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Purpose: We aimed to determine the efficacy of interferential current transcutaneous
electrical sensory stimulation (IFC-TESS) in patients with dementia who were being treated
for dysphagia in nursing homes under normal living conditions.

Patients and Methods: This study recruited 54 nursing home residents (13 males, 41
females; mean age, 84.5 + 10.7 years) with dysphagia and dementia. IFC-TESS was
performed with Gentle Stim® (Careido Co. Ltd., Kanagawa, Japan) for 15 minutes. Two
sessions per day were administered 5 days per week, for 3 weeks. The outcomes included the
improvement of the patients’ cough reflexes and nutritional states across the 3 weeks of
intervention; the former was evaluated with the cough test based on the changes in cough
latency time and cough frequency, while the latter was assessed based on changes in the
functional oral intake scale (FOIS) score and oral calorie intake.

Results: The cough latency times before and after the 3-week intervention were 15.8
(7.0-60.0) and 6.7 (3.6-30.7) s/min, respectively; the cough frequencies were 5.0 (0.0-5.0)
and 5.0 (5.0-5.0) t/min, respectively; the FOIS scores were 5.0 (5.0-6.0) and 5.0 (5.0-6.0),
respectively; and oral calorie intakes were 1300.0 (862.5-1420.0) and 1300.0 (1005.0—
1462.5) kcal/day, respectively. All parameters significantly improved across the intervention
(p < 0.05). When the results were adjusted for age, sex, body mass index, mini nutritional
assessment results, Barthel index, and mini-mental state examination scores, IFC-TESS
improved the cough reflex and oral calorie intake in older nursing home residents with
dementia.

Conclusion: Cervical IFC-TESS can improve the cough reflexes and nutritional states of
patients with dysphagia and dementia in nursing homes. As it has previously been difficult to
perform active rehabilitation with dementia patients, IFC-TESS may be effective and prac-
ticable for the rehabilitation of this patient population.
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Introduction
With a global morbidity of 7.7 million people,' dementia is associated with significant
economic and social burdens. The treatment of patients with dementia can be compli-
cated in cases of comorbid dysphagia, as diminished cognition compromises the
treatment of dysphagia.”

Rehabilitative electrical stimulation includes therapeutic electrical stimulation to
increase muscular strength, functional electrical stimulation to induce compensatory
muscular contraction, and transcutaneous electrical nerve stimulation (TENS) to
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achieve analgesia. The principal targets for these treat-
ments are the nerves and muscles, and many TENS pro-
cedures use low frequencies. In dysphagia rehabilitation,
mainly low-frequency electricity has been applied to
increase muscular strength in the neck.>”’ However, as
TENS cannot stimulate structures situated deep in the
body, an interferential current has been developed to over-
come this disadvantage;® interference between electricity
of two different frequencies generates a new interferential
current inside the human body that can affect deeply
situated sensory nerves.’

The use of interferential currents to facilitate swallow-
ing training has yielded the following findings concerning
interferential currents: (i) in decerebrate and paralyzed
animals, the reduction of the latency time in the elicitation
of the swallowing reflex and the excitation of swallowing-
related neurons in the brain stem;'? (ii) in healthy human
volunteers, the reduction of the swallowing threshold;“’12
and (iii) in patients with chronic, pharyngeal-stage dyspha-
gia and mini-mental state exam (MMSE) scores of 21 or
more, the improvement of the swallowing reflex.'*!'*
Furthermore, interferential current transcutaneous electri-
cal sensory stimulation (IFC-TESS) improved cough
latency times and increased oral calorie intake in patients
with dysphagia and dementia in an acute or recovery
medical care facility.'> However, the effects of IFC-
TESS on swallowing function in the large population of
patients with chronic dysphagia and associated dementia,
with whom training is difficult to perform, remain
unknown.

The present study aimed to elucidate the effects of
IFC-TESS on nursing home residents with dysphagia and
dementia. We hypothesized that IFC-TESS would improve
cough latency times, cough frequencies, functional oral
intake scale (FOIS) scores, and oral calorie intake in
these patients. Improvements in cough reflex and oral
calorie intake due to IFC-TESS intervention would offer
major benefits to dysphagia and dementia treatment, where
there is a need for improvement in sustainable nutritional
rehabilitation.

