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NEUROLOGICAL DISORDERS
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Study Objectives: Spontaneous saliva swallows (SS) appear especially during sleep. The rate of SS was rarely investigated in all-night sleep in patients with 
Parkinson disease (PD). Dysphagia is a frequent symptom in PD, but the rate of SS was never studied with an all-night sleep electroencephalogram (EEG).
Methods: A total of 21 patients with PD and 18 age-matched healthy controls were included in the study. Frequencies of SS and coughing were studied in 
all-night sleep recordings of patients with PD and controls.During all-night sleep, video-EEG 12-channel recording was used including the electromyography 
(EMG) of the swallowing muscles, nasal airflow, and recording of vertical laryngeal movement using a pair of EEG electrodes over the thyroid cartilage.
Results: The total number of SS was increased while the mean duration of sleep was decreased in PD when compared to controls. Sialorrhea and clinical 
dysphagia, assessed by proper questionnaires, had no effect in any patient group. The new finding was the so-called salvo type of consecutive SS in one set 
of swallowing. The amount of coughing was significantly increased just after the salvo SS.
Conclusions: In PD, the rate of SS was not sufficient to demonstrate the swallowing disorder, such as oropharyngeal dysphagia, but the salvo type of SS 
was quite frequent. This is a novel finding and may contribute to the understanding of swallowing problems in patients with dysphagic or nondysphagic PD.
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INTRODUCTION
There are two types of swallowing: voluntary swallowing 
(VS), and spontaneous saliva swallowing (SS). SS is usu-
ally an unconscious activity mainly occurring in times other 
than mealtimes, especially during sleep.1 In fact, SS can be 
considered as a reflex mechanism protecting the respiratory 
tract from aspiration of saliva and food residue.1,2 Surpris-
ingly, very few studies have investigated SS despite its critical 
importance.

The rate of SS for certain time periods during wakefulness 
was reported as 1 per minute.3–11 There are few studies that 
have investigated the frequency of SS during sleep.9,12 How-
ever, investigation of SS frequency during all-night sleep has 
attracted much less attention.13–15 Nonetheless, the previous 
sleep studies were conducted on normal controls and contin-
uous video-electroencephalography (EEG) monitoring was not 
used. All-night sleep and SS features in patients with neuro-
logical disorders have been rarely reported, until now.

Evaluation of SS during sleep deserves more attention in 
Parkinson disease (PD). We hypothesized that in PD, the in-
creased saliva accumulation in the oral cavity in a patient in 
the supine position at night increases the frequency of SS and 
leads to silent and/or apparent aspiration to the airway, which 
trigger the cough reflex afterward. Therefore, studying all-
night sleep EEG with continuous video monitoring and evalu-
ation of frequency and distribution of SS in the different sleep 
stages, together with cough and its relationship with possible 
aspiration, would substantially increase our understanding of 
dysphagia in patients with PD. In order to demonstrate the 

pii: sp-00318-15 ht tp://dx.doi.org/10.5665/sleep.5640

Significance
Investigations of spontaneous saliva swallowing during all night sleep can be a valuable tool in the diagnosis of dysphagia in neurologic disorders. This is 
the first study to assess all-night swallowing in patients with Parkinson’s disease (PD) and control subjects using multimodal electrophysiologic recording 
methods. We define a novel type of swallowing pattern we termed salvo swallowing, which is characterized by a burst of four or more consecutive 
spontaneous swallows within a single swallow event. We showed that salvo swallows are increased in PD. Future studies are needed to determine 
whether salvo swallows are an indication of silent dysphagia in PD and other neurologic disorders.

early involvement of subclinical oropharyngeal dysphagia 
in PD, we evaluated SS and its relation to all-night sleep, not 
including the PD patients with severe dysphagia. In addition, 
we compared these findings with those obtained from age-
matched normal control subjects (NC).

METHODS

Study Subjects
Eighteen healthy adult participants (14 female and 4 male) 
without any diseases affecting the oropharyngeal or respi-
ratory system or any sleep disorders such as sleep apnea or 
bruxism were investigated. NC in whom the presence of sleep 
bruxism and sleep apnea was suspected were excluded from 
the study. Their mean age was 63.5 y (range, 51–74 y).

