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ABSTRACT: Background: Dysphagia is a major clini-
cal concern in multiple system atrophy (MSA). A detailed
evaluation of its major endoscopic features compared
with Parkinson’s disease (PD) is lacking.

Objective: This study systematically assessed dysphagia
in MSA compared with PD and correlated subjective dys-
phagia to objective endoscopic findings.

Methods: Fifty-seven patients with MSA (median, 64 [inter-
quartile range (IQR): 59-71] years; 35 women) underwent
flexible endoscopic evaluation of swallowing using a specific
MSA-flexible endoscopic evaluation of swallowing task pro-
tocol. Findings were compared with an age-matched cohort
of 57 patients with PD (median, 67 [interquartile range:
60-73] years; 28 women). In a subcohort, subjective dys-
phagia was assessed using the Swallowing Disturbance
Questionnaire and correlated to endoscopy findings.
Results: Patients with MSA predominantly showed symp-
toms suggestive of oral-phase disturbance (premature spill-
age, 75.4%, piecemeal deglutition, 75.4%). Pharyngeal-
phase symptoms occurred less often (pharyngeal residues,
50.9%; penetration/aspiration, 28.1%). In contrast, pharyn-
geal symptoms were the most common finding in PD (pha-
ryngeal residues, 47.4%). Oral symptoms occurred less
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frequently in PD (premature spillage, 15.8%, P < 0.001;
piecemeal deglutition, 1.8%, P < 0.01). Patients with MSA
had a greater risk for oral-phase disturbances with increased
disease severity (P < 0.05; odds ratio, 3.15). Patients with
MSA showed a significantly higher intraindividual inter-
swallow variability compared with PD. When correlating
Swallowing Disturbance Questionnaire scores with endos-
copy results, its cutoff, validated for PD, was not sensitive
enough to identify patients with MSA with dysphagia. We
developed a subscore for identifying dysphagia in MSA and
calculated a new cutoff (sensitivity 85%, specificity 100%).
Conclusions: In contrast with patients with PD, patients
with dysphagic MSA more frequently present with oral-
phase symptoms and a significantly higher intraindividual
interswallow variability. A novel Swallowing Disturbance
Questionnaire MSA subscore may be a valuable tool to
identify patients with MSA with early oropharyngeal dys-
phagia. © 2021 The Authors. Movement Disorders publi-
shed by Wiley Periodicals LLC on behalf of International
Parkinson and Movement Disorder Society
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Multiple system atrophy (MSA) is a rapidly pro-
gressing sporadic neurodegenerative disorder, clinically
characterized by autonomic dysfunction combined with
motor impairment of either predominant parkinsonian
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Dysphagia is a major clinical concern in MSA,
occurring in up to 73% of patients.>® It may lead to mal-
nutrition and dehydration, facilitates aspiration pneumo-
nia, whereby determining the disease prognosis,®® and is
considered a factor for sudden death.””'® Compared with
PD, the onset of dysphagia is earlier in the course of
MSA.>'! Therefore, timely identification of dysphagia
and intervention is essential to avoid complications.
Nevertheless, studies objectively evaluating dysphagia in
MSA are rare, and symptoms so far were assessed only
by videofluoroscopic swallowing studies (VFSSs), mano-
metric methods, or electrophysiological methods in small
cohorts.*!1-1¢

Recently, flexible endoscopic  evaluation of
swallowing (FEES) has emerged as a standard tool for
objective swallowing assessment in neurogenic dyspha-
gia'”'” and is key for the evaluation of oropharyngeal
dysphagia following previously published guidelines.*’
Endoscopic characteristics of MSA-related dysphagia
have so far not been systematically examined and com-
pared with PD. In this regard, we previously suggested
a standardized, easy-to-implement MSA-FEES task pro-
tocol to systematically assess laryngeal motion abnor-
malities and dysphagia symptoms in patients with
MSA. A pilot study showed that the task protocol was
feasible and well tolerated.”! Furthermore, we recently
showed that patients with MSA present with MSA-
specific laryngeal motion abnormalities when using this
task protocol, allowing for a highly sensitive and spe-
cific delineation from patients with PD.**

The Swallowing Disturbance Questionnaire (SDQ), a
self-reporting 15-item questionnaire, has emerged as a
validated screening method for early detection of dys-
phagia in PD?3 and other disease etiologies.”* Although
dysphagia is an important symptom when assessing the
medical history of patients with MSA,>** studies evalu-
ating subjective dysphagia symptoms assessed by the
SDQ and related to an objective swallowing assessment
such as FEES have so far not been done in MSA.

