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Introduction

Multiple system atrophy (MSA) is a sporadic, aduiiset, progressive neurodegenerative disease
characterized clinically by parkinsonism, cerelbrelaxia, autonomic failure, and corticospinal
signs with poor or absent response to levodopa,patiablogically by cell loss, gliosis, and glial
cytoplasmic inclusions in several neural cell syse (striatonigral, olivopontocerebellar,
autonomic) [1]. Bladder dysfunction, and in malagctile dysfunction, usually are the first
symptoms of the disease. The presenting motor ymgtcan be of parkinsonian type with
bradykinesia, rigidity, and gait instability or oérebellar type with ataxia. Indeed, the clinieairs
MSA-P and MSA-C were introduced to classify casasoeding to the predominant motor disorder
(parkinsonian or cerebellar). MSA is consideredirrusleinopathy along with Parkinson’s disease
(PD) and dementia with Lewy bodies (LBD) [2]. Diagtic categories of possible, probable and
definite MSA were introduced, with a diagnosis dfidite MSA requiring neuropathological
confirmation [1].

The analysis of cognitive functions in MSA has gainnterest. Nevertheless the related profile and
degree of cognitive impairment is still debatedided, the presence of dementia, particularly at
onset, is an exclusion feature by current conseosteia [1,3]. To our knowledge, there is only
one study on the longitudinal evolution of cogretifunctions in MSA [4]. We therefore
investigated cognitive functions longitudinallyangroup of probable MSA patients, matching data

with sleep parameters.

Review on cognitive impairment in MSA

Cognitive deficits

Heterogeneous cognitive dysfunctions in MSA havenbeeported by many authors [4-29]. The
executive functions are described as the most é&mgimpaired abilities but other cognitive
domains can be involved as memory, visuospatia ,camstructional functions. Brown et al [6] in a

large cohort of MSA patients found that approximhate/o-thirds of subjects showed no significant
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cognitive impairment. Impairment in a single domwaias found in 28.6%, while impairment in two
or more domains was present in 13.5% and significagnitive impairment was observed in 11-
32% of patients. Cognitive impairment was predicbgdgreater motor disability, fewer than 10
years of education, male gender, and presence rdfogascular dysautonomia. It is however
noteworthy that in the cognitive impaired grouppatients, the diagnosis was further pathologically
confirmed in 64.4% of cases while a final diagnasisorogressive supranuclear palsy, LBD or
amyotrophic lateral sclerosis was ascertained enotihher ones. In the unimpaired group, diagnosis
of multiple system atrophy was confirmed in 94.6R6ases.

Wenning et al [30] in a pathologically confirmedseastudy, showed that dementia was detected in
a 15.7% of a sample of 38 MSA cases and in nonleesh dementia was reported within the first 5
years onset. In another study [31], 14% of a sarmopl83 pathologically confirmed cases were

identified as demented.

Evolution of cognitive deficits

To our knowledge, only one study [4] analyzed thagitudinal evolution of cognitive functions in
a group of 14 patients affected by striatonigrajedesration-type of MSA (SND), according to
Quinn’s criteria [32]. At first evaluation, MSA panhts showed a significant deficit in a test of
verbal fluency if compared with a group of patieatiected by PD. After a mean of 21 months
follow-up, patients did significantly worse on aswal search test. No patients were clearly

demented at either evaluation.

Difference of cognitive deficits between MSA-P and -C

Kawai et al [13] compared 21 MSA-P with 14 MSA-Ctipats. In respect to controls, MSA-P
patients showed involvement of visuospatial andstoetional function, verbal fluency, and
executive functions while MSA-C patients were inmpdionly in visuospatial and constructional

functions with a milder degree of involvement comgaawith MSA-P patients. These data suggest
3



a more severe and widespread impairment in MSA{enia, despite similar disease duration.
Other studies [11,16,26] obtained heterogeneousesad conflicting data. Bak et al [16], in fact,
found no visuospatial impairment in a group of MPAtients that included subjects with long
disease duration, high levels of physical disahiliand evidence of other cognitive domain
impairment. These data are consistent with thos&alfbins et al [26] on a group of MSA-P
patients and with those of Burk et al [15] on a MGAample that did not show any visuospatial
functions impairment. On the contrary, Kao et al][tonfirmed the presence of visuospatial

deficits in a group of MSA patients.