Twenty-one patients with PD (8 female, 13 male) were inves-
tigated. Their mean age was 68.0 y (range, 51–80 y). Diagnosis 
of PD was based on UK Brain Bank Criteria.12,16 The clinical 
picture of the disease is described with the unified PD rating 
scale.17 Their clinical disability was measured according to the 
Hoehn-Yahr scale criteria.18

Sialorrhea severity was scored according to the Drooling Se-
verity and Frequency Scale (DSFS-P), which has been adapted 
and validated for use in patients with PD.19 Severity was scored 
as follows: 1 = no complaints; 2 = feeling of increased saliva in 
the mouth, but no drooling; 3 = loss of saliva in the corners of 
the mouth or the chin; 4 = saliva also on clothes; 5 = saliva on 
clothes and also on books or the floor. Frequency was scored 
as follows: 1 = never or less than once a day; 2 = once or twice 
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a day; 3 = 2–5 times a day; 4 = 6–10 times a day; 5 = almost 
constantly. The summarized score ranges from 2 to 10.

Degree of dysphagia was graded according to Ertekin et 
al.20 as follows: grade 1 = No complaint and no clinical find-
ings of dysphagia; grade 2 = Dysphagia was suspected by pa-
tients complaints; however, the clinical examination did not 
support the presence of dysphagia; grade 3 = Dysphagia was 
clinically evident, but the patient could manage the swallowing 
by measures other than nonoral feeding; grade 4 = Obvious 
clinical dysphagia including aspiration and nonoral feeding. 
Dysphagia was clinically examined in detail by one of the ex-
aminers (CE).

This study was approved by the local ethics committee and 
informed consent was obtained from each study participant.

Electrophysiological Recording
In all-night sleep recording, normal control subjects and pa-
tients with PD were hospitalized for 1 night from 20:00 to 08:00. 
Nocturnal video-polygraphic recordings were collected using 
the Grass-Telefactor Beehive Millennium Video EEG Moni-
toring system (Grass Products, Natus Neurology, Middleton, 
WI). We simultaneously recorded EEG, electrooculogram 
(EOG), respiration (nasal airflow), electrocardiogram (ECG), 
electrodermal activity (EDA), vertical laryngeal movement, 
and electromyography (EMG) activities of the orbicularis oris 
(OR), masseter (MS) and suprahyoid/submental muscle group 
(SM). Silver cup electrodes of 10-mm diameter were used for 
EEG, EOG, and EMG recordings. EEG was obtained with elec-
trodes placed over C3, C4, O1, O2, A1, and A2 according to the 
international 10–20 system. Laryngeal movement is recorded 
by two electrodes placed 2 cm apart vertically over the thyroid 
cartilage. The up and down movement of the larynx during 
swallowing can easily be measured using vertically oriented 
pairs of EEG electrodes. In addition, fixation and stability of 
electrodes during sleep were satisfactory to record the laryn-
geal movement during swallowing. The time scale was 30 mm/

sec. The data were recorded to external memory. These values 
were changed in the offline analysis.

Sleep stages were scored epoch by epoch by a sleep tech-
nologist and one of us (IFU or BIT). The standard method for 
identifying and scoring sleep stages was used.21 Sleep variables 
including total sleep time (TST), sleep latency, sleep efficiency, 
duration of nonrapid eye movement (NREM) and rapid eye 
movement (REM) stages, REM sleep latency were calculated. 
In addition, numbers of awakenings, arousals, sleep stage 
shifts, masseter activity, breathing, and apnea were counted. 
Sleep latency was defined as the time until the first minute 
of stage N1 (NREM 1 sleep) followed by at least 10 min of 
this stage, not interrupted by awakenings. Sleep efficiency was 
defined as TST/time in bed (TIB). REM sleep latency was de-
fined as the time from the onset of sleep until onset of the first 
REM sleep period. Arousal was defined as an abrupt change 
in sleep from a deeper stage to a lighter stage. Awakening was 
defined as a change from sleep to wakefulness.

