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Description
Field of the invention

[0001] The present invention relates to muscular stim-
ulation, specifically stimulation using adjustable electrical
signals in order to treat episodes of insufficient breathing
produced during Obstructive Sleep Apnea (OSA) Syn-
drome.

Background of the invention

[0002] Various epidemiological studies have proven
that sleep apnea is highly prevalent amongst sleep re-
lated conditions and affects between 4-6 % of males and
2-4% of females in the general middle-aged adult popu-
lation.

[0003] The main problems related to sleep apnea in-
clude significant reduction in quality of life, arterial hyper-
tension and the development of cardiovascular and cer-
ebrovascular diseases.

[0004] Obstructive sleep apnea is therefore one of the
most widespread and worrying sleep conditions.

[0005] The most extensive methods known to date for
treating obstructive sleep apnea include:

US005245995A: A device named CPAP, consisting
of a turbine that transmits a predetermined pressure
via a nasal mask, adapted to the subjects face and
fixed with a harness, with which the circuit is closed.

[0006] The device is effective in terms of continuously
treating the illness, however presents various limitations:

- Nasal congestion and/or obstruction. Nasal conges-
tion is the most common and treatment depends on
the cause behind it. It usually arises as a result of
edema and inflammation of the nasal mucus.

- Irritated skin. This occurs in the area that comes into
contact with the CPAP mask.

- Adrythroat. This is caused by water being lost from
the soft palate, as a result of snoring and apnea and
the air flow from the device itself. In order to be cor-
rected, it is necessary to install a humidifier/heater
connected to the CPAP.

- Noise. In addition to noise produced by the CPAP,
which goes unnoticed after the first few weeks, pa-
tients and their companions complained of tonality
changes between inhalation and exhalation pro-
duced in the mask.

- Cold. This is particularly significant in cold areas and
houses without heating, where in winter, air from the
CPAP may enter the VAS at 15 °C or lower (the tem-
perature recommended for sleep being around 19
°C).

[0007] Surgical techniques: these involve generally
aggressive surgical techniques, which are reserved in
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many cases for when the CPAP does not work or for
patients who reject it before looking into it further. It re-
quires very precise prior anatomical exploration and must
be carried out by experienced surgeons. The ill person
must be informed of the chances of success exhaustively
and may require more than one intervention.

[0008] Electric stimulation: The first research on elec-
tric stimulation treatments for obstructive sleep apnea
was carried out in the 1980s, when Dr. Miki’s team in
Japan carried out various experiments on this usage.
[0009] Since then, several pieces of apparatus have
been produced, which have attempted to apply principles
related to electric stimulation in order to prevent the col-
lapse of the upper airways by means of contracting the
muscles involved. Some are internal, whilst others are
external.

[0010] One device implanted into the subject internally
is:

US006345202B2, which proposes a method for
treating apnea using microelectrodes implanted into
strategic places inside a patient. They are controlled
wirelessly by an external transmitter, in order to stim-
ulate the muscular and nerve tissue in a constructive
way, which helps to open the airways blocked.
[0011] External Devices include:
US 2008/0021506A1, which uses electrodes fitted
to the surface, to prevent snoring and sleep apnea.
US 2006/0145878A1, which proposes a method and
system for fighting apnea, wherein the subject is
woken up.
WO 2006/054359, which proposes electrical stimu-
lation by means of applying electrodes in the jaw
portion of a patient, in order to prevent sleep apnea.
It therefore applies electrical signals repeatedly dur-
ing the night, without considering the state of ob-
struction in the upper airways.

[0012] One limitation common to all the above propos-
als is the lack of regulation. They do not facilitate auto-
matic adjustment, in order to adapt to the morphological
characteristics and the intensity level of apnea episodes
of each patient.