Neuropsychiatric symptoms

Kao et al [11] described depression in the 50% atfepts of a small group of MSA subjects,
anxiety in the 33.3% and disinhibition in 10%. Sadnet al [8] confirmed these data while Kawai et
al [13] and Brown et al [6] found a smaller prevele of depression (about 21-22%) and Chang et
al [12] confirmed a significantly presence of amyign a group of MSA-C patients. Balas et al [7]
made also the analysis of the impact effect of maodiety and depression, on cognitive functions
of a MSA group of subjects compared with contraigl @ group of patients affected by PD. The
comparison of depression and anxiety levels shotwatl the MSA-P and PD patients reported
significantly greater state anxiety, trait anxiend depression than controls as well as MSA-C
patients reported a significantly increased stateedy compared to controls. Authors conclude that

anxiety and depression are related to cognitivéirdec

Pathogenetic mechanisms of cognitive deficits

The pathogenetic mechanisms of cognitive defigitdViSA are debated. When compared with
others parkinsonian syndromes, MSA patients displayilder degree of cognitive impairment
respect to corticobasal degeneration (CBD), prayressopranuclear palsy (PSP) and LBD. In

respect to PD without dementia, not definite déferes seem emerge [4,6,11,16-19,24-26].
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A SPECT study by Kaway et al [13] shows that frbmdée involvement can be responsible for
cognitive dysfunction in patients with MSA. Hypofesion in the medial frontal cortices and
dorsolateral prefrontal cortex is detected in MSApBRtients and the severity of cognitive
impairment is correlated with the hypoperfusiontihe dorsolateral prefrontal cortex. Frontal
cortical atrophy has been also detected bilaterallyMSA-C by means of a voxel-base
morphometry study together with bilateral cerebuallgray matter reduction [12]. This suggests that
cognitive tasks in patients with MSA-C are influedc by various lesions: cerebellum,
cerebellocortical circuits, and the frontal lobeongplex interactions between frontal cortex and
basal ganglia have to be considered influencingnitwg performances in MSA. Lyoo et al [14],
analyzing the progression of MSA by PET examinatioond that hypometabolism started from
the frontal and cerebellar regions, sparing theabganglion in a group of patients with a shorter
disease duration (less than one year). Patientslanger disease duration showed hypometabolism
in more widespread cerebral cortical areas invglime frontal, temporal, parietal and cingulate
cortices. Patients with shorter disease duratioth dseecutive and verbal memory dysfunctions,
while patients with longer disease duration hadtiplel domain cognitive impairment, including
visuospatial deficits. Furthermore, comparing fioeal with morphologic data of these patients,
the authors suppose that the hypometabolism oldé&vaore likely caused by the widespread and
distribution of glial cytoplasmatic inclusions thag cortical loss, especially in the first phasés o
the disease. An alternative hypothesis could beptbgressive alteration of the afferent cortical
inputs arising from the subcortical nuclei (e.gcus coeruleus and substantia nigra), thus linking
together subcortical and cortical structures. Fnahe influence of orthostatic hypotension on

cognitive function in MSA is still controversial [88-35].



Review on sleep disturbancesin MSA

Sleep related complaints

A clinical questionnaire based study by Ghorayelaldi36] showed that 70% of MSA patients
complains of sleep disorders compared to 51% oémpst with PD. Sleep fragmentation is reported
by 53% of patients as the most frequent compladwed by early waking (33%) and insomnia
(20%). Excessive daytime sleepiness has been elsoad by Ghorayeb et al [37] in half of MSA
patients while Moreno-Lopez et al [38] has recem#dported it in 28% of patients with MSA,
weakly correlated with disease severity and notetated with the amount of dopaminergic
treatment. Sleep-disordered breathing and sleégegity predict excessive daytime sleepiness in

MSA [38].

Sleep structure

Polysomnographic studies reported total sleep tme sleep efficiency reduced and wake after
sleep onset increased [39-43]. Plazzi et al [48htbsleep stage percentages unchanged as a whole
group of patients but individual variations wered#ed. Vetrugno et al [40] found stages 1 and 2
increased, 3 and 4 decreased while REM sleep wasahadOn the contrary, in a study by Nam et al
[39], designed to eliminate the major confoundirayiables of sleep such as obstructive sleep
apneas (OSA) and periodic limb movements durin@psléPLMS) and the influence of anti-
parkinsonian medications, no alteration of the estdigtribution of sleep was found. These authors
conclude that MSA by itself does not affect theeplestructure since even the analysis of the
microstructure (i.e. sleep instability) comparedhngontrols shows no differences in every aspect,
including CAP rate, CAPs A and B, and non-CAP. Heerethis topic is a matter of debate since
Vetrugno et al [44] had shown in a group of MSAi@ats a significantly lower CAP rate compared

to a group of patients with primary restless legsisome.