The SSs were counted visually during the offline mode. We 
used the criteria of SS as described previously7: (1) The OR, 
MS, and SM muscles had to fire together in a burst that lasted 
1–2 sec. The SM-EMG was often highest in amplitude during 
this activity. (2) All three aforementioned muscles had to be 
recorded in parallel with a synchronous, laryngeal deflexion, 
indicating vertical movements of the larynx during swallowing. 
(3) During the recording one EEG-sleep technician ensured the 
upward and downward movement of thyroid cartilage and swal-
lowing movement beside the video of the subjects. (4) In all 
three muscles, the response amplitudes for deglutition had to 
be at least four times higher than baseline. (5) During degluti-
tional activity, all swallowing muscle should be synchronously 
activated by the swallowing apnea obtained from the cessation 
of respiratory rhythm in the nasal airflow recording (Figure 1).

One of the major finding that differentiate patients from 
NCs was the increased number of peculiar type of swallowing, 
which was triggered with four or more swallows consecutively, 
bursting in one set of swallowing. This was called salvo type 
swallowings. Usually, NCs have solitary or two consecutive 
swallows (double swallow) in one trigger.7 The number of salvo 
type swallowings was also counted.

Because all the data were recorded to the external memory, 
the values could be changed in the offline analysis. For instance, 
the amplitude of each channel, the time base of all channels, or 
the size of video images could be altered. This allowed us to 
carefully compare the SS and coughs by looking at the swal-
lowing muscles together with laryngeal and respiratory activi-
ties. In the offline mode, each swallow or the group of swallows 
could be analyzed by two directions of the recordings (back-
ward and forward) together with the video monitoring images.

Coughing was also important for both of the groups investi-
gated. All coughs were counted throughout the whole sleep re-
cordings and video monitoring in combination. In particular, the 
coughs just after the swallows were counted separately because 
of their penetration through the larynx or anywhere in the airway.

The movements of other parts of the body including head, 
neck, eye, facial muscles, and limbs were also noted during 
swallowing movements in all cases. The SS and coughs when 
the subjects were awake were not analyzed.

Figure 1—Spontaneous swallowing (SS) simultaneously recorded from 
scalp, respiration, orbicularis oris (OR), masseter (MS), suprahyoid/
submental muscle group (SM), nasal airflow, and electrocardiogram 
(ECG) electrodes. Note the apnea period in respiration (RESP.) and up 
and down movements signs of larynx in “sensor”.
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Statistical Analysis
Statistical analysis was performed using SPSS version 15.0 
for Windows (Statistical Package for Social Sciences, SPSS 
Inc., Chicago, IL). Categorical data were analyzed by means 
of chi-square test or Fisher exact test, where appropriate. De-
scriptive data, including degree of dysphagia, presence of 
drooling and salvo swallows, were analyzed as categorical 
data. The Kolmogorov-Smirnov (K-S) test was used to deter-
mine whether continuous variables followed a normal distribu-
tion. Data were presented as mean ± standard deviation (SD) 
together with minimum and maximum values (range). Given 
the small sample size, group means were compared using the 
Mann–Whitney U test. In all analyses, values of P < 0.05 were 
considered significant.

RESULTS
The characteristics of patients with PD and data regarding the 
degree of dysphagia and drooling are presented in the Table S1 
(supplemental material). Only five patients with PD had grade 
2 dysphagia (mild dysphagia) and the remaining were normal 
swallowers clinically categorized as grade 1.

The sleep variables are documented in Table 1. Patients with 
PD were similar to NCs regarding TST, sleep efficiency, sleep 
latency, REM sleep latency, and the number of awakenings, 
arousals, and sleep stage shifts. None of the patients in PD 
group or healthy controls experienced sleep apnea or bruxism 
during the recordings.

Amount of Swallowing during Sleep
The mean number of total SS during sleep was significantly 
increased in patients with PD compared to the controls 
(201.3 ± 157.5 and 119.1 ± 110.0, respectively; Table 2). However, 

the mean duration of sleep of the patients and controls were 
not different, although there was a trend toward shorter sleep 
in PD (393.1+112.4 min) compared with age-matched NCs 
(436.9+88.3 min). It was not possible to formulate SS neither in 
patients with PD nor in NCs regardless of sleep stages because 
the occurrence of SS was highly variable and differed greatly 
among individuals.

