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Effects of submental stimulation for several
consecutive nights in patients with obstructive
sleep apnoea

Wataru Hida, Shinichi Okabe, Hiroshi Miki, Yoshihiro Kikuchi, Osamu Taguchi,
Tamotsu Takishima, Kunio Shirato

Abstract
Background - It has previously been
reported that short term submental
stimulation can reduce the frequency of
apnoea and improve sleep architecture in
patients with obstructive sleep apnoea.
The effects of submental stimulation
during consecutive nights on apnoea or
on daytime sleepiness have not, however,
been studied.
Methods - Patients with obstructive sleep
apnoea were studied by polysomnogra-
phy on a control night, for five consecu-
tive nights ofsubmental stimulation, and
on three following nights (n = 8). A multi-
ple sleep latency test (MSLT) (n = 8) and
measurement of the upper airway res-
istance (n= 5) were performed during the
day after the polysomnographic study,
on the control night, and on the fifth
stimulation night. In an additional five
patients with obstructive sleep apnoea,
matched for age, sex, and weight, the
effects of two nights of stimulation were
examined for comparison. Submental
stimulation began when an apnoea lasted
for five seconds and stopped with the
resumption of breathing as detected by
oronasal flow.
Results - The apnoea index, the number
of times per hour that Sao2 dropped be-
low 85% (Sao2 < 85%/hour), and the total
apnoea duration expressed as a percent-
age of total sleep time during stimulation
nights decreased to approximately 50%
of the corresponding values on the con-
trol night. This improvement persisted
for at least two nights after the five con-
secutive stimulation nights, but not after
the two consecutive stimulation nights.
Sleep architecture and MSLT following
the stimulation nights improved but
upper airway resistance did not change.
Conclusions - Submental stimulation for
five consecutive nights in patients with
obstructive sleep apnoea improved the
breathing disturbance, sleep quality, and
daytime sleepiness. The effect lasted for
the following two nights, but did not
completely abolish the sleep disordered
breathing.

(Thorax 1994;49:446-452)

An imbalance in the activity of upper airway
dilating muscles and the inspiratory pump

muscles leads to upper airway obstruction in
patients with obstructive sleep apnoea.' 2 Con-
versely, an increase in the upper airway muscle
activity which overcomes the intraluminal
negative pressure generated by the contraction
of inspiratory pump muscles may open an
obstructed upper airway. In animal experi-
ments Gottfried and coworkers3 reported that
electrical stimulation ofhyoid muscles reduced
upper airway resistance, and a significant de-
crease in inspiratory upper airway resistance
during electrical stimulation of the genioglossus
has also been reported.4 Based on these animal
experiments we have used percutaneous elec-
trical stimulation in the submental region dur-
ing apnoea in patients with obstructive sleep
apnoea and found a reduction in the frequency
of apnoeic episodes and an improvement in the
sleep architecture.56 In these previous studies
submental stimulation has been performed on
only one or two nights,56 but the effects of
submental stimulation over several consecu-
tive nights on apnoeic episodes and daytime
function have not been studied. In this study
we have examined the effects of submental
stimulation on five consecutive nights and dur-
ing the nights following these stimulation
nights. Furthermore, we have performed mul-
tiple sleep latency testing (MSLT)7 to estimate
the improvement of excessive daytime sleepi-
ness, and have measured upper airway resist-
ance to assess whether submental stimulation
changes the dimensions of the upper airway
during the daytime.