Sleep-related respiratory abnormalities

Nocturnal stridor and OSA as the most common stetgied breathing disorders in MSA patients
have been extensively reported [36,37,40,42,43¢ pitevalence of nocturnal stridor (a strained,
high-pitched, harsh respiratory sound) varies fii3fo to 69% [45,46]. In one study, stridor was
more frequently detected in MSA-C than in MSA-Pigras [40], but the contrary was also shown
[37]. OSA ranges from 15% to 37% [40-42] and magtdbute to mild O2 desaturation occurring
during sleep in MSA. The relationship between no@lrespiratory abnormalities and cognitive

performance in MSA has not been specifically ingeded yet.

Periodic limb movements (PLMYS)

PLMS are frequently reported in polysomnographiadsts on MSA [39-42,44]. They are
significantly increased respect to control [41,42,44nd may contribute to sleep fragmentation and
reduced sleep efficiency. Restless legs syndronmgndition often correlated with PLMS, in a
guestionnaire based study, occurred in 28% of piEtieith MSA, doubling the frequency occurred
in PD patients (14%) and 4 times more frequent thahe control group (7%) and unrelated to the

amount of dopaminergic treatment [38].

REM sdleep behavior disorder (RBD)

REM sleep behavior disorder, a REM sleep parasgnsithe most common sleep-related disorder
in MSA [36,37, 40,42,47,48] and may precede theeltgpment of parkinsonism by years
[42,49,50]. Indeed, up to 81% of patients with phthic RBD develop a parkinsonian disorder
[51]. Ninety to 100% of MSA patients have polysorgraphic confirmed RBD and clinical
symptoms of RBD precede the onset of MSA by plasth year in 44% of the patients evaluated
[40,42].

Comparing clinical and video-polysomnographic cheeastics of idiopathic RBD vs the RBD

seen in MSA and PD, Iranzo et al [52] showed tlaitepts with MSA, compared to subjects with
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PD, had a significantly shorter duration of diseaskigher REM sleep without atonia percentage, a
greater PLMS index, and less total sleep time.Heunbore, subjects with MSA, compared to those
with idiopathic RBD, had an onset of RBD at a yoemmgge, were less likely to be aware of their
abnormal sleep behaviours, had reduced total $lewp and higher PLMS index. Authors suggest
that in MSA there could be a more severe dysfundtiothe structures that modulate REM sleep.
This hypothesis could also explain the natural ewah of RBD in MSA. Indeed, Vetrugno et al
[47] analyzed RBD in two MSA patients showing it®kition in a more complex and pervasive
sleep disturbance with possible associated confasaalsals and hallucinations. In these patients
sleep quality and quantity severely decreased lamdleep pattern gradually disrupted, with stages
no longer identifiable (the so-called Status Dissins). Authors hypothesize that this condition
may be due to the progressive degeneration of ¢éleonal structure responsible for the origin of
the RBD, in agreement with findings by Iranzo e{5#]. Furthermore, they remarked that these

two patients did not develop any global intellettlecline suggestive of dementia.

General aspectson RBD and related cognitive deficits

Cognitive deficits in idiopathic RBD have been regpd [53,54]. Neuropsychological data in 34
patients with idiopathic RBD showed deficits of ghand long-term verbal visual memory in
about 40% patients and 25% of these patients wsoei@paired on executive functions or verbal
associative fluency [53]. Ferini-Strambi et al [54] a longitudinal healthy controls matched study,
disclosed visuospatial constructional dysfunctiom altered visuospatial learning in idiopathic
RBD. These neuropsychological deficits were notetated to RBD duration or to selected video-
polysomnography data such as sleep efficiencyestagnd 4 NREM and REM sleep percentages,
and PLMS index. Since in LBD there is evidence oérceptual dysfunctions, i.e.
visuoconstructional and visuospatial deficits [58;5Authors suggest idiopathic RBD as a possible
early marker of LBD. Indeed, in a group of 37 patse with RBD affected by degenerative

dementia, Boeve et al found that 34 met clinicaékda for possible or probable LBD [58]. This
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hypothesis was recently confirmed based on theopsychological pattern similarity between
idiopathic RBD and LBD detected in a selected grotiRBD patients matched with a group of
healthy controls [59]. Finally, in a recent prospex study, RBD confers a 2.2-fold increased risk
of developing Mild Cognitive Impairment (MCI) withi4 years [60] and in this population MCI
patients convert to dementia at twice the ratdno$é¢ without [60]. Summarizing, clinicopathologic
data show that patients with RBD and MCI, regasllelsthe MCI subtype, are likely to evolve a

LBD [49,59,61-64].



