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The physiology of swallowing during sleep in dysphagia patient
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We evaluated the coordination between respiration and swallowing by infusing
water into the pharynx of healthy young adults during each sleep stage. Seven normal subjects
participated in the study. During polysomnography recordings, to elicit a swallow we injected
distilled water into the pharynx during the awake state and each sleep stage through a nasal
catheter. A total number of 79 swallows were recorded. The median swallow latency was significantly
higher in stage 2 (10.05 s) and stage 3 (44.17 s) when compared to awake state (4.99 s). There was
no significant difference in the swallow apnea time between sleep stages. The presence of
inspiration after swallowing, repetitive swallowing, and coughing after swallowing was more frequent

during sleep than when awake. Our results supported physiologically the fact that healthy adult
individuals aspirate pharyngeal secretions during sleep.
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Fig. 2 a Raw data during the awake state. The swallow movement
occurred 5.54 s after the injection of distilled water, which was
receded by inspiration flow and followed by expiration flow without
coughing. b Raw data during stage 2. The swallow movement
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5.0(4.5-5.4)

5.1(4.7-5.9)

6.8(5.1-10.4)

(p<0.01)

stgae3

occurred 28.82 s afier the injection of distilled water, which was
preceded by inspiration flow and followed by inspiration flow. After a

swallow movement, there were repetitive swallows and some
coughing
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non-REM  stagel:

stage2: 10.1(8.9-14.7)
stage3: 44.2(25.6- 108.1)

stageREM:

Sleep stage

Awake (n=7)  Stage 1 (1= 6)

Stage 2 (1= 6)

Stage 3 (n =7) o REM (n = 4)

Swallow latency (5) 4.9 (4.55-5.41)
Swallow apnea time () 2.04 (1.33-2.84)

507 (470-5.87)
2,98 (2.60-4.49)

1005 (8.90-14.65)*
301 (2.67-3.33)

44.17 (25.58-108.13)"  <0.1
3.57 (296-3.99)

684 (5.10-10.43)
0414 471 4.62-6.40)

Values are presented as median (Interquartile range)
REM rapid eye movement

* p <001 versus awake
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¥ p value obtained by Kruskal-Wallis test

P < 0.05 versus stage 1 by Mann-Whitney with Bonferroni correction
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Awake Stage 1 Stage 2 Stage 3
Sleep stage
Awake Stage 1 Stage 2 Stage 3 REM
Total swallows (n) 20 18 25 11 5
Respiratory phase
I [n (%)) 1(5.0) 4(222) 8(320) 0 (0.0 1(20.0)
L-E [n (%)) 9 (45.0) 1(5.6) 2(80) 10.0) 0(0.0)
E-E [n (%)) 5(25.0) 1(5.6) 1(4.0) 3(13) 0(0.0)
E-I[n (%)] 5(25.0) 12 (66.7) 14 (56.0) 7(63.6) 4(80.0)
Values are presented as absolute (relative frequencies)
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Awake Stage 1 Stage 2 Stage 3 REM
Sleep stage
Awake Stage 1 Stage 2 Stage 3 REM
Total swallows (n) 20 18 25 1 5
Inspiration after swallow [# (%)] 6 (30.0) 16 (88.9) 22 (88.0) 7(63.6) 5 (100)
Expiration after swallow [n (%)] 14 (70.0) 2(1L1) 3 (120 4(364) 00.0)
Repetitive swallow [n (%)] 4(20.0) 10 (55.6) 10 (40.0) 8(721) 4 (80.0)
One swallow [n (%)] 16 (30.0) 8 (44.4) 15 (60.0) 3(273) 1(20.0)
Coughing [n (%)] 0(0.0) 0(0.0) 4(16.0) 5(45.5) 1(20.0)
No coughing [n (%)] 20 (100) 18 (100) 21 (84.0) 6(54.5) 4(80.0)

Values are presented as absolute (relative frequencies)

REM rapid eye movement

Percentage of swallows (%)

100

75

50 1

25 1

[1 1

Awake S1 S2
Sleep stage

S3

REM

Olnspiration O Expiration



DOl :

100

751

50 1

25 4

I l

o Awake S1 S2 S3  REM
Sleep stage

O Repetitive swallow
O0One swallow

1009 -
75 A
50

25

1

0
Awake S1 S2 S3  REM
Sleep stage

O Cough ONo cough

3

Araie T, Okuno K, Ono Minagi H, Sakai
T. Dental and skeletal changes
associated with long-term oral
appliance use for obstructive sleep
apnea: A systematic review and
meta-analysis. Sleep Med Rev. ,
2018, in press.

DOI: 10.1016/j.smrv.2018.02.006

Ono Minagi H, Okuno K, Nohara K, Sakai
T. Predictors of side effects with
long-term oral appliance therapy for
obstructive sleep apnea syndrome. J
Clin Sleep Med. ,2018 Jan
15;14(1):119-125.

10.5664/jcsm.6896

— Japanese Multicenter

Survey of Oral Appliance Therapy for

Obstructive Sleep Apnea (JAMS) Study —.
,2017, in press.

12
2 -
- 16
2017 11 4
( )
16
2017 11 4 (
)
16
2017 11 4
— Japanese Multicenter
Survey for Oral Appliance
Therapy(JAMS) Study — 16
2017 11 4
- 16
2017 11 4
16
2017 11 4
16 2017 11 4



10.

11.

12.

o

42 2017 6 29-30

28
2017 6 14

17
2017 6 4

( )

Kentaro OKUNO. Success or Failure?
What 1is the indication for the
treatment of oral appliance. The 2017
congress of the Korean Academy of
Dental Sleep Medicine, 28th, May, 2017,
Seoul, Korea. ( )

Alshhrani W, Okuno K, Kohzuka Y, Hamoda
M, Peres B, Fleetham JA, Ayas NT, Comey
R, Lowe AA, Almeida FR. The Efficacy of
TSD in OSA Patients - A Preliminary
Report. The University of British
Columbia Dentistry Research Day,
January 24, 2017, Vancouver, Canada.

OKUNO Kentaro

50420451



