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Is pharyngeal electrical stimulation available
for developing swallowing function?

Makoto Inoue

Division of Dysphagia Rehabilitation,
Niigata University Graduate School of Medical and Dental Sciences

The present study investigated whether electrical stimulation increases the neural
excitability related to swallowing function in humans. In addition, the potential
of facilitating both voluntary and involuntary swallows was compared using 10-
min continuous electrical stimulation. For this purpose, we conducted the following
five experiments. First, participants were instructed to perform repetitive voluntary
swallowing as quickly as possible over 30 seconds, and the number of swallows was
counted with and without repetitive electrical stimulation (80% of maximal tolerated
intensity; 0.1 ms in pulse duration; 30 Hz) to either nasal cavity, nasopharynx,
oropharynx, or laryngopharynx. The number of swallows was significantly increased
during electrical stimulation of the laryngopharynx and oropharynx. Second,
participants were recruited to see how the stimulus modality can change the
voluntary swallowing function. The pulse duration was 1 or 4 ms and the stimulus
site was either oropharynx, laryngopharynx or both of them. As well expected, the
number of swallows was increased depending on the pulse duration; 4-ms duration
significantly increased the number of swallows as compared to 1-ms. While effects of
both the oro- and laryngopharyngeal stimulation were significantly larger than only
orophayngeal stimulation, there was no difference between laryngopharyngeal and
both stimulation. Third, immediate effect of stimulation was evaluated in 7 adults.
The number of swallows over 30 seconds was compared among control (i.e., without
stimulation), during stimulation and just after the stimulation. There was no difference
in the results between control and just after the stimulation. Five, long-term effect
was investigated. At this time, 10-min continuous stimulation at 5 Hz was applied.
Following this, the number of swallows over 30 seconds and the swallowing response
time which was identified as the time between onset of liquid infusion at 0.1 ml/s and
that of swallowing response were recorded every 10 min for one hour. As a result,
voluntary swallowing function was gradually developed over one hour, in that the
number of swallows tended to increase although the swallowing response time did
not change throughout the recording period. All these results suggest that pharyngeal
electrical stimulation has a potential to induce neuroplasticity. Finally, we investigated
whether combining electrical stimulation with swallowing of still water, still water
(SW) or carbonated water (CW) can potentiate this excitation in either cortical and/or
brain stem areas assessed with transcranial and transcutaneous magnetic stimulation.
Subjects were then randomized to receive each of four 10-min interventions (electrical
stimulation only, Sham+CW, electrical stimulation+CW, and electrical stimulation+SW).
Corticobulbar and craniobulbar MEPs were then remeasured for up to 60 min.
Results showed a significant cortical changes with PES only at 45 (p=0.038) and 60
min (p=0.023) and ShamPES+CW immediately (p=0.008) but not with PES+CW or
PES+SW. We conclude that only electrical stimulation produced long-term changes in
corticopharyngeal excitability whereas combination stimuli were less effective. We
suggest that electrical stimulation alone rather than in combination, may be better for
the facilitation of cortico-bulbar excitability related to swallowing function.



