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DESCRIPTION 

Title of Invention 

 SWALLOWING ASSIST DEVICE 

 

Technical Field 

[0001] 

 The present invention relates to a swallowing assist 

device for assisting swallowing. 

 

Background Art 

[0002] 

 In recent years, pneumonia has been exponentially 

increasing as a cause of death from disease.  Most of pneumonic 

diseases resulting in death are aspiration pneumonia caused by 

so-called "aspiration."  In particular, aspiration pneumonia 

in elderly people has been a severe problem.  The "aspiration" 

refers to a disease state in which swallowing cannot be done 

appropriately and the swallowed thing enters the trachea, not 

the esophagus.  It is an important issue to prevent aspiration 

of especially elderly people to avoid aspiration pneumonia. 

[0003] 

 In general, aspiration is caused more frequently by 

aspirating saliva while asleep rather than at mealtimes.  

During the act of swallowing, pathogenic bacteria adhered to 

the saliva may enter the trachea to cause aspiration pneumonia.  
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It is known that the patients of aspiration pneumonia show high 

thresholds at which to induce swallowing, that is, they hardly 

cause a swallowing reflex.  Therefore, aspiration pneumonia 

can be effectively prevented by inducing a swallowing reflex 

to encourage proper swallowing. 

[0004] 

 As one of devices for inducing a swallowing reflex, there 

is known a device for facilitating swallowing by applying an 

electric stimulus to the patient's larynx, for example (see, 

for example, Patent Literatures 1 to 3). 

 

Citation List 

Patent Literature 

[0005] 

 Patent Literature 1: WO97/15349 

 Patent Literature 2: WO2008/076646 

 Patent Literature 3: Japanese Patent No. 4526472 

 

Summary of Invention 

Technical Problem 

[0006] 

 To suppress aspiration pneumonia, it is necessary to 

continuously apply an electric stimulus to the patient for a 

relatively long time such as during sleep hours, for example.  

However, if an electric stimulus is continuously and 
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monotonically applied to the patient during that time, the 

application of an electric stimulus may induce swallowing in 

an inspiratory phase during which the patient breathes in, for 

example.  However, when swallowing occurs in the inspiratory 

phase, the swallowed thing with the inspired air may enter the 

trachea at a higher risk, and thus aspiration may be more likely 

to occur. 

[0007] 

 In light of the foregoing circumstances, an object of the 

present invention is to provide a swallowing assist device that 

facilitates swallowing at an appropriate timing to suppress 

aspiration in an effective manner. 

 

Solution to Problem 

[0008] 

 A principal aspect of the present invention relates to 

a swallowing assist device for assisting swallowing.  The 

swallowing assist device according to the aspect includes: a 

respiration detection part that detects respiration; an 

application unit that is attached to a target section to apply 

a stimulus for facilitation of swallowing; and a control part 

that controls the application unit.  The control part controls 

the application unit to start application of the stimulus to 

the target section during an expiration period detected 

according to a detection signal from the respiration detection 
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part, and terminates the application of the stimulus to the 

target section during the expiration period. 

[0009] 

 According to the swallowing assist device of the 

embodiment, swallowing is facilitated during the expiration 

period during which a patient breathes out, which reduces the 

possibility that aspiration is caused by the facilitated 

swallowing.  Accordingly, it is possible to provide the 

swallowing assist device that suppresses aspiration in an 

effective manner. 

[0010] 

 In the swallowing assist device of the embodiment, the 

control part may be configured to control the application unit 

such that a timing for starting the application of the stimulus 

to the target section falls within a first half of an expiratory 

phase.  According to the configuration example, it is possible 

to further effectively reduce the possibility that aspiration 

is caused by the facilitated swallowing, as described below in 

relation to the embodiment. 

[0011] 

 In this case, the control part may be configured to detect 

a start of the expiratory phase according to a detection signal 

from the respiration detection part, and control the 

application unit to start the application of the stimulus to 

the target section immediately after the start of the expiratory 
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phase.  As described below in relation to the embodiment, when 

swallowing occurs immediately after the start of the expiratory 

phase, the period of time until subsequent occurrence of 

inspiration becomes longer in particular.  In addition, since 

the period of time until start of the next inspiratory phase 

is long, it is possible to prevent the period of time of stimulus 

from falling on the inspiratory phase while securing 

sufficiently the period of time of stimulus.  Accordingly, by 

facilitating the swallowing immediately after the start of 

expiration as described above, it is possible to further 

effectively reduce the possibility that aspiration is caused 

by the facilitated swallowing. 

[0012] 

 Otherwise, the control part may be configured to detect 

a timing at which the expiration has reached a peak according 

to a detection signal from the respiration detection part, and 

control the application unit to start the application of the 

stimulus to the target section at the timing at which the 

expiration has reached the peak.  Also in this case, as 

described below in relation to the embodiment, when swallowing 

occurs around the timing at which expiration has reached the 

peak, the period of time until subsequent occurrence of 

inspiration becomes longer in particular.  Accordingly, by 

facilitating the swallowing at the timing at which expiration 

has reached the peak, it is possible to further effectively 
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reduce the possibility that aspiration is caused by the 

facilitated swallowing. 

[0013] 

 In the swallowing assist device of the embodiment, the 

control part may be configured to control the application unit 

such that a timing for terminating the application of the 

stimulus to the target section is earlier than a timing at 2/3 

of an expiratory phase.  As described below in relation to the 

embodiment, in the expiratory phase, when swallowing occurs at 

the timing at about 2/3 of the expiratory phase, latent time 

until the next inspiration becomes shortest.  Accordingly, by 

terminating the application of the stimulus earlier than the 

timing at 2/3 of the expiratory phase, it is possible to further 

effectively reduce the possibility that aspiration is caused 

by the facilitated swallowing. 

[0014] 

 In the swallowing assist device of the embodiment, a 

period of time from a timing for starting the application of 

the stimulus to a timing for terminating the application of the 

stimulus is desirably set between 100 ms and 1000 ms.  

Accordingly, as described below in relation to the embodiment, 

the superior laryngeal nerve can be sufficiently stimulated.  

In addition, when the application of an electrical signal is 

started immediately after the start of the expiratory phase or 

in a short time after the start, a period of time during which 



7 

the superior laryngeal nerve is stimulated is likely to fall 

within the first half of the expiratory phase.  Accordingly, 

it is possible to effectively suppress induction of aspiration 

by the electric stimulus. 

[0015] 

 In addition, in the swallowing assist device of the 

embodiment, the control part may be configured to, on activation 

of the swallowing assist device, alternately set an operating 

time during which an operation to apply the stimulus to the 

target section in the expiration period is executed and a 

non-operating time during which the operation to apply the 

stimulus to the target section in the expiration period is not 

executed.  Thus, there is the possibility that the burden on 

the patient resulting from the stimulus is reduced.  In addition, 

there is the possibility that the accommodation of the superior 

laryngeal nerve to the stimulus is suppressed and the effect 

of facilitating swallowing by the stimulus is enhanced. 