Methods
SUBJECTS
Thirteen men with obstructive sleep apnoea
previously diagnosed by polysomnography
were studied. All were habitual snorers and 10
complained of excessive daytime sleepiness
and slight morning headache. All were clinic-
ally stable and free from lung disease, heart
failure, or clearly definable upper airway ab-
normalities. They were divided into two
groups, one receiving submental stimulation
for five nights and the other for only two
nights. The anthropometric data, spirometric
measurements, blood gas tensions, and haemo-
globin concentrations for the two groups are
shown in table 1. Four patients were obese
with body mass indices over 30 kg/mi; three
were in the group stimulated for five nights
and one was in the group stimulated for two
nights. Vital capacity (VC) and forced expira-
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Submental stimulation and obstructive sleep apnoea

Table 1 Mean (SE) anthropometric data, basal pulmonary function, and
haemoglobin concentration of patients with obstructive sleep apnoea

Variable Five nights of Two nights of
stimulation stimulation
(n = 8) (n = 5)

Age (years) 51 4 (3-2) 53-8 (7-3)
Height (cm) 165-1 (1-2) 165-2 (2 8)
Weight (kg) 76-8 (4-1) 73-6 (5-2)
Body mass index (kg/r2) 28-1 (1-3) 26-8 (2 8)
Submental skin thickness (cm) 0-9 (0-1) 0-8 (01)
%VC (% predicted) 100 6 (5-7) 109 8 (3-3)
FEV,/VC (%) 77-7 (3-0) 82-7 (2-4)
p1-1 7-39 (0-01) 7-39 (0-01)
Pao2 (kPa) 10-7 (0 6) 10-4 (0-4)
Paco2 (kPa) 5-4 (0-1) 5-3 (0-1)
Haemoglobin concentration (g/dl) 14 9 (0-6) 15 5 (0 6)

VC = slow vital capacity; FEVy = forced expiratory volume in one second; Pao2 = arterial oxygen
pressure; Paco2 = arterial carbon dioxide pressure.

tory volume in one second (FEV,) were
measured with a 13 5 litre spirometer (Tatebe
Seishudo Co, Tokyo, Japan). The predicted
normal values of Cotes' were used. Arterial
blood gas tensions and pH were measured with
a pH/blood gas analyser (Model 213; Instru-
mentation Laboratories, Lexington, Massa-
chusetts, USA). There were no significant
differences in these variables between the two
groups. Skin thickness measured by calipers in
the submental area did not differ between the
groups. Each patient gave informed consent to
the protocol which was approved by the
Human Research Committee of our institution.

SLEEP STUDIES

Overnight sleep studies were performed in a
quiet darkened room using standard poly-
somnographic techniques including electro-
encephalography (EEG), electro-oculography
(EOG), and submental electromyography
(EMG) with surface electrodes to determine
sleep stages.9 Airflow at the nose and mouth
was recorded with two thermistors and respir-
atory effort was assessed by inductive plethys-
mography (Respitrace; Ambulatory Monitor-
ing, Ardsley, New York, USA) at the level of
the mid thorax and umbilicus. Arterial oxygen
saturation (Sao2) was measured continuously
with a pulse oximeter (Biox 3700; Ohmeda,
Boulder, Colorado, USA). Body position was
monitored by a position meter. All variables
were recorded continuously on a multichannel
thermal polygraph (Recti-horiz-8K; NEC
San-ei, Tokyo, Japan) and data recorder (A-
109; Sony, Tokyo, Japan).
Apnoea was defined as the cessation of air-

flow at the nose and mouth lasting longer than
10 seconds.56 10 Obstructive apnoea was identi-
fied as an absence of airflow signals despite
continuing thoracoabdominal movement, cen-
tral apnoea as stopping of airflow signals with a
complete absence of thoracoabdominal move-
ments, and mixed apnoea as both central and
obstructive components during the apnoeic
event.5610 Hypopnoea was defined as a fall in
Sao2 of 4% or more from the preceding stable
Sao2 when asleep, associated with a reduction
of 50% in thoracoabdominal amplitude (Res-
pitrace sum signal)."