Two factors were investigated to evaluate the increased 
mean number of SS in patients with PD compared to the age-
matched controls. The first was sialorrhea. Nine patients in 
the PD group did not have sialorrhea and 12 patients had si-
alorrhea and drooling. The mean number of SS during sleep 
was 174.3 ± 119.6 in patients with sialorrhea and 245.1 ± 206.0 
in patients without sialorrhea, but the difference was not sta-
tistically significant. On the contrary, the mean number of 
SS was higher in patients without sialorrhea. According to 
these results, we could suggest that sialorrhea did not cause 
an increase in SS numbers during sleep. Certainly, we could 
assume a role for the increased SDs due to the substantial in-
dividual variations.

The number of patients with dysphagia was only 5 in our pa-
tient group. In the other 16 patients, no symptoms of dysphagia 
were present. However, no statistically significant difference 
was found between these two groups of patients (Table 2).

Salvo Type Swallowing
The salvo type swallowings of patients with PD are shown in 
Figure 2A. The characteristic salvo type swallowings was de-
tected in only two NCs who were older than 70 y and the number 
of salvo type swallowings in all-night recording was only four.

The salvo type swallowings were frequent in 15 of 21 pa-
tients with PD. The number of consecutive SSs in one salvo 

Table 1—Sleep variables of patients with Parkinson disease  and normal controls. 

NC PD P
Total sleep time, min 436.89 ± 88.26 (203.0–551.0) 393.14 ± 112.37 (185.0–559.0) 0.245
Sleep efficiency, % 79.61 ± 16.21 (32.74–97.78) 82.03 ± 10.41 (52.58–98.85) 0.856
Sleep latency, min 18.44 ± 17.72 (3.0–66.0) 22.38 ± 18.12 (4.0–71.0) 0.223
REM sleep latency, min 93.56 ± 14.18 (69.0–116.0) 101.81 ± 14.67 (74.0–141.0) 0.069
Arousals/h 9.15 ± 2.01 (5.05–12.17) 10.13 ± 2.05 (7.0–14.15) 0.294
Awakenings/h 2.65 ± 0.68 (1.21–4.10) 3.16 ± 0.93 (2.05–5.09) 0.057
Sleep stage shift/h 15.27 ± 3.75 (10.10–23.17) 17.75 ± 3.82 (11.05–26.27) 0.060
Breathing/min 17.11 ± 2.11 (14.0–22.0) 17.05 ± 2.01 (14.0–22.0) 0.945
Apnea, n 0 0 NA
Sleep stages

Stage N1 (NREM 1 sleep), min 204.56 ± 84.60 (80.0–369.0) 187.38 ± 105.83 (49.0–367.0) 0.443
Stage N1 (NREM 1 sleep), % 39.29 ± 16.68 (12.34–75.10) 42.27 ± 19.08 (18.44–84.04) 0.813
Stage N2 (NREM 2 sleep), min 241.0 ± 100.74 (80.0–395.0) 201.14 ± 77.07 (38.00–361.0) 0.282
Stage N2 (NREM 2 sleep), % 44.19 ± 14.01 (16.74–71.56) 47.50 ± 14.81 (11.45–73.91) 0.394
Stage N3 (NREM 3 sleep), min 46.11 ± 43.79 (0–187.0) 17.43 ± 22.15 (0–73.0) 0.004
Stage N3 (NREM 3 sleep), % 8.85 ± 7.84 (0–26.23) 4.49 ± 6.23 (0–23.05) 0.010
Stage R (REM sleep), min 40.56 ± 31.69 (0–108.0) 23.81 ± 34.51 (0–145.0) 0.032
Stage R (REM sleep), % 7.68 ± 6.30 (0–22.07) 5.73 ± 8.39 (0–37.56) 0.119