[0016] 

 In this case, the swallowing assist device of the 

embodiment may be configured to further include an acceptance 

part that accepts the settings of the operating time and the 

non-operating time.  This makes it possible to set arbitrarily 

the operating time and the non-operating time according to the 

patient's swallowing function. 

[0017] 
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 In the swallowing assist device of the embodiment, the 

application unit may be configured to include electrodes with 

a pair of positive and negative poles and is attached to a skin 

to apply an electric stimulus to a superior laryngeal nerve.  

Accordingly, the application unit can be attached to the target 

section in a simple and easy manner. 

[0018] 

 In this case, the application unit may be provided with 

two pairs of the electrodes, and the control part may be 

configured to apply electric signals at different frequencies 

to the two pairs of the electrodes.  Thus, a low-frequency 

interference wave occurs at the deep portion according to the 

difference between these frequencies, which stimulates the 

superior laryngeal nerve.  Then, an afferent signal 

transferred from the pharynx and larynx to the brain stem 

through the superior laryngeal nerve is enhanced, thus a 

swallowing reflex is facilitated.  Accordingly, by using an 

interference wave resulting from the two pairs of electrodes, 

it is possible to facilitate swallowing in an effective manner 

while suppressing pain and discomfort in the patient's skin. 

[0019] 

 When the application unit includes two pair of electrodes, 

the application unit is desirably configured to be attached to 

the patient's skin such that the two pairs of electrodes are 

positioned in an X formation around the thyroid cartilage.  
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Accordingly, it is possible to effectively apply an electric 

stimulus to the superior laryngeal nerve without pain by 

adjusting the voltages to be applied to the two pairs of 

electrodes. 

 

Advantageous Effects of Invention 

[0020] 

 As described above, according to the present invention, 

it is possible to provide a swallowing assist device that 

facilitates swallowing at an appropriate timing to suppress 

aspiration in an effective manner. 

 

[0021] 

 Advantages and significance of the present invention will 

be more clarified by the following descriptions of embodiments.  

However, the embodiments described below are merely examples 

of carrying out the present invention, and the present invention 

is not limited by the following embodiments. 

 

Brief Description of Drawings 

[0022] 

 [Fig. 1] Fig. 1 is a diagram illustrating an outer 

appearance of a swallowing assist device according to an 

embodiment; 

 [Fig. 2] Fig. 2 is a diagram illustrating a configuration 
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of a control unit according to the embodiment; 

 [Fig. 3] Figs. 3(a) to 3(d) are diagrams illustrating 

modification examples of an electrode unit according to the 

embodiment; 

 [Fig. 4] Figs. 4(a) and 4(b) are respectively a diagram 

illustrating the frequencies of swallowing of young people and 

elderly peoples in expiratory and inspiratory phases and a 

diagram illustrating the relationship between the timing at 

which swallowing has occurred and the latency time from 

swallowing to next inspiration according to the embodiment; 

 [Fig. 5] Figs. 5(a) and 5(b) are respectively a flowchart 

of a process for acquiring ∆T and a flowchart of a process for 

controlling the electrode unit according to the embodiment; 

 [Fig. 61] Fig. 6 is a diagram illustrating changes in 

respiratory volume according to the embodiment; 

 [Fig. 7 ]Figs. 7(a) and 7(b) are diagrams describing 

methods for setting the timing for application of an electric 

stimulus according to a modification example; 

 [Fig. 8] Figs. 8(a) and 8(b) are respectively a flowchart 

of a process for acquiring ∆T and ∆I, and a flowchart of a process 

for controlling an electrode unit according to the modification 

example; 

 [Fig. 9] Figs. 9(a) to 9(c) are flowcharts showing 

processes for controlling the electrode unit according to the 

modification example; 
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 [Fig. 10] Figs. 10(a) and 10(b) are schematic diagrams 

illustrating the timings for driving the electrode unit 

according to the modification example; and 

 [Fig. 11] Figs. 11(a) and 11(b) are respectively a 

flowchart of a process for controlling the electrode unit and 

a diagram illustrating a display part and an input part of a 

control unit according to the modification example. 

[0023] 

 However, the drawings are merely intended for description 

and are not intended to limit the scope of the invention. 

 

Description of Embodiments 

[0024] 

 In an embodiment, the present invention is applied to a 

swallowing assist device for causing proper swallowing.  

Hereinafter, a swallowing assist device 1 according to the 

embodiment will be described with reference to the accompanying 

drawings. 

[0025] 

 In the embodiment described below, a pressure sensor 24 

corresponds to a "respiration detection part" described in the 

claims; a display part 26 and an input part 27 correspond to 

an "acceptance part" described in the claims; and an electrode 

unit 4 corresponds to an "application unit" described in the 

claims.  However, the correspondences between the claims and 



12 

the descriptions of the embodiment are merely examples and are 

not intended to limit the inventions described in the claims. 

[0026] 

 Fig. 1 is a diagram illustrating an outer appearance of 

the swallowing assist device 1 according to the embodiment.  The 

swallowing assist device 1 is provided with a control unit 2, 

a nasal cannula 3, and an electrode unit 4. 

[0027] 

 The control unit 2 includes a display part 26 and an input 

part 27, and is configured to be small in size and weight so 

that the patient can constantly wear the swallowing assist 

device 1.  The user inputs an instruction to the control unit 

2 from the input part 27 while viewing display on the display 

part 26.  The input part 27 is composed of buttons and adjustment 

knobs. 

[0028] 

 The nasal cannula 3 includes an attachment part 31 with 

a pair of cylindrical members, a tube 32 coupled to both ends 

of the attachment part 31, and a connection part 33 provided 

at a tip of the tube 32.  The pair of cylindrical members in 

the attachment part 31 is inserted into the patient's nasal 

cavity, and the connection part 33 is connected to the control 

unit 2.  Accordingly, when the patient breathes and the air 

flows in the tube 32, the airflow in the tube 32 is detected 

as a pressure by the pressure sensor 24 of the control unit 2 
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(refer to Fig. 2).  Even when the patient takes breathes through 

the mouth, since the nasal cavity and the mouth cavity are 

connected to each other, the air flows in the tube 32 and causes 

a pressure change. 

[0029] 

 The electrode unit 4 includes a thin and flexible pad 41, 

a cable 42, and electrodes 43 provided on the pad 41.  Each of 

the electrodes 43 is thin and flexible, and one of the electrodes 

43 is positive pole and the other is negative pole (refer to 

Fig. 2).  The electrodes 43 are connected to the control unit 

2 via the cable 42.  When the electrodes 43 are driven by the 

control unit 2, electric current flows between the positive and 

negative poles of the electrodes 43 to facilitate a swallowing 

reflex. 

[0030] 

 Fig. 2 is a diagram illustrating a configuration of the 

control unit 2. 

[0031] 

 The control unit 2 includes a control part 21, a storage 

part 22, a connection part 23, the pressure sensor 24, and a 

driver 25 as well as the display part 26 and the input part 27 

illustrated in Fig. 1. 