[0013] The same goes for the CPAP device, wherein
prior adjustment is required, thus increasing the costs of
installing the apparatus for each patient considerably. It
is currently substituted by an automatic graduation CPAP
system known as the APAP (Roldan N et al. 2008).
[0014] Devices that detect sleep anpea by means of
fragmenting and subsequent analyzing an acoutic signal
generated by patient's breathing are known from
WO02/13677, US2011/0288431 and US2011/0137195.
Sleep apnea detection by means of counting inhalation
and exhalation is disclosed by US2010048985. The ap-
paratus described below compensates for the deficien-
cies identified in the state of the art and constitutes a
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significant technological advancement, since it facilitates
self-regulating detection and treatment, in order to adapt
to a patient’'s morphology. It uses the minimal electric
shock required in terms of both frequency and intensity
in the muscles involved. Furthermore, it facilitates follow-
up and control of the evolution of the condition.

Description of the invention

[0015] The invention is defined by claim 1 and is par-
ticularly suited for the continuous treatment of sleep and
respiratory conditions, by means of self-regulating elec-
trical stimuli, in order to adapt to a patient’s type set.
[0016] The invention makes it possible to process and
store information relative to apnea episodes and electric
stimulation, in addition to making it possible to adjust the
electrical stimuli in order to adapt to the evolution of the
condition or problem. Inturn, it makes it possible to follow-
up over time in order to assess a patient’s progress.
[0017] Muscular stimulation is carried out cutaneously
on the patient’s neck, without secondary side effects or
alterations to sleep settings. It therefore acts on the mus-
cles involved in the collapse of respiratory airways suc-
cessfully.

[0018] The effect of stimulating muscles additionally
serves to train and strengthen those responsible for
keeping the upper airways open (the genioglossus).
[0019] The stimulation system is preferably built in
such a way that it is portable and may be easily trans-
ported. Patients may therefore take it with them and use
it both in their usual home environment and in other sit-
uations (for example during travel).

[0020] The system includes a neck piece and a central
device. The neck piece in turn comprises an electronic
support, responsible for collecting the signal from the up-
per airways and transmitting electrical impulses, in addi-
tion to an elastic band, designed in an anatomical format,
which is molded to the patient’s neck.

[0021] The device has an apnea detection module
based on processing the acoustic signal produced by the
upper airways. Itis therefore possible to adjust detection
criteria to the optimal breathing thresholds of each pa-
tient, within a continuous learning process. The signal
produced in the respiratory airways is processed to cal-
culate the strength thereof. In turn, a number of thresh-
olds are defined, between which the strength must be
situated. In the event of the strength being below the
threshold linked to breathing, the duration thereof is
thereby counted. If this duration exceeds another time
threshold, it is concluded that there is a period of apnea
and this result is communicated to the actuation module.
[0022] The actuation module controls the electric stim-
ulator and facilitates the self-regulation of the intensity
and frequency of electrical stimulus, according to the
characteristics of the episode and patient. It is ensured
that the stimulus is enough for each patient’s layer of
adipose tissue and for the severity of the collapse in the
airways. A stimulus is therefore generated at a specific
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intensity and frequency.

[0023] The device may store information relating to ap-
nea episodes and the electrical stimuli in a memory (ex-
ternal, if necessary), thus creating a time sequence that
facilitates the automatic assessment of the evolution of
sleep apnea and modification of the electric stimulation
program, in order to adjust the intensity and/or frequency
of the electrical stimulus to be applied.

[0024] The device may include a communication sys-
tem, by means of a cable or wireless, which makes it
possible to connect to an external device. Said external
device may in turn be in charge of other functions, for
example, producing areport on the evolution of the apnea
episodes.

Brief description of the drawings
[0025]

Figure 1. is a schematic block diagram of an electric
stimulation system used to treat OSA, according to
the present invention. The main components are
shown.

Figure 2. (a) is an example of a neck piece (10) fitted
around a patient’s neck.

Figure 2. (b) represents the components of the neck
piece (10) in detail.

Figure 2. (c) is a detailed view of the means used
to fasten the neck piece (10).

Figure 3. shows how the elements of the neck piece
(10) and central device (20) of the system are placed
on a patient’s body.