Materials and Methods

Subjects

A total of 74 patients residing in three nursing homes were
administered a texture-modified diet for their condition.
Patients who met one or more of the following criteria
were excluded: (i) asthma, (ii) receipt of total parenteral

nutrition, (iii) epilepsy, (iv) receipt of pacemakers, (V)
MMSE scores of 28 or more, or (vi) abstention from the
intervention for 3 or more days (the patients left the study
for various reasons: hospitalization, left the facility, refused
continuation). Hence, 54 patients were considered in the
final analysis (13 males, 41 females; mean age, 84.5 + 10.7
years). Figure 1 presents the patient flowchart for this study.

This
September 2019. The subjects led their usual lives, and no

study was performed from February to
intervention for dysphagia apart from the diet and the IFC-
TESS was provided.

Study Design and Evaluation

IFC-TESS was performed using Gentle Stim® (Careido Co.
Ltd., Kanagawa, Japan, Medical device certification num-
ber: 227AHBZX00026000) for 15 minutes in the morning
and afternoon, 5 days per week (the weekdays), for 3 weeks.
The output current at the time of treatment was set to 2.0 to
3.0 mA. Previous studies have found this current to produce
no sensation of pain.'>'> After the necks of the patients
were wiped with ethanol for disinfection, the Gentle Stim®
electrodes were attached to both the right and left sides of
the neck, along the anterior border of the sternocleidomas-
toid muscle, which is delimited by the lower edge of the
mandibular angle and the horizontal level of the thyroid
cartilage (Figure 2). The ipsilateral electrodes were pre-
served and insulated at 4 cm, and two pairs of electrodes
with different carrier frequencies were placed diagonally

across the thyroid cartilage'*'®

(Details are described in the
supplementary materials, Figures S1 and S2).

The cough reflex was used to evaluate the efficacy of
the intervention.'” To assess the cough reflex, 1% citric
acid dissolved in physiological saline solution was admi-
nistered by inhalation using a nebulizer (NE-U22 Handy
Type Mesh Nebulizer, Omron Co., Kyoto, Japan). The
participant was instructed to practice deep breathing
beforehand to be able to inhale enough mist through the
mouth. A nasal plug was used to restrict participants to
mouth breathing. The cough latency and frequency were
recorded for a maximum period of 1 minute. The cough
latency was defined as the time from the initial exposure to
the 1% citric acid until the first cough. The number of
coughs was used to screen for silent aspiration, with five
or more coughs being considered negative.'®

The nursing home’s records were referenced to obtain
the FOIS score and oral calorie intake. In addition, the age,
sex, and cause of the swallowing disorder were obtained
from the facility’s records. The body mass index (BMI),
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Assessed for eligibility (n=74)

Exclusion criteria (n=15)
*MMSE =28 (n=6)
-epilepsia (n=2)
-asthma (n=2)

heart pacer (n=3)

-only tube feeding (n=2)

A4

Subjects of sensory stimulation
(n=59)

Discontinued intervention (n=5)
- Left nursing home (n=1)
*Medical admission (n=1)
-Refusal to continue (n=2)
-Withdrawal of consent (n=1)

A4

Analyzed (n=54)

Figure | Participant flowchart.

Figure 2 Positions of electrodes. The upper electrodes are placed directly below the
mandibular angle, and the lower electrodes are placed at the level of the thyroid
cartilage along the anterior edge of the sternocleidomastoid muscle. A 50-beat inter-
ferential wave is generated from two different alternating currents (2000 or 2500 Hz).

which was used to indicate the obesity status, and the results
of the mini nutritional assessment (MNA) were used as
indicators of nutritional state. The MMSE was used to assess
cognitive function.'” In addition, the Barthel index (BI) was
used as an index of activities of daily living.'®

Sample Size
The requisite sample size was calculated using G*Power
(Kiel University, Kiel, Germany). As the necessary effect

size of the primary endpoint was determined to be 0.46 in
a previous study,15 the effect size, a-value, and detection
power were determined in the present study to be 0.46, 0.05,
and 0.8, respectively.'2® It was calculated that 41 subjects
were required. A predicted withdrawal rate of 10% informed
the decision to enroll at least 45 participants.