[0032] 

 The control part 21 executes computer programs stored in 

the storage part 22 to control the components of the control 
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unit 2.  The storage part 22 stores the computer programs to 

be executed by the control part 21 and is also used as a working 

area for the control part 21 to perform processes. 

[0033] 

 The connection part 23 is connected to the connection part 

33 of the nasal cannula 3.  The connection part 23 guides the 

air from the tube 32 of the nasal cannula 3 to the pressure sensor 

24.  The pressure sensor 24 detects the flow of the air guided 

by the connection part 23 as a pressure.  The detection signal 

from the pressure sensor 24 is transmitted to the control part 

21.  The driver 25 drives the electrodes 43 of the electrode 

unit 4 under the control of the control part 21. 

[0034] 

 To facilitate a swallowing reflex by an electric stimulus 

using the electrode unit 4 illustrated in Fig. 2, there are 

various conventionally known methods by which electric stimulus 

is applied to the nerves of the upper pharynx or is applied to 

the swallowing muscles, or the like.  In addition, referring 

to Fig. 2, the pair of electrodes 43 is arranged on the pad 41.  

However, the number of the electrodes 43 on the pad 41 is not 

limited to the foregoing one.  For example, two pairs of 

positive and negative electrodes may be arranged on the pad 41 

as illustrated in Fig. 3(a). 

[0035] 

 Hereinafter, a method for facilitating swallowing with 
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the use of the pad 41 illustrated in Fig. 3(a) will be described. 

[0036] 

 Referring to Fig. 3(a), the pad 41 of the electrode unit 

4 is thin and flexible and is provided with electrodes 44 

composed of positive and negative poles (one pair of poles) and 

electrodes 45 composed of positive and negative poles (one pair 

of poles).  The pad 41 is attached to the patient's skin in such 

a manner that the positive and negative poles of the electrodes 

44 and 45 are arranged in an X-formation around the thyroid 

cartilage.  The electrodes 44 and 45 are each driven at medium 

frequencies such that the difference between the frequencies 

of the electrodes 44 and 45 is a low frequency.  Accordingly, 

a low-frequency interference wave occurs at the deep portion 

according to the difference between the frequencies, and the 

superior laryngeal nerve is stimulated by the interference 

wave. 

[0037] 

 Figs. 3(b) and 3(c) are diagrams schematically 

illustrating sinusoidal signals of voltages applied to the 

electrodes 44 and 45 with the frequencies of the electrodes 44 

and 45 respectively set to 2000 Hz and 2050 Hz.  As illustrated 

by dashed lines in Fig. 3(d), an interference wave of 50 Hz occurs 

according to the difference between the frequencies of the 

electrodes 44 and 45.  Accordingly, an afferent signal 

transferred from the pharynx and larynx to the brain stem 
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through the superior laryngeal nerve is enhanced, thus a 

swallowing reflex is facilitated.  By using the interference 

wave resulting from the two pairs of electrodes as described 

above, it is possible to effectively facilitate swallowing 

while suppressing pain and discomfort in the skin. 

[0038] 

 Even when the one pair of electrodes 43 is used as 

illustrated in Fig. 2, the same interference wave as that in 

the case of using the pad 41 illustrated in Fig. 3(a) can be 

applied to the superior laryngeal nerve by adjusting the 

waveform of a drive signal to be applied to the electrodes 43 

so as to become a burst-modulated alternating waveform. 

[0039] 

 In the configuration illustrated in Fig. 3(a), the 

frequencies of the electrodes 44 and 45 are set between 2000 

Hz and 2050 Hz.  If the frequencies are set to be lower than 

500 Hz, the subcutaneous nociceptors react strongly to that to 

make pain likely to be delivered to the central nervous system.  

On the other hand, if the frequencies are set to be higher than 

8000 Hz, muscle contraction continues to occur because it cannot 

follow each of stimulating pulses.  Accordingly, the 

frequencies of the electrodes 44 and 45 are set within the range 

described above. 

[0040] 

 In the configuration illustrated in Fig. 3(a), the 
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difference between the frequencies of the electrodes 44 and 45 

is set between 10 Hz and 50 Hz.  When the difference between 

the frequencies of the electrodes 44 and 45 is set as described 

above, the swallowing-related receptors react strongly and thus 

the stimulation from the electrodes 44 and 45 becomes effective 

afferent nerve impulses (from the pharynx and larynx to the 

brain). 

[0041] 

 In addition, in the configuration illustrated in Fig. 

3(a), output current to the electrodes 44 and 45 is set between 

1 mA and 3 mA.  When the output current to the electrodes 44 

and 45 is set as described above, the current is more likely 

to reach the superior laryngeal nerve as compared to the case 

where the output current is set to be lower than 1 mA.  In 

addition, it is possible to prevent application of an excessive 

stimulus to the superior laryngeal nerve as compared to the case 

where the output current is set to be higher than 3 mA. 

[0042] 

 The period of time during which the electrode signals 

illustrated in Figs. 3(b) and 3(c) are applied to the electrodes 

44 and 45 for facilitation of swallowing is desirably set 

between 100 ms and 1000 ms.  By setting the time for applying 

the electrode signals to be equal to or higher than 100 ms, the 

superior laryngeal nerve can be sufficiently stimulated.  In 

addition, by setting the time for applying the electrode signals 
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to be equal to or lower than 1000 ms, it is possible to keep 

the time for applying the electrode signals to be equal to or 

less than half the period of the expiratory phase.  Specifically, 

in general, a human's breathing cycle is three seconds, of which 

the two seconds is in the expiratory phase and the one second 

is in the inspiratory phase.  Therefore, when the period of the 

time for applying the electric signals is 1000 ms (one second), 

the superior laryngeal nerve is stimulated during almost half 

the period of the expiratory phase.  Accordingly, when the upper 

limit for the period of application of the electric signals is 

set as 1000 ms, the period during which the superior laryngeal 

nerve is stimulated can be easily kept within the first half 

of the expiratory phase in the case where the application of 

the electric signals is started immediately after the start of 

the expiratory phase or within a short time after the start of 

the expiratory phase.  This makes it possible to effectively 

suppress induction of aspiration by stimulation of the electric 

signals.  Control of driving of the electrode unit 4 (electrodes 

44 and 45) will be described later with reference to Fig. 5(b). 

[0043] 

 Next, it will be discussed below on the desired timing 

at which to induce swallowing in the case of facilitating for 

inducing by the electrode unit 4. 

[0044] 

 Fig. 4(a) is a diagram illustrating the frequencies (%) 
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of swallowing of young people and elderly people in the 

expiratory and inspiratory phases.  Fig. 4(a) shows the 

tendencies of occurrence of swallowing in the young people and 

the elderly people both in the decubitus position and in the 

sitting position. 