Prospective study

Patientsand Methods

Consecutive patients, fulfilling criteria for prdida MSA [1], were evaluated in our Neurological
Department from January 2009 to June 2011. Patientfs significant current or previous
neurological or psychiatric comorbidity likely tormfound the test results (history of strokes, sever
depression, active psychosis), alcoholism or otwrstance abuse, use of neuroleptics or other
antipsychotics and tricyclic antidepressants andaaded disease causing significant physical
debility (making cooperation for neuropsychologitedting difficult) were excluded. Low doses of
selective serotonin reuptake inhibitors antide@etsor dopaminoagonists/levodopa were allowed.
Ten patients responding to inclusion/exclusioneciat were enrolled. All subjects gave their
informed consent to the study according to the &ation of Helsinki.

All patients underwent a detailed interview, chetkeith interviews of close relatives, and a
general and neurological examination, includingliappon of the UMSARS for assessing disease
severity [65]. Patients were also investigated kyoth tests (haemachrome, thyroid function,
vitamin B12, folates, cholesterol, triglyceridegphilis serology), by MRI scans to exclude space
occupying and neoplastic lesions or major atrog@md vascular lesions, according to exclusion
criteria, and by means of a cardiovascular reflexasdy. An extensive battery of
neuropsychological tests exploring different cogeitfunctions was administered and video-
polysomnographic recording acquired.

All patients were revaluated (T1) a mean of 16&m@e: 12-28) months after the initial evaluation
(TO). At the second evaluation (T1), the neuropsimfical assessment and video-

polysomnography were repeated.
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Neuropsychological and affective evaluation

The tests and scales employed are standardizée italian population and listed in Table 1. These
tests were standardized for age, years of educatdnsex in the Italian population [66-75]. We
evaluated global cognition by Mini Mental StatusaBxnation (MMSE) [76,77], and Brief Mental
Deterioration Battery (BMDB) [78-81]. BMDB consisté verbal and visuospatial tasks which are
scored using a method of equivalent points. Paghodd tasks are those in which the subject’s
performance is below the lower limit of the tolerannterval of 95% for a confidence level of 95%.
BMDB is derived from Mental Deterioration Batter§2] by discriminant function analysis’s
procedures, allowing inclusion of the smallest saskth the highest correct classification and with
a Final Result allowing a classification for eacibject with respect to the threshold value of zero
with negative scores considered as pathological. al¢e investigated learning, verbal, visual,
spatial memory, attention, language, constructigrakis, visuospatial and executive functions,
abstract and concrete thinking (Table 1). We evtatlialepression with the Beck Depression

Inventory (BDI) [83] and anxiety by the State-TrArxiety Inventory—Form Y (STAI) [84].

Video-polysomnographic recording

Patients underwent an all-night video-polysomnolaya®y PSG) which included EEG (C3-A2, O2-
Al, Cz-Al), right and left EOG, surface EMG frombsuental, right and left extensor carpi radialis
and tibialis anterior and intercostalis musclescrophone, oro-nasal airflow, thoracic and
abdominal respirogram, ECG, systemic arterial blqmdssure by means of Finapress and
oxyhaemoglobin saturation (SgOSleep was scored according to American Academ$leep
Medicine (AASM) criteria [85].

The tonic and phasic components of REM sleep weoged separately, according to AAMS
criteria. Each 30-second epoch was arbitrarily refi as tonic if tonic chin EMG activity was
present for more than 50% of the epoch. Phasic BRE® activity was evaluated for mini-epochs

of 3 seconds; a phasic EMG event was defined adarsy of EMG activity lasting 0.1-5.0 seconds
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in duration with an amplitude exceeding and attldasmes the background EMG activity. Each
30-second epoch of REM sleep was defined as pifastideast 5 mini-epochs (50% of the epoch)
contain bursts of transient muscle activity.

The arousal index (number of arousals per hourledpy, apnoea—hypopnoea index (humber of
obstructive/central/mixed apneas/hypopneas per bbaleep) and PLMS index (number of PLM
per hour of sleep), were evaluated for each patiaotording to AASM criteria. RBD, defined
according to International Classification of Sldejsorders [86], was checked against the video

recordings.

Statistical analysis

Data were analyzed using the SPSS statistical sisabpftware, version 18.0. We performed a
descriptive analysis of the various parametersatfepts. Considering that some variables were
non-normally distributed, statistical analysis vdase with non-parametric tests (Wilcoxon test for
correlated samples). Cognitive performances wenmeeleded with both clinical variables and

polygraphic data using Pearson’s correlation andparametric Kendal Tau correlation.
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Results

Seven men and 3 women were enrolled. Six had plelzaebellar type MSA (MSA-C) (4 men)
and four had probable parkinsonian type MSA (MSA3nen). The mean age was 57.8+6.4 years
(range: 47-64) with a mean age at disease onsgB.@t7.1 years (range: 43-61) and symptoms

duration at TO of 60+48 months (range: 12-144) (& &).