Endpoints

Cough latency time was the primary endpoint.'> Cough
frequency, FOIS score, and oral calorie intake were the
secondary endpoints. Each metric was measured before and
after the 3-week intervention, and the results were compared.

Statistical Analysis

The Shapiro—Wilk test was used to assess data normality.
The Wilcoxon signed-rank test was used to compare
findings across the intervention. Statistical significance
was set to p < 0.05. Multiple regression analysis was
performed, with the differences in cough latency time,
cough frequency, FOIS score, and oral calorie intake
before and after intervention as the dependent variables,
and age, sex, BMI, MNA, BI, and MMSE as the inde-
pendent variables. For the post hoc analysis, the effect
size was calculated using G*Power. SPSS software (ver-
sion 25.0; IBM, Tokyo, Japan) was used for statistical
analysis.

Results

The participant characteristics are shown in Table 1. Five
participants were unable to continue the intervention
(Figure 1). Our findings concerning the cough reflex and
nutritional status across the 3-week IFC-TESS intervention
are presented in Table 2.

Cough latency time decreased significantly across the
intervention (p < 0.001), while cough frequency increased
significantly (p = 0.001). The median of the FOIS score
and the oral calorie intake did not change but the inter-
quartile range of the oral calorie intake increased after the
intervention; conclusively, a statistically significant change
was observed for both variables (FOIS, p = 0.02; oral
calorie intake, p < 0.001); this may have been due to
progressive improvements in participants with particularly
low oral calorie intake at baseline (Figure S3), and FOIS
scores improved (Figure S4). The results of multiple
regression analysis adjusted for age, sex, BMI, MNA, BI,
and MMSE are shown in Table 3.
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Table | Baseline Characteristics of the Patients

Characteristics Total (n = 54)
Age (years) 84.5%10.7
Female, n (%) 41 (75.9)
Male, n (%) 13 (24.1)
BMI (kg/m?) 20.5£3.0
MNA 19.7+3.9
Bl score 36.2+29.0
MMSE score 11.4%9.1
Comorbidities, n (%)
Stroke 21 (38.9)
Cognitive disorder 15 (27.8)
Parkinson disease 3 (5.6)
Head and neck disease 5(9.2)
Others 10 (18.5)

Note: Data are given as mean£SD or n (%).
Abbreviations: Bl, Barthel index; BMI, body mass index; MMSE, mini-mental state
examination; MNA, mini nutritional assessment; SD, standard deviation.

Discussion
Administration of IFC-TESS to Dementia

Patients in a Chronic Facility

Improvements in the primary endpoint (cough latency
time) and the secondary endpoints (cough frequency,
FOIS score, and oral calorie intake) were found among
patients with dementia residing in nursing homes. In dys-
phagia rehabilitation, neuromuscular electrical stimulation
(NMEY) is initially applied to the surfaces of the pharynx-
associated muscles to increase muscular strength; how-
ever, as pain develops with the increasing intensity of
stimulation,”' patients with dementia have often been
excluded from previous NMES studies.”>** While no
consensus has been reached regarding the optimal inten-
sity at which TENS should be applied to alleviate

. 25,26
pain,

the stimulation parameters are considered to
determine the efficacy of pain alleviation and the duration
of the maintenance of analgesia after stimulation. In gen-
eral, unpleasant sensation at the time of electrical stimula-

tion decreases as the frequency increases, and muscular

contraction does not occur at frequencies of 1 kHz or
higher.?’

IFC-TESS is a form of sensory stimulation and conse-
quent pain attenuation or elimination that delivers an inter-
ferential current generated by the difference between two
currents of medium frequencies of 2000 and 2050 Hz.
Electrical skin resistance can be reduced with medium
frequency, enabling conduction to deeper tissues.”® In
addition, in the present study, the stimulation intensity of
2-3 mA induced no sensation of pain. Our findings thus
indicate that the continued use of IFC-TESS can be effec-
tive in dysphagia rehabilitation without inducing unplea-
sant sensations in dementia patients.

