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Abstract Abnormal swallowing, dysphagia, is a poten-
tially fatal symptom in Parkinson’s disease (PD) and is
characterized by frequent silent aspiration, an unrecognized
risk of suffocation and aspiration pneumonia. Several
studies have reported that the injection of apomorphine, a
dopamine agonist, alleviated dysphagia in some patients
with PD. The effects of other antiparkinson medications
against dysphagia remain controversial. Rotigotine is an-
other dopamine agonist with non-oral administration, i.e., a
transdermal patch. Its noninvasiveness seems to render this
medicine even more suitable than apomorphine for dys-
phasic patients. However, no direct evidence has been re-
ported. In the present retrospective open-label study, we for
the first time objectively showed that rotigotine improved
swallowing on videofluoroscopic examination in dysphagic
patients with PD.
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Introduction

Parkinson’s disease (PD) affects voluntary and invol-
untary movements, including swallowing. Abnormal
swallowing, dysphagia, is a potentially fatal symptom in
PD as well as in other neurodegenerative diseases [1-3]
and is characterized by frequent silent aspiration, an
unrecognized risk of suffocation and aspiration pneu-
monia [4]. The effects of antiparkinson medications on
dysphagia remain controversial [5], but several studies
have reported that apomorphine, a dopamine agonist,
alleviated dysphagia in some patients with PD [6].
Notably, this medicine improved involuntary pharyn-
geal functions evaluated by pharyngeal transit duration
(PTD) [6]. Apomorphine is suitable for dysphagic
patients because it is injected subcutaneously and is
thus not affected by dysphagia, but requires invasive
procedures, including repeated subcutaneous punctures
for transient use or an operation to embed a syringe
pump for continuous use.

Rotigotine is another dopamine agonist with non-
oral administration, i.e., a transdermal patch [7]. Its
noninvasiveness seems to render this medicine even
more suitable than apomorphine for dysphasic patients.
However, no direct evidence that rotigotine is effective
against dysphagia has been reported. In contrast, an
extensive literature search identified only one study
reporting that rotigotine was effective against parkin-
sonism but not dysphagia in a patient who had PD
with severe esophageal cancer-related dysphagia [8]. In
the present open-label study, we objectively showed
that rotigotine improved swallowing on videofluoro-
scopic (VF) examination in dysphagic patients with
PD.
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Patients and Methods
Patients

We retrospectively studied six consecutive patients with
PD (4 men and 2 women, age 75 £ 6 years, mean & SD)
who complained of symptoms probably caused by dys-
phagia, such as swallowing difficulty, drooling, coughing
after swallowing, or aspiration pneumonia (Table 1). The
mean body weight was 50 kg. All patients were given a
clinical diagnosis of PD by board-certified neurologists in
accordance with the UK Parkinson’s disease Society Brain
Bank Clinical Diagnostic Criteria. No patient had received
antiparkinson medication until this study; all patients were
thus drug-naive.

VF Examinations

VF was performed according to a previously described
method, with slight modification [9, 10]. Briefly, a diluted
solution of barium (5 ml) was swallowed twice. If the
swallowing problem was not very severe as indicated by
the procedure and rating scales described below, a con-
centrated solution of barium was then swallowed once; the
amount was not restricted, and the subject was requested to
swallow as usual to detect swallowing problems encoun-
tered in daily life. Worse scores were obtained on each
swallow according to the scales described below. Six
grams of barium mixed with jelly was then swallowed. The
results of VF were evaluated according to a Japanese scale
established by the Japanese Society of Dysphagia

Table 1 Clinical information of patients with dysphagic Parkinson’s disease

Patient # 1 2 3 4 5 6
Age (years) 85 68 75 74 75 73
Sex M M F M M F
Age at onset 80 67 73 73 74 69
(years)
Body weight 50 50 42 63 55 39
(kg)
Symptom(s) at Tremor at the jaw Tremor at the Gait difficulty Tremor at the jaw Gait difficulty Tremor at the
onset and hands rt. hand hands
Yahr
Pre 4 3 2 3
Post 3 3 2 3
UPDRS-1II
Pre 46 38 27 21 19 29
Post 26 20 13 10 8 22
Dysphagia-related symptoms
Pre Drooling, Coughing after Swallowing difficulty, Drooling, incomplete lip Coughing after Coughing after
aspiration swallowing coughing after closure during meals swallowing swallowing
pneumonia swallowing
Post - - - - - -
Dysphagia score on VF
Pre 14 18 16 16 14 19
Post 17 20 19 18 18 20
DOSS
Pre 4 6 4
Post 6 6 5
Aspiration
Pre S A - - A -
Post - - - - - -
Pharyngeal penetration
Pre + + - + + -
Post + - - - - -