Values expressed in mean ± standard deviation (range). P < 0.05 is expressed in bold. NA, not available; NC, normal controls; NREM, nonrapid eye 
movement; PD, Parkinson disease; REM, rapid eye movement.
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could vary in between 4 to 19. The mean number of swallows 
in one salvo swallowing was 8.1 ± 12.5 in patients with PD, 
whereas this number was 0.22 ± 0.5 in NCs, which means a 
major feature in patients with PD was the high number of re-
currence of SS in salvo swallowings (P < 0.0001) (Figure 2B). 
Both single and salvo type swallows were related to a short 
arousal and there was a clear swallowing apnea (Figure 1). In 
addition, longer apnea periods were encountered in the salvo 
type of swallowing (Figure 2A).

Coughing
Nine of 18 NCs experienced coughing episodes during sleep 
identified by careful combination of video monitoring and 
EEG findings (range: 3–32). The total number of coughs was 
89. On the contrary, 14 patients with PD had coughing ranging 
between 1 and 31. The total number of coughs in patients with 
PD was 114. The occurrence of cough was going on in three 
different situations:

Cough during sleep
Coughing occurred apart from the swallowings (i.e., the in-
terval between the swallowing and cough were equal or more 
than 2 min). This type of coughing was present in 9 of NC and 
14 of PDs; the difference was not statistically significant.

Cough following a swallowing
The maximum time interval between the end of swallowing 
and the onset of cough was 20 sec. This type of cough was 
present in seven NCs and nine patients in the PD group. The 
total number of coughs in the NC group (n = 7) was 32, whereas 
the nine PD patients had a total of 50 coughs. Although the 
total number of coughs in PD patients was higher than that in 
the NCs, this difference did not reach statistical significance.

Cough following a salvo type swallowing
This type of cough was not observed in any of the NCs in 
all-night recordings. However, 12 patients with PD (57%) 

Table 2—Data of cough and swallows during all-night sleep recordings in normal controls, patients with Parkinson disease, and patients with Parkinson 
disease with or without dysphagia.

NC (n = 18) PD (n = 21)
PD

With Dysphagia (n = 5) Without Dysphagia (n = 16)
Total sleep time (min) 436.9 ± 88.3 (203.0–551.0) 393.1 ± 112.4 (185.0–559.0) 350.8 ± 79.3 (255.0–429.0) 406.4 ± 119.9 (185.0–559.0)
Swallow during sleep (n)* 119.1 ± 114.4 (12.0–457.0)* 201.3 ± 157.5 (20.0–676.0)* 199.0 ± 155.5 (20.0–405.0) 202.1 ± 163.1 (41.0–676.0)
Total cough (n) 4.9 ± 8.5 (0–32.0) 6.3 ± 8.8 (0–31.0) 9.6 ± 13.0 (0–31.0) 5.3 ± 7.3 (0–24.0)
Cough during sleep (n) 2.3 ± 4.0 (0–16.0) 5.0 ± 8.3 (0–31.0) 8.0 ± 13.1 (0–31.0) 4.0 ± 6.4 (0–20.0)
Cough after swallow(n) 1.8 ± 3.6 (0–14.0) 2.4 ± 4.3 (0–15.0) 3.6 ± 5.5 (0–13.0) 2.0 ± 4.0 (0–15.0)
Total salvo swallows (n)* 0.22 ± 0.55 (0–2.0)* 8.10 ± 12.57 (0–49.0)* 12.2 ± 15.0 (0–30.0) 6.8 ± 12.0 (0–49.0)

Values expressed as mean ± standard deviation (range). Asterisk indicates significant by P < 0.05 (Mann-Whitney U test). NC, normal controls; PD, Parkinson 
disease.

Figure 2—(A) Salvo type swallowing recorded in a patient with Parkinson disease (PD), showing a minimum of 13 consecutive swallowings. Note the three 
times slower paper speed (2A) than that depicted in Figure 1. (B) Comparison of the PD and normal control groups according to the number of cases with 
salvo type of swallows.
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experienced cough just following a salvo type swallowing. 
The difference between the groups was highly significant 
(P < 0.0001). The total number of this type of coughing in 12 
patients was 30.