In this study, we assessed dysphagia in an MSA
cohort using FEES and the aforementioned MSA-FEES
task protocol. Our goal was to investigate endoscopic
characteristics of dysphagia and dysphagia severity in
patients with MSA compared with patients with
PD. We furthermore intended to assess whether endo-
scopic characteristics of dysphagia differed between
MSA phenotypes. Moreover, we assessed subjective
dysphagia symptoms using the SDQ and examined
whether this questionnaire was suitable for detecting
dysphagia in patients with MSA.

Patients and Methods

This observational study was approved by the Ethics
Committee of the Brandenburg Medical Board (521

(a)/2017) and the University of Munster (2017-585-b-
S) and was registered in the Fox Trial Finder (https://
www.michaeljfox.org/trial-finder; trial number:
005066).

Participants

Participants were recruited at two German hospitals
specialized in the diagnosis and treatment of movement
disorders. Between September 2017 and January 2020,
57 consecutive patients with MSA and 57 consecutive
patients with PD were included. Participants were diag-
nosed with either possible or probable MSA-P or
MSA-C according to the second consensus criteria,** or
they met the diagnosis of PD according to the Move-
ment Disorders Society diagnostic criteria.>> All partici-
pants provided written informed consent.

Disease severity was measured using the motor score
of the Unified Parkinson’s Disease Rating Scale-motor,
Part Il and the Hoehn & Yahr (H&Y) stage. Cerebral
magnetic resonance imaging (MRI) scans of patients
with MSA were assessed for MSA-related imaging find-
ings such as atrophy either in the putamen, cerebellum,
pons, or middle cerebellar peduncle, according to the
diagnostic criteria.**

Procedures

All participants underwent FEES, and the procedure
was video recorded. Three raters (A.V., F.G., and 1.C.),
all blinded to the patients’ diagnosis, performed post
hoc video analyses. FEES equipment consisted of a
3.9-mm-diameter (ENF-VH; Olympus, Shinjuku,
Japan) or 3.5-mm-diameter (Storz 11,101 RP2; Karl
Storz, Tuttlingen, Germany) flexible fiberoptic
rhinolaryngoscope with a video processor (Olympus
CV-170; Olympus, Shinjuku, Japan) and processing
software (rpSzene 10.7 g on Panel-PC-226/227;
Rehder/Partner, Hamburg, Germany), or a 2.9 mm-
diameter flexible fiberoptic rhinolaryngoscope with a
portable video processor linked to a 19-inch flat-screen
monitor (CMOS, CMAC and 9519NB; Karl Storz,
Tuttlingen, Germany).

FEES Protocol

To investigate dysphagia, we performed a standard-
ized MSA-FEES task protocol as previously
described.*""*? In brief, this protocol is divided into an
examination of laryngeal function at rest and during
specific task performances followed by a detailed evalu-
ation of swallowing. For the laryngeal assessment,
please refer to the previous publications.?'*?
Swallowing was assessed as follows: during FEES, par-
ticipants received 11 consecutive standardized test
boluses in the following order: (1) 3 teaspoons of apple-
sauce (approximately 3 mL each), (2) 1 teaspoon of
blue-dyed liquid (approximately 3 mL) to test oral
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control of a liquid bolus (task to hold a liquid bolus in
the oral cavity until told to swallow), (3) 2 teaspoons of
blue-dyed water (approximately 3 mL), (4) one sip of
blue-dyed water from a glass or straw, (5) three pieces
of buttered soft white bread (about 3-cm square), and
(6) one swallow of a placebo tablet (10-mm diameter)
ingested with either blue-dyed water or applesauce.

Outcome Measures

To objectify endoscopic characteristics of dysphagia,
we rated three endoscopic swallowing parameters, each
on a five-point scale (0-4), for each of the 11 swallowing
tasks, as previously described®®: (1) premature spillage
was assessed by describing the bolus position at the
moment of initiation of swallowing, where 0 = the bolus
is behind the tongue, 1 = the bolus is at the base of the
tongue or the valleculae, 2 = the bolus moves to the lat-
eral channels or to the tip of the epiglottis, 3 = the bolus
is located in the piriform sinus or touches the laryngeal
rim, and 4 = the bolus falls into the laryngeal vestibule;
(2) pharyngeal residues were assessed after completion of
swallowing, where 0 = no residues, 1 = coating, no
pooling, 2 = mild pooling, less than half of the cavities,
3 = moderate pooling, fills the cavities, and 4 = severe
pooling, overflows the cavities; and (3) penetration/
aspiration events were rated at any time, where 0 = no
penetration/aspiration, 1 = penetration with protective
reflex, 2 = penetration without protective reflex, 3 = aspi-
ration with protective reflex, and 4 = aspiration without
protective reflex. Premature spillage and pharyngeal resi-
dues scores >2 and a penetration/aspiration score > 1
were defined as clinically relevant abnormalities. In addi-
tion to these parameters, piecemeal deglutition (more
than one swallow needed to clear a bolus from the oral
cavity) and premature spillage during the test of oral con-
trol of a liquid bolus (spillage of a liquid bolus from the
oral cavity before told to swallow) were noted dichoto-
mously (0 = no, 1 = yes).