SUBMENTAL STIMULATION
We developed an airflow demand-type port-
able submental stimulator based on a plot type
apparatus, as in our previous reports.56 The
apparatus consists of two parts: an apnoea
detection and stimulating system. It weighs
approximately 300g and is operated for two
nights by a rechargeable 9 volt DC battery.
Airflow signals were recorded by thermistors
placed near the nose and mouth. The presence
of apnoea was defined as any point where the
intensity of the thermistors fell to less than
10% of that during tidal breathing. Two silver
chloride ECG electrodes (1Omm in diameter)
were used as stimulation electrodes, and were
attached 10 mm apart on the skin in the proxi-
mal half submental region. Stimulation was
performed with 02 ms pulses repeated at
100 Hz at an intensity of 5-30 volts. Electrical
stimulation began when apnoea lasted for five
seconds, and was stopped after resumption of
breathing was detected by oronasal airflow, or
after a maximum of 20 seconds. The preset
stimulation intensity was determined for each
patient while awake by choosing a value just
below the threshold of mild pain. If the oro-
nasal airflow did not appear within five
seconds of the onset of stimulation, the inten-
sity automatically increased stepwise to a 50%
increase for the following five seconds, and to a
75% increase from the initial intensity for the
next 10 seconds. The stepwise increase in
stimulation intensity always returned to the
initial level. The timing of stimulation was not
dependent on the respiratory cycle.

MULTIPLE SLEEP LATENCY TEST (MSLT)
An MSLT was performed according to the
recommendations of the American Sleep Dis-
orders Association.7 The subjects were placed
in a dark room for 20 minutes four times
during the day (10.00, 12.00, 14.00, and 16.00
hours). Polysomnographic recordings were
performed during these times for those who
fell asleep. Sleep latency was measured when
the first epoch of any stage of sleep appeared.
Each sleep latency time and the mean value of
four sleep latency times were obtained.

UPPER AIRWAY RESISTANCE
Inspiratory and expiratory upper airway res-
istances were determined by simultaneously
recording respiratory airflow and the pressure
difference between the mouth and the lower
pharynx. Mouth flow was obtained with a
pneumotachometer (Fleisch no. 2) and a dif-
ferential pressure transducer (MP-45,
± 2 cm H2O; Validyne Corporation, North-
ridge, California, USA). The pressure dif-
ference between the mouth and the lower
pharynx was obtained by a differential pres-
sure transducer (MP-45, ±50 cm H2O; Vali-
dyne Corporation) calibrated with a water
manometer. Pharyngeal pressure was
measured at the level of the epiglottis using a
polyethylene catheter, 80 cm in length and
14 mm internal diameter, with three or four
side holes in the distal 1 cm of the tube, and a
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plugged end. To prevent obstruction of the
catheter by secretions, a continuous flow of
1 ml/s was maintained through it from an

oxygen cylinder.'2 13 The catheter position was
confirmed by laryngoscopy before and after
each study. Pressure and mouth flow signals
were displayed on the X and Y axes, respect-
ively, of a storage oscilloscope (R5103N Tek-
tronix Beaverton, Oregon, USA). The inspir-
atory and expiratory resistances were taken
from the slope of the linear portion of the
pressure-flow relation determined at zero flow
at the inspiratory and expiratory phase, re-

spectively.

PROTOCOLS
Eight men with obstructive sleep apnoea (table
1) underwent a polysomnographic study in an

all night session for two nights without stimu-
lation, five consecutive nights with stimula-
tion, and the following three nights without
stimulation. These patients performed the
MSLT as previously described during the day
after the control night and the fifth stimulation
night. Furthermore, in five patients upper air-
way resistance was measured in the supine
position during wakefulness following the
MSLT. For comparison, an additional five
patients with obstructive sleep apnoea,
matched for age, sex, and weight (table 1),
underwent a polysomnographic study on two
nights without stimulation, on two consecutive
nights with stimulation, and on the following
night without stimulation. The "control
night" was defined as the second night studied
polysomnographically without stimulation, a

"stimulation night" as a night studied using
the portable demand-type stimulator, and the
"night after stimulation" as the following
night without stimulation.