Pre pretreatment, Post posttreatment with rotigotine, rt. right, VF videofluoroscopy, A apparent aspiration, S silent aspiration
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Rehabilitation, already reported several times in the Eng-
lish-language literature (please see supplemental Table 1
and videos for details), as well as according to the
Dysphagia Outcome and Severity Scale (DOSS) [2, 3, 10].
The following VF variables were assessed according to the
Japanese scale: lip closure, bolus formation, and bolus
transport during the oral phase and constriction of the
pharynx, elevation of the larynx, bolus stasis at the val-
leculae and pyriform sinus, and aspiration during the
pharyngeal phase. A three-point scale was used to semi-
quantify each variable in a series of VF: 3 (normal), 2
(disturbed), and 1 (severely disturbed). When the Japanese
scale was used, the oral phase (3 = severely affected and
9 = normal) and the pharyngeal phase (4 = severely af-
fected and 12 = normal) were separately evaluated, and
the values were summed to derive the total score. DOSS
(1 = severely affected and 7 = normal) is more widely
used internationally, but the oral and pharyngeal phases
cannot be separately evaluated. One speech language
pathologist and one neurologist who were blinded to all
clinical details independently scored the results for each
patient. Both had more than 10 years of experience in
swallowing evaluation. More than 90 % of the point scores
were matched between the initial evaluators. If there was
any discrepancy, three additional neurologists who were
also experts in swallowing evaluation and disorders de-
cided which score was appropriate.

PTD was calculated from the time of arrival of the bolus
head (5 ml of barium) at the ramus of the mandible until
the time that the tail of the bolus passed through the upper
esophageal sphincter, as described previously [6]. PTD was
also measured in six healthy controls (age 60 + 24 years).

Evaluation of Parkinsonism

Parkinsonism was evaluated according to the Hoehn—Yahr
grade and the United Parkinson’s Disease Rating Scale
(UPDRS), Part III (UPDRS-III, motor examination). All
patients were evaluated before and 1-2 weeks after starting
treatment with 2 mg/day of rotigotine (the patch contains
4.5 mg rotigotine, but only 2 mg/day is absorbed). Two of
the six patients initially had jaw tremor. This study was
approved by the Institutional Review Board of Kinki
University. All patients enrolled in this study gave written
informed consent.

Results
Improvement in Swallowing Function

Clinically, dysphagia-related symptoms completely disap-
peared in all patients (Table 1). Swallowing function as
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evaluated by the Japanese scale on VF examinations im-
proved significantly in all patients tested (Fig. 1). For ex-
ample, the videos 1 and 2 showed the improvement of
swallowing by rotigotine in Patient 1 (see also the result of
the VF scores in supplemental Table 1). The improvement
was found during both the oral and pharyngeal phases in
the six patients. The pre-treatment PTD (1.07 & 0.38 s) in
the six patients with PD was significantly longer than that
in the controls (0.65 = 0.38 s, p < 0.05, Mann—Whitney
U test). After treatment, however, the PTD was sig-
nificantly shortened (0.84 £ 0.22 s, p < 0.05, Wilcoxon
signed-rank test) and did not differ significantly from the
control value (p = 0.08, Mann—Whitney U test). The
scores of DOSS increased slightly, indicating improved
swallowing function, but not significantly.

Improvements in Parkinsonism as Evaluated
by Hoehn-Yahr Grade and UPDRS-IIT

Parkinsonism improved in all patients according to the
UPDRS-III score, with no significant change in Hoehn—
Yahr grade. The changes in the UPDRS-III score were not
significantly associated with the changes in VF scores,
PTD, or DOSS.