Neuropsychological findings

At the initial evaluation (TQ), 7 patients showem aognitive deficits while 2 patients (MSA-C) had
a long term verbal memory deficit and 1 patient 843) had deficits in constructional praxis and
visuospatial functions (Table 3). Considering glatzagnitive indexes for each patient (MMSE and
BMDB Final Result) and daily living activities, mmatient could be stated demented. At TO, mean
values of all tests in the whole group were withormal range while mean values of scales for
depression and trait anxiety scales were slightbrdased (Table 4). Nevertheless, none of the
patients had major depression, according to DSMri¥éria.

At the second evaluation (T1), after a mean of 18wmths (range: 12-28) after TO, 6 patients still
showed no cognitive deficits, 3 patients were ctigmiunchanged, respectively showing deficits in
long term verbal memory in 2 (MSA-C) and in constional praxis and visuospatial functions in
1(MSA-P). Only 1 patient (MSA-P) worsened develgpmultiple cognitive deficits (long term
verbal memory; short term spatial memory; attentmmstructional praxis; language; visuospatial
functions; abstract thinking) from a non impairedgeitive condition. In this patient, global
cognitive indexes (MMSE and BMDB Final Result) wet#l unchanged and within normal limits.
At T1, mean values of all tests in the whole graugpe still within normal range. Slightly increased
mean values of scales for depression, state ama@tpaety were confirmed.

Comparisons between neuropsychological and afiecévaluation at T1 and TO showed a
significant worsening in two tests of attention:rBge Test (score) (p = 0.02) and Trail Making

Test (A) (p = 0.01). A comparison (T1/T0) betweeaton performances and functional autonomy
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scales disclosed a significant worsening in IADL=(p.01) and UMSARS (p = 0.005). No
significant correlation was found between the npsychological results and clinical variables (e.g.

symptoms duration, MSA type).

Findingson VPSG

No significant differences were found between TH &0 VPSG parameters. No significant
correlation was found between the neuropsycholbgesallts and VPSG findings or RBD duration.
In particular:

Sleep structure: Sleep efficiency was reduced (n.v. > 85%) and REfdncy increased (n.v. 60-90
min) (Table 5). Sleep structure was characterizga Islight increase of NREM sleep stages 1-2
(n.v. 45-55%).

Sleep related complaints: 80% of patients complained about sleep fragmemtedioTO and T1.
Excessive daytime sleepiness was not referred tigrnps as assessed by Epworth Sleepiness Scale
[87].

Respiratory abnormalities: snoring was detected in 3/10 patients and paredbkreathing in
6/10. Only in 2 patients the apnea index was higi@n 10 compatible with a diagnosis of OSAS
and 1 of these displayed nocturnal stridor. Stridas detected in 7/10 patients. For the whole
group of patients, mean Saroughout sleep remained at 93%, with the lowesamvalues at
89%.

PLMS: PLMS were present in all patients with abnormaWViLindex in 9/10 patients (n.¥10).

RBD: All patients referred a history compatible with RBhat preceded the onset of the disease in
6/10 patients (range: -3,-1 years, respect thetaithe disease), coincided with the onset in@ an
followed in 2 (4 and 7 years after the onset). pdlients showed continuous EMG activity and
repetitive motor unit potential discharges in thdreental mylohyoideus muscle while awake and

during sleep, with phasic or tonic increase duiRigM sleep. RBD in the form of complex motor
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behaviours such as limb and body jerks or compigoreus movements was recorded in 9/10

patients.
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Discussion

Neuropsychological findings

At first evaluation, the majority of our patientachnot any cognitive deficits while only three had
selective cognitive deficits (two patients in lolym verbal memory and one in visuo-spatial
tasks). Our findings are consistent with thosehaf majority of previous reported ones [4-30].
Considering the follow-up of our patients, aftemaan of 16 months, the above mentioned three
patients were unchanged, whereas one of the saesropsly not impaired ones developed non
amnesic multiple cognitive deficits. In this lasttient, the global cognitive indexes were stillhrit
normal limits, therefore this patient should notdemsidered as demented. Moreover, the clinical
problem of the majority of MSA patients is relateith the severe motor disability that could
induce a bias in attempting to judge the impadtnttional autonomies on daily living.

The majority of our patients (80%) disclosed a ni&hree of depression and anxiety, confirming
the prevalence of known data [8,11]. Depressionamdety were present in all four patients with
isolated cognitive deficits, without a differencerespect to the type of MSA (P or C). In our study
we did not find relevant differences in cognitiverformance between MSA-P and MSA-C patients,
although some authors signalized a greater dedramgaitive deficits in MSA-P patients [13].
Soliveri et al [4], analyzing the evolution of catiwe functions in a group of MSA patients,
disclosed a verbal fluency deficit and a significeauorsening on a visual search test. No patients
were clearly demented at either evaluation. Instudy, a significant worsening was found in two
tests exploring attention (Barrage Test and TradlkiMg Test-A) while global cognitive indexes
showed no significant difference. Although Barralggst and Trail Making Test mainly explore
attention, other cognitive functions such as apilid inhibit contrasting responses, speed of
cognitive processing and visual searching capaaity implied. However, it's noteworthy that
results at the Wisconsin Card Sorting Test (WCS&)emvithin normal limits in all our patients at
either evaluations, except for the patient who terl multiple deficits at the second evaluation.