DATA ANALYSIS
The following polysomnographic variables
were measured: total sleep time (TST), apnoea
index defined as apnoeic episodes per hour,
hypopnoea index defined as hypopnoeic epi-
sodes per hour, the number of times per hour
that Sao2 dropped below 85% (Sao2 <85%/
hour),5 14 total apnoea duration expressed as a

percentage of TST, mean duration of apnoea,

sleep onset latency (time from lights out to
sleep onset), and sleep stage characteristics on

the control night, stimulation nights, and
nights after stimulation. Repeated polysomno-
graphic variables were analysed by one way

analysis of variance (ANOVA).'5 If signific-
ance was identified by ANOVA a comparison
of variables between the control night and
stimulation night, or the control night and the
night after stimulation, was performed using a

paired two tailed Student's t test. Four sleep
latency tests before and after stimulation were

analysed by two way ANOVA, and each sleep
latency test and the MSLT before and after
successive stimulation nights were compared
by a paired two tailed Student's t test. The
upper airway resistance before and after the
stimulation nights was also analysed by a

paired two tailed Student's t test. Statistical
significance was defined as p < 005. Data are

expressed as mean (SE).

Results
Polysomnographic data on the control night,
the fifth stimulation night, and the first night
after stimulation in patients who had submen-
tal stimulation for five consecutive nights are

shown in table 2. Sleep disordered breathing,
assessed by apnoea index, total apnoea
duration during sleep, mean duration of
apnoea, and Sao2 <85%/hour, was improved
significantly on the fifth stimulation night.
The reduced total apnoea duration was the
result of a significant decrease in apnoea

duration during non-REM sleep but not dur-
ing REM sleep. The hypopnoea index on the
control night was small and was not affected by
stimulation.

Figure 1 shows a part of the polysomno-
graphic recording obtained during non-REM
sleep from a patient on the fifth stimulation
night. After five seconds from the onset of
apnoea, which was detected by oronasal air-
flow, submental stimulation via the skin was

started, and after four or seven seconds of
submental stimulation breathing resumed, at
which point stimulation was immediately
stopped. Electrical stimulation did not in-
crease the EEG frequency with the appearance
of alpha waves and a simultaneous increase in
the EMG amplitude after the stimulation

Table 2 Mean (SE) polysomnographic variables on control night, the fifth stimulation night, and the first night
after stimulation in the group stimulated for five nights (n = 8)

Variables Control night Fifth stimulation First night after
night stimulation

Total sleep time (hours) 6 9 (0-3) 6-6 (0 2) 6-4 (0-3)
Apnoea index (no/hour) 53.8 (7-0) 27.3 (5-7)** 36-8 (7-5)*
Hypopnoea index (no/hour) 1 8 (0 5) 2 5 (0 9) 2 5 (0-6)
Total apnoea duration (%TST)
Non-REM+REM 41-1 (6 1) 17 6 (3 9)** 26 0 (5 7)**
Non-REM 31 8 (4 9) 10-8 (2.6)** 18 4 (4 4)*
REM 9-3 (14) 68 (15) 76 (16)

Mean duration of apnoea (s) 27 4 (3 2) 23-0 (2 1)* 23 5 (2.2)*
Sao2 before sleep (%) 94 5 (0 5) 95-8 (0-2)* 96 0 (0-3)*
Sao2 < 85%/hour (no/hour) 32 5 (7 0) 11 3 (3.3)** 17 1 (6.4)**
Sleep onset latency (min) 8-8 (0 8) 9-3 (0 7) 9 5 (0-5)
Sleep stage

Stage 1/2 (%TST) 64 3 (2-5) 58-6 (2 1)* 58 5 (2 1)**
Stage 3/4 (%TST) 13-8 (0 9) 23-0 (0Q5)** 22 1 (1 0)**
REM (%TST) 16-0 (1-2) 18 5 (2-0) 19 3 (2 0)

TST = total sleep time; REM = rapid eye movement sleep; Sao2 = arterial oxygen saturation; Sao2 < 85%/hour = number of times
per hour that Sao2 dropped below 85%.
* p < 0 05, ** p < 0-01 v corresponding values before stimulation night.
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Figure 1 Part of the polysomnographic recording during non-I
patient with obstructive sleep apnoea on a night with submental
for further explanations.