A neck piece (10) with free electrodes to be placed
in the submental area of the muscles in order to fa-
cilitate electric stimulation and a microphone in con-
tact with the neck area, in order to receive the sound
of the air flow crossing the upper airways. Central
device (20) with a module for processing acoustic
signals, electric stimulation and the controller there-
of, abattery and preferably an external memory. The
sound signal is received from the microphone and
processed and where necessary, the electrical sig-
nal is transmitted to the electrodes connected to the
neck piece (10).

Figure 4. is a flow diagram of one embodiment.

Preferred embodiments

[0026] The design of the device makes it comfortable
to wear for the whole night, without disturbing normal
sleep cycles, with a microphone fitted in such a way that
it comes into contact with the neck and two electrodes,
which are placed in a submental position.

[0027] A small, central device (usually placed on the
chest), with an apnea episode detection module based
on analyzing the acoustic signal of the upper respiratory
airways and an electric stimulation actuator, capable of
producing a variable electrical signal, in terms of both
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intensity and frequency. Furthermore, there is close com-
munication between both modules, in such a way that
controlled feedback is produced between the electrical
signal applied to the muscles and the duration of the ap-
nea episodes.

[0028] Below is a description of an exemplary embod-
iment of the invention, with reference to the figures.
[0029] According to Figure 1, the system for treating
apnea comprises two modules: a neck piece (10) and a
central device (20). It may also include a user interface
(32) used to communicate with an external device (30)
responsible for storing information of interest in a data-
base (31) or for recovering data (history of apnea epi-
sodes) stored in the memory (26) of the central device
(20) for subsequent follow-up and study of the evolution
of the condition.

[0030] The neck piece (10) in turn comprises a micro-
phone (11) adjusted to capture the sound of the upper
airways. Furthermore, it preferably has two terminals (12)
in order to connect the electrodes (18) that may be ex-
tracted and replaced in order to stimulate the muscles
involved in the apnea.

[0031] The microphone (11) collects the acoustic sig-
nal of the upper respiratory airways generated by the
patient in real time.

[0032] The electrodes (18) may be easily coupled to
their adaptors (12) and are preferably flexible in order to
adjust to various neck anatomies correctly.

[0033] The central device (20) incorporates a signal
processer (23) for treating the acoustic signal coming
from the microphone (11) and a method for detecting
apnea episodes. The central device (20) receives the
pre-filtered analogue signal, converts it into a digital sig-
nal and may furthermore include a filter (22) to be used
on the digital signal, in order to reduce harmful noises.
[0034] The processing unit (23) recognizes an apnea
episode when the strength of the acoustic signal falls
below a certain strength threshold during a minimum pe-
riod of time. It then decides to send a signal to the electric
stimulator (25) controller. In turn, the controller (25) re-
covers the optimal frequency and intensity values previ-
ously adapted for the current episode, in such a way that
it always administers the smallest shock necessary in
order to stop an apnea episode. It then activates the elec-
tric stimulator (29), which in turn generates the electric
shock to the electrodes (18). At the end of each stimula-
tion, the processing unit (23) checks whether or not the
apnea episode has been successfully corrected. More-
over, they are stored in a memory (26), which is external
if necessary, providing a record of said episodes.
[0035] The patient may connect the apparatus to an
external device (30) on a daily basis using a cable (15)
(for example of the USB variety) and a specific user in-
terface program (32) to download data from the external
data base (31) and collect the data in order to create
sleep apnea treatment follow-up reports, amongst other
tasks.

[0036] As can be observed in Figure 2, the ergonomic
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support (14) of the neck piece (10) may be made of a
semi-rigid material, which may be shaped and adapted
to the neck (for example, aluminum). This would contain
the electronic portion. The inside may be covered with
polyurethane foam. The microphone (11) is also incor-
porated into the internal portion of the support, preferably
at one side and may be protected with a sponge against
the air and reduce unwanted external noises.

[0037] The electronic support (10) may contain two ter-
minals (12), wherein the replaceable electrodes (18) are
connected.