Sialorrhea
Sialorrhea was present in 13 patients with PD. The mean score 
of DSFS-P in the PD group was 3.1 ± 1.04 (2.0–5.0). The 
mean number of SS in TST in patients with sialorrhea was 
174.0 ± 119.6 and 245.0 ± 206.0 in patients without sialorrhea. 
Interestingly, swallowings were more frequent in patients 
without sialorrhea. Nevertheless, the difference was not sig-
nificant. This could possibly be an effect of high SDs in both 
groups. Similarly, the mean number of SS within the salvos in 
PD patients with sialorrhea was 6.3 ± 7.4, and 11.0 ± 18.4 in 
PD patients without sialorrhea. Still, the SDs were high in both 
groups and no significance was found statistically. Thus, the 
presence or absence of sialorrhea was not a contributing factor 
to change the frequency of swallows.

Presence of Clinical Dysphagia
Dysphagia was present in only five patients with PD according 
to clinical dysphagia scoring. In the other 16 patients, no symp-
toms of dysphagia were detected. In two of five patients with 
dysphagia the clinical score was “2” and in the other 3 patients 
the score was “3.” When the patients with or without dysphagia 
were compared according to the mean number of swallowings 
during sleep, the number of coughs, and the number of salvo 
swallowings, no significant differences were found. Although 
the number of patients with clinical dysphagia is small, the 
effects in patients with dysphagia on the swallowing features 
during sleep were not significant (Table 2).

Sleep Stages and Swallowing
Duration of each sleep stage is shown in Table 1. Patients with 
PD had significantly shorter stage N3 (NREM 3 sleep) and 
stage R (REM sleep) when compared to the NCs. However, 
the percentage of stage R was not statistically different be-
tween the two groups. The sleep stages and the percentages of 

swallowings accordingly are presented in Figure 3. In addition, 
swallow quantities were decreased in stage N3 and stage R and 
increased in stages N1 and N2 in patients with PD. Certainly 
stages N1 and N2 were active for the occurrence of swallows, 
whereas stage N3 and stage R had significantly reduced SSs in 
both PD and NC patients.

Finally, we can summarize our findings for discussion as 
follows: SS during sleep was significantly increased in patients 
with PD compared to age-matched control subjects (201 in pa-
tients with PD versus 119 in NCs; P < 0.05). Sialorrhea did not 
cause any significant increase in rate of SS in patients with 
PD during sleep. Clinically determined dysphagic (n = 5) and 
nondysphagic (n = 16) patients did not differ electrophysiologi-
cally from all respect during all-night sleep. The salvo type 
of consecutive swallowing in PD (Figure 2A) has never been 
described before and was found in 15 of 21 patients with PD 
(71.4%) (P < 0.0001). Coughing after the SS was also higher in 
patients with PD than in NCs (50 versus 32) but did not reach 
significance. However, coughs after the salvo type of swal-
lows were significantly increased in patients with PD than NCs 
(P < 0.001). The accumulation of the SS in different stages of 
sleep was different. Stages N1 and N2 showed high frequency 
of SS, whereas the frequency of SS in stages N3 and R was 
considerably less (Figure 3).

DISCUSSION
In PD, because of the oromotor dysfunction that occurs during 
the oral phase of swallowing, food residues and saliva accu-
mulate in the oral cavity, in spite of the normal secretion of sa-
liva, and subsequently leaks out of the mouth (drooling).1,10,22,23 
During sleep, this accumulation most likely increases the 
frequency of SS, which in turn can lead to airway aspiration 
and several other disorders. We can compare this hypothesis 
to the decreased spontaneous blinking pattern that occurs in 
patients with PD. The automatic movement pattern or SS could 
have been changed in a manner similar to that in which the 
spontaneous blinking pattern decreases, which helps to clean 
the cornea.10,24,25 Sleep problems, both nocturnal and diurnal 
changes to the physiologic sleep pattern, can present at any 

