,* verbal memory,* language,”
and attention® offers some explanation for cognitive im-
pairment in patients with MSA-C. Indeed, disruption of
cerebellar circuits to prefrontal, posterior parietal, superior
temporal and limbic cortices leads to cognitive and behav-
ioral deficits described as Cerebellar Cognitive Affective
Syndrome (CCAS), characterized by executive, visuospa-
tial, linguistic and affective disturbances.™

Kawamura et al. hypothesized that cognitive impair-
ment in MSA could be influenced by either cerebral hy-
poperfusion associated with orthostatic hypotension or
nocturnal hypoxemia caused by sleep-disordered breath-
ing (SDB), both of which are important clinical symptoms
observed in MSA patients. In the cited study however, this
hypothesis could not be proven.”

Neuropsycological scales — Neuropsychological scales
used in the evaluation of cognitive impairment in MSA are
highly heterogeneous among published studies. A list of
neuropsychological tests used in MSA cognitive evaluation
is summarized on Table 2.

MMSE and the DSM-1V are probably not sufficiently
sensitive to detect cognitive impairment in MSA.">*! Based
on this well-designed prospective study NNIPPS, DRS and
FAB provided sensitive and comprehensive information on
this issue. Moreover, Bak et al.*' showed that Addenbrooke’s
cognitive examination (ACE) could be as sensitive as DRS.

Conclusion

Robust data shows that cognitive impairment in MSA is
a frequent feature and should be actively pursued. MMSE
and DSM-IV criteria for dementia, common tools used in
initial clinical evaluation, are not sensitive enough to de-
tect these abnormalities in MSA patients. In this context,
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comprehensive neuropsychological scales are useful, such
as the DRS, FAB and ACE.

The physiopathology of cognitive impairment in this
patient group is not well understood, but MSA-P most like-
ly shares the same mechanism involved in others synucle-
inopathies. However, recent reports show that the cerebel-
lum plays a role in global cognition and this could also be
important in MSA-C.

Dementia is still considered a non-supporting feature
for MSA diagnosis in the latest consensus. The evidence
reviewed in this paper calls for a revision of MSA concepts
and diagnostic criteria.
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