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Description

[0001] The following relates to monitoring arts. It finds
particular application in conjunction with monitoring and
treating of Obstructive Sleep Disordered Breathing (OS-
DB). It finds more particular application in monitoring and
treating sleep apnea and will be described with a partic-
ular reference thereto. However, it is to be appreciated
that the following is also applicable to monitoring and
treatment of other physiological conditions.

[0002] Snoring typically manifests OSDB. OSDB in-
cludes upper airway resistance syndrome, non-obstruc-
tive and obstructive sleep apneas and nocturnal
Cheyne-Stokes breathing. While snoring is character-
ized by partial occlusion of the upper airway passage
during sleep, the sleep apnea and Cheyne-Stokes
breathing is normally characterized by intermittently
complete occlusions.

[0003] Sleep apnea is the most common piece of OS-
DB and is characterized by the absence of breathing for
a certain period of time such as 30to 45 seconds. Doctors
estimate that about 18 million Americans suffer from
sleep apnea. One cause for sleep apneais an obstruction
of the airway when the muscles of the tongue or uvula
relax. Obesity and an abnormal amount of fatin the throat
area are conducive to this condition. Another cause is a
temporary cessation of the message from the brain that
tells the diaphragm to breathe. In sleep apnea, with each
period of breathlessness, which can be as many as twen-
ty in an hour, the carbon dioxide level in the blood rises.
There is a corresponding decrease in the blood oxygen
levels. This, along with the stress and the struggle to
draw breath, puts a strain on the heart. Untreated, sleep
apnea can cause high blood pressure and other cardio-
vascular disease, memory problems, weight gain, impo-
tency, and headaches. If the sleep apnea is diagnosed
and treated sooner, such problems might be avoided in
some cases, or at least the damage might be reduced.
[0004] Polysomnography is a standard diagnostic ap-
proach to detect the sleep apnea. It requires the person
to stay overnight in the hospital for observation. A poly-
somnographic procedure involves tethered connections
and monitoring of many parameters which makes it in-
tensive, site dependent, and costly. Such approach is
not practical for screening a large number of patients and
thus the majority of patients suffering from OSDB remain
undiagnosed.

[0005] One approach to treat sleep apnea is to use a
face mask and a small air compressor or fan that forces
just enough air through the nasal passages to keep the
nasal passages openduring the night. But, although such
a mask allows a good night's sleep, it causes physical
discomfort to the person as well as makes the person
prone to nasal congestion and infections.

[0006] Anotherapproachis to pace the heartatafaster
rate, which stimulates the sleeper’s breathing. Unfortu-
nately, this requires an implantable pacemaker type de-
vice to the heart.
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[0007] Another approach is to pace or stimulate the
muscles of the tongue or uvula from relaxation thus open-
ing the constricted airway allowing the sleeper to resume
breathing. Unfortunately, this approach requires an im-
plantable nerve or muscle stimulator.

[0008] Another approach is to surgically remove a por-
tion of the posterior tongue or uvula muscles so thatwhen
the muscles relax the airway remains sufficiently open
to nottotally occlude airflow. Unfortunately, this approach
requires a surgical procedure and has not been proven
to be a long-term solution.

[0009] In yet another approach, the nerves are stimu-
lated by a high voltage shock to the sleeper to condition
the sleeper to resume breathing. Such method is painful
and might result in a nervous injury.

[0010] DE19904260 discloses a system in which lights
are used to wake a patient that is suffering from a sleep
disorder. US6,363,270 discloses a system in which Ap-
neic and hypopneic arousals are detected from heartrate
and blood oxygen levels. US6,062,216 describes a sleep
apnea monitor that comprises a fixed console that
projects a detection beam at a sleep surface, and ana-
lyzes the returned light to detect motion associated with
breathing in the patient’'s upper body. US2005/0061319
discloses a system for implantably monitoring external
breathing therapy.

[0011] The present application provides new and im-
proved apparatuses, which overcome the above-refer-
enced problems and others.

[0012] With reference to one aspect, a monitoring and
therapy system according to claim 1 is disclosed.
[0013] With reference to another aspect, a system for
monitoring and treating obstructive sleep disordered
breathing (OSIB) according to claim 9 is disclosed.
[0014] Still further advantages and benefits of the
present application will become apparent to those of or-
dinary skill in the art upon reading and understanding the
following detailed description of the preferred embodi-
ments.

[0015] The following may take form in various compo-
nents and arrangements of components, and in various
steps and arrangements of steps. The drawings are only
for purposes of illustrating the preferred embodiments
and are not to be construed as limiting.

FIGURE 1 is a diagrammatical illustration of a mon-
itoring and therapy system,

FIGURE 2 is a diagrammatical illustration of an
in-the-ear probe; and FIGURE 3 is an image of an
in-the-ear probe attached to a behind-the-ear de-
vice.

