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Description

TECHNICAL FIELD

[0001] The present invention relates to a method and
device for the detection, identification and treatment of
sleep apnea/hypopnea.

BACKGROUND

[0002] Sleep apnea/hypopnea affects around 5% of
the adult U.S. population, Its short-term effects consist
of complete (apnea) or partial (hypopnea) termination of
airflow, decreased oxygen in the blood, increased CO2
in the blood, interrupted sleep, and excessive daytime
sleepiness. Long-term effects may include hypertension,
diabetes, heart attack, stroke, arrhythmia and brain dam-
age.
[0003] The principal forms of sleep apnea are: 1) ob-
structive sleep apnea (OSA), characterized by a physical
blockage of the upper airway during sleep, 2) central
sleep apnea (CSA), caused by a decreased central res-
piratory drive during sleep, and 3) mixed sleep apnea,
which includes components of both OSA and CSA. OSA
is the most common and dangerous of all sleep-related
breathing disorders. While CSA is uncommon in its pure
form, it is prevalent in patients with congestive heart fail-
ure, as a component of Cheyne-Stokes respiration.
[0004] The obstructive component in OSA is related to
decreased tone in the upper airway as the muscles relax
during sleep. During normal respiration, upper airway pa-
tency is maintained by the negative pressure reflex,
which activates pharyngeal dilators in response to neg-
ative transthoracic pressure during inspiration. In apneic
patients, the negative pressure reflex is insufficient to
maintain patency during sleep. Here, the negative pres-
sure created during inspiration is sufficient to constrict or
collapse the lumen of the flaccid airway.
[0005] The treatment of choice for sleep apnea is con-
tinuous positive air pressure (CPAP). Basically, CPAP
maintains an open airway by inflating it with pressurized
air through a nose or face mask. Used properly, CPAP
is 100% effective for treating OSA. Although CSA has a
neurological origin, it has also been successfully treated
with positive air pressure. Despite its efficacy, however,
CPAP treatment is poorly tolerated by sleep apnea pa-
tients. In one recent survey, CPAP non-compliance (less
than 4h/night) was reported in between 46% and 83% of
patients [1]. Reasons for non-compliance include dis-
comfort, claustrophobia, pressure sores, dry nose or
mouth, and machine noise.
[0006] The most common alternative to CPAP is a sur-
gical removal of the uvula, caudal soft palate, and tonsils.
This procedure has a success rate of about 50%. Other
surgical treatments, such as tongue reduction, advance-
ment of the tongue, tracheostomy, or implants to stiffen
the soft palate have limited benefit relative to their inva-
siveness, risk, and irreversibility. Non-surgical approach-

es such as weight loss, medication, changes in sleeping
position or dental appliances also suffer from limited ef-
fectiveness or compliance.
[0007] Implantable medical devices are currently un-
der investigation as a method to detect and/or treat sleep
apnea. Such devices are similar in their general design
to cardiac pacemakers and share in many of the advan-
tages of this mature technology.
[0008] With regard to detection, implantable devices
have been described that detect apnea by monitoring the
bioelectric activity of the diaphragm, intercostal muscles,
or their efferent nerves. Other devices monitor the bioe-
lectric activity of upper airway muscles or their efferent
nerves. Still others monitor implanted sensors for indica-
tions of, for example, thoracic pressure or blood oxygen-
ation.
[0009] With regard to treatment, implantable devices
have been described that terminate apnea using drug
delivery, atrial overdrive pacing or electrical stimulation
of the nerves or muscles that control respiratory activities.
For OSA, electrical stimulation has been described that
maintains patency by activating upper airway muscles or
the efferent nerves controlling them. For CSA, treatments
that elicit breathing by electrically stimulating the dia-
phragm, intercostal muscles, or their efferent nerves
have been described.

SUMMARY

[0010] According to an illustrative embodiment of the
present invention, there is provided a method for moni-
toring the respiratory activity of a subject, comprising the
steps of:

recording an electroneurogram signal from the inter-
nal branch of the superior laryngeal nerve of the sub-
ject;

conditioning the electroneurogram signal;

computing an index of respiratory activity of the con-
ditioned electroneurogram signal; and

reporting an occurrence of an apneic event when the
index of respiratory activity meets at least one apnea
criteria.

[0011] According to another illustrative embodiment of
the present invention, the method further comprising the
step of generating a stimulation signal which acts to in-
crease airway patency or stimulate breathing following
the reporting of the apneic event.
[0012] According to yet another illustrative embodi-
ment of the present invention, the index of respiratory
activity is computed by applying a rectification and bin-
integrated algorithm to the conditioned electroneurogram
signal.
[0013] According to a further illustrative embodiment
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of the present invention, the at least one apnea criteria
includes a first criteria associated with obstructive sleep
apnea and a second criteria associated with central sleep
apnea, and wherein the reporting step includes reporting
the apneic event as an obstructive sleep apnea event
when the index of respiratory activity meets the first cri-
teria and as a central sleep apnea event when the index
of respiratory activity meets the second criteria.
[0014] According to a further still illustrative embodi-
ment of the present invention, the method further com-
prises the step of reporting an occurrence of an obstruc-
tive sleep hypopnea event when the index of respiratory
activity meets a third criteria associated with obstructive
sleep hypopnea and reporting an occurrence of a central
sleep hypopnea event when the index of respiratory ac-
tivity meets a fourth criteria associated with central sleep
hypopnea.
[0015] According to another illustrative embodiment of
the present invention, there is provided a method for
treating sleep apnea and/or hypopnea of a subject, com-
prising eliciting a reflexive pattern activity from the central
nervous system of the subject following the detection of
the sleep apnea event.
[0016] According to a further illustrative embodiment
of the present invention, the reflexive pattern activity is
swallowing and is elicited by stimulating the internal
branch of the superior laryngeal nerve or the glossopha-
ryngeal nerve with an electrical signal at a rate of about
20 Hz to 50 Hz.
[0017] According to a another illustrative embodiment
of the present invention, the is provided a system imple-
menting the above described methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Non-limitative illustrative embodiments of the
invention will now be described by way of example only
with reference to the accompanying drawings, in which:

Figure 1 is a schematic representation of the human
airway relevant to upper airway pressure as meas-
ured at the larynx during normal respiration;

Figure 2 is a graph of airway pressure measured at
the larynx during the normal breathing process;

Figure 3 is a schematic representation of the human
airway relevant to upper airway pressure as meas-
ured at the larynx during an obstructive sleep apnea
(OSA) event;

Figure 4 is a graph of airway pressure measured at
the larynx at the outset of an OSA event;

Figure 5 is a schematic representation of the human
airway relevant to upper airway pressure as meas-
ured at the larynx during a central sleep apnea (CSA)
event;

Figure 6 is a graph of airway pressure measured at
the larynx at the outset of a CSA event;

Figure 7 is a graph of an index of respiratory activity
(IRA) computed from the rectified and bin-integrated
(RBI) electroneurogram of the iSLN during normal
respiration;

Figure 8 is a graph of an index of respiratory activity
(IRA) computed from an RBI electroneurogram of
the ISLN at the outset of an OSA event;

Figure 9 is a graph of an alternative index of respi-
ratory activity (IRA) computed from the duration of
peaks in an RBI electroneurogram of the ISLN at the
outset of an OSA event;

Figure 10 is a graph of a further alternative index of
respiratory activity (IRA) computed from the interval
between peaks in an RBI electroneurogram of the
ISLN at the outset of an OSA event;

Figure 11 is a graph of an index of respiratory activity
(IRA) computed from an RBI electroneurogram of
the iSLN at the outset of a CSA event;

Figure 12 is a graph of an index of respiratory activity
(IRA) computed from the rectified and bin-integrated
(RBI) electroneurogram of the iSLN during normal
respiration showing multiple apnea severity levels;

Figure 13 is a flow diagram depicting the detection,
identification and treatment of sleep apnea process
in accordance with a first illustrative embodiment of
the present invention;

Figure 14 is a flow diagram depicting the detection,
identification and treatment of sleep apnea and hy-
popnea process in accordance with a second illus-
trative embodiment of the present invention;

Figure 15 is a block diagram of an example of a neu-
romodulator for the detection, identification and
treatment of sleep apnea.

DETAILED DESCRIPTION

[0019] Generally stated, the non-limitative illustrative
embodiment of the present invention provides a method
and device for treating sleep dysfunctions such as sleep
apnea/hypopnea by monitoring respiratory-related activ-
ity from nerve or muscle, interpreting these internal sig-
nals to detect and classify adverse events in the airway,
and stimulating nerves or muscles to elicit appropriate
corrective responses to adverse respiratory events.
[0020] In the detailed description, unless specified oth-
erwise, reference to the term "apnea" is defined to mean
either an obstructive, central, mixed, or complex episode
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of apnea or hypopnea, occurring during sleep or awake
as in Cheynne-Strokes respiration.

Normal respiration

[0021] Referring to Figure 1, there is shown a sche-
matic representation of the human airway 100 relevant
to upper airway 110 pressure as measured at the larynx
102 during normal respiration. During normal inspiration,
the diaphragm and intercostal muscles 120 contract 122,
creating a negative pressure in the airway 100 and draw-
ing air into the lungs 104. Expiration is typically passive,
resulting from relaxation of the diaphragm and intercostal
muscles 120 back to their resting position 124, and elastic
recoil of the lungs 104. The amount of air flow produced
by changing airway 100 pressure is influenced by resist-
ance from the structures of the upper airway 110, includ-
ing the soft palate 112, tongue 114, pharynx 116, and
epiglottis 118.
[0022] Figure 2 shows a graph 200 of airway pressure
201 measured at the larynx 102 (see Figure 1) during
the normal breathing process, comprising regular inspi-
ration 202 and expiration 204 peaks of similar amplitude
and frequency. Airway pressure at larynx 102 is trans-
duced by mucosal mechanoreceptors that are sensitive
to pressure and is communicated to the central nervous
system via the internal branch of the superior laryngeal
nerve (iSLN).

Respiration during an OSA event

[0023] Referring to Figure 3 there is shown a schematic
representation of the human airway 100 relevant to upper
airway pressure as measured at the larynx during an OSA
event. Here, a lack of muscle tone in the upper airway
110 allows pharyngeal structures 116 to partially or com-
pletely block the lumen 119 of the airway 100, particularly
when subjects sleep on their back. Respiratory drive con-
tinues during the OSA event, the diaphragm and inter-
costal muscles 120 contract 122, creating a negative
pressure in the airway 100 drawing flaccid pharyngeal
structures 116 into the airway lumen 119.
[0024] Figure 4 shows a graph 400 of airway pressure
401 measured at the larynx 102 (see Figure 3) at the
outset of an OSA event, comprising normal breathing
process inspiration 402a and expiration 404a peaks be-
fore the OSA event and then inspiration 402b and expi-
ration 404b peaks of a greater amplitude during the OSA
event. This increase in the amplitude of the airway pres-
sure 401 reflects continuing attempts on the part of the
subject to breathe after airway obstruction, generating
greater than normal airway pressures 401. The outset of
the OSA event 403 can then be identified by the sudden
increase in amplitude of the inspiration 402 and expira-
tion 404 peaks of the airway pressure 401.