10 sec induced artifact, and seemed to resolve
apnoeic episodes without definable arousal.

*tt1 4w< The apnoeic episodes on the other stimula-
tion nights also improved as shown in fig 2.
The apnoea index, Sao2 < 85%/hour, and total
apnoea duration/TST on the first and second91 >*^*nights decreased significantly compared with
the corresponding values on the control night.
Furthermore, significant after effects of sub-
mental stimulation were found. The values of
these three parameters and mean duration of
apnoea were still significantly lower on the first
night after stimulation (fig 2, table 2), and Sao,

i; " <85%/hour and total apnoea duration de-
creased significantly on the second night after
stimulation. The decrease in total apnoea

IjI'1!i duration during the nights after stimulation
b was observed during non-REM sleep (table 2).

On the third night after stimulation the
apnoeic episodes returned to the control level.
Sao2 before sleep improved on the fifth stimu-
lation night, and also improved on the first
(table 2) and second nights after stimulation
(96-6 (05)%, p < 0-05 compared with the con-
trol value). The effects of stimulation therefore

jrfZ[[\Jr lasted for at least two nights after stimulation
for five successive nights.
The distribution of sleep stages and sleep

onset latency for the control night, the fifth
stimulation night, and the first night after
stimulation are shown in table 2. Stages 1 and
2 decreased significantly whereas stages 3 and
4 increased significantly both on the fifth
stimulation night and on the first night after

- m stimulation. REM stages and sleep onset
latency did not change throughout the study.

tMisleepain one None of the subjects was awakened by the
stimulation and none complained of skin pain
or any other discomfort the following morn-
ing. Symptoms of excessive daytime sleepiness
and morning headache also improved after the
stimulation nights.

Apnoea index
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Figure 2 Apnoea index, total apnoea duration during sleep expressed as a percentage of total sleep time (TS T),
and Sao2 <85%/hour on the control night (C), the first, second, and fifth nights of stimulation, and the following
first, second, and third nights. The apnoea index, total apnoea duration during sleep/TST, and Sao2 <85%/hour
decreased on stimulation nights compared with the values on the control night. The apnoea index was decreased on

the first night after stimulation, and the other two parameters were decreased for at least two nights after stimulation
compared with values on the control night. On the third night after stimulation the values of these parameters
returned to the control night level. * p < 0 05, ** p < 0 01 v control night.
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Figure 3 Mean value of each sleep latency test
(MSL T) and mean offour sleep latency tests before
and after five consecutive nights of stimulation.
* p < 0-05, ** p < 0 01 v value before stimulation nights.

The four sleep latency times and the mean

MSLT after five consecutive nights of stimu-
lation were prolonged significantly compared
with those on the control day (fig 3). Inspiratory
and expiratory upper airway resistances before
stimulation nights were 0 75 (0-12) and 0 60
(0 11) cm H20/l/s, respectively, and inspiratory
and expiratory upper airway resistances after
five consecutive nights of stimulation were 0-71
(0- 12) and 0-62 (0- 10) cm H20/l/s, respectively.
Neither inspiratory nor expiratory upper

airway resistances differed before or after
successive stimulation nights.
Polysomnographic data for five patients who

had stimulation for two nights are shown in
table 3. Apnoea index, total apnoea duration,
mean duration of apnoea, and Sao2 <85%/
hour on the second stimulation night de-
creased significantly compared with the cor-

responding values on the control night. The
hypopnoea index did not change, but Sao2
before sleep improved on the stimulation
night. In this group no post-stimulation effects
were observed on MSLT.