[0016] With reference to FIGURES 1, 2 and 3, a mon-
itoring or therapy or Polysomnography testing system 10
includes a monitoring device 12 that is configured to com-
municate with physiological measuring devices, such as
anin-the-ear probe (ITE) 14, insertedin an ear or auditory
canal of a subject or sleeper 16, for measuring one or
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more physiological parameters or signals, such as res-
piration, blood pressure, pulse oximetry or a level of blood
oxygen (SpO,), heart or pulse rate, perfusion, and tem-
perature, from within an ear or auditory canal. As de-
scribed in detail below, the monitoring device 12 monitors
one or more physiological signals provided by the probe
14 to detect signs of Obstructive Sleep Disordered
Breathing (OSDB) such as the signs of sleep apnea. If
the signs of sleep apnea are detected, a stimulating de-
vice 20 applies stimulus to the subject 16 via the probe
14 so that a normal breathing pattern is restored. The
examples of the monitoring device 12 are a behind-the-
ear (BTE) OSDB monitoring device 18 as shown in FIG-
URE 3, an on-a-collar (OAC) device, and any other de-
vice suitable for interpreting the measurements and pro-
viding a suitable therapy as described below.

[0017] Forexample,the physiological parameters may
be wirelessly transmitted by a wireless transceiver 22,
for example, continuously, periodically at a predeter-
mined rate, on-demand, and upon occurrence of an
event, from the monitoring device 12 to a computerized
unit or central station 24. The computerized unit 24 may
be used to record the entire sleep activity and/or only the
number and severity of OSDB events. Diagnostic anal-
ysis may be performed as data is received, or the record-
ed activity may be logged within a clinical or home envi-
ronment and then physically or electronically returned to
the Polysomnography Lab the next day for diagnostic
analysis. The number of stimulation corrected OSDB
events, non-corrected OSDB events, along with event
severities may additionally be recorded.

[0018] With continuing reference to FIGURE 2, the
probe 14 includes atube 30 thatinserts into the ear canal
of the subject 16. The tube 30 is suitably dimensioned to
enter the ear canal to a suitable depth and adapts to
various shaped ear canals, e.g., different diameter or
contours.

[0019] Inoneembodiment, the tube 30includes an end
portion 32, which resides in the ear canal. An inflatable
balloon 40 surrounds the end portion 32 of the tube 30
or any other suitable portion of the tube 30. The inflatable
balloon 40 supports one or more sensors 42 that are
operatively coupled to a surface of the balloon 40 to
measure physiological signals. The examples of sensors
include light emitting diodes (LEDs), an infrared (IR)
source, light detecting sensors, a pressure transducer,
amicrophone, a speaker, and a thermistor. For example,
the light detecting sensor is used to minimize or prevent
absorption of light not indicative of the physiological proc-
ess under measurement such as light from outside the
ear or light emitted from another sensor located on the
balloon 40. The inflatable balloon 40 is inflated to position
the sensors 42 proximate to an appropriate tissue within
the ear canal with adequate force and pressure to ensure
close coupling of sensors with the tissue but without caus-
ing decreased perfusion or blanching of the tissue. Alter-
natively, the balloon is omitted and replaced with a
spongy material that expands to correctly position the
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sensors. The sensors 42 are mounted about the end por-
tion 32 of the tube 30 and could be moved into contact
with the tissue once the tube 30 is inserted into the ear
canal of the subject 16.

[0020] Typically, sensors for measuring pulse rate
and/or blood oxygen are positioned proximate to the ear
canal tissue that is perfused with arterial blood supplied
by branches of the External as well as the Internal Carotid
Arteries, thus serving as a well perfused physiological
site even if the body is experiencing peripheral shutdown
due to shock or other conditions. Such sensors include
an energy emitting means, such as an LED, which emits
light into the tissue, and an energy detecting means that
detects light transmission through the vascular tissue to
determine pulse rate and/or blood oxygen levels. In an-
other example, a temperature sensor, such as a thermis-
tor, is positioned proximate to the vascular tissue. In yet
another example, sensors for sensing audio signals such
as a microphone 44 are suitably positioned in relatively
quite regions of the ear canal to mitigate sensing erro-
neous audio signals. For example, microphone 44 can
sense pulse pressure sounds and respiration. As another
example, sensor(s) for producing audio signals, such as
a speaker 46, are positioned in the ear canal to produce
audio signals to restore the sleeper’s breathing pattern
as described below.

[0021] Theinflatable balloon40is also usedto facilitate
non-invasive measuring of the blood pressure. For the
non-invasive blood pressure measurement, the inflatable
balloon 40 is inflated until it occludes blood flow in a por-
tion of the ear proximate a blood pressure sensor(s), such
as a pressure transducer, operatively connected to the
inflatable balloon 40. The pressure in the inflatable bal-
loon 40 is then suitably released to deflate the inflatable
balloon 40. A systolic and a diastolic blood pressure are
obtained during inflation and/or deflation using an aus-
cultatory approach via the microphone 42 operatively
connected to the balloon 40 and/or an oscillometric ap-
proach via optical sensing components attached to the
balloon 40.