[0038] The electronic support of the neck piece (10)
may be coated with a textile material (17), which is pref-
erably hypoallergenic, resistant to dust mites, porous,
ergonomic and breathable, as well as being easy towash.
In the external portion of the electronic support (10), a
Velcro coating (13) may form an easy fasten system.
[0039] In turn, the electronic support (10) may be
shaped to the patient’s neck by means of an elastic band
with silicone straps (16) in order to provide a non-slip fit.
The band is designed in an anatomical format that is
shaped to the patient’s neck. The electronic support (10)
is joined to the band by means of a Velcro easy fasten
system or pocket. In the external portion of the band, a
Velcro coating (13) may serve as a closure.

[0040] Figure 3 shows the elements that form the piece
of equipment for treating apnea, namely the neck piece
(10) and the electric stimulator module (20) on the pa-
tient’s neck.

[0041] The neck piece (10) leaves the electrodes (18)
free in order to place them in the submental area for elec-
tric stimulation alongside a microphone (11) in contact
with the area of the neck for receiving the sound of the
air flow crossing the upper airways.

[0042] The central device (20) is formed by a digital
signal processor (23), an electric stimulator (29), a con-
troller (25) for the same, an external memory (26) if re-
quired and a battery.

[0043] The sound signal coming from the microphone
(11) reaches the processor (23). The electronic impulses
are transmitted from the central device (20) to the elec-
trodes (18) placed in the patient’s submental region.
[0044] Subsequently, Figure 4 describes the intelli-
gence of the system in the apnea episode detection and
treatment method using variable electronic impulses is-
sued by the processor (23). Upon the device (20) starting
up, the processor (23) recovers the optimal thresholds
and settings, if necessary, from the external memory
(26), updating them in a volatile memory. The first time
the device (20) is used, said thresholds and settings are
defined at a default value, the same being adjusted to
their optimal operational value with each use, according
to the conditions and characteristics of the patient and
their iliness.

[0045] The processing unit (23) receives the voice sig-
nal in real time, divides it into blocks of a pre-established
size and calculates the strength of each block. In turn,
blocks of said signal are stored so that when a minimum
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value is reached, the self-correlation thereof is calculat-
ed, provided that said blocks do not contain apnea epi-
sodes. The self-correlation function provides information
on the period in which the signal was issued, thus making
it possible to update the threshold for low strength blocks
(T_gg), which shall serve as one of the criteria for detect-
ing apnea.

[0046] When the strength of the current block exceeds
the snoring threshold (Tg,,) this is because the patient
is snoring. It therefore updates the Tg,,, threshold, ad-
justing it to the patient’s snoring characteristics.

[0047] In contrast, if the strength falls below the Tg,,
threshold and in turn, above the breathing threshold
(Tgrea), this is because the patient is breathing. It
therefore updates the Tg,, threshold, adjusting it to the
patient’s breathing patterns.

[0048] In the opposite case, if the strength falls below
the Tg,ea it indicates that an apnea episode has begun.
In order to be sure of this, it starts to count the number
of low strength blocks (C, gg), which indicates the time
in which the patient has gone without breathing.

[0049] When this time C gg exceeds the maximum
threshold of low strength blocks (T, gg), it recognizes an
apnea episode and therefore sends a signal to the con-
troller (25), in order to activate the electric stimulator (29)
using the current frequency and intensity values of the
processor.

[0050] Once the electric stimulator (29) has been ac-
tivated, it starts to countthe time (C 5g) inwhich itis active.
[0051] The processor sends an order to the controller
to stop the electrical stimulator in one of the following two
cases: if the active electrode counter C,g exceeds the
maximum activation time threshold (Ty,a7) or if breathing
or snoring is detected.

[0052] At the end of each stimulation, the processor
(23) checks whether or not the apnea episode has been
corrected successfully. This is confirmed when the elec-
trode activation time is lower than the maximum activa-
tion time. The counter of successful cases (Cgccesstul)
is also increased and the unsuccessful cases counter
(Cunsuccessful) 1S set to zero. If it failed, the unsuccessful
cases counter (Cj,successiul) IS thus increased and the
successful cases counter (Cgccessiul) iS et to zero.
[0053] Finally, the C, gp and C,g variables are restart-
ed and the apnea event is stored in the events record
found in a memory (26).