Figure 3—The comparison of the percentage of swallows and duration of sleep stages in all-night sleep recordings in Parkinson disease D (A) and normal 
control (B) groups. REM, rapid eye movement.
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stage during the course of disease. Sleep disturbances in-
cluded in an important group of nonmotor symptoms of PD 
may precede several years before the development of motor 
symptoms.26,27 Nonmotor symptoms in PD including several 
sleep disorders are basically different than the nigral dopa-
minergic insufficiency. They may be present in early involve-
ment of the lower brainstem in patients with PD.27 This type 
of earlier degeneration than the motor symptomatology of PD 
could demonstrate two types of symptom complex, which are 
neurochemically different from each other. Nonmotor symp-
tomatology including sleep disorders and even gastrointestinal 
and sensory disorders are attributed to the α-synucleinopathy 
that attack the lower brainstem nuclei and the vagal nerves.28–34 
The nonmotor symptoms of PD such as sleep disorders and 
dysphagia may have greater effect on the quality-of-life mea-
sures than motor symptoms.29,35–37

The all-night sleep recording plus the SS rate relationship 
was reported previously in normal subjects.13–15 Video re-
cording was not used; therefore, sleep EEG recording was not 
very reliable to observe some SSs. However, the rate of SS dis-
tribution among the different sleep stages was compatible with 
our results. It is interesting that the increase of SS in sleep in 
PD patients compared to NCs has not been described before. 
Previous all-night sleep recordings did not investigate the SS 
behavior and frequency in all-night sleep.

It is well known that saliva production in patients with PD 
is normal and even lower than in control patients,38,39 and the 
drooling and the increased accumulation of the saliva in the 
oropharyngeal cavity is related to the diurnal effect of dis-
turbed saliva swallowing difficulties.19 Similarly, the sialorrhea 
in our patients with PD did not cause any significant increase 
in the frequency of swallowing during all-night sleep. There-
fore, the daily drooling and the increase of SS at night could 
not be linked to saliva production or saliva accumulation.8,19 
Indeed, the SS in sleep varies from case to case in both normal 
patients and patients with PD, apart from the proper distribu-
tion in different stages of sleep.

The sleep stages of somnography have demonstrated the dif-
ferent distribution of SS throughout the sleep cycles in both 
normal subjects with older age and patients with PD.14,15 The 
sleep stages N1 and N2 are more superficial and the number 
of SS were very high. On the contrary, with the N3 and REM 
stages, the frequency of SS is quite low. Such a very stable dis-
tribution of frequency of SS is not evident in all NCs and those 
with PD. There must be a strong inhibition on the brainstem-
cranial and spinal motor neurons in REM sleep.40 For instance, 
the tonic EMG activity is often reduced,40 human soleus H-
reflex was suppressed,41 and jaw opening reflex was also 
demonstrated to be suppressed.40 Similarly, the SS as a reflex 
deglutition movement is also expected to be suppressed during 
REM sleep. However, it should be noted that in almost all SS 
the electrographic and some clinical arousal was observed in 
both groups, but arousal is a more general feature of SS during 
all stages of sleep, as was also observed previously.7,14

The novel finding of the study is to record the salvo type 
of SS consecutively in 71.4% of patients with PD. This has 
not been described previously, but only briefly mentioned in 
a review.22 Though, this does not seem to be disease-specific 

for PD; because we also observed a similar phenomenon in 
2 normal elderly subjects but with a less number of SSs in a 
set. The salvo type of SS could also be recorded in patients 
with brainstem infarcts.42 The salvo type of PD may be a non-
specific pattern related to subclinical or clinical dysphagia ap-
pearing during sleep stages N1 and N2. It may be proposed 
that such periodic movements recorded at the swallowing 
muscles synchronously may be different types of movements 
nonrelated to swallowing problems, such as sleep bruxism. In-
deed, during sleep, patients with sleep bruxism could exhibit 
rhythmic masticatory muscle activity episodes.43 Even in the 
patients with sleep bruxism, 68% of swallowing events occur 
during rhythmic masticatory muscle episodes. Bruxism often 
occurred before the swallowing event in sleep. We can differ-
entiate the bruxism from salvo type SS because the swallowing 
apnea could only be observed in SS events and bruxism could 
appear clinically in video-EEG recordings. Furthermore, we 
have not included the patients with sleep bruxism in our patient 
group. In all recordings from normal control to PD patients, 
we did not find any activity similar to bruxism described by 
others.43