[0022] With reference again to FIGURE 1, the probe
14 senses at least a respiration rate of the sleeper 16. In
one preferred embodiment, in additionto sensing the res-
piration of the sleeper 16, the probe 14 senses at least
one of a blood oxygen level (SpO,) and the pulse rate of
the sleeper 16. In another preferred embodiment, the
probe 14 senses at least one of SpO, and a blood pres-
sure of the sleeper 16. Although blood oxygen level is
highly correlated with the severity of the sleep apnea due
to the cyclic depression of blood oxygen as the sleeper
experiences repeated cycles of oxygen deprivation, an-
alyzing the combination of the respiration rate, blood ox-
ygen level and pulse rate substantially enhances diag-
nostics of the sleep apnea as compared to analyzing a
single signal. An analyzing device 48 analyses the
sensed information for sleep apnea, e.g. for absence of
breathing. Typically, as the sleeper 16 goes into the sleep
apnea, the respiration ceases and SpO, begins to de-



5 EP 1991 115 B1 6

crease. The pulse rate typically begins to decrease also.
In one embodiment, the analyzing device or algorithm or
means 48 analyses combination of data whichis received
by measuring respiration, SpO, and the pulse rate, which
makes the analysis less susceptible to noise and mis-
take. The analysis might vary from one sleeperto another
depending on that sleeper’s personal data and medical
history. For example, the pulse rate and SpO, can be
compared with thresholds, e.g. a sudden slowing of the
pulse rate by 10 beats per minute and a SpO, dropping
below 90. Based on the analysis, the simulating device
20 applies the stimulus to the sleeper 16. For example,
for some subjects the stimulus is given after the respira-
tion cessation of 10 seconds, while for others, the stim-
ulus is given after the respiration cessation of 5 seconds,
and in yet for others after a longer duration such as 30
or 45 seconds. As another example, for some sleepers
the stimulus is given if the sleeper’s pulse rate drops be-
low a predetermined value. As another example, the res-
piration threshold varies dynamically with SpO, level or
decreases in the pulse rate, e.g. carbon dioxide builds
up in the blood shorter respiration cessations are toler-
ated.

[0023] The stimulus is given via the speaker 46, which
is, for example, a low power speaker which produces
audible sounds that are loud enough to be heard by the
user of the device, e.g. the sleeper 16, but are not audible
outside of the ear canal of the sleeper 16. For example,
the stimulus is a sound or a person’s voice that tells the
sleeper 16 to start breathing, or to move, e.g. to turn on
the side. As about 50% of sleepers with OSDB only show
signs of OSDB when sleeping in a supine position, simply
telling the sleepers to turn on the side is highly effect for
this group. Such stimulus is given subconsciously, by
barely waking up the sleeper 186, if at all, only to resume
breathing. Such stimulus occurs only a few seconds into
the sleep apnea, thus significantly reducing the sleep ap-
nea time. If the apnea persists, a louder voice or noise
may be applied. Alternatively, the stimulating device 20
provides an external stimulus to the sleeper 16, e.g. near
the sleeper’s ear. If the monitoring device 12 determines
that after the stimulus is given there has been no breath-
ing for a predetermined period of time, such as | minute
or more, and the saturation levels are decreasing, the
stimulating device 20 progressively increases the inten-
sity of the audio signal. If, after reaching the maximum
stimulation signal strength, the monitoring device 12 still
does not detect that the breathing has been resumed, in
one embodiment, an external stimulating device 50 ap-
plies a shock to the neck area or behind the ear via, for
example, the on-a-collar device. In another embodiment,
an external alarm 60 is provided which awakens, for ex-
ample, a care provider.

[0024] With reference again to FIGURE 2, the tube 30
includes one or more passageways (not shown) that ex-
tend through the tube 30. Such passageways house sen-
sor data, power, and control wires, provide a hermetically
sealed channel for inflating/deflating the balloon 40,
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and/or allow pressure inside the ear to equalize with the
environment during balloon inflation/deflation. The pas-
sageways isolate the wires from the inner ear environ-
ment, mitigating contamination of both the ear and the
sensor wiring and provide a pressurized air conduit to
the balloon 40.

[0025] With reference again to FIGURE 3, the ITE
probe 14 is mechanically and electrically coupled to the
exemplary behind-the-ear (BTE) device 18, together
forming the complete OSDB monitoring device 12. Inone
instance, the tube 30 and the BTE device 12 are formed
as a single unit, while in another instance the tube 30
and the BTE device 12 are detachably connected. Such
attachment can be through a fastening means including
a threaded connector, a snap, a setscrew, an adhesive,
a rivet, etc. An arm 72 provides support behind the ear
and a battery 74 powers both devices. An optional sheath
(not shown) can be placed over the tube 30 and/or bal-
loon 40 to protect the ear and the structure/balloon/sen-
sor assembly from contamination. In one aspect, the
sheath can be semi-permeable to allow airflow, but pre-
vent fluid from moving from one side of the sheath to the
other side. In another aspect, the sheath prevents sub-
stantially all matter from moving from one side of the
sheath to the other side. The structure/balloon/sensor
assembly can be disposable, washable, and/or sterilize-
able.