Respiration during a CSA event

[0025] Referring to Figure 5, there is shown a sche-
matic representation of the human airway 100 relevant
to upper airway pressure as measured at the larynx dur-
ing a CSA event. Here, the upper airway 110 remains
open, but diminished central respiratory drive reduces or
eliminates diaphragm 120 movement, and thus air flow
during the CSA event.
[0026] Figure 6 shows a graph 600 of airway pressure
601 measured at the larynx 102 (see Figure 5) at the
outset of a CSA event, comprising normal breathing proc-
ess inspiration 602 and expiration 604 peaks before the
CSA event and then an absence of, or very low amplitude,
inspiration and expiration peaks 606 during the CSA
event. Despite a patent upper airway 110, upper airway
pressure 601 is not fully modulated after the onset of the
CSA event and diminution of diaphragm movement. The
outset of the CSA event 603 can then be identified by
the sudden drop 606 in the amplitude of the inspiration
602 and expiration 604 peaks of the airway pressure 601.

Detection and classification of apnea events

[0027] It has been discovered that the electroneuro-
gram (ENG) of the internal branch of the superior laryn-
geal nerve (iSLN) is correlated with pressure in the upper
airway 110 (see Figure 1). This relationship can be dem-
onstrated by calculating an index of respiratory activity
(IRA) that is indicative of the amplitude and timing of the
ENG signal. For example, the IRA may be calculated by
applying a rectification and bin-integration (RBI) algo-
rithm to the amplified iSLN signal. Referring to Figure 7,
during normal breathing, each peak 702 of the IRA 701
calculated using this method corresponds to a regular
inspiration peak 202 of the airway pressure 201 meas-
ured at the larynx 102, as illustrated in Figure 2.
[0028] The amplitude of peaks in the IRA during each
breath occurs within a normal range of amplitudes which
may be determined using a calibration process during
normal respiration of a given subject either empirically or
using, for example, polysomnographic techniques. This
range of amplitudes can be used to set upper 707 and
lower 705 thresholds for apnea event detection. Peaks
702 outside of this normal range can be detected using
simple fixed-level thresholds and defined as apneic
events.
[0029] The upper 707 and lower 705 thresholds can
further be used to classify, in real-time, a detected apneic
event as being either an OSA event or a CSA event.
[0030] It is to be understood that although the above
the IRA is calculated by applying a rectification and bin-
integration (RBI) algorithm to the amplified iSLN signal,
other signal processing algorithms may also be applied
including: high pass filter, low pass filter, bandpass filter,
notch filter, FIR filter, IIR filter, smoothing, moving aver-
age, Weiner (optimal) filter, rectification, bin-integration,
multichannel noise reduction, principal components
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analysis, independent components analysis, wavelet
analysis, Fourier transformation, matched filtering, vari-
ance/variance ratio calculations, or some combination of
the above. The raw iSLN ENG waveform may also be
used directly. IRAs based on neural network analyses,
cluster analysis in multidimensional feature space, clus-
ter cutting using k-means, Bayesian expectation-maxi-
mization, closest centers, or manual cluster cutting meth-
ods may also be used.
[0031] It is to be also understood that an IRA could be
computed from any number of other iSLN ENG signal
features that vary with respiratory state such as event or
waveform timing, interval, amplitude, duration, rise time,
fall time, slope, presence, absence, pattern, 1st deriva-
tive, 2nd derivative, 3rd derivative, root mean square am-
plitude, peak-to-peak amplitude, variance, statistical
probability or probability relative to baseline or running
average.

OSA event

[0032] Referring to Figure 8, there is shown an exam-
ple of peaks 802 of the IRA 801 at the outset of an OSA
event, comprising normal breathing process inspiration
related peaks 802a within the upper 707 and lower 705
thresholds before the OSA event and then inspiration
related peaks 802b of an amplitude greater than the up-
per 707 threshold during the OSA event. The outset of
the OSA event 803 can then be identified by the first
crossing of the upper 707 threshold by the inspiration
related peaks 802.
[0033] Alternatively, referring to Figure 9, it may be ob-
served that at the outset of the OSA event 803 the dura-
tions 805b of the peaks 802b of the RBI ENG measured
at a fixed level, for example threshold 705, are greater
than the peak durations 805a of the peaks 802a meas-
ured during the normal breathing process. Accordingly,
the peak durations of the RBI ENG may be used to cal-
culate an IRA and identify the outset of an OSA event by
setting an appropriate threshold.
[0034] Similarly, referring to Figure 10, it may be ob-
served that at the outset of the OSA event 803 the inter-
vals 807b between the peaks 802b of the RBI ENG meas-
ured at a fixed level, for example threshold 705, are small-
er than the interpeak intervals 807a between the peaks
802a measured during the normal breathing process. Ac-
cordingly, the interpeak intervals of the RBI ENG may be
used to calculate an IRA to identify the outset of an OSA
event by setting an appropriate threshold.