Discussion

Our open-label study in 6 patients showed that swallowing
functions on VF evaluations were significantly improved by
application of a rotigotine transdermal patch, with the dis-
appearance of their dysphagia-related symptoms. Accu-
mulating evidence suggests that antiparkinson medications
improve swallowing during the oral phase, characterized
mainly by voluntary movements [5]. The reduced UPDRS-
IIT scores in our study also supported an improvement in
voluntary movements affected by parkinsonism. In addi-
tion, our results showed that rotigotine improved the scores
during the pharyngeal phase, associated mainly with se-
quential reflexes of striatal muscles. Moreover, PTD im-
proved in all patients. The DOSS score also improved
slightly, but not significantly. This is feasible because
DOSS may be less sensitive than the Japanese scale eval-
uations, as in spinocerebellar ataxias [2]. Our results are
supported by the findings of a previous study showing that
the pharyngeal phase of swallowing was improved by the
dopamine agonist apomorphine [11]. Furthermore, levo-
dopa also considerably improved pharyngeal functions on
videoendoscopic evaluation in a previously reported patient
with PD [12]. We thus speculate that central dopaminergic
stimulation also facilitates the pharyngeal phase as well as
the oral phase and thereby improved swallowing function in
our patients.
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Fig. 1 Swallowing function in six patients with Parkinson disease
before (pre) and after (post) application of a rotigotine transdermal
patch. The videofluoroscopic (VF) examinations revealed significant
improvements (p < 0.05, Wilcoxon signed-rank test) in the total

Surprisingly, only an initial dose of rotigotine
(2 mg/day) improved both voluntary movements and
swallowing function. A small dose was effective in some
population of patients with PD. A reported clinical trial
showed that even 2 mg/day seemed to reduce parkinsonism
with the extent equivalent to that for 4 mg/day until
2 weeks [13]. Another study for early PD with the protocol
that allowed to increase the dosage of rotigotine to
6 mg/day demonstrated that about 3 % of patients re-
mained to receive 2 mg/day [14]. Although the precise
reason for the good response to rotigotine in our patients
remains unclear, one plausible reason may include a racial
difference in body weight between the previous studies and
ours; patients with larger weight generally need larger
doses for the same effect. In a reported clinical trial in the
US, the mean body weight was 81 kg [14], while that in
this study in Japan was only 50 kg (62 % of that in the US).
Another racial factor might include skin permeability, as
reported in other medicines [15]. One can speculate the
attribution of a “placebo effect” to the observed good re-
sponse since this was an open-label study. However, the
extent of placebo effects is about 2—4 points on average of
UPDRS-III [16]. Thus, the improvement in our patients
surpassed the previously reported placebo effect. In addi-
tion, swallowing function was evaluated by an objective
method (VF examination), which might minimize placebo
effects. A small dose of rotigotine may therefore have
exerted beneficial effects in some population of patients
with PD, such as those having dysphagia, though
firm conclusions must await future placebo-controlled
studies.

The mechanism by which apomorphine in previous
studies and rotigotine in the present study exerted benefi-
cial effects on swallowing functions remains unestablished,
but the high specificities of these drugs to dopamine

scores, scores during the oral and pharyngeal phases, and pharyngeal
transit duration (PTD). The Dysphagia Outcome and Severity Scale
(DOSS) scores improved slightly, but not significantly

receptor subtypes might be related to such effects. Apo-
morphine has a stronger affinity to the DI receptor
(pKi = 6.43) than ropinirole (pKi < 5.0) or pramipexole
(pKi < 5.0), currently the most widely used antiparkinson
agents. Rotigotine has an even higher affinity (pKi = 7.08)
than apomorphine. Mice lacking the dopamine D1 receptor
showed abnormal motor activities and feeding problems
[17]. Guinea pigs treated with a specific D1 inhibitor had
impaired swallowing function [18]. These findings might
be related to the good response of dysphasia to apomor-
phine and rotigotine.

We should note that dopaminergic treatments could
not completely resolve impairment during the pharyngeal
phases of swallowing in the present and previous studies.
Mechanisms that underlie possible limitations of
dopaminergic treatments include the fact that o-synuclein
pathology in PD has been reported to extend to non-
dopamine neurons, such as the sensory branches of the
vagal and glossopharyngeal nerves innervating the
pharynx and peripheral motor nerves innervating pha-
ryngeal muscles [19, 20]. Future treatments might target
such neurons.

In conclusion, our study showed for the first time to our
knowledge that rotigotine significantly improved swal-
lowing function as evaluated by an objective VF ex-
amination in dysphagic patients with PD.
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