[0026] In one embodiment, the monitoring device 12
communicates with the central station or computerized
unit 24 to receive, display, analyze, validate and forward
via wire or wirelessly physiological measurements con-
tinuously over a network, spot-check received physiolog-
ical measurements obtained by the in-the-ear probe and
download such measurements to the central monitoring
station 24, send information such as, physiological meas-
urements, patient history, medical history, messages,
notifications, alarms, and the like to an authorized indi-
vidual, the central monitoring station, the polysomnogra-
phy testing center, and the like. Of course, it is contem-
plated that a plurality of the monitoring devices 12, each
associated with a corresponding subject, communicates
with the central station or computerized unit 24.

[0027] In the manner described above, all necessary
physiological signals needed for monitoring OSDB are
obtained from one site within the ear. The described em-
bodiments have the ability to treat OSDB from within the
ear using audio stimulation therapy. The audio stimula-
tion therapy signal may be programmed to become pro-
gressive louder and louder until the sleeper either sub-
consciously or consciously is momentarily semi-awak-
ened causing the sleeperto breath. The audio stimulation
therapy signal can be directed at the sleeper only, allow-
ing others to not be awakened. Monitoring and delivery
of therapy for OSDB can be provided that does not con-
sciously arouse the sleeper or cause discomfort or stress
that leads to the person’s incompliance and non-accept-
ance. An apnea prone sleeper’s discomfort is greatly re-
duced because the annoying breathing mask is no longer
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required while sleeping. The detection and treatment of
OSDB can be performed without tethered connections
(air hose, physiological measurement cables) between
the sleeper and external contraptions thus enabling
sleeper’s movement and position changes during the
night. The need for an implanted electrical stimulator or
surgical procedures to treat OSDB is eliminated.

[0028] The polysomnography diagnostic testing is sim-
plified by eliminating all tethered attachments from ex-
ternal devices to the sleeper and by having all physio-
logical measurements performed from a single site. The
cost and complexity of Polysomnography is reduced,
making it more practical for screening large numbers of
people in Polysomnography Labs. Polysomnography di-
agnostic testing becomes practical to be performed with-
in the homes of people allowing them to sleep and be
tested in their normal sleeping environment. Additionally,
it becomes practical to record the number and severity
of OSDB events (corrected and non-corrected) within the
home environment to evaluate the need for continuous
monitoring for OSDB as well as evaluating the perform-
ance of such corrective devices.

[0029] The application has been described with refer-
ence to the preferred embodiments. Modifications and
alterations may occur to others upon reading and under-
standing the preceding detailed description. Itis intended
that the application be constructed as including all such
modifications and alterations insofar as they come within
the scope of the appended claims or the equivalents
thereof.

Claims
1. A monitoring and therapy system (10) comprising:

a probe (14), which is adapted to be disposed
within an ear canal of a subject (16), to non-
invasively sense at least one physiological pa-
rameter of the subject, which one physiological
parameter is associated with at least one phys-
iological condition of the subject;

an analyzing device (48), which is operatively
coupled to the probe (14), to analyze the sensed
physiological parameter and detect the physio-
logical condition of the subject (16); and

a stimulating device (20), which is adapted to
stimulate, based on the detection and analysis
of the physiological condition of the subject (16),
the subject (16) via the probe (14) within the ear
canal of the subject (16) to mitigate the physio-
logical condition of the subject (16).

2. Thesystem as set forth in claim 1, wherein the probe
(14) is adapted to sense a respiration rate of the sub-
ject (16) and the stimulating device (20) is adapted
to stimulate the subject (16) via the probe to resume
respiration, when a cessation of the respiration is
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detected.

3. The system as set forth in claim 2, wherein the an-
alyzing device (48) is adapted to compare the
sensed respiration rate with one of a default value
and a predetermined parameter and to determine
the respiration cessation based on the comparison,
and the stimulating device (20) is adapted to stimu-
late the subject (16) via the probe so that the subject
(16) resumes respiration.

4. The system as set forth in claim 2, wherein the probe
(14) further is adapted to sense at least one of a
blood oxygen level (SpO,), a pulse rate, and a blood
pressure.

5. The system as set forth in claim 4, wherein the an-
alyzing device (48) is adapted to compare one or
any combination of at least the sensed respiration
rate, the blood oxygen level (SpO,) and the pulse
rate with one of or a combination of default values
and predetermined parameters, and to detect the
respiration cessation based on the combined anal-
ysis and minimizing a number of erroneous detec-
tions, and the stimulating device (20) is adapted to
stimulate the subject (16) via the probe so that the
subject (16) resumes respiration.