Dysphagia severity, assessed by FEES, was classified
according to a four-point scale (0-3) developed for
patients with PD and atypical parkinsonism®’: 0 = no
relevant dysphagia, 1 = mild dysphagia (premature
spillage and/or residues without penetration/aspiration
events), 2 = moderate dysphagia (penetration/aspira-
tion events of one consistency), and 3 = severe dyspha-
gia (penetration/aspiration events of two or more
consistencies). A score > 1 indicates the presence of an
endoscopically detected dysphagia.

A subgroup of 29 randomly selected patients with
MSA completed the Swallowing Disturbance Question-
naire (SDQ) to examine subjective dysphagia.*® We
scored the 15 items as previously described: 0 = symptom
never appears, 1 = appears seldom (<1/month),
2 = appears often (1-7/week), 3 = appears very often
(>7/week); item 15 was scored dichotomously: yes = 0.5,

r ENDOSCOPIC CHARACTERISTICS OF DYSPHAGIA

no = 2.5. To be able to additionally calculate relations to
positive responses to items, we dichotomized the answers
to “yes/no,” related to the occurrence of a symptom:
0 = no and a score > 1 = yes. The optimal SDQ cutoff
score for detecting dysphagia was previously defined as
>11 for patients with PD.>?

Statistical Analysis

Data were statistically analyzed using R (Release
4.0.3) and Real Statistics Resource Pack software
(Release 7.1). For all calculations, the level of signifi-
cance was set to P = 0.05.

Frequencies of endoscopically assessed swallowing
parameters were summed up for all swallows in each
consistency condition for each group. Swallows from
the test of oral control of a liquid bolus and placebo
tablet were not included in the overall frequency calcu-
lation and were summed up separately. Logistic regres-
sion models were calculated with R function glm with
binomial family taking “disease duration, disease sever-
ity, and group” as predictors. The exponentiated regres-
sion coefficients are presented with P values and can be
interpreted as odds ratios (ORs) when changing the
corresponding variable by one unit and holding the
other predictors constant. In case of the statistical spe-
cial case “complete separation” (if the frequency of a
dysphagic symptom equaled zero), the logistic regres-
sion model fails to calculate a correct result. We then
applied x> tests. For target variables that had more than
two ordered categories, ordinal logistic regression was
performed with R package MASS. Multiple groups
were compared applying the Kruskal-Wallis H test,
when the sum of all swallows was analyzed.

For analysis of the correlation between the endoscopic
dysphagia severity score and disease duration, disease
severity, age, and subjective dysphagia score in the MSA
cohort, Spearman’s correlation coefficient was calculated.
For intraindividual interswallow variability analysis, the
variance of swallowing scores of swallows for each food
consistency was calculated. For cohort comparison,
means were calculated and compared applying an
unpaired ¢ test. To calculate the relationship between pos-
itive responses to SDQ items and endoscopically detected
dysphagia, we performed a x> test and calculated
Cramer’s phi. In addition, SDQ items showing a positive
correlation with dysphagia on FEES were extracted into
an MSA-SDQ subscore, and Cronbach’s alpha was cal-
culated to evaluate test reliability. A receiver operating
characteristic (ROC) analysis was performed to define
the optimal cutoff score for the MSA-SDQ subscore.

Results

The cohort was previously described in detail.** In
brief, we compared a cohort of patients with MSA
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(median, 64 [interquartile range (IQR): 59-71] years)
with an age-matched cohort of patients with PD
(median, 67 [IQR: 60-73] years; P = 0.06). Patients
with MSA had a shorter disease duration (median,
4 [IQR: 3-5] vs. 7 [5-10] years; P < 0.0001), a higher
disease severity (H&Y stage 4 [IQR: 3-4] vs. 3 [2-4];
P <0.0001), and were physically more impaired
(Unified Parkinson’s Disease Rating Scale-motor, Part
II: 35.5 [IQR: 29.8-41.8] vs. 28 [19-36]; P < 0.01;
Table 1). Cerebral MRI scans of 49 patients with MSA
were available for analysis to support the clinical diag-
nosis. Seventeen of 49 patients did not show any MSA-
related imaging findings; 18 of 49 patients presented with
one MSA-specific finding, 3 patients showed 2 abnormali-
ties on MRI, 10 patients presented with 3 abnormalities,
and 1 patient showed 4 MSA-characteristic MRI
changes.