CSA event

[0035] Referring to Figure 11, there is shown an ex-
ample of peaks 902 of the IRA 901 at the outset of a CSA
event, comprising normal breathing process inspiration
related peaks 902 within the upper 707 and lower 705
thresholds before the CSA event and then inspiration re-
lated peaks 906 of an amplitude lower than the lower 705

threshold (or absence of peaks) during the CSA event.
The outset of the CSA event 903 can then be identified
by the first absence of crossing of the lower 705 threshold
by the inspiration related peaks 902 for a set time period.
This period of time may be set to represent the average
time between one or more respiration cycle.
[0036] As is the case with OSA events (see Figures 9
and 10), other IRAs may be calculated in order to identify
CSA events, such as the peak durations and interpeak
intervals of the RBI ENG by setting appropriate levels
and thresholds. It is to be understood that the absence
of measurements at a specified level will indicate a CSA
event.
[0037] It is also to be understood that detection of res-
piratory events in the IRA using methods other than fixed-
level thresholding may be used, for example noise-track-
ing or other adaptive thresholds, energy or non-linear
energy thresholds, or any variety of other detection op-
erations on the raw or processed data.

Apnea event severity

[0038] In an alternative embodiment, the severity of
the apnea event may be determined by comparing the
amplitude of the apneic IRA 801, 901 to that observed
during normal breathing 701. More severe apnea is char-
acterized by IRA peaks 802, 902 having amplitudes far
from the upper 707 and lower 705 thresholds, while less
severe apnea or hypopnea is characterized by IRA peaks
802, 902 having amplitudes just above or below the upper
707 and lower 705 thresholds. The level of apnea thus
determined can be used to adjust the parameters and
characteristics of the applied neurostimulation treatment.
This may include changing the stimulation waveform, in-
creasing or decreasing the stimulus amplitude, increas-
ing or decreasing the number of stimuli delivered, select-
ing electrodes in specific locations or changing the
number of stimulation electrodes used.
[0039] For example, referring to Figure 12, various
OSA 707, 709 and CSA 705, 703 severity levels may be
assigned corresponding thresholds. It is to be understood
that the number of OSA and CSA severity levels may
vary depending on the precision of the circuitry and/or
algorithm used.

Hypopnea

[0040] In a further alternative embodiment, apneic
events may be further identified as OSA or obstructive
sleep hypopnea (OSH) as well as CSA or central sleep
hypopnea (CSH). For example, referring still to Figure
12, threshold 708 may be associated with OSH while
threshold 707 may be associated with OSA, meaning
that IRA peaks between thresholds 708 and 707 are iden-
tified as OSH while IRA peaks above threshold 707 are
identified as OSA. Conversely, threshold 704 may be as-
sociated with CSH while threshold 705 may be associ-
ated with CSA, meaning that IRA peaks between thresh-
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olds 704 and 705 are identified as CSH while IRA peaks
below threshold 705 are identified as CSA. The range of
values for which IRA peaks are defined as OSH as op-
posed to OSA, as well as CSH as opposed to CSA, may
be determined using a calibration process during abnor-
mal respiration of a given subject using, for example,
polysomnographic techniques.
[0041] It is to be understood that OSH, OSA, CSH and
CSA may be subdivided into multiple severity levels de-
pending on the precision of the circuitry and/or algorithm
used.
[0042] As described above for the OSA and CSA event
detection, the variation in IRAs calculated using algo-
rithms other than RBI ENG may also be used to deter-
mine the severity of the apneic event.
[0043] Although peaks in the IRA coincident with neg-
ative pressure receptor activity are described above, it
is to be understood that receptors sensitive to other stim-
uli and modalities, respiratory events, phases or features,
and with afferents carried by other nerves may also used.
This is meant to include mechanoreceptors sensitive to
positive airway pressure, stretch, position, shear or slip,
vibration, texture, touch, touch and pressure, muscle
stretch, muscle "drive", air flow, blood pressure or osmo-
larity, chemoreceptors sensitive to CO2, O2, or pH, ther-
moreceptors sensitive to temperature or airflow, nocice-
ptors sensitive to polymodal pain, or some combination
of the above.

Apneic event detection, identification and treatment

[0044] Referring to Figure 13, there is shown in a flow
diagram a process 1000 for the detection and classifica-
tion of apnea events in accordance with a first illustrative
embodiment of the present invention. The steps compos-
ing the process are indicated by blocks 1002 to 1020.
[0045] The process 1000 starts at block 1002, where
the iSLN ENG signal is recorded, after which, at block
1004, the iSLN ENG signal is conditioned (for example
amplified).
[0046] At block 1006, an index of respiratory activity
(IRA) is computed. The IRA is a measure of the iSLN
ENG signal which varies with the respiratory activity of
the subject and may be used to detect sleep apnea
events through comparison with thresholds associated
with normal respiratory activity. For example, the IRA
may be the amplitude envelope computed by applying
an RBI algorithm to the filtered and amplified iSLN ENG
signal. This algorithm first rectifies the iSLN ENG signal
and then sums the result in bins, essentially applying a
low pass filter to the rectified signal. Alternatively, the IRA
may be the root-mean-square or peak-to-peak amplitude
of the iSLN ENG signal, the duration of peaks in the RBI
iSLN ENG signal measured at a fixed level or the interval
between peaks of the RBI iSLN ENG signal measured
at a fixed level. It should be noted that the interpeak in-
tervals are complimentary to the peak durations and as
such an IRA based on interpeak interval values should