[0054] The signal processing unit (23) then decides to
reduce the frequency and intensity values once the
number of successful cases has exceeded the success-
ful cases threshold (Tgccessiun)- N the event of the op-
posite, it increases the frequency and intensity values
once the number of unsuccessful cases has exceeded
the unsuccessful cases threshold (T j,successul)> @lways
administering the smallest shock required to stop an ap-
nea episode.

[0055] Before turning the device off, the processor (23)
stores the breathing thresholds and electrical impulse
settings adjusted to the patient in the memory (26), in
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order to provide optimal operation the following night.
[0056] The processor (23) therefore adapts both the
breathing thresholds (Tg,, and Tgeg), depending on the
strength of the sound captured and the period of the sig-
nal (T, gg), depending on the patient’s breathing rate, i.e.
the number of times the patient breathes or snores per
minute. Said thresholds therefore vary depending on a
patient’s behavior, the precision of the detection of an
apnea episode improving as they are adapted.

Abbreviations:
[0057]

T, g low strength blocks threshold

Tsnor SNoring threshold

Tgrea breathing threshold

Trrec €lectric stimulator frequency threshold
Tintens €lectric stimulator intensity threshold
N_sg number of low strength blocks

Cag active electrode counter

Tuat Minimum activation time threshold
Csuccessiul Successful cases counter

Fopt optimal frequency values

lopt Optimal intensity values

Cunsuccessful Unsuccessful cases counter

Numerical references

[0058]

10 Neck piece.

11 Microphone.

12 Electrode terminals.

13 Velcro.

14 Ergonomic support.

15 Cable.

16 Silicone strips.

17 Textile material.

18 Electrodes.

19 Pocket for storing electronic support 10.
20. Central device.

22 Filter.

23 Processing unit.

25 Controller.

26 Central device 20 memory.

29 Electric stimulator.

30 External device.

31 External database.

32 User interface.

40 Load thresholds: Fopt, lopt, Tsnor Terear TFrec
Tlntens' TLSBITMATI TSucceSSfuITUnsuccessful-
41 Real time sample of the signal.

42 Divide the signal into blocks.

43 Update T gp.

44 Calculate the strength of the block.

45 Check strength is lower thanTg,,-

46 Update Tgpq-



9 EP 2 810 599 B1 10

47 Check strength is lower thanTg,,.

48 Increase C g

49 Check C gp is greater than T| gg.

50 Electric stimulator activation.

51 Increase Cpg,

52 Check Cxg is greater than Tyt

53 Stop the electric stimulator 29

54 Check the electric stimulator 29 is active.
55 UpdateTg,q,.

56 Check Cxg is lower than Tyat

57 Update Fqpy, lopt Of the electric stimulator 29
58 Increase Cgceassiulr

59 Restart Cyjsyccessiul counter =0

60 Restart C| gg=0, Cpg=0

61 Increase Cyypgyccessful cOUNter

62 Store event records

63 Check Cgccessiyl 1S greater than Tgccesstul
64 Decrease frequency using Tgqc

65 Decrease intensity using T|htens

66 Check CUnsuccessful is greater than TUnsuccessfuI
67 Increase frequency using Tgec

68 Increase intensity using T|niens

69 Restart the Cgjgcessty COUNter=0

Claims

An electric stimulation system for treating sleep ap-
nea in a patient, characterized in that it comprises:

- freatment means (22, 23) designed to treat the
acoustic signal generated by the patient's
breathing and divide it into a plurality of blocks,
each block corresponds to a fragment of the
acoustic signal within a time interval, said treat-
ment means (22, 23) are furthermore designed
to measure the strength of a plurality of blocks
of the acoustic signal;

- control means (23, 25, 26) designed to count,
in the plurality of blocks measured, the number
of low strength blocks C| gg when the strength
of the block is less than a strength threshold
linked to breathing, Tgey, Said control means
(23, 25, 26) furthermore being designed to de-
termine the existence of an apnea episode when
the number of low strength blocks C, g exceeds
athreshold on the number of low strength blocks
T gp- said control means (23, 25, 26) are also
designed to selectively control, if there is an ap-
nea episode, the activation of a number of elec-
tric stimulation means (12, 18, 25, 29), designed
to apply an electric signal to the submental mus-
cles linked to the respiratory airways.