Endoscopic Characteristics and Severity of
Dysphagia

The MSA-FEES task protocol was successfully per-
formed in all participants without any adverse events.

In the MSA cohort, the most frequent dysphagic find-
ing for all food consistencies was premature spillage,
observed in 75.4% of patients with MSA, and occurred
significantly more often than in PD (15.8%; P < 0.001;
OR, 24.97). The second most frequent symptom was
relevant piecemeal deglutition, which also occurred sig-
nificantly more often in patients with MSA than in the
PD cohort (75.4% vs. 1.8%; P < 0.01; OR, 8.63). Also,
penetration and aspiration (28.1% vs. 3.5%; P < 0.01;
OR, 41.93) were observed more frequently in patients
with MSA than in the PD cohort. In more detail,
12 patients with MSA (21%; thereof 8 with efficient
protective reflex) and 2 patients with PD (3.5%)
exhibited penetration events. Aspiration events were
observed in four (7%) patients with MSA and two
(3.5%) patients with PD. Relevant pharyngeal residues
occurred third most in the MSA cohort and in nearly half
of the patients in both groups (50.9% vs. 47.37%;
P = 0.16; OR, 2.27) (Table 2). The linear logistic regres-
sion showed overall no influence of disease duration or

TABLE 1. Demographic data of cohorts

severity on the dysphagia severity. The calculation solely
showed in both the MSA and PD cohorts an influence of
disease duration on the occurrence of pharyngeal residues
(P <0.05; OR, 0.42) and penetration/aspiration events
(P < 0.05; OR, 0.42) with semisolid food consistencies.
Furthermore, patients with MSA had a greater risk for
piecemeal deglutition for all food consistencies with
increased disease severity (P < 0.5; OR, 3.15). All other
dysphagic symptoms were not influenced by disease
duration (P = 0.06-0.99; OR, 0.13-1.34) or disease
severity (P = 0.13-0.99; OR, 0.09-1.98). In 10 cases, XZ
tests were calculated because of complete separation.
Beforehand, the logistic regression model showed no sig-
nificant effects of disease duration or disease severity.
Overall, in the MSA cohort, oral-phase symptoms were
significantly more frequent than pharyngeal-phase symp-
toms. In contrast, patients with PD showed more
pharyngeal-phase symptoms, such as pharyngeal residue.
Interestingly, we observed no significant differences in the
frequency of dysphagic symptoms when comparing the
two MSA  phenotypes (Table 2). Supporting
Information Video S1 shows the most common endoscopic
characteristics in patients with MSA.

Each cohort performed 513 swallows in total, with
171 swallows for each consistency. An additional
57 swallows per cohort were evaluated for the test of
oral control of a liquid bolus, and another 57 swallows
per cohort for swallowing a placebo tablet (Supporting
Information Table S1). Similar to the earlier findings,
significantly more symptoms suggestive of oral-phase
disturbance were found in the MSA cohort, while
patients with PD showed pharyngeal-phase symptoms
to be more frequent, when all swallows in each group
were included in the analysis. Comparisons of the dif-
ferent consistencies tested showed that in both groups,
relevant premature spillage was most severe with lig-
uids. The highest degree of relevant pharyngeal residues
occurred with solids. Penetration and aspiration events
occurred most frequently with liquid bolus consistency.
Patients with MSA presented with more disturbances
when swallowing placebo tablets compared with the
PD cohort. Patients with MSA showed a significantly
higher proportion of relevant premature spillage

Clinical Characteristics MSA (n = 57) PD (n = 57) P

Age, y 64 (59-71) 67 (60-73) 0.06
‘Women/Men 35/22 28/29 0.19
Disease duration, y 4 (3-5) 7 (5-10) <0.0001
Disease severity, Hoehn & Yahr stage 4 (3—4) 3 (2—4) <0.0001
UPDRS III score 35.5 (29.8—41.8) 28 (19-36) <0.01

Data are presented as median (interquartile range).