be expressed as the inverse of the measured values.
[0047] Optionally, a moving average filter may then be
applied to the IRA, for example a moving average filter
spanning one second of data, and the result optimized
using, for example, the solution to the Wiener-Hopf equa-
tion. The moving average filter helps to reduce the influ-
ence of variability inherent to iSLN ENG signals and its
total length may be selected so as to be near the smallest
feature (peak width) to be detected.
[0048] At block 1008, the process 1000 verifies if the
IRA meets the criteria defining OSA. For example, in the
case where the IRA is the RBI ENG of the iSLN signal,
OSA is defined as peak values exceeding the upper
threshold 707 of the range of amplitudes observed during
normal respiration as illustrated in Figure 7. It is to be
understood that the criteria defining OSA will vary de-
pending on the IRA used.
[0049] If the IRA meets the criteria of OSA, the process
1000 proceeds to block 1010 where an OSA event is
reported. Then, optionally, at block 1012, airway opening
stimulation may be triggered in response to the detection
of the OSA event.
[0050] The airway opening stimulation may act to re-
place or augment the negative pressure reflex in re-
sponse to the OSA event, by artificially improving airway
patency during inspiration. The stimulation may take a
number of different forms and is designed to remain be-
low the arousal threshold of the sleeping subject. Possi-
ble targets for stimulation include specific nerves that
control upper airway patency such as, for example, the
hypoglossal or glossopharyngeal nerves, or their combi-
nation. Likewise, direct stimulation of specific muscles
that control upper airway patency such as, for example,
genioglossus, tensor palatini, or sternohyoid muscles, or
their combination, can also be used. Treatment can be
accomplished by applying stimulation individually to
some or all of the muscles involved in airway patency, or
individually to the nerves efferent to these muscles, or
some combination of the thereof. Stimulation of activities
or muscles or nerves that increases upper airway paten-
cy can be delivered phasically, in synchrony with inspi-
ration or tonically, throughout the entire respiratory cycle.
[0051] In an alternative embodiment, the stimulation
may be aimed at eliciting reflexive and pre-programmed
coordinated activity from swallow-related central pattern
generators in the central nervous system. For example,
the iSLN can be electrically stimulated at a rate of about
20 Hz to 50 Hz in order to provoke a swallowing reflex.
Similar stimulus protocols give rise to one or more com-
plete sequences of pharyngeal swallow. During pharyn-
geal swallow, upper airway pressure increases from neg-
ative values up to atmospheric pressure, the muscles of
larynx and pharynx are activated, and the pharynx and
larynx close and then open. The entire coordinated pat-
tern of pharyngeal muscle activation ends with an open
pharynx. Stimulation of this pattern is designed to open
a collapsed upper airway and restore airway patency.
Stimulation of other patterned activities may also be used
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to increase airway patency, such as cough, yawn, gag,
etc., as well as some combination of stimulated patterned
activities. Stimulation of the swallow sequence may also
be accomplished using other nerves, for example the
glossopharyngeal nerve.
[0052] The process 1000 then proceeds back to block
1002 where the recording of the iSLN ENG signal con-
tinues.
[0053] At block 1014, the process 1000 verifies if the
IRA meets the criteria defining CSA. For example, in the
case where the IRA is the RBI ENG of the iSLN signal,
CSA may be defined as peak values remaining below
the lower threshold 705 of the range of amplitudes ob-
served during normal respiration as illustrated in Figure
7. It is to be understood that the definition of CSA will
vary depending on the IRA used.
[0054] If the IRA meets the criteria of CSA, the process
1000 proceeds to block 1016 where a CSA event is re-
ported. Then, optionally, at block 1018, breathing stimu-
lation may be triggered in response to the detection of
the CSA event.
[0055] The breathing stimulation acts to replace or
augment respiratory drive in response to the CSA event.
The stimulation may take a number of different forms and
is designed to remain below the arousal threshold of the
sleeping subject. Possible targets for stimulation include
specific nerves that control respiratory muscles such as,
for example, phrenic or intercostal nerves, or their com-
bination. Likewise, direct stimulation of specific muscles
that control respiration such as, for example, diaphragm
or intercostal respiratory muscles, or their combination,
can also used. Treatment can be accomplished by ap-
plying stimulation to some or all of the muscles involved
in respiration, or to some or all the nerves efferent to
these muscles, or some combination of the above. Stim-
ulation of activities of muscles or nerves that increase
respiration could be delivered in synchrony with remain-
ing or previous inspiratory activity.
[0056] In an alternative embodiment, the stimulation
may be aimed at eliciting reflexive and pre-programmed
coordinated activity from swallow-related central pattern
generators in the central nervous system as previously
described at block 1012.
[0057] The process 1000 then proceeds back to block
1002 where the recording of the iSLN ENG signal con-
tinues.
[0058] Optionally, at block 1020, the IRA signal corre-
sponding to normal respiration, the process 1000 termi-
nates any ongoing treatment.
[0059] The process 1000 then proceeds back to block
1002 where the recording of the iSLN ENG signal con-
tinues.
[0060] Referring to Figure 14, there is shown in a flow
diagram a process 2000 for the detection and classifica-
tion of apnea and hypopnea events in accordance with
a second illustrative embodiment of the present inven-
tion. The steps composing the process are indicated by
blocks 2002 to 2032.