[0045] 

 Referring to Fig. 4(a), it can be seen that the young 

people performed most of swallowing acts in the expiratory phase 

in which they breathed out.  In contrast, it can be seen that 

the elderly people performed swallowing acts at significantly 

higher frequencies in the inspiratory phase in which they 

breathed in, as compared to the young people.  Since the elderly 

people perform swallowing acts in the inspiratory phase at 

higher frequencies as described above, they are more likely to 

cause aspiration as compared to the young people.  Accordingly, 

there is a higher risk that the elderly people suffer from 

pneumonia caused by aspiration, that is, aspiration pneumonia. 

[0046] 

 In general, it is known that the patients of aspiration 

pneumonia show high thresholds at which to induce swallowing, 

that is, they hardly cause a swallowing reflex.  Therefore, 

aspiration pneumonia can be effectively suppressed by 

facilitating a swallowing reflex. 

[0047] 

 However, if swallowing is continuously and monotonically 
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induced in the patient during sleep hours or the like, 

swallowing may be induced in an inspiratory phase during which 

the patient breathes in, for example.  When swallowing occurs 

in the inspiratory phase, the swallowed thing with the inspired 

air may enter the trachea at a higher risk, and thus aspiration 

may be more likely to occur.  Therefore, it is necessary to 

induce swallowing in the patient in the expiratory phase in 

which he/she breathes out. 

[0048] 

 In addition, to decide the timing for inducing swallowing, 

the time between the start of swallowing and the start of 

inspiration needs to be considered.  Specifically, even when 

swallowing is induced in the expiratory phase in which the 

patient breathes out, if the time between the start of 

swallowing and the start of inspiration is short, the swallowing 

and the inspiration are likely to occur in a consecutive manner, 

thereby bringing about a higher possibility of aspiration.  

Therefore, it is necessary to set the timing for inducing 

swallowing of the patient according to the time between the 

start of swallowing and the start of inspiration. 

[0049] 

 Fig. 4(b) is a diagram illustrating the relationship 

between the timing at which swallowing has occurred and the 

latency time from swallowing to next inspiration. 

[0050] 
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 Referring to Fig. 4(b), it can be seen that the time 

between the occurrence of swallowing and the start of next 

expiration varies depending on the timing at which swallowing 

has occurred in the inspiratory and expiratory phases.  In the 

expiratory phase, when swallowing occurs at the timing at which 

switching takes place from the inspiratory phase to the 

expiratory phase, the latency time until the next inspiration 

becomes longest, and when swallowing occurs at the timing at 

about 2/3 of the expiratory phase, the latency time until the 

next inspiration becomes shortest.  Therefore, it is desired 

to induce swallowing at the timing except for that at about 2/3 

of the expiratory phase. 

[0051] 

 From the foregoing discussion, it is considered that 

aspiration can be made less prone to occur by setting the timing 

for inducing swallowing in the first half of the expiratory 

phase.  Based on the result of the discussion, in the embodiment, 

the electrode unit 4 is controlled in such a manner that an 

electric stimulus from the electrode unit 4 is applied to the 

patient at a predetermined timing in the first half of the 

expiratory phase.  Specifically, the electrode unit 4 is 

controlled in such a manner that an electric stimulus is applied 

to the patient at the timing at which expiration reaches the 

peak in the first half of the expiratory phase. 

[0052] 
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 Processes for controlling the electrode unit 4 will be 

described below with reference to Figs. 5(a), 5(b), and 6.  In 

the controlling processes of Figs. 5(a) and 5(b), an electric 

stimulus from the electrode unit 4 is applied to the patient 

at the timing at which expiration reaches the peak in the first 

half of the expiratory phase, thereby inducing swallowing. 

[0053] 

 Fig. 5(a) is a flowchart of a process for acquiring a value 

∆T for deciding the timing for driving the electrode unit 4, 

and Fig. 5(b) is a flowchart of a process for controlling the 

electrode unit 4 using the value ∆T.  The controlling processes 

illustrated in Figs. 5(a) and 5(b) are carried out in parallel.  

Fig. 6 shows changes in respiratory volume.  The vertical axis 

shows the detection signal from the pressure sensor 24 in which 

the positive and negative values indicate expiration and 

inspiration, respectively.  The horizontal axis shows the 

lapse of time (seconds). 

[0054] 

 Referring to Fig. 5(a), when a swallowing assist act is 

started by the control unit 2, the control part 21 of the control 

unit 2 sets the value of a variable n stored in the storage part 

22 to 1 (S11).  Subsequently, the control part 21 determines 

whether the expiratory phase has started (S13).  In this case, 

the control part 21 determines that the expiratory phase has 

started when the detection signal has gradually increased from 
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the negative peak and become zero as illustrated in Fig. 6, for 

example. 

[0055] 

 When the expiratory phase has started (S12: YES), the 

control part 21 acquires an expiratory phase start time Tn1 

(S13).  Accordingly, an expiratory phase start time T11 with 

the variable n of 1 is acquired, for example (refer to Fig. 6). 

[0056] 

 Next, the control part 21 determines whether the 

detection signal has reached its positive peak (S14).  When the 

detection signal has reached the positive peak (S14: YES), the 

control part 21 acquires a time Tn2 at which the detection signal 

has reached the positive peak (S15).  Accordingly, a time T12 

with the variable n of 1 is acquired, for example (refer to Fig. 

6). 

[0057] 

 When the times Tn1 and Tn2 have been acquired as described 

above, the control part 21 stores a difference ∆Tn between the 

times Tn1 and Tn2 (S16).  Accordingly, a difference ∆T1 with 

the variable n of 1 is stored, for example (refer to Fig. 6). 

[0058] 

 Next, the control part 21 determines whether the value 

of the variable n is 5 or larger (S17).  When the value of the 

variable n is smaller than 5 (S17: NO), the control part 21 skips 

step S18 and adds 1 to the value of the variable n (S19).  Thus, 
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the control part 21 returns the process to step S12 to repeatedly 

perform steps S12 to S19. 

[0059] 

 Accordingly, each time the value of variable n is 

increased by 1, the difference ∆Tn according to the value of 

the variable n is stored.  As illustrated in Fig. 6, for example, 

a difference ∆T2 between times T21 and T22, a difference ∆T3 

between times T31 and T32, a difference ∆T4 between times T41 

and T42, and a difference ∆T5 between times T51 and T52 are stored 

in sequence in the storage part 22. 

[0060] 

 When the value of the variable n has reached 5 (S17: YES), 

the control part 21 calculates an average value ∆T of 

differences ∆Tn-4 to ∆Tn, and stores the calculated average 

value ∆T in the storage part 22 (S18).  Then, the control part 

21 adds 1 to the value of the variable n (S19) and returns the 

process to step S12 to repeatedly perform steps S12 to S19.  That 

is, when the variable n is 5, the average value ∆T of the 

differences ∆T1 to ∆T5 is acquired. 

[0061] 

 The thus acquired average value ∆T is the average of the 

times between the instant when the expiration has been started 

and the instant when the expiration has reached the peak with 

respect to the current expiratory phase and four preceding 

expiratory phases. 
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[0062] 

 Subsequently, when the value of the variable n becomes 

larger than 5, each time the value of the variable n is increased 

by 1, the average value ∆T is re-calculated at the steps S12 

to S18.  The re-calculated average value ∆T is an average of 

the times between the instant when the expiration has started 

and the instant when the expiration has reached the peak with 

respect to the current expiratory phase and the four preceding 

expiratory phases.  Accordingly, the average value ∆T is 

acquired repeatedly in each of the expiratory phases. 