6. The system as set forth in claim 2, further including:

a speaker (46), which is adapted to provide an
auditory signal to, subconsciously and without
waking the subject, remind the subject to
breathe, or to turn onto a side of the subject.

7. The system as setforthin claim 1, wherein the probe
(14) includes an in-the-ear probe.

8. The system as set forth in claim 7, wherein the in-
the-ear probe (14) includes:

a tube (30), which is adapted to be inserted into
the ear canal of the subject (16);

a first sensing device (42, 44), disposed about
the tube (30) and adapted to be inserted with
the tube (30) into the ear canal of the subject
(16), which first sensing device (42, 44) is adapt-
ed to sense at least a respiration rate of the sub-
ject (16); and

a second sensing device (42, 46), disposed
about the tube (30) and adapted to be inserted
with the tube (30) into the ear canal of the subject
(16), which second sensing device (42, 46) is
adapted to produce an audible signal, when a
cessation of the respiration is detected, to stim-
ulate the subject (16) to resume respiration.

9. Asystem (10) for monitoring and treating obstructive
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sleep disordered breathing (OSDB) comprising:

anin-the-ear sensing device (14) which is adapt-
ed tobe disposed within an ear canal of a subject
(16) to non-invasively sense at least one phys-
iological parameter of the subject (16) which one
physiological parameter is associated with the
OSDB;

a monitoring device (12), which is operatively
coupled to the in-the-ear sensing device (14) to
communicate with the in-the-ear sensing device
(14);

an analyzing device (48) which is adapted to an-
alyze the sensed physiological parameter and
to detect an OSDB event; and

adevice (42, 46) disposedinthe in-the-ear sens-
ing device (14), which device is adapted to stim-
ulate (42, 46), based on the detected OSDB
event, the subject (16) to mitigate the OSDB
event.

The system as set forth in claim 9, wherein the in-
the-ear sensing device (14) is adapted to sense at
least one of a respiration rate, blood oxygen level
and pulse rate of the subject (16).

The system as set forth in claim 9, wherein the an-
alyzing device (48) is adapted tois adapted to detect
the OSDB event based on comparing one or any
combination of the sensed respiration rate, and at
least one of blood oxygen level, pulse rate, and blood
pressure.

The system as set forth in claim 9, wherein the in-
the-ear sensing device (14) includes at least:

at least one sensing device (42, 44) which is
adapted to sense at least one of a respiration
rate, a blood oxygen level and a pulse rate of
the subject (16); and

a device (42, 46) which is adapted to generate
a subconsciously audible signal hearable by the
subject to urge the subject to resume breathing
or to turn onto a subject side.

The system as set forth in claim 9, further including:

a wireless transceiver (22), operationally cou-
pled with the monitoring device (12), adapted to
wirelessly transmit at least one of the physiolog-
ical parameter and detected OSDB event, one
of continuously, periodically at a predetermined
rate, on-demand, and upon detection of the OS-
DB event; and

a computerized unit (24) operationally coupled
to the transceiver (22), which is adapted to
record at least one of an entire sleep activity and
a number and severity of the OSDB events.
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14. The system as set forth in claim 13, wherein the com-

puterized unit (24) is adapted to one of perform poly-
somnographic diagnostic analysis of the recorded
OSDB events, and electronically transfer one of the
recorded and analyzed data to a Polysomnography
Lab.

Patentanspriiche

Uberwachungs- und Therapiesystem (10), das Fol-
gendes umfasst:

eine Sonde (14), die dafiir ausgelegt ist, inner-
halb eines Gehdrgangs einer Person (16) ange-
ordnet zu werden, um nicht-invasiv mindestens
einen physiologischen Parameter der Person zu
erspiren, wobei der eine physiologische Para-
meter mit mindestens einem physiologischen
Zustand der Person zusammenhangt;

eine Analysevorrichtung (48), die betriebsfahig
mit der Sonde (14) gekoppeltist, um den erspiir-
ten physiologischen Parameter zu analysieren
und den physiologischen Zustand der Person
(16) zu detektieren; und

eine Stimulationsvorrichtung (20), die dafiir aus-
gelegt ist, die Person (16) Uber die Sonde (14)
innerhalb des Gehoérgangs der Person (16) auf
der Basis der Detektion und Analyse des phy-
siologischen Zustands der Person (16) zu sti-
mulieren, um den physiologischen Zustand der
Person (16) zu mildem.

System nach Anspruch 1, wobei die Sonde (14) da-
furausgelegtist, eine Atemfrequenz der Person (16)
zu erspirenund die Stimulationsvorrichtung (20) da-
fur ausgelegt ist, die Person (16) tber die Sonde zu
stimulieren, um das Atmen fortzusetzen, wenn ein
Einstellen der Atmung detektiert wurde.