The system according to claim 1, characterized in
that the blocks are generated by the treatment
means (22, 23), after having sampled and filtered
the acoustic signal.
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3.

The system according to claim 1 or 2, characterized
in that the low strength block threshold TLSB is es-
timated by the control means (23, 25, 26) in coordi-
nation with the treatment means (22, 23), with said
threshold being linked to the number of blocks
present in the acoustic signal generated by the pa-
tient’s breathing in a breathing interval.

The system according to any of the previous claims,
characterized in that the electric stimulation means
(18, 25, 29, 12) start a temporary counter that meas-
ures the activation time, C,g, in such a way that if it
exceeds a maximum activation limit Ty, 5, the control
means (23, 25, 26) deactivate the electric stimulation
means (18, 25, 29, 12) independently of the exist-
ence of the apnea episode.

The system according to claim 4, characterised in
that if the control means (23, 25, 26) still determine
the existence of the apnea episode, they increase
an unsuccessful episode count (Cynsuccesful)-

The system according to claim 4, characterised in
that if the control means (23, 25, 26) still determine
the non-existence of an apnea episode, they in-
crease a successful episodes count, Cgccessiul-

The system according to any one of the claims 4 to
6, characterised in that the control means (23, 25,
26) adjust the value of the frequency and/or intensity
of the electrical signal generated by the electric stim-
ulation means (29, 12), in such a way that:

- the intensity and/or frequency is decreased
within a range depending on the value of the
CSuccessful count and

- the intensity and/or frequency is increased
within a range depending on the value of the

CUnsuccesful count.

The system according to any one of the previous
claims, characterised in that the treatment means
(22, 23) are configured to receive the signal from a
microphone (11) designed to capture the acoustic
signal generated by the patient during breathing.

The system according to any one of the previous
claims, characterised in that it furthermore com-
prises storage means (26, 31), designed to store at
least one of the following values:

TBreal TLSB! CAE! TMAT! CUnsuccessfuI' CSuccessfuI*
C_gg maximum and minimum frequency range

for the electrical signal applied, maximum and
minimum intensity range for the electrical signal
applied.
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Patentanspriiche noeepisode deaktivieren.