MSA, multiple system atrophy; PD, Parkinson’s disease; UPDRS-III, Unified Parkinson’s Disease Rating Scale-motor, Part III.
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TABLE 2. Dysphagic symptoms as measured by flexible endoscopic evaluation of swallowing in patients with MSA and PD
MSA (n = 57)
Endoscopic Swallowing Parameter MSA-C (n = 12) MSA-P (n = 45) PD (n = 57) P OR or x>
I. Over all consistencies
Relevant premature spillage (scores 2—4) 43/57 (75.44) 9/57 (15.79) <0.001 24.97
9/12 (75) 34/45 (75.56) 0.48 0.54
Relevant pharyngeal residue (scores 2—4) 29/57 (50.88) 27/57 (47.37) 0.16 2.27
6/12 (50.0) 23/45 (51.11) 0.77 1.21
Penetration/aspiration (scores 1—4) 16/57 (28.1) 2/57 (3.5) <0.01 41.93
5/12 (41.7) 11745 (24.4) 0.13 0.34
Piecemeal deglutition 43/57 (75.4) 11/57 (1.8) <0.01 8.63
8/12 (66.7) 35/45 (77.8) 0.21 2.69
II. Semisolid consistency
Relevant premature spillage (scores 2—4) 24/57 (42.1) 2/57 (3.5) <0.001 23.1
6/12 (50.0) 16/45 (35.5) 0.38 0.55
Relevant pharyngeal residue (scores 2—4) 10/57 (17.54) 0/57 (0) <0.001 x* = 10.96
4/12 (33.33) 6/45 (13.3) 0.1 0.23
Penetration/aspiration (scores 1—4) 3/57 (5.26) 1/57 (1.75) 0.09 3.93
1/12 (8.33) 2/45 (4.4) 0.1 0.24
Piecemeal deglutition 29/57 (50.88) 0/57 (0) <0.001 x° = 38.89
6/12 (13.33) 23/45 (51.0) 0.92 1.07
II. Liquids
Relevant premature spillage (scores 2—4) 34/57 (59.65) 10/57 (17.54) <0.001 13.5
7/12 (58.33) 27/45 (60.0) 0.58 1.47
Relevant pharyngeal residue (scores 2—4) 2/57 (3.5) 1/57 (1.75) 0.9 9.83
0/12 (0) 2/45 (4.4) 0.9 X =873
Penetration/aspiration (scores 1—4) 12/57 (21.05) 2/57 (3.51) <0.01 21.35
4/12 (33.33) 8/45 (17.78) 0.3 0.46
Piecemeal deglutition 20/57 (35.09) 0/57 (0) <0.001 X° = 24.26
4/12 (33.33) 16/45 (35.56) 0.69 1.31
Disturbed oral control of liquid bolus 16/57 (28.07) 8/57 (14.04) 0.2 2.56
4/12 (22.33) 12/45 (26.67) 0.76 0.8
IV. Solids
Relevant premature spillage (scores 2—4) 12/57 (21.05) 0/57 (0) <0.001 ¥’ =13.41
2/12 (16.67) 10/45 (22.22) 0.3 1.05
Relevant pharyngeal residue (scores 2—4) 28/57 (49.12) 27/57 (47.37) 0.19 2.11
6/12 (50.0) 22/45 (48.89) 0.99 0.99
Penetration/aspiration (scores 1—4) 4/57 (7.02) 0/57 (0) 0.13 ¥ =2.64
0/12 (0) 4/45 (8.89) 0.53 =242
Piecemeal deglutition 38/57 (66.67) 11/57 (19.3) <0.01 5.59
6/12 (50.0) 32/45 (71.11) 0.1 3.14
(Continues)
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TABLE 2. Continued
MSA (n = 57)
Endoscopic Swallowing Parameter MSA-C (n = 12) MSA-P (n = 45) PD (n = 57) p OR or %°
IV. Tablet swallow
Relevant premature spillage (scores 2—4) 11/57 (19.3) 0/57 (0) <0.001 = 1217
3/12 (25.0) 8/45 (17.78) 0.62 0.68
Relevant pharyngeal residue (scores 2—4) 15/57 (26.4) 1/57 (1.75) <0.05 1.29
4/12 (33.33) 11/45 (24.44) 0.34 2.7
Penetration/aspiration (scores 1—4) 3/57 (5.26) 2/57 (3.51) 0.82 1.5
3/12 (25.0) 0/45 (0) 0.71 ¥ =137
Piecemeal deglutition 18/57 (31.58) 0/57 (0) <0.001 x° = 21.38
4/12 (33.33) 14/45 (31.11) 0.98 1.01

P values and odds ratio (OR) are results of the logistic regression or ¥ test in cases of complete separation.
MSA, multiple system atrophy; MSA-C, MSA with cerebellar symptoms; MSA-P, MSA with predominant parkinsonian; PD, Parkinson’s disease; OR, odds ratio.

(19.3% vs. 0%; P <0.001) and presented with signifi-
cantly more relevant pharyngeal residues (24.6%) com-
pared with patients with PD (3.5%; P < 0.05) when
swallowing the placebo tablet (Supporting Information
Table S1).