[0061] The process 2000 starts at block 2002, where
the iSLN ENG signal is recorded, after which, at block
2004, the iSLN ENG signal is conditioned (for example
amplified).
[0062] At block 2006, an index of respiratory activity
(IRA) is computed as previously described (see block
1006 of process 1000 from Figure 13).
[0063] At block 2008, the process 2000 verifies if the
IRA meets the criteria defining OSA. For example, in the
case where the IRA is the RBI ENG of the iSLN signal,
the process 2000 verifies if peak values exceed threshold
708 associated with OSA (see Figure 12).
[0064] If the IRA meets the criteria defining OSA, the
process 2000 proceeds to block 2010 where an OSA
event is reported. Then, optionally, at block 2012, airway
opening stimulation as previously described (see block
1012 of process 1000 from Figure 13) may be triggered
in response to the detection of the OSA event.
[0065] The process 2000 then proceeds back to block
2002 where the recording of the iSLN ENG signal con-
tinues.
[0066] At block 2014, the process 2000 verifies if the
IRA meets the criteria defining OSH. For example, in the
case where the IRA is the RBI ENG of the iSLN signal,
the process 2000 verifies if peak values are situated be-
tween thresholds 707 and 708 associated with OSH (see
Figure 12).
[0067] If the IRA meets the criteria defining OSH, the
process 2000 proceeds to block 2016 where an OSH
event is reported. Then, optionally, at block 2018, airway
opening stimulation as previously described (see block
1012 of process 1000 from Figure 13), but with adjusted
parameters, may be triggered in response to the detec-
tion of the OSH event.
[0068] The process 2000 then proceeds back to block
2002 where the recording of the iSLN ENG signal con-
tinues,
[0069] At block 2020, the process 2000 verifies if the
IRA meets the criteria defining CSA. For example, in the
case where the IRA is the RBI ENG of the iSLN signal,
the process 2000 verifies if peak values remain under
the threshold 704 associated with CSA (see Figure 12).
[0070] If the IRA meets the criteria defining CSA, the
process 2000 proceeds to block 2022 where a CSA event
is reported. Then, optionally, at block 2024, breathing
stimulation as previously described (see block 1018 of
process 1000 from Figure 13) may be triggered in re-
sponse to the detection of the CSA event.
[0071] The process 2000 then proceeds back to block
2002 where the recording of the iSLN ENG signal con-
tinues.
[0072] At block 2026, the process 2000 verifies if the
IRA meets the criteria defining CSH. For example, in the
case where the IRA is the RBI ENG of the iSLN signal,
the process 2000 verifies if peak values are situated be-
tween thresholds 704 and 705 associated with CSH (see
Figure 12).
[0073] If the IRA meets the criteria of CSH, the process
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2000 proceeds to block 2028 where a CSH event is re-
ported. Then, optionally, at block 2030, breathing stimu-
lation as previously described (see block 1018 of process
1000 from Figure 13), but with adjusted parameters, may
be triggered in response to the detection of the CSH
event.
[0074] The process 2000 then proceeds back to block
2002 where the recording of the iSLN ENG signal con-
tinues.
[0075] It is to be understood that in other alternative
embodiments, the detection and classification algorithm
may further subdivide the OSH, OSA, CSH and CSA
events into multiple severity levels, each level having as-
sociated stimulation parameter adjustments,

Neuromodulator for the detection, identification and 
treatment of sleep apnea

[0076] Referring to Figure 15, there is shown a block
diagram of an example of a neuromodulator 1100 for
detection, identification and treatment of sleep apnea by
monitoring respiratory-related activity from nerve or mus-
cle, interpreting these internal signals to detect and clas-
sify adverse events in the airway, and stimulating nerves
or muscles to elicit appropriate corrective responses to
adverse respiratory events.
[0077] In the illustrated example, apnea is detected
and identified by monitoring respiratory-related activity
from the internal branch of the superior laryngeal nerve
(iSLN) 132. The iSLN carries afferents from receptors in
the laryngeal mucosa toward the central nervous system
130. Other peripheral nerves carrying afferents modulat-
ed by respiratory condition may also be monitored, in-
cluding the recurrent laryngeal nerve, the main branch
of the SLN, the vagus nerve, the phrenic nerve, each
nerve alone, or in combination with the other(s). Respi-
ratory activity may also be monitored from nerves carry-
ing efferent signals to muscles of the upper airway, dia-
phragm, or intercostal muscles, or by monitoring the ac-
tivity of these respiratory muscles themselves, alone, or
in some combination with other nerves or muscles mod-
ulated by respiratory activity.
[0078] The neuromodulator 1100 includes a signal
conditioning module 1102, a respiratory activity monitor-
ing module 1104 and a stimulation module 1106.
[0079] A recording electrode 1132 is placed in, around,
or near a peripheral nerve that carries afferent neural
activity from receptors in the upper airway 110 (see Fig-
ure 1) toward the central nervous system 130. One par-
ticular nerve that may be used is the iSLN 132. A lead
1133 connects the electrode 1132 to the signal condi-
tioning module 1102.
[0080] It is to be understood that depending on the ap-
plication there maybe multiple recording electrodes 1132
to simultaneously or sequentially monitor multiple signal
sources. The recording electrode 1132 may also target
other peripheral receptors that exhibit modulations of bio-
electric potential correlated with respiration. Other recep-