System nach Anspruch 2, wobei die Analysevorrich-
tung (48) dafiir ausgelegt ist, die erspirte Atemfre-
quenz mit entweder einem Standardwert oder einem
vorgegebenen Parameter zu vergleichen und das
Einstellen der Atmung basierend auf dem Vergleich
zu ermitteln, und wobei die Stimulationsvorrichtung
(20) dafur ausgelegt ist, die Person (16) tber die
Sonde zu stimulieren, so dass die Person (16) das
Atmen fortsetzt.

System nach Anspruch 2, wobei die Sonde (14) wei-
terhin daflir ausgelegt ist, mindestens entweder die
partielle Blutsauerstoffsattigung (SpO,), eine Puls-
frequenz oder einen Blutdruck zu erspuren.

System nach Anspruch 4, wobei die Analysevorrich-
tung (48) dafiir ausgelegt ist, entweder die erspirte
Atemfrequenz, die partielle Blutsauerstoffsattigung
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(SpO,) oder die Pulsfrequenz oder eine Kombinati-
on hiervon mit entweder den Standardwerten oder
vorgegebenen Parametern oder einer Kombination
hiervon zu vergleichen, und um das Einstellen der
Atmung basierend auf der kombinierten Analyse zu
detektieren und eine Anzahl von fehlerhaften Detek-
tionen zu minimieren, und wobei die Stimulations-
vorrichtung (20) daflr ausgelegt ist, die Person (16)
Uber die Sonde zu stimulieren, so dass die Person
(16) das Atmen fortsetzt.

System nach Anspruch 2, wobei das System weiter-
hin Folgendes umfasst:

einen Lautsprecher (46), der daflr ausgelegt ist,
ein akustisches Signal zu liefern, um die Person
im Unterbewusstsein und ohne sie aufzuwek-
ken an das Atmen zu erinnern oder sich auf eine
Seite zu drehen.

System nach Anspruch 1, wobei die Sonde (14) eine
In-dem-Ohr-Sonde umfasst.

System nach Anspruch 7, wobei die In-dem-Ohr-
Sonde (14) Folgendes umfasst:

einen Schlauch (30), der dafiir ausgelegt ist, in
den Gehorgang der Person (16) eingefiihrt zu
werden;

eine erste Sensorvorrichtung (42, 44), die um
den Schlauch (30) herum angeordnet istund da-
fur ausgelegt ist, mit dem Schlauch (30) in den
Gehdrgang der Person (16) eingeflihrt zu wer-
den, wobei die erste Sensorvorrichtung (42, 44)
dafiir ausgelegt ist, eine Atemfrequenz der Per-
son (16) zu erspiren; und

eine zweite Sensorvorrichtung (42, 46), die um
den Schlauch (30) herum angeordnet istund da-
flr ausgelegt ist, mit dem Schlauch (30) in den
Gehdrgang der Person (16) eingefliihrt zu wer-
den, wobei die zweite Sensorvorrichtung (42,
46) dafur ausgelegt ist, ein akustisches Signal
zu erzeugen, wenn ein Einstellen der Atmung
detektiert wird, um die Person (16) zu stimulie-
ren, das Atmen fortzusetzen.

System (10) zum Uberwachen und Behandeln einer
obstruktiven schlafbezogenen Atmungsstérung (ob-
structive sleep disordered breathing, OSDB), wobei
das System Folgendes umfasst:

eine In-dem-Ohr-Sensorvorrichtung (14), die
dafiirausgelegtist, innerhalb eines Gehdrgangs
einer Person (16) angeordnet zu werden, um
nicht-invasiv mindestens einen physiologischen
Parameter der Person (16) zu erspiiren, wobei
der eine physiologische Parameter mit minde-
stens der obstruktiven schlafbezogenen At-
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10.

1.

12.

13.

mungsstérung (OSDB) zusammenhangt;

eine Uberwachungsvorrichtung (12), die be-
triebsfahig mit der In-dem-Ohr-Sensorvorrich-
tung (14) gekoppelt ist, um mit der In-dem-Ohr-
Sensorvorrichtung (14) zu kommunizieren;
eine Analysevorrichtung (48), die dafiir ausge-
legtist, den erspurten physiologischen Parame-
ter zu analysieren und ein OSDB-Ereignis zu
detektieren; und

eine Vorrichtung (42, 46), die in der In-dem-Ohr-
Sensorvorrichtung (14) angeordnet ist, wobei
die Vorrichtung (42, 46) daflr ausgelegt ist, die
Person (16) basierend auf dem detektierten
SODB-Ereignis zu stimulieren, um das OSDB-
Ereignis zu mildem.