Not only did the dysphagia pattern differ between the
MSA and PD cohorts, patients with MSA showed more
pronounced oral-phase disturbances and patients with
PD more pronounced pharyngeal-phase disturbances.
Patients with MSA also presented with a significantly
higher intraindividual interswallow variability, especially
for premature spillage and piecemeal deglutition, with

both symptoms suggestive of oral swallowing phase dis-
turbance (Supporting Information Table S2). The differ-
ence was found for those two symptoms with all food
consistencies, while pharyngeal residue differed only with
semisolid and liquid boluses. Penetration/aspiration
events showed no difference (Supporting Information
Table S2).

Dysphagia was observed in 48 of 57 (84.2%) patients
with MSA and was observed significantly more fre-
quently than in the PD cohort (45.6%; P <0.05).
Moreover, dysphagia scores were higher in patients
with  MSA than in the PD cohort (1.2 4+0.7

Dysphagia severity in MSA and PD patients

40
%k
30
2
5
= 20
<
& *k
=]
b
L
e
g
= 10
0 1 !
no mild moderate severe
= (ni\ﬁg%‘; 6/45 (13.3%) 28/45 (62.2%) 8/45 (17.8%) 3/45 (6.7%)
(ni’[lszf/\s'% 3/12 (25.0%) 6/12 (50.0%) 2/12 (16.7%) 212 (16.7%)
PD 0, /" 0, 0, 0,
s 31/57 (54.4%) 24/57 (42.1%) 257 (3.5%) 0/57 (0.0%)

FIG. 1. Dysphagia severity as measured by flexible endoscopic evaluation of swallowing in patients with multiple system atrophy (MSA) and
Parkinson’s disease (PD). Values in n (% of cohort). *P < 0.05; *P < 0.01. MSA-C, MSA with cerebellar symptoms; MSA-P, MSA with predominant

parkinsonian.
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TABLE 3 . The MSA-SDQ subscore and the correlation of each item
with dysphagia detected on flexible endoscopic evaluation of swallowing

SDQ

Item Question r

1 Do you experience difficulties 0.02
chewing solid food like an apple,
cookie or cracker?

2 Are there any food residues in your <0.0001
mouth, cheeks, under your tongue
or stuck to your palate after
swallowing?

6 Do you swallow chewed up food 0.02
several times before it goes down
your throat?

10 Do you cough while swallowing 0.02
liquids?

13 Other than during meals, do you 0.04

experience coughing or difficulty
breathing as a result of saliva
entering your windpipe?

MSA-SDQ, multiple system atrophy Swallowing Disturbance Questionnaire.

vs. 0.5 + 0.3; P < 0.01; OR, 10.77; Fig. 1). Disease dura-
tion (P = 0.33; OR, 1.07) and disease severity (P = 0.52;
OR, 0.82) showed no significant influence on dysphagia
severity. Dysphagia severity in the MSA cohort was not
correlated with disease duration (p = —0.06, P = 0.70),
disease severity (p = —0.02, P = 0.89), or age
(p=-0.07, P =0.59).

Subjective Dysphagia Expressed by SDQ
Scores and Relationship to Dysphagia
Detected by FEES

Of the 29 patients with MSA who completed the
SDQ (age: median, 64 [IQR: 59-69] years; disease
duration: 4 years [3-5]; H&Y stage: 4 [3-5]), 26 pres-
ented with dysphagia on FEES (mild: n = 21; moderate:
n = 4; severe: n = 1). Applying the SDQ cutoff of
11 points to this MSA cohort, we found a sensitivity of
only 54% for identifying patients who presented with
dysphagia on FEES, despite a specificity of 100%. We
therefore analyzed which SDQ items were strongly
associated with dysphagia detected on FEES in this
MSA cohort (Supporting Information Table S3) and
found five items that strongly correlated with endo-
scopically detected dysphagia (Table 3). Extracting
those five SDQ items into an MSA-SDQ subscore with
a possible total score of 15 points, we found a good
test reliability with Cronbach’s alpha of 0.81. Using a
ROC analysis, we defined a score > 4 to be a valuable
cutoff with a sensitivity of 85% and a specificity of
100% (Fig. 2).
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FIG. 2. Receiver operating characteristic (ROC) curve for multiple sys-
tem atrophy Swallowing Disturbance Questionnaire (MSA-SDQ) sub-
score. The ROC curve shows the optimum score of crossing sensitivity
and specificity curves. At a score of 4 the sensitivity is 85% and the
specificity is 100%. Values on the x axis are MSA-SDQ sum scores;
values on the y axis are percentage of sensitivity (dashed line) and
specificity (solid line).