WCST explores mainly the cognitive flexibility th&g an aspect of executive functions and is
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frequently altered in PD and parkinsonian syndrofi&sl7]. Thus, it's conceivable that a selected
deficit of attention may occur in a minority of MS#atients, especially along the evolution of the
disease, probably as an expression of a functicoghitive impairment of frontal type. Indeed,
cerebral SPECT and PET studies in MSA have shoainhypometabolism is observable in frontal
lobes, even in the first phases of the diseasd4].3Frontal lobes hypometabolism is thought to be
the consequence of both cortical and subcorticabphy and their associated cortical
pathophysiological changes. Lyoo et al [14] sugdbkat these functional changes could be the
consequence of the spread and distribution of gh@dplasmatic inclusions and related neuronal
cortical loss and/or the consequence of the alteralf the afferent cortical inputs arising froneth
subcortical nuclei (e.g. locus coeruleus and sulistanigra). This last pathogenetic hypothesis
could explain the complex relations that occur iSMbetween the progressive degeneration of
cortical-subcortical anatomical structures, thetgrat and evolution of the deficits of cognitive
functions and the possible subtle alterations ekl In fact, in MSA, subcortical anatomical
structures, especially brainstem nuclei, are firattered leading to a functional modification bét
afferent cortical inputs that could impair attentiand execution. Subsequently, after some years,
cognitive functions may worsen, probably as a cqusece of a widespread of cortical glial
cytoplasmatic inclusions and related neuronal IdBweover, it's noteworthy that RBD, as an early
modification of sleep that may precede the onsé¢hefdisease by years, is significantly related to

anatomical alterations of subcortical nuclei of inainstem, especially locus coeruleus [63].

Seep structure, sleep-related respiratory abnormalities and PLMS

Polygraphic data of our patients confirm a milcegdtion of sleep structure, with sleep efficiency
reduced, slight increase of the NREM stages, antease of REM latency without significant
difference between the first and the second popfgcarecording. Our patients show a frequency of

stridor and OSA comparable with those previous mepp respectively of 70% and 20%, with a
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mild O2 desaturation [40-42,45,46]. PLMS are sigaifitly increased as reported in literature [40-

42,44], and may probably contribute to sleep fraggea®on, reducing its efficiency.

RBD and related cognitive deficits

RBD was present in all our patients and precededotiset of the disease in 6 (3 MSA-C and 3
MSA-P). Of this last group, 4 patients showed areli@ped isolated cognitive deficits. In idiopathic
RBD, visuoconstructional and visuospatial defititgel been detected with a pattern similar to the
neuropsychological profile of LBD [54,58,59]. Inrosample, visuoconstructional and visuospatial
deficits were detected in two patients while thbeottwo patients showed a long-term verbal
memory deficit. So, all our patients with isolateagnitive deficits had a RBD that preceded the
onset of the disease of a few years but a homogsnesuropsychological pattern was not detected.
Moreover, as in Ferini Strambi et al [54], neuragsyogical deficits did not correlate to RBD
duration or to selected VPSG data.

Idiopathic RBD confers a 2.2-fold increased riskdefveloping MCI within 4 years [60]. In our
sample, the patient who developed multiple cogaitieficits from a normal condition after about
three years of disease had RBD that started onebgdare the onset of the disease. In the other
three patients who showed stable cognitive defi@8BD started few years before the onset of the
disease. Moreover, cognitive deficits were not fbim the remaining two patients with RBD that
preceded the onset of the disease. So, even ifrelamon between neuropsychological deficits and
RBD duration was not found, the majority of ourieats (4/6) with a RBD onset prior the
beginning of the disease showed isolated cognitefecits. Probably, statistical correlation was not
evidenced as a result of a small sample size. lvielip of our patients should allow a more
detailed characterization of their cognitive evmnf nevertheless the dramatic worsening of motor
and dysautonomic functions make very difficult, rfot impossible, performing formal

neuropsychological assessment.
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Conclusions