[0063] 

 Referring to Fig. 5(b), the control part 21 of the control 

unit 2 determines whether the value of the variable n stored 

in the storage part 22 is larger than 5 (S21).  When the value 

of the variable n is larger than 5 (S21: YES), the control part 

21 starts the steps S22 to S26. 

[0064] 

 When the value of the variable n exceeds 5 (S21: YES), 

the control part 21 determines whether the expiratory phase has 

started in the same manner as at S12 (S22).  When the expiratory 

phase has been started (S22: YES), the control part 21 uses the 

latest average value ∆T stored at the step S18 of Fig. 5(a) at 

this time to determine whether the time of the average value 

∆T has elapsed from the start of the expiratory phase (S23).  

The average value ∆T is the average value of the differences 
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∆Tn (the time from the start of the expiratory phase to the peak 

of the expiration) with respect to the five expiratory phases 

preceding the current expiratory phase. 

[0065] 

 When the time of the average value ∆T has elapsed from 

the start of the expiratory phase (S23: YES), the control part 

21 starts to drive the electrode unit 4 at that timing (S24).  

Then, the control part 21 continues to apply drive voltages 

illustrated in Figs. 3(b) and 3(c), for example, to the 

electrodes 44 and 45 of the electrode unit 4 until a 

predetermined period of time set in advance as time for 

facilitating swallowing has elapsed. 

[0066] 

 The predetermined period of time is set at least such that 

the application of an electric stimulus is stopped prior to the 

end of the expiratory phase, more desirably such that the 

application of an electric stimulus is stopped prior to about 

2/3 of the expiratory phase.  In the embodiment, the 

predetermined period of time is set such that the application 

of an electric stimulus is stopped prior to about 2/3 of the 

expiratory phase. 

[0067] 

 When the predetermined period of time has elapsed (S25: 

YES), the control part 21 stops driving of the electrode unit 

4 (S26).  Accordingly, the control part 21 returns the process 
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to S22 to repeatedly perform the steps S22 to S26 in the next 

expiratory phase.  After that, the control part 21 repeatedly 

performs the steps S22 to S26 in the same manner in each of the 

subsequent expiratory phases. 

[0068] 

 In the flowcharts of Figs. 5(a) and 5(b), the control part 

21 predicts the timing at which the expiration reaches the peak 

(average value ∆T) from the start of the expiratory phase, based 

on the five differences ∆Tn preceding the current timing.  For 

example, as illustrated in Fig. 6, in the case where the variable 

n is 6, when the control part 21 acquires an expiratory phase 

start time T61, the control part 21 predicts the timing at which 

the expiration reaches the peak, as the timing at which the time 

of the average value ∆T (average value of the differences ∆T1 

to ∆T5) has elapsed from the expiratory phase start time T61, 

and then the control part 21 starts to drive the electrode unit 

4 at that timing. 

[0069] 

 As described above, according to the embodiment, the 

electrode unit 4 is driven to facilitate swallowing in the first 

half of the expiratory phase, that is, in the period of time 

during which aspiration is considered to be further less prone 

to occur in the expiratory phase.  Since the electrode unit 4 

is driven only in the period of time during which aspiration 

is considered to be unlikely to occur, it is possible to prevent 
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aspiration more effectively as compared to the case where the 

electrode unit 4 is continuously driven throughout the 

inspiratory and expiratory phases.  In addition, since the 

electrode unit 4 is driven only in that period of time, it is 

possible to prevent effectively aspiration of elderly people 

with higher tendencies to perform swallowing in the inspiratory 

phase.  Therefore, according to the embodiment, it is possible 

to assist the patients in swallowing while preventing 

aspiration. 

[0070] 

 Specifically, the embodiment provides advantages 

described below. 

[0071] 

 During the period of expiration, application of an 

electric stimulus is started and terminated.  Accordingly, 

swallowing is facilitated in the period of expiration during 

which the patient breathes out, which reduces the possibility 

of aspiration by the facilitated swallowing.  This makes it 

possible to suppress aspiration in an effective manner. 

[0072] 

 In addition, the timing for starting application of an 

electric stimulus falls within the first half of the expiratory 

phase.  Accordingly, it is possible to suppress effectively the 

possibility of aspiration as described above with reference to 

Fig. 4(b).  Further, the application of an electric stimulus 
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is started at the timing at which the expiration has reached 

the peak.  Thus, it is possible to suppress the possibility of 

aspiration by the facilitated swallowing in a further effective 

manner. 

[0073] 

 In addition, the timing for terminating the application 

of an electric stimulus is set to be earlier than the timing 

at 2/3 of the first half of the expiratory phase.  Accordingly, 

the period of application of an electric stimulus does not 

overlap the time at which the latency time after the start of 

swallowing until the next expiration becomes shortest, thereby 

suppressing further effectively the possibility of aspiration 

by the facilitated swallowing. 

[0074] 

 As described above, the period of time (predetermined 

period of time) from the start to the end of application of an 

electric stimulus is desirably set between 100 ms and 1000 ms.  

Accordingly, the superior laryngeal nerve can be sufficiently 

stimulated.  In addition, when application of an electric 

signal is to be started immediately after the start of the 

expiratory phase or within a short time after the start of the 

expiratory phase, the period of time during which the superior 

laryngeal nerve is stimulated can easily fall within the first 

half of the expiratory phase.  This makes it possible to 

suppress effectively induction of aspiration by the electric 
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stimulus. 

[0075] 

 In addition, according to the embodiment, the electrode 

unit 4 illustrated in Fig. 2 or 3(a) includes electrodes with 

a pair of positive and negative poles that are attached to the 

patient's skin for application of an electric stimulus to the 

superior laryngeal nerve.  Accordingly, the electrode unit 4 

can be attached to the target section in a simple and easy manner. 

[0076] 

 In addition, according to the embodiment, the pad 41 of 

the electrode unit 4 illustrated in Fig. 3(a) has the electrodes 

44 and 45 to which electric signals at different frequencies 

are applied.  Thus, a low-frequency interference wave occurs 

at the deep portion according to the difference between these 

frequencies, which stimulates the superior laryngeal nerve.  

Then, an afferent signal transferred from the pharynx and larynx 

to the brain stem through the superior laryngeal nerve is 

enhanced, thus a swallowing reflex is facilitated.  

Accordingly, by using an interference wave resulting from the 

two pairs of electrodes, it is possible to facilitate swallowing 

in an effective manner while suppressing pain and discomfort 

in the patient's skin. 

[0077] 

 In addition, according to the embodiment, the driving of 

the electrode unit 4 is stopped after the predetermined period 
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of time has elapsed from the start of the driving, and then the 

electrode unit 4 remains stopped until the timing at which the 

time of ∆T has elapsed from the start of the expiratory phase.  