1. Elektrostimulationssystem zur Behandlung von 5. System nach Anspruch 4, dadurch gekennzeich-

Schlafapnoe in einem Patienten, dadurch gekenn-

net, dass wenn die Steuermittel (23, 25, 26) noch

zeichnet, dass es Folgendes umfasst: 5 das Vorliegen der Apnoeepisode feststellen, sie eine
erfolglose Episoden-Zahlung (C,succesiu)) €rhohen.
- Bearbeitungsmittel (22, 23), welche dazu ge-
staltet sind, das durch die Atmung eines Patien- System nach Anspruch 4, dadurch gekennzeich-
ten erzeugte Schallsignal zu bearbeiten und es net, dass wenn die Steuermittel (23, 25, 26) noch
in eine Vielzahl von Blécken zu teilen, wobei je- 10 das Nichtvorliegen einer Apnoeepisode feststellen,
der Block einem Fragment des Schallsignals in- sie einer erfolgreiche Episoden-Z&hlung, Cgccosstuls
nerhalb eines Zeitintervalls entspricht und erhoéhen.
die genannten Bearbeitungsmittel (22, 23) zu-
satzlich dazu gestaltet sind, die Starke einer System nach einem der Anspriiche 4 bis 6, dadurch
Vielzahl von Blécken des Schallsignals zu mes- 15 gekennzeichnet, dass die Steuermittel (23, 25, 26)
sen; den Wert der Frequenz und/oder Starke des elektri-
- Steuermittel (23, 25, 26), welche dazu gestaltet schen, durch die Elektrostimulationssysteme (29,
sind, in der Vielzahl von gemessenen Bldcken, 12) erzeugten Signals derart einstellen, dass:
die Anzahl von Blécken niedriger Starke C, g
zu zahlen, wenn die Starke des Blocks kleiner 20 - die Starke und/oder Frequenz innerhalb eines
als eine mit der Atmung verbundene Starke- Bereichs in Abhangigkeit des Wertes der
schwelle, Tge, ist, wobei die genannten Steu- Csuccessiu-Zahlung verringert wird, und
ermittel (23, 25, 26) zusatzlich dazu gestaltet - die Starke und/oder Frequenz innerhalb eines
sind, die Anwesenheit einer Apnoeepisode fest- Bereichs in Abhangigkeit des Wertes der
zustellen, wenn die Anzahl von Bl6écken niedri- 25 Cunsuccesfu-Zahlung, erhéht wird.
ger Starke C| g eine Schwelle der Anzahl von
Blocken niedriger Starke T, gg Uberschreitet, System nach einem der vorhergehenden Anspru-
che, dadurch gekennzeichnet, dass die Bearbei-
wobei die genannten Steuermittel (23, 25, 26) auch tungsmittel (22, 23) dazu ausgebildet sind, das Sig-
dazu gestaltet sind, wenn eine Apnoeepisode vor- 30 nal aus einem Mikrophon (11), das dazu gestaltet
liegt, die Aktivierung einer Anzahl von Elektrostimu- ist, das wahrend der Atmung durch den Patienten
lationsmitteln (12, 18, 25, 29) selektiv zu steuern, erzeugten Schallsignal zu erfassen, zu empfangen.
welche dazu gestaltet sind, ein elektrisches Signal
an die submentale Muskulatur, welche mitden Atem- System nach einem der vorhergehenden Anspri-
wegen verbunden ist, anzulegen. 35 che, dadurch gekennzeichnet, dass es zusatzlich
Speichermittel (26, 31) umfasst, welche dazu gestal-
System nach Anspruch 1, dadurch gekennzeich- tet sind, mindestens einen der folgenden Werte zu
net, dass die Blocke durch die Bearbeitungsmittel speichern:
(22, 23) erzeugt werden, nachdem das Schallsignal
bemustert und filtriert worden ist. 40 Tarea, TLss: Cae» TMAT Cunsuccessful CSuccesstuls
Csg, maximalen und minimalen Frequenzbe-
System nach Anspruch 1 oder 2, dadurch gekenn- reich fiir das angelegte elektrische Signal, ma-
zeichnet, dass die Schwelle der Blocke niedriger ximale und minimale Starkebereich fir das an-
Starke T _gg durch die Steuermittel (23, 25, 26) in gelegte elektrische Signal.
Koordination mit den Bearbeitungsmitteln (22, 23) 45
geschatzt wird, wobei die genannte Schwelle mit der
Anzahl von Blocken, welche in dem durch die At- Revendications
mung des Patienten in einem Atmungsintervall er-
zeugten Schallsignal vorliegen, verbunden ist. Systéme de stimulation électrique pour traiter I'ap-
50 née du sommeil chez un patient, caractérisé en ce
System nach einem der vorhergehenden Anspri- qu’il comprend :
che, dadurch gekennzeichnet, dass die Elektro-
stimulationssysteme (18, 25, 29, 12) einen tempo- - des moyens de traitement (22, 23) désignés
raren Zahler starten, welcher die Aktivierungszeit, pour traiter le signal acoustique généré par la
Cag, derart misst, dass wenn sie eine maximale Ak- 55 respiration du patient et le diviser en une plura-

tivierungsgrenze Ty a7 Uberschreitet, die Steuermit-
tel (23, 25, 26) die Elektrostimulationssysteme (18,
25,29, 12) unabhangig von dem Vorliegen einer Ap-

lité de blocs, chaque bloc correspond a un frag-
ment du signal acoustique dans un intervalle de
temps,
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lesdits moyens de traitement (22, 23) sont éga-
lement désignés pour mesurer la force d'une
pluralité de blocs du signal acoustique ;