Discussion

To the best of our knowledge, this is the first study
that systematically assessed dysphagia in patients with
MSA and directly compared results with an age-
matched cohort of patients with PD using a standard-
ized MSA-FEES task protocol. Even though previous
studies demonstrated that laryngeal pathology causing
inspiratory stridor is highly prevalent in patients with
MSA,>1?2 FEES could be easily and successfully per-
formed in all participants without any episode of
laryngospasm or other negative side effects.

The pattern of swallowing impairment differed signif-
icantly between MSA and PD, with patients with MSA
showing oral symptoms more frequently and patients
with PD presenting pharyngeal symptoms more fre-
quently. This was detected with all food consistencies,
as well as with tablet swallowing. With increased dis-
ease severity, patients with MSA had a greater risk for
the oral symptoms. Moreover, there was a significantly
higher interswallow variability in patients with MSA
for symptoms suggesting oral-phase disturbance when
compared with patients with PD. Our findings contrast
previous results from VFSSs in patients with MSA.
Umemoto et al'® showed an unspecific prolonged oro-
pharyngeal transit time in 61 patients with MSA. Higo
et al*® concluded in a study on 29 patients with MSA
that the swallowing dysfunction detected with VFSSs
was similar to disturbances found in PD. One longitudi-
nal Korean VFSS on 59 patients with MSA found a
higher frequency of pharyngeal symptoms (in up to
90% of patients with MSA) than oral-phase symptoms
(in up to 20% of patients with MSA) on initial investi-
gation early in the course of the disease.'’ The follow-
up investigations demonstrated that oral-phase
symptoms of dysphagia had worsened more severely

Movement Disorders, Vol. 37, No. 3, 2022 541



VOGEL ET AL w

J

than pharyngeal-phase symptoms.'* However, we repli-
cated previous results from endoscopic examinations in
PD, which showed that pharyngeal residues were the
most characteristic finding, while symptoms of oral-
phase disturbances such as premature spillage or piece-
meal deglutition appeared less frequently and later in
the course of dysphagia in PD.?”2%3°

The predominance of oral-phase disturbance in patients
with MSA was observed in both MSA subtypes but
showed no phenotypical differences, regardless of bolus
consistencies. Furthermore, the frequency of oral-phase
symptoms in patients with MSA increased with higher
disease severity. At first glance, this contrasts previous
findings. A previous VFSS on 26 patients with MSA-C
showed predominantly oral symptoms to be affected.* A
longitudinal analysis of 59 patients with MSA showed
pharyngeal residue as a symptom of disturbed pharyngeal
phase to be more frequent in MSA-P than in MSA-C
early in the disease,'! while its follow-up study demon-
strated oral symptoms to progress more rapidly.'*
Another VFSS showed a shorter oropharyngeal transit
time in patients with MSA-C compared with MSA-P."?

Moreover, we detected relevant penetration in 14%
and aspiration in only 7% of patients with MSA, con-
trasting previous VFSSs that demonstrated aspiration
events in up to 73% of patients with MSA.''-*® The
main driver for the contrasting results to previous stud-
ies cannot be explained by the different methods of
intervention, because FEES has previously been shown
to be more accurate than VFSS in detecting penetration/
aspiration and pharyngeal residue.’’ We postulate that
the previously described high prevalence of aspiration
detected by VFSSs may be explained by a selection bias
generated by solely referring patients with MSA with
obvious dysphagia symptoms to VFSS, whereas in our
study, patients were recruited consecutively and inde-
pendent of subjective dysphagia complaints. Despite the
predominance of oral-phase symptoms in patients with
MSA, we observed a similar amount of pharyngeal resi-
due in both cohorts, showing an equally disturbed pha-
ryngeal phase in both patients with MSA and patients
with PD. Both MSA and PD patients had an increasing
chance of experiencing pharyngeal residue and a higher
rate of penetration/aspiration events with longer disease
duration. Penetration and aspiration events, however,
were altogether recorded more frequently in the MSA
cohort. Their higher prevalence in the MSA cohort can
therefore be attributed to the more frequently occurring
oral-phase disturbances in MSA, and although the fre-
quency of penetration and aspiration events was low in
our MSA cohort in comparison with other studies,
these symptoms still remain a highly relevant finding
eventually resulting in secondary complications, such as
aspiration pneumonia, contributing to decreased qual-
ity of life and shortened life expectancy.®'°