Accordingly, it is possible to suppress the patient's 

discomfort and pain due to the electric stimulus and alleviate 

the patient's burden as compared to the case where the electrode 

unit 4 is continuously driven throughout the inspiratory and 

expiratory phases. 

[0078] 

 As in the foregoing, the embodiment of the present 

invention is described.  However, the present invention is not 

limited to the foregoing embodiment.  In addition, the 

embodiment of the present invention can be modified in various 

manners other than the foregoing ones. 

[0079] 

 For example, in the foregoing embodiment, the application 

of an electric stimulus is started to induce the patient's 

swallowing at the timing at which the expiration has reached 

the peak during the period of time of the expiratory phase.  

However, the timing for applying an electric stimulus is not 

limited to this.  For example, as illustrated in Fig. 7(a), the 

application of an electric stimulus may be started at the timing 

at which a time ∆Tα corresponding to a predetermined proportion 

α (for example, 1/3) of a period P1 of the expiratory phase has 

elapsed from the start of the expiratory phase.  In this case, 



32 

as in the foregoing embodiment, the average value of the 

determined times ∆Tα of five expiratory phases preceding the 

current expiratory phase can be used as time ∆Tα of the current 

expiratory phase. 

[0080] 

 Alternatively, as illustrated in Fig. 7(b), the 

application of an electric stimulus may be started at the timing 

at which a time ∆Tβ corresponding to a predetermined proportion 

β (for example, 1/8) of a period P2 of the expiratory phase has 

elapsed from the start of the expiratory phase.  In this case, 

as in the foregoing embodiment, the average value of the 

determined times ∆Tβ of five expiratory phases preceding the 

current expiratory phase can be used as time ∆Tβ of the current 

expiratory phase. 

[0081] 

 When the time ∆Tβ is decided as illustrated in Fig. 7(b), 

the proportion β is set in such a manner that the timing at which 

the time ∆Tβ has elapsed from the start of the expiratory phase 

falls within at least the period of the expiratory phase.  In 

addition, when the time ∆Tα and the time ∆Tβ are decided as 

illustrated in Figs. 7(a) and 7(b), the proportions α and β are 

desirably set in such a manner that the timing at which the time 

∆Tα or the time ∆Tβ has elapsed from the start of the expiratory 

phase falls within the first half of the expiratory phase. 

[0082] 
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 In the embodiment, the period of time during which an 

electric stimulus is applied is the predetermined period of time 

set in advance (refer to S25 of Fig. 5(b)).  However, the period 

of time during which an electric stimulus is applied may be 

decided according to the timing at which the inspiratory phase 

has been started. 

[0083] 

 Figs. 8(a) and 8(b) are flowcharts of processes for 

controlling the electrode unit 4 in this case.  In this case, 

the processes shown in Figs. 8(a) and 8(b) are performed instead 

of the processes shown in Figs. 5(a) and 5(b), respectively.  

The process in Fig. 8(a) includes additional steps S101 to S104 

as compared to the process in Fig. 5(a), and the process in Fig. 

8(b) includes an additional step S111 as compared to the process 

in Fig. 5(b). 

[0084] 

 Referring to Fig. 8(a), after the control part 21 stores 

the difference ∆Tn, the control part 21 determines whether the 

inspiratory phase has been started (S101).  In this case, the 

control part 21 determines that the inspiratory phase has been 

started when the detection signal has been gradually decreased 

and become zero, as illustrated in Fig. 6, for example.  When 

the inspiratory phase has been started (S101: YES), the control 

part 21 acquire the start time Tn3 of the inspiratory phase 

(S102), and stores a difference ∆In between the times Tn1 and 
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Tn3 in the storage part 22 (S103).  Accordingly, when the value 

of the variable n has reached 5 (S17: YES), the control part 

21 determines an average value ∆I of differences ∆In-4 to ∆In 

and stores the determined average value ∆I in the storage part 

22 (S104). 

[0085] 

 Referring to Fig. 8(b), when the time of the average value 

∆T has elapsed from the start of the expiratory phase (S23: YES), 

the control part 21 starts to apply drive voltages to the 

electrodes 44 and 45 of the electrode unit 4 to facilitate 

swallowing (S24), and then continues to apply the drive voltages 

to the electrodes 44 and 45 of the electrode unit 4 until a time 

obtained by multiplying the average value ∆I by a predetermined 

ratio R has elapsed from the start of the expiratory phase (S111).  

In this case, the ratio R is set as 0 < R < 1, and more desirably 

is set in such a manner that the application of an electric 

stimulus is terminated prior to about 2/3 of the expiratory 

phase.  By setting the period of application of an electric 

stimulus in such a manner, it is possible to prevent an electric 

stimulus from being applied by mistake in the inspiratory phase. 

[0086] 

 In the foregoing case, the time obtained by multiplying 

the average value ∆I by the predetermined ratio R is set as time 

for terminating the application of an electric stimulus.  

Alternatively, a time obtained by subtracting a predetermined 
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period of time ∆t from the average value ∆I may be set as the 

time for terminating the application of an electric stimulus.  

This also makes it possible to prevent the period of application 

of an electric stimulus from overlapping the inspiratory phase.  

Also in this case, the period of time ∆t is desirably set in 

such a manner that the application of an electric stimulus is 

terminated prior to about 2/3 of the expiratory phase. 

[0087] 

 In the foregoing embodiment, the average value of the 

differences ∆Tn determined with respect to the five expiratory 

phases preceding the current expiratory phase is set as period 

of time ∆T with respect to the current expiratory phase.  

However, the range of the expiratory phases to be averaged is 

not limited to the five expiratory phases preceding the current 

expiratory phase, but may be set in another range such as ten 

expiratory phases preceding the current expiratory phase.  In 

addition, the method for determining the period of time ∆T is 

not limited to averaging but may be any other method. 

[0088] 

 In addition, in the foregoing embodiment, the average 

value ∆T is determined according to the differences ∆Tn in the 

five preceding expiratory phases, and the driving of the 

electrode unit 4 is started at the timing at which the time of 

the average value ∆T has elapsed from the start of the current 

expiratory phase.  However, the present invention is not 
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limited to this but the driving of the electrode unit 4 may be 

started at the timing at which a fixed period of time ∆Tf has 

elapsed from the start of the current expiratory phase as 

illustrated in Fig. 9(a).  The period of time ∆Tf in this case 

is generally set in advance according to the timing at which 

the expiration has reached the peak, for example. 

[0089] 

 Fig. 9(a) is a flowchart of a process for controlling the 

electrode unit 4 in the foregoing case.  In this case, the 

process of Fig. 5(a) in the foregoing embodiment is omitted, 

and the process of Fig. 9(a) is performed instead of the process 

of Fig. 5(b) in the foregoing embodiment.  Referring to Fig. 