- des moyens de contrdle (23, 25, 26) désignés
pour compter, dans la pluralité de blocs mesu-
rés, le nombre de blocs de force faible C| gg lors-
que la force du bloc est inférieure a un seuil de
force relié a la respiration, Tg,, lesdits moyens
de contréle (23, 25, 26) étant également dési-
gnés pour déterminer I'existence d’'un épisode
d’apnée lorsque le nombre de blocs de force
faible C| gg dépasse un seuil sur le nombre de
blocs de force faible T, g,

lesdits moyens de contrdle (23, 25, 26) sont égale-
ment désignés pour contrdler sélectivement, s’ily a
un épisode d’apnée, l'activation d’'un nombre de
moyens de stimulation électrique (12, 18, 25, 29)
désignés pour appliquer un signal électrique aux
muscles sous-mentonniers reliés aux voies respira-
toires.

Systeme selon la revendication 1, caractérisé en
ce que les blocs sont générés par les moyens de
traitement (22, 23), apres avoir échantillonné et filtré
le signal acoustique.

Systeme selon la revendication 1 ou 2, caractérisé
en ce que le seuil de blocs de force faible T, g5 est
estimé par les moyens de contréle (23, 25, 26) en
coordination avec les moyens de traitement (22, 23),
ledit seuil étant relié¢ au nombre de blocs présents
dans le signal acoustique généré par la respiration
du patient dans un intervalle de respiration.

Systeme selon I'une quelconque des revendications
précédentes, caractérisé en ce que les moyens de
stimulation électrique (18, 25, 29, 12) commencent
un comptage temporaire qui mesure le temps d’ac-
tivation, Cag, de maniére que s’il dépasse une limite
d’activation maximale Ty,57, les moyens de controle
(23, 25, 26) désactivent les moyens de stimulation
électrique (18, 25, 29, 12) indépendamment de
I'existence de I'épisode d’apnée.

Systeme selon la revendication 4, caractérisé en
ce que si les moyens de contréle (23, 25, 26) con-
tinuent a déterminer I'existence de I'épisode d’ap-
née, ils augmentent un comptage d’épisodes infruc-

tueux (Cynsuccesful)-

Systeme selon la revendication 4, caractérisé en
ce que si les moyens de contréle (23, 25, 26) con-
tinuent a déterminer la non-existence d’'un épisode
d’apnée, ils augmentent un comptage d’épisodes
fructueux (Cgyccesful)-

Systeme selon I'une quelconque des revendications

10
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35

40

45
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55

4 2 6, caractérisé en ce que les moyens de contrble
(23, 25, 26) ajustent la valeur de la fréquence et/ou
I'intensité du signal électrique généré parles moyens
de stimulation électrique (29, 12), de maniére que :

- 'intensité et/ou la fréquence est réduite dans
une plage dépendant de la valeur du comptage
CSuccesful et

- l'intensité et/ou la fréquence est augmentée
dans une plage dépendantde la valeur du comp-

tage CUnsuccesful'

Systéme selon I'une quelconque des revendications
précédentes, caractérisé en ce que les moyens de
traitement (22, 23) sont configurés pour recevoir le
signal depuis un microphone (11) désigné pour saisir
le signal acoustique généré par le patient durant se
respiration.

Systéme selon I'une quelconque des revendications
précédentes, caractérisé en ce qu’il comprend en
outre des moyens de stockage (26, 31), désignés
pour stocker au moins un des valeurs suivantes :

TBreal TLSB! CAE! TMAT! CUnsuccessfuI' CSuccessfuI*
C\sg plage de fréquence maximale et minimale

pour le signal électrique appliqué, plage d’inten-
sité maximale et minimale pour le signal électri-
que appliqué.
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