The salvo types of SS are probably missed because the swal-
lowing studies have been performed for VS and in the daytime. 
Even the previous SS studies have been done during the day. 
As a result, the salvo types of SS observed in sleep recordings 
could not be demonstrated previously. What is the mechanism 
of salvo type of SS? If we can focus on the pathophysiolog-
ical mechanism of dysphagia in PD, we can find some clue 
for the mechanism. Logemann44 was the first to describe the 
oscillating anterior-posterior movements of the tongue and 
these movements may repeat many times before the swallow 
that is triggered by the sufficient tongue-driving force. Exces-
sive tongue pumping movements have also been described by 
Murry and Carrau in 2001.45 They reported that these motor 
behaviors were more prevalent in liquid than in semisolids and 
solids. Weak pharyngeal contraction/squeeze and impaired 
pharyngeal peristalsis have been reported along with delays in 
triggering of the pharyngeal phase of swallowing that resulted 
in spillage and pooling of the bolus in valleculae or piriform 
muscle. Leow46 reported that individuals in PD may repeti-
tively pump the tongue to advance the bolus from anterior to 
posterior in an attempt to trigger sensory receptors for pharyn-
geal swallowing. Patients with PD had sensory loss at the base 
of the tongue in comparison with their healthy counterparts 
and it was concluded that tongue-pumping behavior seen in pa-
tients with PD may also be related to sensory loss.46,47 Recently, 
the pharyngeal sensory nerves and branches of glossopharyn-
geal and vagal nerves are directly affected by the pathological 
process (α-synucleopathy) in PD.48,49 Thus, insufficient sensory 
input in the oropharyngeal mucosae may be the reason for the 
salvo type swallow of saliva that accumulated in the mouth 
and the pharyngeal spaces. However, this type of explanation 
cannot answer all of the remaining questions.

In patients with PD, coughing was encountered more com-
monly than in age-matched NCs. However, it was not statisti-
cally significant except for the coughing following a salvo type 
of consecutive SS in 57% of patients with PD (P < 0.001). A 
higher incidence of coughing may indicate that the swallowing 
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material can be transmitted into the airway during degluti-
tion.46,50,51 Dysphagia plus frequent coughing can occur in all 
stages of PD, including subclinical dysphagia, as we have dem-
onstrated in our patients with PD without any clinical signs 
of dysphagia.52,53 However, many individuals with PD can 
have silent aspiration without awareness, especially in sleep, 
and there is no cough response to airway aspiration, probably 
because of a reduced sensitivity in the laryngopharynx.46,54–56 
α-synucleopathic neuropathy in other parts of the nervous 
system has been demonstrated to exist in vagal and glossopha-
ryngeal nerve branches in patients with PD.48

We determined that SS during sleep, single and salvo type 
swallowing, and cough after salvo swallowing were all signifi-
cantly increased in patients with PD. It should be noted that 
these events are always associated with swallowing apnea and 
arousal with or without coughing.7,22,42 Hence, it may be ex-
pected that apneic events in sleep are increased in PD as has 
been identified by some studies.29 We have excluded patients 
with PD and sleep apnea syndrome from the study and only 
apneas were found during spontaneous swallowing processes 
in the sleep (see Table 1 and Table 2).

The poor correlation with the clinical stage of PD and swal-
lowing disorders encountered in our patients may be coupled 
with the entity of silent aspiration, and could produce aspira-
tion pneumonia, which was demonstrated with high incidence 
in pulmonary compromised individuals with PD.57,58

Some qualitative but not quantitative SS changes have been 
encountered in a minority of elderly NCs. Swallowing function 
starts to decrease as early as age 45 y and by age 70 y, the total 
duration of oropharyngeal swallowing times are significantly 
slower compared with those of younger patients.59,60 However, 
these findings do not necessarily indicate oropharyngeal dys-
phagia. Instead, dysphagia is more often the direct result of a 
pathological condition, such as PD, that may occur more com-
monly in elderly persons.61
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