9(a), the step S21 is omitted from the process of Fig. 5(b), 

and step S121 is added in place of the step S23.  In this case, 

when the expiratory phase is started (S22: YES), the control 

part 21 determines whether the fixed period of time ∆Tf stored 

in the storage part 22 has elapsed (S121).  When the period of 

time ∆Tf has elapsed from the start of the expiratory phase 

(S121: YES), the electrode unit 4 is driven in the same manner 

as in the foregoing embodiment (S24 to S26).  The period of time 

required at S25 is set at least in such a manner that the 

application of an electric stimulus is terminated prior to the 

end of the expiratory phase, more desirably in such a manner 

that the application of an electric stimulus is terminated prior 

to about 2/3 of the expiratory phase, as in the foregoing 
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embodiment.  Also in this modification example, the time for 

terminating the application of an electric stimulus may be set 

according to the timing for starting the inspiratory phase as 

in the cases of Figs. 8(a) and 8(b). 

[0090] 

 Alternatively, immediately after the start of the 

expiratory phase, the electrode unit 4 may be driven to start 

the application of an electric stimulus to the patient. 

[0091] 

 Fig. 9(b) is a flowchart of a process for controlling the 

electrode unit 4 in the foregoing case.  In this case, the 

process of Fig. 5(a) in the foregoing embodiment is omitted, 

and the process of Fig. 9(b) is performed instead of the process 

of Fig. 5(b) in the foregoing embodiment.  Referring to Fig. 

9(b), the steps S21 and S23 are omitted from the process of Fig. 

5(b).  In this case, when the expiratory phase is started (S22: 

YES), the control part 21 immediately starts to drive the 

electrode unit 4 (S24).  Then, the electrode unit 4 is driven 

in the same manner as in the foregoing embodiment (S25 and S26). 

[0092] 

 Also in the modification example, the predetermined 

period of time at S25 is set at least in such a manner that the 

application of an electric stimulus is terminated prior to the 

end of the expiratory phase, more desirably in such a manner 

that the application of an electric stimulus is terminated prior 
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to about 2/3 of the expiratory phase, as in the foregoing 

embodiment.  Since the expiratory phase is generally about 2000 

ms as described above, the predetermined period of time at the 

step S25 in this case is set at least to 2000 ms or less to prevent 

the electrode unit 4 from being driven in the inspiratory phase.  

Further, the predetermined period of time at S25 in this case 

is desirably set between 100 ms and 1000 ms as described above.  

When the predetermined period of time is set to 1000 ms or less, 

the driving of the electrode unit 4 is stopped prior to about 

1/2 of the expiratory phase.  Accordingly, it is possible to 

securely avoid the timing at about 2/3 of the expiratory phase 

in which the latency time until the next inspiration is shortest.  

In addition, by setting the predetermined period of time to 100 

ms or more, it is possible to securely apply a stimulus to the 

superior laryngeal nerve.  Also in the modification example, 

the time for terminating the application of an electric stimulus 

may be set according to the timing for starting the inspiratory 

phase as in the cases of Figs. 8(a) and 8(b). 

[0093] 

 In the foregoing embodiment, the timing at which the 

expiration reaches the peak is predicted according to the past 

difference ∆T.  Alternatively, the application of an electric 

stimulus may be started at the timing at which the peak of the 

expiration is detected. 

[0094] 
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 Fig. 9(c) is a flowchart of a process for controlling the 

electrode unit 4 in the foregoing case.  In this case, the 

process of Fig. 5(a) in the foregoing embodiment is omitted, 

and the process of Fig. 9(c) is performed instead of the process 

of Fig. 5(b) in the foregoing embodiment.  Referring to Fig. 

9(c), the step S21 is omitted from the process of Fig. 5(b) and 

the step S131 is added instead of the steps S22 and S23.  In 

this case, the control part 21 determines whether the detection 

signal has reached the positive peak (S131).  When the detection 

signal has reached the positive peak (S131: YES), the control 

part 21 immediately starts to drive the electrode unit 4 (S24).  

Then, the electrode unit 4 is driven in the same manner as in 

the foregoing embodiment (S25 and S26).  Also in the 

modification example, the predetermined period of time at the 

step S25 is set at least in such a manner that the application 

of an electric stimulus is terminated prior to the end of the 

expiratory phase, more desirably in such a manner that the 

application of an electric stimulus is terminated prior to about 

2/3 of the expiratory phase, as in the foregoing embodiment.  

Also in the modification example, the time for ending the 

application of an electric stimulus may be set according to the 

timing for starting the inspiratory phase as in the cases of 

Figs. 8(a) and 8(b). 

[0095] 

 In the modification example of Fig. 9(c), it is assumed 
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that there may arise a time lag (delay) in the process between 

the timing at which the expiration has actually reached the peak 

and the timing at which the peak of the expiration is detected 

in the course of the process.  When the time lag is large, the 

application of an electric stimulus may be started in the second 

half of the expiratory phase to induce swallowing, for example.  

Thus, to avoid such an event, it is desired to predict the timing 

at which the expiration reaches the peak according to the 

previous differences ∆Tn as in the foregoing embodiment.  

Otherwise, when such a time lag presents no problem, the control 

process can be simplified by executing the control to the 

electrode unit 4 as illustrated in Fig. 9(c). 

[0096] 

 In the foregoing embodiment, it is assumed that when the 

swallowing assist device 1 is attached to the patient and the 

swallowing assist device 1 is activated, an electric stimulus 

is constantly applied to the patient over the entire period of 

time from the activation to the stoppage of the swallowing 

assist device 1.  However, the present invention is not limited 

to this but the electrode unit 4 may be controlled over the entire 

period of time from the activation to the stoppage of the 

swallowing assist device 1 in such a manner as to set alternately 

the period of time during which an electric stimulus is applied 

to the patient and the period of time during which an electric 

stimulus is not applied to the patient. 
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[0097] 

 Figs. 10(a) and 10(b) are schematic diagrams illustrating 

timings for driving the electrode unit 4 in this case.  In the 

foregoing embodiment, as illustrated in Fig. 10(a), when the 

time of the average value ∆T has elapsed from the start of the 

expiratory phase, a voltage is applied to the electrode unit 

4 for a predetermined period of time (Ta in the example of Fig. 

10(a)).  During the period of time corresponding to the time 

Ta, the sinusoidal signals are applied to the electrodes 44 and 

45 as described above with reference to Figs. 3(b) and 3(c).  

Then, in the modification example, an electric stimulus 

illustrated in Fig. 10(a) is applied for a period of time Ts1 

as illustrated in Fig. 10(b).  After lapse of the period of time 

Ts1, the application of an electric stimulus is stopped during 

a period of time Ts2.  The period of times Ts1 and Ts2 are set 

to 60 minutes and 30 minutes, respectively, for example. 

[0098] 

 Fig. 11(a) is a flowchart of a process for controlling 

the electrode unit 4 in this case.  When the swallowing assist 

device 1 is activated, the control part 21 causes the electrode 

unit 4 to start the act of applying an electronic stimulus (S201).  