System nach Anspruch 9, wobei die In-dem-Ohr-
Sensorvorrichtung (14) dafir ausgelegt ist, minde-
stens entweder die Atemfrequenz, die partielle Blut-
sauerstoffsattigung oder eine Pulsfrequenz der Per-
son (16) zu erspuren.

System nach Anspruch 9, wobei die Analysevorrich-
tung (48) dafurr ausgelegtist, das OSDB-Ereignis ba-
sierend auf dem Vergleich von der erspurten Atem-
frequenz und mindestens entweder der partiellen
Blutsauerstoffsattigung, der Pulsfrequenz oder dem
Blutdruck oder einer Kombination hiervon zu detek-
tieren.

System nach Anspruch 9, wobei die In-dem-Ohr-
Sensorvorrichtung (14) mindestens Folgendes um-
fasst:

mindestens eine Sensorvorrichtung (42, 44), die
dafiir ausgelegt ist, mindestens entweder eine
Atemfrequenz, die partielle Blutsauerstoffsatti-
gung oder eine Pulsfrequenz der Person (16)
zu erspiren; und

eine Vorrichtung (42, 46), die dafiir ausgelegt
ist, ein unterbewusstes akustisches Signal zu
erzeugen, das durch die Person hérbar ist, um
die Person zu veranlassen, das Atmen fortzu-
setzen oder sich auf eine Seite zu drehen.

System nach Anspruch 9, das weiterhin Folgendes
umfasst:

einen drahtlosen Transceiver (22), der betriebs-
fahig mitder Uberwachungsvorrichtung (12) ge-
koppelt ist und dafiir ausgelegt ist, mindestens
entweder den physiologischen Parameter oder
das detektierte OSDB-Ereignis entweder konti-
nuierlich, periodisch mit einer vorgegebenen
Frequenz, auf Anfrage oder bei Detektion des
OSDB-Ereignisses drahtlos zu Gbertragen; und
eine Computereinheit (24), die betriebsfahig mit
dem Transceiver (22) gekoppelt ist und daftr
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ausgelegt ist, mindestens entweder eine ge-
samte Schlafaktivitdt oder eine Anzahl und Aus-
gepragtheit der OSDB-Ereignisse aufzuzeich-
nen.

14. System nach Anspruch 13, wobei die Computerein-

heit (24) dafiir ausgelegtist, entweder eine polysom-
nographische diagnostische Analyse der aufge-
zeichneten OSDB-Ereignisse durchzufihren oder
die entweder aufgezeichneten oder analysierten Da-
ten elektronisch an ein Polysomnographie-Labor zu
Ubertragen.

Revendications

Systeme de surveillance et de thérapie (10)
comprenant :

une sonde (14), qui est adaptée pour étre dis-
posée al'intérieur d’'un canal auriculaire d’'un su-
jet (16), pour détecter, de fagon non effractive,
au moins un parametre physiologique du sujet,
lequel paramétre physiologique est associé a
au moins une condition physiologique du sujet ;
un dispositif d’analyse (48), qui est couplé fonc-
tionnellement a la sonde (14), pour analyser le
paramétre physiologique détecté et détecter la
condition physiologique du sujet (16) ; et

un dispositif de stimulation (20), qui est adapté
pour stimuler, en fonction de la détection et de
I'analyse de la condition physiologique du sujet
(16), le sujet (16) par I'intermédiaire de la sonde
(14) al'intérieur du canal auriculaire du sujet (16)
pour réduire la condition physiologique du sujet
(16).

Systeme selon larevendication 1, dans lequel la son-
de (14) est adaptée pour détecter un rythme respi-
ratoire du sujet (16) et le dispositif de stimulation (20)
est adapté pour stimuler le sujet (16) par I'intermé-
diaire de la sonde pour recommencer la respiration,
lorsqu’une cessation de la respiration est détectée.

Systeme selon la revendication 2, dans lequel le dis-
positif d’analyse (48) est adapté pour comparer le
rythme respiratoire détecté a une valeur par défaut
ou un parameétre prédéterminé et pour déterminer la
cessation de respiration en fonction de la comparai-
son, et le dispositif de stimulation (20) est adapté
pour stimuler le sujet (16) par I'intermédiaire de la
sonde pour que le sujet (16) recommence a respirer.

Systeme selon larevendication 2, dans lequel la son-
de (14) est en outre adaptée pour détecter au moins
un parmi un niveau d’'oxygene sanguin (Sp02), une
fréquence du pouls, et une pression artérielle.
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5.

9.

Systéme selon la revendication 4, dans lequel le dis-
positif d’analyse (48) est adapté pour comparer un
parmi au moins le rythme respiratoire détecte, le ni-
veau d’oxygene sanguin (Sp02) et la fréquence du
pouls, ou une quelconque combinaison d’au moins
un de ceux-ci, a un parmi des valeurs par défaut et
des paramétres prédéterminés, ou une combinaison
de ceux-ci, et pour détecter la cessation de respira-
tion en fonction de I'analyse combinée et minimiser
un nombre de détections erronées, et le dispositif de
stimulation (20) est adapté pour stimuler le sujet (16)
par I'intermédiaire de la sonde pour que le sujet (16)
recommence a respirer.