Improvement of the Cough Reflex

The decreased cough latency time and increased cough
frequency we observed indicated improvements in the
cough reflex. In addition, improvements were found in
three of the six subjects with a previous history of aspira-
tion pneumonia. No form of dysphagia rehabilitation apart
from IFC-TESS was performed during the intervention
period, and the patients continued their usual lives.
Hence, the improvement in cough reflex indicates the
efficacy of IFC-TESS intervention, which has been attrib-
uted to the effect of IFC-TESS on the superior laryngeal
nerve.' >’

The inner branch of the superior laryngeal nerve, which
innervates the epiglottis, laryngeal vestibule, and hypophar-
ynx, is well known to be the most important sensory nerve
for inducing coughing and swallowing.*®? In addition, the
cough center in the solitary tract nucleus of the medulla
oblongata is positioned close to and is closely associated
with, the swallowing center. Furthermore, once the transient
receptor potential vanilloid channels of the C-fibers (which
are centripetal sensory nerves in the airway) are activated
by chemical and physical stimuli, the cough reflex is elicited
through the mediation of the neurotransmitter substance-P,

reinforcing the cough and swallowing reflexes.”**

Table 2 Outcome Comparisons of Cough Reflex and Nutritional Intake Before and After the 3-Week IFC-TESS

Before (n = 54) After 3 Weeks (n = 54) p-value Effect Size
Cough latency (s) 15.8 (7.0-60.0) 6.7 (3.6-30.7) <0.001* 0.469
Cough frequency (n/min) 5.0 (0.0-5.0) 5.0 (5.0-5.0) 0.001° 0.507
FOIS score 5.0 (5.0-6.0) 5.0 (5.0-6.0) 0.020° 0.156
Nutritional oral intake (kcal/day) 1300.0 (862.5-1420.0) 1300.0 (1005.0-1462.5) <0.001* 0.235

Note: Data are given as median (IQR) for Wilcoxon signed-rank test. *Statistically significant.
Abbreviations: FOIS, functional oral intake scale; IFC-TESS, interferential current transcutaneous electrical sensory stimulation; IQR, interquartile range.
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Table 3 Comparison of Differences in Cough Latency, Cough Frequency, FOIS, and Nutritional Oral Intake Before

3-Week IFC-TESS

and After the

Dependent Variable Independent Variable B (95% CI) p p-value VIF Adjusted R?
Cough latency Age (years) 0.137 (—0.542 to 0.816) 0.062 0.687 1.143
Sex 8.509 (—7.634 to 24.651) 0.156 0.294 1.059
BMI (kg/m?) —0.570 (—3.493 to 2.353) —0.073 0.697 1.700 —0.083
MNA 0.409 (—2.281 to 3.098) 0.067 0.761 2.383
Bl score 0.064 (—0.315 to 0.442) 0.078 0.737 2,628
MMSE score —0.094 (—1.214 to 1.026) —0.036 0.866 2.252
Cough frequency Age (years) 0.022 (—0.040 to 0.084) 0.109 0.472 1.143
Sex 0.730 (—0.739 to 2.198) 0.145 0.323 1.059
BMI (kg/m?) —0.167 (—0.433 to 0.099) —0.232 0.212 1.700 —0.046
MNA 0.087 (—0.157 to 0.332) 0.156 0.477 2.383
Bl score —0.003 (—0.037 to 0.032) —0.034 0.883 2.628
MMSE score 0.003 (—0.099 to 0.105) 0.013 0.952 2.252
FOIS Age (years) 0.003 (—0.008 to 0.014) 0.088 0.557 1.143
Sex 0.030 (—0.233 to 0.292) 0.033 0.821 1.059
BMI (kg/m?) 0.030 (—0.018 to 0.077) 0.228 0.217 1.700 —0.038
MNA —0.030 (—0.073 to 0.014) —0.293 0.181 2.383
Bl score 0.000 (—0.007 to 0.006) —0.026 0.909 2.628
MMSE score 0.013 (0.006 to 0.031) 0.292 0.171 2.252
Nutritional oral intake Age (years) 1.980 (—1.357 to 5.316) 0.182 0.239 1.143
Sex 22.571 (-56.739 to 101.881) 0.084 0.570 1.059
BMI (kg/m?) —0.680 (—15.041 to 13.681) —0.018 0.925 1.700 —-0.078
MNA —3.412 (—16.627 to 9.802) —0.114 0.606 2.383
Bl score 0.011 (—1.849 to 1.872) 0.003 0.990 2,628
MMSE score 0.774 (—4.729 to 6.276) 0.061 0.778 2.252