Accordingly, the electrode unit 4 is controlled as described 

in Figs. 5(a) and 5(b).  Then, when the time Ts1 has elapsed 

from the start of the act of applying an electronic stimulus 

by the electrode unit 4 (S202: YES), the control part 21 causes 
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the electrode unit 4 to stop the act of applying an electronic 

stimulus (S203).  Accordingly, the controls of the electrode 

unit 4 described in Figs. 5(a) and 5(b) are stopped.  Then, when 

the time Ts2 has elapsed from the stoppage of the act of applying 

an electronic stimulus by the electrode unit 4 (S204: YES), the 

control part 21 returns the process to S201.  Accordingly, the 

driving of the electrode unit 4 as described in Figs. 5(a) and 

5(b) is performed on a cyclical basis. 

[0099] 

 The times Ts1 and Ts2 may be set by the user as appropriate.  

In this case, as illustrated in Fig. 11(b), for example, input 

boxes for setting the times Ts1 and Ts2 are included in a setting 

screen on the display part 26 of the control unit 2. When the 

buttons on the input part 27 are operated, the times Ts1 and 

Ts2 in the input boxes are changed.  Accordingly, it is possible 

to set arbitrarily the times Ts1 and Ts2 according to the 

patient's swallowing function. 

[0100] 

 In the modification example, the times Ts1 and Ts2 are 

kept constant over the entire operating time of the swallowing 

assist device 1.  Alternatively, the control in which the times 

Ts1 and Ts2 are changed after the activation of the swallowing 

assist device 1 may be executed.  For example, the control in 

which the time Ts1 for applying an electric stimulus is 

decreased over time after the activation of the swallowing 
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assist device 1 may be executed.  More specifically, when the 

time Ts1 immediately after the activation of the swallowing 

assist device 1 is set to 60 minutes, the control part 21 then 

drives the electrode unit 4 with the time Ts1 of 60 minutes until 

the number of the period of application of an electric stimulus 

has reached to a predetermined number of times (for example, 

three times), and after that, the control part 21 drives the 

electrode unit 4 with the time Ts1 decreased by a predetermined 

period of time (for example, ten minutes) each time the period 

of application of an electric stimulus comes.  Accordingly, it 

is possible to decrease the degree of an electric stimulus 

according to the recovery of the patient's swallowing function 

by the action of medical treatment. 

[0101] 

 When the electrode unit 4 is controlled in such a manner 

as to be in the operating state and the non-operating state 

alternately as described above, it is possible to reduce the 

burden on the patient resulting from an electric stimulus.  In 

addition, it is possible to suppress the accommodation of the 

superior laryngeal nerve to the electric stimulus and enhance 

the effect of facilitating swallowing by the electric stimulus. 

[0102] 

 In the foregoing embodiment, the swallowing assist device 

1 is used for the human patient.  Alternatively, the swallowing 

assist device 1 may be used for animals. 
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[0103] 

 In the foregoing embodiment, the nasal cannula 3 is used 

to detect the patient's respiration.  However, the present 

invention is not limited to this but, instead of the nasal 

cannula 3, a mask with a tube, a catheter to be inserted into 

the mouth cavity or trachea, or any other device for 

transferring the flow of air by respiration.  In addition, the 

respiration of the patient may be detected not from the flow 

of air caused by respiration but from a change in the patient's 

chest volume or from the patient's breathing sounds. 

[0104] 

 In the foregoing embodiment, the nasal cannula 3 is 

included as a component of the swallowing assist device 1.  

However, for the swallowing assist device described in the 

claims, such tools to be directly attached to the patient as 

a nasal cannula are not necessarily essential components.  That 

is, the swallowing assist device described in the claims can 

be applied to not only transaction modes including tools such 

as a nasal cannula but also transaction modes not including 

tools such as a nasal cannula. 

[0105] 

 In the foregoing embodiment, the pad 41 with the 

electrodes 43 is attached to the surface of the patient's neck 

skin.  However, the present invention is not limited to this 

but the electrodes 43 may be arranged subcutaneously at the 
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patient's neck. 

[0106] 

 Besides, the embodiment of the present invention can be 

modified in various manners within the scope of the technical 

ideas described in the claims. 

 

Industrial Applicability 

[0107] 

 The swallowing assist device according to the present 

invention has an excellent function of facilitating swallowing 

and is applicable to the field of medical equipment. 

 

Reference Signs List 

[0108] 

 1 Swallowing assist device 

 21 Control part 

 24 Pressure sensor (respiration detection part) 

 26 Display part (acceptance part) 

 27 Input part (acceptance part) 

 4 Electrode unit (application unit) 

 43 to 45 Electrode 

 



46 

Claims 

 

 1. A swallowing assist device for assisting 

swallowing, comprising: 

 a respiration detection part that detects respiration; 

 an application unit that is attached to a target section 

to apply a stimulus for facilitation of the swallowing; and 

 a control part that controls the application unit, 

wherein 

 the control part controls the application unit to start 

application of the stimulus to the target section during an 

expiration period detected according to a detection signal from 

the respiration detection part, and terminate the application 

of the stimulus to the target section during the expiration 

period. 

 

 2. The swallowing assist device according to claim 1, 

wherein the control part controls the application unit such  

that a timing for starting the application of the stimulus to 

the target section falls within a first half of an expiratory 

phase. 

 

 3. The swallowing assist device according to claim 2, 

wherein the control part detects a start of the expiratory phase 

according to a detection signal from the respiration detection 
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part, and controls the application unit to start the application 

of the stimulus to the target section immediately after the 

start of the expiratory phase. 

 

 4. The swallowing assist device according to claim 2, 

wherein the control part detects a timing at which the 

expiration has reached a peak according to a detection signal 

from the respiration detection part, and controls the 

application unit to start the application of the stimulus to 

the target section at the timing at which the expiration has 

reached the peak. 

 

 5. The swallowing assist device according to one of 

claims 1 to 4, wherein the control part controls the application 

unit such that a timing for terminating the application of the 

stimulus to the target section is earlier than a timing at 2/3 

of an expiratory phase. 

 

 6. The swallowing assist device according to one of 

claims 1 to 5, wherein a period of time from a timing for starting 

the application of the stimulus to a timing for terminating the 

application of the stimulus is set between 100 ms and 1000 ms. 

 

 7. The swallowing assist device according to one of 

claims 1 to 6, wherein, on activation of the swallowing assist 
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device, the control part alternately set an operating time 

during which an operation to apply the stimulus to the target 

section in the expiration period is executed and a non-operating 

time during which the operation to apply the stimulus to the 

target section in the expiration period is not executed. 

 

 8. The swallowing assist device according to claim 7, 

further comprising an acceptance part that accepts the settings 

of the operating time and the non-operating time. 

 

 9. The swallowing assist device according to one of 

claims 1 to 8, wherein the application unit includes electrodes 

with a pair of positive and negative poles and is attached to 

a skin to apply an electric stimulus to a superior laryngeal 

nerve. 

 

 10. The swallowing assist device according to claim 9, 

wherein 

 the application unit is provided with two pairs of the 

electrodes, and 

 the control part applies electric signals at different 

frequencies to the two pairs of the electrodes. 