The majority of our patients affected by MSA do rabiow any cognitive deficits at the first

neuropsychological evaluation neither at the folapy while isolated cognitive deficits (verbal

memory, visuospatial functions and construction@xfs) are present in the remaining patients.
Attention is the cognitive function which signifiady worsened after a mean of 16 months follow-
up. Our data confirm the previous findings conasgnihe prevalence, type and the evolution of
cognitive deficits in MSA. Regarding the developioiga condition of dementia, our data did not
show a clear-cut diagnosis of dementia. We comftrnmild alteration of sleep structure and
frequency of stridor, OSA and PLMS. In our MSA pats, we found that RBD duration does not

correlate with neuropsychological findings.
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Tables

Table 1. Neuropsychological tests and assessmemtxidty and depression

Cognitive Functions

Test

Global cognitive functions indices

Memory

Attention

Language

Constructional praxis

Visuospatial functions

Executive functions

Abstract/concrete thinking -
Intelligence

Anxiety

Depression

MMSE (range:0)-8Bolstein et al, 1975), MMSE corrected for agd aducation
(range:1.93-35.24; cut-off: <23.8) (Measso et 893)
Brief Mental Deterioration Battery (BBDM) with FihResult (FR) (cut-off: <0)
(Gallassi et al, 1986, 2002)

Rey’s 15 Words: immediate recall (range:Q-€iB-off: <28.53); delayed recall
(range:0-15; cut-off:<4.69) (Carlesimo et al, 1996)

Paired-associated Word Learning Test (range:0-2R150ff: <8.73) (De Renzi et al,
1977)

Immediate Visual Memory (range:0-22; cut-off: Q3. (Carlesimo et al, 1996)
Digit Span Forward (range:0-9; cut-off: <3.75) ¢i et al, 1987)

Corsi Block-tapping Test (range:0-infinite; cut-off3.75) (Spinnler and Tognoni,
1987)

Rey-Osterrieth Complex Figure Test: delayed recatige:0-36; cut-off: <6.20)
(Caffarra et al, 2002)

Barrage Test (time cut-off90; score cut-off<9; errors cut-off>2; result cut-off:
>2.5) (Gallassi et al, 1986, 2002)

Stroop Test (time cut-off: >27.5; errors cut-6ff.5) (Caffarra et al, 2002)

Trail Making Test (A cut-off: >93; B cut-off: >288-A cut-off: >187) (Giovagnoli et
al, 1996)

Verbal Fluency: phonemic (range:O-irdircut-off: <17.35) (Carlesimo et al, 1996);
semantic (range:O—infinite; cut-off: <25) (Novedli al, 1986)

Copy Design: simple (range:0-12; cut-off: <7.18x(€simo et al, 1996)
Rey-Osterrieth Complex Figure Test: direct copyn@e0-36; cut-off: <28) (Caffarra
et al, 2002)

Judgment of Line Orientafitest (range:0-30; cut-off: <19) (Ferracuti et2400)

Wisconsin Card Sorting Tesblfgll score cut-off: <90.50; perseverations cut-off:
<42.60; non-perseverative errors cut-off: <29.@llufe to maintain the set cut off:
<3) (Laiacona et al, 2000)

Raven Coloured Progressive Matrices (range:0—360ffu<18.96) (Carlesimo et al,
1996)

Analogies (range:0-20; cut-off: <15.1) (Gallagsake 1986; 2002)

Test di Intelligenza Breve derived from the NatioAdult Reading Test by Nelson
H.E., 1982 (raw score cut-0$19.8; total 1Q cut-0ff<93.1) (Colombo et al, 2002)

State and Trait Anxiety Inventory-Y (rang@=80; cut-off: >50 T points) (Spielberger
et al, 1980)

Beck Depression Inventory (range:0—-68off: >9) (Beck et al, 1961)
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Table 2. Clinical data

Sex (m/f) 713

Age (years, meanzs.d.) 57.816.4 (47-64)
Education (years, meants.d.) 10.7+4.5 (5-17)
Age at onset (years, meants.d.) 53.2+7.1 (43-61)
Symptoms duration at TO (months, 60+48 (12-144)
meanzs.d.)

MSA type (C/P) 6/4

RBD (n. of patients) 10/10

RBD age at onset (years, meants.d.) 53.417.3 (40-61

Table 3. Neuropshycological findings: TO/T1evolatio

Agg at . MSA Symptoms . o :
. examination Educatio . Impaired cognitive functions
Patient/sex type duration (years)
(years) n (years) (CIP) (TOIT1) (TO/T1)
(TO/TL)
1/f 52/54 8 C 2/4 TO/T1: Long term verbal memory
TO: No deficit
T1: Long term verbal memory; Short term
2/m 59/60 5 P 2/3 spatial memory; Attention; Constructional
praxis; Language; Visuospatial functions;
Abstract thinking; Executive functions.
3/m 47/50 13 C 2/4 TO/T1: Long term verbal memory
4/m 64/65 8 P 2/3 TO/T1: No deficit
5/m 62/63 13 C 13/15 TO/T1: No deficit
6/m 48/49 13 C 6/7 TO/T1: No deficit
7/m 62/63 17 P 1/2 TO/T1: No deficit
8/ 63/64 5 = 5/6 TO/T_l: Constructional praxis; Visuospatial
functions
9/m 58/59 17 C 12/13 TO/T1: No deficit
10/f 64/65 8 cC 4/5 TO/T1: No deficit
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Table 4. Neuropsychological, affective and functioevaluation