In our study, dysphagia severity in patients with
MSA was not correlated with disease duration and

disease severity, which is in accordance with previous
studies.'®*? Even though pharyngeal dysphagia shows
some phenotypical similarities in MSA and PD, dyspha-
gia observed in MSA can be classified as a complex
phenotype, whereas dysphagia observed in PD is classi-
fied as bradykinetic dysphagia with insufficient pharyn-
geal bolus cleaning, following a recent suggestion to
classify neurogenic dysphagia.'” The finding that
patients with MSA show more disturbances swallowing
tablets, which is a complex task for swallowing, may
also be caused by the complex dysphagia pattern in
MSA compared with PD. The predominant oral-phase
symptoms, especially premature spillage, and the higher
intraindividual interswallow variability in patients with
MSA regardless of MSA phenotype are suggestive for
cerebellar involvement as an underlying mechanism of
the complex dysphagic phenotype. Although patho-
physiological studies on dysphagia in PD are
available,?*” there are currently no studies on histo-
pathological correlates of MSA-related dysphagia,
which is why the pathophysiological mechanisms are
still poorly understood.>® Central nuclei involved in the
motor innervation of the pharynx have not been
described to show neuronal cell loss in MSA,*® and it is
ultimately more likely that the meticulously coordinated
multilevel swallowing reflex is not disturbed at one
level, but rather on the level of its central integration,
the central pattern generator, as postulated previ-
ously.'® In addition, the fact that oral symptoms are
also detected in MSA-P and the dysphagia type in this
cohort is not purely bradykinetic as observed in PD
might hint toward a cerebellar pathology contributing
to oral dysphagia symptoms.

Our study is the first to have assessed subjective dys-
phagia applying the SDQ in an MSA cohort. When
analyzing the SDQ answers of our patients with MSA,
it became obvious that items associated with oral-phase
disturbances correlated significantly with the endo-
scopic dysphagia scale. The transfer of the cutoff value
used for patients with PD to our MSA cohort yielded
low sensitivity despite a high specificity. Extraction of
SDQ items associated with dysphagia into a specific
MSA-SDQ subscore with a possible total score of
15 points finally showed good reliability with a
Cronbach’s o of 0.81. The recalculation of a cutoff
value using a ROC analysis showed a sensitivity of
85% with a specificity of 100% for an MSA-SDQ score
of >4 points. Based on these results, we propose to use
this reliable MSA-SDQ subscore for early screening to
detect patients at risk for oropharyngeal dysphagia.
Patients with MSA with a total MSA-SDQ subscore of
>4 should be referred to FEES. To confirm this result,
the MSA-SDQ subscore should be evaluated in a fur-
ther, prospective study in a larger patient cohort.

As expected from an age-matched comparison of an
MSA and PD cohort, patients with MSA had a shorter
disease duration and a higher disease severity. To
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exclude an influence of these variables on the group
comparison, we included disease duration and disease
severity as covariates in the regression model and
showed that neither of these variables had an overall
effect. We understand that the low proportion of
patients with MSA with severe dysphagia in our cohort
is a considerable limit, making it difficult to understand
our cohort as a representative one that allows for map-
ping all dysphagia severities. Moreover, there was lack
of control for dysphagia latency in our patient cohorts,
which potentially limits the homogeneity of dysphagia-
characteristic data. Also, the subgroup of patients with
MSA available for SDQ analysis was small, and even
though patients were selected randomly, the majority
presented with mild dysphagia on FEES. It is therefore
too early to transfer our findings to the general MSA
population just yet.

Conclusions

In this first study comparing dysphagia symptoms in
MSA and PD using a structured MSA-FEES task proto-
col, we showed that the dysphagia pattern differed sig-
nificantly between cohorts. Patients with MSA showed
a dysphagia pattern with predominantly oral symptom
disturbance, while pharyngeal symptoms were primar-
ily affected in the PD cohort. We furthermore showed
that the intraindividual interswallow variability differed
significantly between groups. The newly developed
MSA-SDQ subscore showed to be a valid and reliable
screening test that should be regularly applied. When
patients with MSA have a score > 4, endoscopic evalua-
tion should be performed using the MSA-FEES task
protocol to prove dysphagia endoscopically and pre-
vent related complications. These new clinical findings
must result in a different approach to the therapy of
dysphagia in patients with MSA compared with
patients with PD and focus on oral symptoms of
swallowing. In addition, dysphagia in MSA is detect-
able before its initial clinical manifestation.*® It is there-
fore essential to diagnose dysphagia as early as
possible.

Further studies with even larger sample sizes collect-
ing dysphagia specific data are warranted. An interna-
tional multicenter study under the guidance of the
Movement Disorders Society MSA study group is
underway investigating laryngopharyngeal symptoms in
patients with MSA and comparing results with patients
with tauopathies and PD using the MSA-FEES task
protocol. ®
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