Discussion
The effects of submental stimulation for five
consecutive nights on apnoeic episodes have
been studied during the stimulation nights and
the nights after stimulation using a portable
submental stimulator in patients with obstruc-
tive sleep apnoea. A significant reduction in
the duration and frequency of apnoeas was

found on the stimulation nights and for at least
two nights after stimulation, with an associated
improvement in sleep quality and daytime
sleepiness. Complete abolition of the sleep
disordered breathing did not occur.

In our previous paper we used a microphone
attached to the skin over the cervical trachea to
detect apnoeic episodes, and the stimulating
system and detecting system were completely
separated.56 If the stimulating system and
detecting system were combined, the latter
sometimes picks up noise caused by the electri-
cal stimulation, resulting in a malfunction. It
was difficult to separate completely the stimu-
lation frequency and the sound frequency as

the frequency bands overlapped. In the pre-

sent study we have therefore used oronasal
flow thermistors which require lower fre-
quency signals (< 2 Hz) to detect apnoeic epi-
sodes, instead of the tracheal sound record-
ings. The stimulator operated properly with
these thermistors. Apnoeic episodes are easily
affected by body position and patients with
obstructive sleep apnoea tend to have more

apnoeas during sleep when supine than in the
lateral position.'617 Body position was supine
throughout the night and hence postural
effects were negligible.
The mechanisms by which submental

stimulation reduced the duration and fre-
quency of apnoeic episodes during stimulation
nights are not clear. One possibility is that
submental stimulation resolved apnoeic epi-
sodes by arousal. Unfortunately, in the present
study we could not estimate EEG arousal'8
during stimulation nights because of the
stimulation-induced artifact. Definable EEG
arousal after stimulation was not, however,
observed as shown in fig 1. Moreover, the
improvement in clinical symptoms, sleep qual-
ity and MSLT suggests that arousal frequency
was not increased. An alternative explanation
is that submental stimulation increased muscle
tone in the genioglossus and/or geniohyoid
muscles, and so decreased upper airway resist-
ance34 or upper airway collapsibility.2 '9 In our

previous paper submental stimulation itself
did not change blood pressure or heart rate,
and sham stimulation in other parts of the
body (arm and leg) did not reduce apnoeic
episodes.5 These findings would also support
the latter hypothesis.
The effectiveness of submental stimulation

may depend on six factors. The first is the
stimulatory condition. We used a stimulation
frequency of 100 Hz as, in our animal experi-
ments, we observed a maximal decrease in

Table 3 Mean (SE) polysomnographic variables on control night, the second stimulation night, and the first night
after stimulation in the group stimulated for two nights (n = 5)

Variables Control night Second stimulation First night after
night stimulation

Total sleep time (hours) 7 0 (0 3) 6-6 (0-4) 7-1 (0-4)
Apnoea index (no/hour) 29-7 (5-8) 20-6 (7 8)* 27-1 (7-0)
Hypopnoea index (no/hour) 2-5 (1-2) 1-2 (0 2) 1-3 (0 5)
Total apnoea duration (%TST) 29-3 (10-5) 13-2 (5-8)* 26-9 (10-7)
Mean duration of apnoea (s) 32-0 (8-1) 20-5 (4-7)* 30-4 (8 3)
Sao2 before sleep (%) 95-0 (0 3) 96-0 (0-5)* 95-6 (0-6)
Sao2 <85%/hour (no/hour) 14-4 (72) 8-8 (7.6)* 15-7 (85)