tors that may be monitored to determine respiratory con-
dition include: mechanoreceptors sensitive to positive
airway pressure, stretch, position, shear or slip, vibration,
texture, touch, touch and pressure, muscle stretch, mus-
cle "drive", air flow, blood pressure or osmolarity, chem-
oreceptors sensitive to CO2, O2, or pH, thermoreceptors
sensitive to temperature or airflow, nociceptors sensitive
to polymodal pain, or some combination of the above.
[0081] A stimulation electrode 1134 is placed in,
around, or near, a target nerve or muscle depending on
the type of stimulation used. A lead 1135 connects the
stimulation electrode 1134 to the stimulation module
1106. The stimulation electrode 1134 may contain addi-
tional features allowing for enhanced current carrying ca-
pacity, selective stimulation using current steering, direc-
tionally selective stimulation of efferent or afferent fibers,
or selectivity for stimulating axons of a particular diame-
ter.
[0082] It is to be understood that there may be multiple
targets for stimulation and that their selection may vary
depending on the identified apneic event and the type of
stimulation used. Furthermore, the stimulation may tar-
get the central nervous system 130 when the stimulation
is aimed at eliciting reflexive and pre-programmed coor-
dinated activity such as swallowing. It is further to be
understood that in some alternative embodiment, a single
electrode may be used both for the recording 1132 and
the stimulation 1134 electrodes, for example when the
iSLN is used for both recording and stimulation. Further-
more, multiple electrodes may be use, some or all of them
being used both as recording 1132 and stimulation 1134
electrodes while others only as recording 1132 or stim-
ulation 1134 electrodes.
[0083] In an alternative embodiment, iSLN ENG sig-
nals may be passed from electrode 1132 to the signal
conditioning module 1102 wirelessly. Similarly, the stim-
ulation signals from the stimulation module 1106 may be
passed to the electrode 1134 wirelessly.
[0084] The electrodes 1132 and 1134 may be, for ex-
ample, cuff electrodes. An example of a cuff electrode
that may be used as electrodes 1132 and 1134 is dis-
closed in U.S. Patent No. 5,824,027 entitled "NERVE
CUFF HAVING ONE OR MORE ISOLATED CHAM-
BERS", issued October 20, 1998, to Hoffer et al. It is to
be understood that other types of electrodes, leads,
probes, cuff-electrodes, etc., may be used as well. Other
examples of cuff electrodes that may be used are dis-
closed in U.S. Patent Application Publication No.
2008/0065184 entitled "NERVE CUFF, METHOD AND
APPARATUS FOR MANUFACTURING SAME", pub-
lished March 13, 2008, by Hoffer et al. and PCT Patent
Application Publication No. WO 2008/025155 entitled
"NERVE CUFF INJECTION MOLD AND METHOD OF
MAKING A NERVE CUFF", filed August 29, 2007, by
Imbeau et al.
[0085] The signal conditioning module 1102 conditions
the iSLN ENG signal, for example amplifying it, recorded
by the first electrode 1132 and provides the conditioned

13 14 



EP 3 527 178 A1

9

5

10

15

20

25

30

35

40

45

50

55

iSLN ENG signal to the respiratory activity monitoring
module 1104, which includes an algorithm that uses the
conditioned iSLN ENG signal to monitor respiratory ac-
tivity, detect apnea events before they result in arousal
from sleep and identify the type of apnea event.
[0086] The signal conditioning module 1102 may in-
clude, without limiting the illustrative embodiment to
these components, a signal amplifier and a rectifier cir-
cuit. Examples of amplifiers and rectifier circuit that may
be used are respectively disclosed in U.S. Patent Appli-
cation Publication No. 2006/0189881 entitled "IM-
PLANTABLE SIGNAL AMPLIFYING CIRCUIT FOR
ELECTRONEUROGRAPHIC RECORDING", published
August 24, 2006, by Baru Fassio and U.S. Patent No.
7,282,980 entitled "PRECISION RECTIFIER CIRCUIT
FOR HIGH-DENSITY, LOW-POWER IMPLANTABLE
MEDICAL DEVICE", issued October 16, 2007, to Baru
Fassio.
[0087] The algorithm executed by the respiratory ac-
tivity monitoring module 1104 implements blocks 1006
to 1010, 1014 and 1016 of process 1000 shown in Figure
13 or blocks 2006 to 2011 and 2014 to 2017 of process
2000 shown in Figure 14. Upon the detection of an apnea
event, the respiratory activity monitoring module 1104
sends a trigger to the stimulation module 1106 along with
an identification of the type of apnea event, i.e. OSH,
OSA, CSH or CSA depending on the implemented algo-
rithm, which generates a stimulation appropriate for the
type of apnea event. Optionally, the respiratory activity
monitoring module 1104 may also send an indication of
the severity level of the apnea event, as well as timing
information of previous or continuing respiration patterns,
to the stimulation module 1106.
[0088] The respiratory activity monitoring module 1104
may optionally provide information about the respiratory
activity of the subject, report sleep apnea events and/or
allow remote modification of various criteria/thresholds
through a communication link such as, for example, a
radio frequency (RF) or infrared (IR) link (not shown).
[0089] The stimulation module 1106 implements the
various stimulation strategies disclosed in blocks 1012
and 1018 of process 1000 and in blocks 2012, 2018,
2024 and 2030 of process 2000, shown in Figures 13
and 14, respectively. The produced stimulation signals
may be square pulses or arbitrary waveforms, constant
voltage or constant current. Stimulation location, ampli-
tude, and/or waveform may be adjusted in a closed-loop
based on current respiratory conditions or conditions re-
layed by the respiratory activity monitoring module 1104
in response to previous stimulation. Stimulation wave-
forms may also contain features allowing for selective
stimulation using current steering, directionally selective
stimulation of efferent or afferent fibers, selectivity for
stimulating axons of a particular diameter, or features
designed to block transmission of undesired bioelectric
activity.
[0090] The stimulation module 1106 may optionally al-
low remote selection and/or modification of the stimula-