Systéme selon la revendication 2, comprenant en
outre :

un haut-parleur (46), qui est adapté pour fournir
un signal auditif pour, de fagon subconsciente
et sans réveiller le sujet, rappeler au sujet de
respirer, ou pour qu’il se tourne sur son cété.

Systéme selonlarevendication 1, danslequel lason-
de (14) comprend une sonde intra-auriculaire.

Systéme selonlarevendication 7, dans lequel la son-
de intra-auriculaire (14) comprend :

un tube (30), qui est adapté pour étre inséré
dans le canal auriculaire du sujet (16) ;

un premier dispositif de détection (42, 44), dis-
posé autour du tube (30) et adapté pour étre
inséré avec le tube (30) dans le canal auriculaire
du sujet (16), lequel premier dispositif de détec-
tion (42, 44) est adapté pour détecter au moins
un rythme respiratoire du sujet (16) ; et

un second dispositif de détection (42, 46), dis-
posé autour du tube (30) et adapté pour étre
inséré avec le tube (30) dans le canal auriculaire
du sujet (16), lequel second dispositif de détec-
tion (42, 46) est adapté pour produire un signal
audible, lorsqu’une cessation de la respiration
est détectée, pour stimuler le sujet (16) pour re-
commencer respiration.

Systéme (10) pour surveiller et traiter I'apnée obs-
tructive du sommeil (« Obstructive Sleep Disordered
Breathing » ou OSDB) comprenant :

un dispositif de détection intra-auriculaire (14)
quiestadapté pour étre disposé al'intérieurd’'un
canal auriculaire d’un sujet (16) pour détecter,
de fagon non effractive, au moins un paramétre
physiologique du sujet (16), lequel paramétre
physiologique est associé a 'OSDB ;

un dispositif de surveillance (12) qui est couplé
fonctionnellement au dispositif de détection in-
tra-auriculaire (14) pour communiquer avec le
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dispositif de détection intra-auriculaire (14) ; électroniquement les données enregistrées ou les
un dispositif d’analyse (48) qui est adapté pour données analysées a un laboratoire polysomnogra-
analyser le paramétre physiologique détecté et phique.

pour détecter un événement d'OSDB ; et

un dispositif (42, 46) disposé dans le dispositif 5
de détection intra-auriculaire (14), lequel dispo-
sitif (42, 46) est adapté pour stimuler, en fonction

de I'événement d’'OSDB détecté, le sujet (16)
pour réduire I'événement d’OSDB.

10
10. Systéme selon larevendication 9, dans lequel le dis-
positif de détection intra-auriculaire (14) est adapté
pour détecter au moins un parmi un rythme respira-
toire, un niveau d’oxygéne sanguin et une fréquence

du pouls du sujet (16). 15

11. Systéme selon larevendication 9, dans lequel le dis-
positif d’analyse (48) est adapté pour détecter I'évé-
nement d’OSDB en fonction de la comparaison d’'un
parmi le rythme respiratoire détecté, et au moinsun 20
parmi le niveau d’oxygéne sanguin, la fréquence du
pouls, et la pression artérielle, ou d’une quelconque
combinaison de ceux-ci.

12. Systéme selon larevendication 9, dans lequel le dis- 25
positif de détection intra-auriculaire (14) comprend
au moins :

au moins un dispositif de détection (42, 44) qui

est adapté pour détecter au moins un parmi un 30
rythme respiratoire, un niveau d’'oxygéene san-
guin et une fréquence du pouls du sujet (16) ; et

un dispositif (42, 46) qui est adapté pour générer

un signal audible de fagon subconsciente, audi-

ble par le sujet, pourinciter le sujetarecommen- 35
cer de respirer ou a se tourner sur son co6té.

13. Systéme selon la revendication 9, comprenant en
outre :

40
un émetteur-récepteur sans fil (22), fonctionnel-
lement couplé au dispositif de surveillance (12),
adapté pour émettre sans fil au moins un parmi
le parameétre physiologique et I'événement
d’OSDB détecté, de fagon continue, ou defagon 45
périodique a une fréquence prédéterminée, ou
a la demande ou lors de la détection de I'évé-
nement d’'OSDB ; et
une unité informatisée (24) fonctionnellement
couplée a I'émetteur-récepteur (22), qui est 50
adaptée pour enregistrer au moins un parmi une
activité entiére du sommeil et un nombre, et une
sévérité, des événements d’'OSDB.

14. Systéme selon la revendication 13, danslequell’'uni- 55
té informatisée (24) est adaptée pour réaliser une
analyse diagnostique polysomnographique des évé-
nements d’'OSDB enregistrés, ou pour transférer
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