TST = total sleep time; Sao2= arterial oxygen saturation; Sao2 < 85%/hour number of times per hour that Sao2 dropped below
85%.
* p <005 v corresponding values before stimulation night.
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upper airway resistance of > 50 Hz.4 The
intensity of stimulation for each patient was set
below the pain threshold while awake. The
frequency of apnoeic episodes during stimula-
tion nights at this intensity still remained at
approximately 50% of the control nights, pos-
sibly because the intensity of genioglossus
stimulation was insufficient to open the upper
airway. If we had used a higher intensity
stimulus this would have induced frequent
arousal and led to sleep fragmentation.
The second factor is the sleep stage. The

stimulation threshold used in this study was
only effective on apnoeic episodes during non-
REM sleep and not on those during REM
sleep. It is well known that activity of the
genioglossus muscle during the REM sleep
apnoeic phase almost ceases, but genioglossus
muscle activity during non-REM sleep
apnoeic phase only decreases. We therefore
suggest that the stimulation threshold required
to open the upper airway during REM sleep
apnoeas is greater than for non-REM apnoeas.
Even in non-REM sleep, apnoeic episodes
were not resolved completely. This may be
because different thresholds are required for
opening the upper airway in each apnoea in the
different sleep stages of non-REM sleep.
The third factor is the type of apnoea. Sub-

mental stimulation is effective in abolishing
obstructive apnoeas, less effective on the
mixed type, and ineffective on the central
type.5
The fourth factor on which the effectiveness

of submental stimulation may depend is the
skin thickness in the submental area. Submen-
tal skin thickness in the four obese patients
(1-1 5 cm) tended to be thicker than in non-
obese patients (0 6-08 cm). Although the
obese patients did not differ significantly in
their response to electrical stimulation from
the non-obese patients, the intensity of stimu-
lation set while awake was greater in the for-
mer.
Another factor which may be important in

the effectiveness of submental stimulation is
the adhesive force in the pharynx during upper
airway obstruction. If the adhesive force is
strong it would become hard to open the upper
airway, as shown in our previous animal ex-
periment,'o in which case a higher intensity of
stimulation may be required to open the
obstructed upper airway.

Finally, the anatomical abnormality of the
upper airway may affect submental stimula-
tion, since we have failed to show any benefit
from this method of submental stimulation in
patients with obstructive sleep apnoea who
had hypertrophy of the tonsils.6

Submental stimulation also prolonged the
MSLT, although it was shorter than the nor-
mal range (that is, > 10 minutes).21 This
change ofMSLT was similar to the result seen
with nasal CPAP therapy.2223 The mechanism
of prolongation of the MSLT in the present
study is not clear, but may be related to an
improvement in sleep fragmentation, sleep
deprivation, nocturnal hypoxia, or hyper-
capnia.
The frequency and duration of apnoeic epi-

sodes were reduced on the nights after stimula-
tion, and this effect lasted for at least two days.
This may be because of an improvement in the
ventilatory response to hypercapnia, sleep-
related respiration, oxygenation, sleep frag-
mentation, and alertness as observed in
patients with obstructive sleep apnoea with
nasal CPAP therapy,22-24 producing a decrease
in apnoeic episodes on the nights after stimula-
tion. A second possibility is that the upper
airway submucosal oedema induced before
treatment may disappear during the stimula-
tion nights and nights after stimulation as
occurs with nasal CPAP.25 Since the measure-
ment of upper airway resistance may be less
sensitive for detecting subtle degrees of airway
oedema than the magnetic resonance imaging
method used by Ryan et al,25 significant dif-
ferences in upper airway resistance before and
after the stimulation nights might not have
been found. An alternative explanation is that
a conditioning effect formed in the brain dur-
ing the stimulation nights may reduce the
apnoeic episodes during the nights after stimu-
lation, as several investigators have argued that
the conditioning hypothesis is not only rele-
vant to normal respiratory functions26 but also
to respiratory dysfunctions such as the antici-
patory change in breathing pattern before
muscular exercise,27 asthmatic attacks,28 and
dyspnoea.29

In summary, we have observed that sub-
mental stimulation for several successive
nights in patients with obstructive sleep
apnoea reduced the frequency and duration of
apnoeic episodes with an associated improve-
ment in the sleep quality and daytime sleepi-
ness. These effects remained for at least two
nights following the five successive stimulation
nights. However, such improvement was not
complete and further studies on the usefulness
of submental stimulation in the management
of obstructive sleep apnoea are required.
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