Note: Data are given for multiple regression model.
Abbreviations: B, unstandardized coefficient; B, standardized coefficient; Bl, Barthel index; BMI, body mass index; IFC-TESS, interferential current transcutaneous electrical
sensory stimulation; MMSE, mini-mental state examination; MNA, mini nutritional assessment; R?, coefficient of determination; VIF, variance inflation factor; 95% Cl, 95%

confidence interval.

Substance-P production is reduced in the cervical ganglia of
older individuals and those with cerebrovascular disorders.
Further, substance-P can become depleted as a result of
aspiration pneumonia.®® In particular, damage to the basal
ganglia results in diminished dopamine levels and conse-
quently reduces concentrations of substance-P in the glos-
sopharyngeal and vagus nerves.** However, it has been
shown recently that cervical electrical stimulation induces
the temporary pharyngeal accumulation of substance-P in
healthy volunteers and patients with stroke-induced acute
severe dysphagia.>®>’ With IFC-TESS, the superior laryn-
geal nerve in this region is targeted,'*?° and both the swal-
lowing reflex and cough reflex are thus improved. In
dysphagic patients, due to improvement in cough sensitiv-
ity, and likewise in airway defense function,'® IFC-TESS
treatment can contribute to the prevention of aspiration

pneumonia.

Effects of IFC-TESS

The adjusted results of the multiple regression analysis
showed that IFC-TESS was effective in improving cough
latency time, cough frequency, FOIS score, and oral calorie
intake. The progression of dementia is accompanied by
a decreasing amount of exercise consequent to increasing
time spent seated and a diminished ability to walk. As there
are few means by which to overcome the reduced amount of
exercise, the physical abilities of patients with dementia tend
to deteriorate; this is common among residents in chronic
facilities, and adversely affects recovery during dysphagia
rehabilitation.®® We have shown that IFC-TESS therapy
improves the cough reflex and oral calorie intake, irrespective
of dementia severity and BI. Therefore, IFC-TESS therapy
may be of great benefit to patients with dysphagia, especially
those with a compromised nutritional status and impaired
cognition.

Clinical Interventions in Aging 2020:15
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Limitations

We could have performed more frequent follow-ups or
examined maintenance of the effects beyond the 3-week
intervention period, but this study was designed to help
determine the appropriate stimulation parameters. In addi-
tion, this study excluded patients with severe dysphagia
for whom oral intake was impossible; hence, the efficacy
of IFC-TESS in this population remains unknown. The
participants in this study had chronic dysphagia, with little
possibility of improvement in the absence of rehabilita-
tion; therefore, a control group was not utilized due to
ethical considerations. As such, the possibility of bias due
to other confounding variables, which may have affected
the outcomes, could not be ruled out. Furthermore, while
the participants were provided with a texture-modified
diet, video endoscopy or video fluorography were not
performed in all cases (unless necessary), due to invasive-
ness and ethical considerations. Thus, as the functional
evaluation was restricted, we evaluated increases in oral
calorie intake and FOIS as indicators of improved
function.

Conclusion

Our findings suggest that cervical IFC-TESS in patients
with dementia and dysphagia in nursing homes improves
the cough reflex and increases oral calorie intake. IFC-
TESS thus offers another effective mode of dysphagia
rehabilitation that can be feasibly administered to demen-
tia patients, with whom active modes of rehabilitation are
difficult to complete.

Abbreviations

BI, Barthel index; BMI, body mass index; FOIS, functional
oral intake scale; IFC-TESS, interferential current transcu-
taneous electrical sensory stimulation; MMSE, mini-mental
state exam; MNA, mini nutritional assessment; NMES,
neuromuscular electrical stimulation; TENS, transcuta-
neous electrical nerve stimulation.
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