Neuropsychological, affective and functional testd

| evaluation (TO0)

Il evaluation (T1)

scales (meants.d.) (meants.d.)
MMSE 28.1+2.07 28.2611.73
Brief Mental Deterioration Battery Final Result 249.93 2.46+1.02
Rey’s 15 Words

immediate recall 45.4+10.64 47.42+10.28

delayed recall 9.08+3.06 9.82+3.59
Barrage Test

time 56.4+24.2 61+32.5

score 12.241.03 10.4+1.77*

errors 0.1+0.31 0.3+£0.67

result -0.22+0.88 0.3+1.82
Copy Design simple 11.17+1.04 9.8+£2.89
Immediate Visual Memory 20.3+2.03 20.8+1.29
Analogies 18.4+1.32 18.6+2.02
Verbal Fluency

phonemic 30.29+8.05 26.12+7.35

semantic 48.1+6.38 44.2+7.33
Stroop Test

time 16.1617.4 23.34+28.03

errors -0.4+0.68 0.28£1.5
Rey-Osterrieth Complex Figure Test

direct copy 33.316.38 29.42+9.71

delayed recall 17.67+3.97 16.57+5.63
Digit Span Forward 6.28+1.18 6.18+1.08
Corsi Block-tapping Test 5.96+1.04 5.56+1.19
Trail Making Test

A 35.5+17.87 60.75+43.82*

B 62.45+48.17 93.15+76.7

B-A 27+41.04 31.85+35.85
Paired-associated Word Learning Test 13.2245.65 70237
Judgment of Line Orientation Test 26+5.22 25.3024.9
Raven Coloured Progressive Matrices 31.16+4.19 3644
Test di Intelligenza Breve

IQ verbal 107.2+9.5 107.2+9.5

1Q performance 109.6+8.55 109.6+8.55

1Q global 108.7+9.63 108.7+9.63
Wisconsin Card Sorting Test

perseverations 5.3+£8.32 1.67+4.9

non-perseverative errors 6.12+4.2 5.28+4.32

failure to maintain the set 0.7+2.21 0.6+1.57

global score 18.34+21.53 11.48+21.17
State and Trait Anxiety Inventory—Y

state 49.6+8.59 51.6+11.38

trait 50.1+9.08 53.248.5
Beck Depression Inventory 12.3+7.33 14.2+7.56
Epworth scale 5.3+2.7 4.943.1
Activities of daily living (ADLSs) 5.6£0.69 4.841.31
Instrumental activities of daily living (IADLS) 3+1.61 4.1+2.07*
Unified Multiple System Atrophy Rating Scale (UMSAR 19.8+4.54 28.316.91*

* p<0.05;° pathological score



Table 5. Video-polysomnographic recordings at TO

Sleep parameters Pt. 1 Pt. 2 Pt. 3 Pt. 4 Pt.5 6 Pt. Pt.7 Pt. 8 Pt. 9 Pt. 10 meanzs.d.
(Tmoltr?)' sleep time 312 249 341 293 194 291 283 335 343 215  285.6+51.96
(Sof)ep efficiency 82 79 87 75 49 67 70 83 79 56 72.7+12.3
Phase

1 (%) 4 5 3 6 6 20 7 2 16 3 7.2

2 (%) 40 43 27 72 35 56 56 42 51 41 46.3

3 (%) 19 14 38 14 41 12 18 5 11 42 21.4

REM (%) 37 38 32 9 18 12 19 51 22 14 25.2
WASO (%) 13 18 11 23 48 30 22 17 21 43 24.6
(Srlﬁre])p latency 24 14 10 15 25 22 47 2 2 12 17.3+13.22
fﬁﬁr'\]’; latency 74 95 56 140 120 135 114 67 21 254 107.6463.7
PLMS index 79 191 11 10 105 134 10 101 5 6 65.2456.
Arousal index 7 6 7 20 7 6 8 13 10 6 9+4 .44
Apnea index 0 0 3 8 6 3 11 8 50 1 0+14.88

81-98 91-99 89.3-29

SaQ (min — max)

93-99 80-98

92-97 91-98 9®B- 94-97 90-96 91-95

30