tion strategies and stimulation parameters through a
communication link such as, for example, a radio fre-
quency (RF) or infrared (IR) link (not shown).
[0091] The stimulation module 1106 may include, with-
out limiting the illustrative embodiment to this component,
a pulse generator for providing current and/or voltage
stimulation signals to muscles, nerves or tissue. Exam-
ples of pulse generators that may be used are disclosed
in U.S. Patent Application No. 11/920,814 entitled "IM-
PLANTABLE PULSE GENERATOR", filed on October
9, 2007, by Roy et al.
[0092] Finally, the neuromodulator 1100 may include
an internal power supply (not shown) or use a transcu-
taneous energy transfer system (not shown).
[0093] Other applications of the invention will be ap-
parent to those skilled in the art. For example, the device
has the capacity to detect respiration rate, phase, and
timing. This provides for general monitoring of vital signs,
aside from apnea detection, and could provide respira-
tion-related parameters to other devices such as external
monitoring equipment, or implanted devices such as
pacemakers or implantable defibrillators.
[0094] Further, apneas occurring during sleep or wak-
ing, as in cases of Cheyne-Stokes respiration or Charcot-
Marie-Tooth disease could be effectively treated with the
invention described herein. Other adverse respiratory
conditions or types of sleep disordered breathing could
be detected by monitoring naturally occurring receptors
in the airway, such as narrowing or obstruction of the
airway, snoring, presence of solids or fluids in the airway,
respiratory difficulty in congestive heart failure, presence
of reflux in the airway, or inappropriate magnitude or tim-
ing of airway muscle activity. Detection of these events
might be applied to the detection and treatment of respi-
ratory disorders such as asthma, dysphagia, aspiration
pneumonia, or SIDS. Stimulation treatments could result
in bronchodilation or bronchoconstriction, change in
breathing pattern, swallow, cough, gag, muscle or
sphincter activation or inhibition, change in mucus or oth-
er secretion, or other activity of the airway.
[0095] It is to be understood that the various units, mod-
ules and sub-modules and algorithms may be implement-
ed using, for example one or more electronic circuit, mi-
crocontroller or DSP.
[0096] It is also to be understood that the detection,
identification and treatment of sleep apnea processes
1000 (see Figure 13) and 2000 (see Figure 14) as well
as the neuromodulator 1100 (see Figure 15) may be se-
lectively activated, for example when a subject is sleep-
ing. The activation may be user initiated, optionally with
a delay, according to a given schedule, by monitoring the
heart rate of the subject, the orientation of the subject, etc.
[0097] Although the present invention has been de-
scribed by way of illustrative embodiments and examples
thereof, it should be noted that it will be apparent to per-
sons skilled in the art that modifications may be applied
to the present particular embodiment without departing
from the scope of the present invention.

15 16 



EP 3 527 178 A1

10

5

10

15

20

25

30

35

40

45

50

55

REFERENCE

[0098] [1] Chamberlin, N.L., Eikermann, M., Fass-
bender, P., White, D.P., and Malhotra, A., (2007) "Gen-
ioglossus premotoneurons and the negative pressure re-
flex in rats." J. Physiol. 579: 515-526.

EXAMPLES

[0099] Further disclosed herein are the following ex-
amples:

1. A method for monitoring the respiratory activity of
a subject, comprising the steps of: recording an elec-
troneurogram signal from the internal branch of the
superior laryngeal nerve of the subject; conditioning
the electroneurogram signal; computing an index of
respiratory activity of the conditioned electroneuro-
gram signal; and reporting an occurrence of an ap-
neic event when the index of respiratory activity
meets at least one apnea criteria.

2. A method according to example 1, further com-
prising the step of generating a stimulation signal
which acts to increase airway patency or stimulate
breathing following the reporting of the apneic event.

3. A method according to example 2, wherein pa-
rameters of the stimulation signal are selected in ac-
cordance with the index of respiratory activity.

4. A method according to example 2, wherein the
stimulation signal is selected so as to elicit a reflexive
pattern activity from the central nervous system of
the subject.

5. A method according to example 4, wherein the
reflexive pattern activity is selected from a group con-
sisting of the negative pressure reflex, coughing,
yawning, gagging, swallowing and any combination
thereof.

6. A method according to example 5, wherein the
swallowing reflexive pattern activity is elicited by
stimulating the internal branch of the superior laryn-
geal nerve with an electrical signal at a rate of about
20 Hz to 50 Hz.

7. A method according to example 5, wherein the
swallowing reflexive pattern activity is elicited by
stimulating the glossopharyngeal nerve with an elec-
trical signal at a rate of about 20 Hz to 50 Hz.

8. A method according to example 1, wherein the at
least one apnea criteria includes a first criteria asso-
ciated with obstructive sleep apnea and a second
criteria associated with central sleep apnea, and
wherein the reporting step includes reporting the ap-

neic event as an obstructive sleep apnea event when
the index of respiratory activity meets the first criteria
and as a central sleep apnea event when the index
of respiratory activity meets the second criteria.

9. A method according to example 8, further com-
prising the step of generating a stimulation signal
which acts to increase airway patency following the
reporting of the obstructive sleep apnea event or
stimulate breathing following the reporting of the cen-
tral sleep apnea event.

10. A method according to example 8, further com-
prising the step of reporting an occurrence of an ob-
structive sleep hypopnea event when the index of
respiratory activity meets a third criteria associated
with obstructive sleep hypopnea and reporting an
occurrence of a central sleep hypopnea event when
the index of respiratory activity meets a fourth criteria
associated with central sleep hypopnea.

11. A method according to example 10, further com-
prising the step of generating a stimulation signal
which acts to increase airway patency following the
reporting of the obstructive sleep hypopnea event or
of the obstructive sleep apnea event, or stimulate
breathing following the reporting of the central sleep
hypopnea event or of the central sleep apnea event,
parameters of the stimulation signal being selected
according to whether the obstructive sleep hypop-
nea event, the obstructive sleep apnea event, the
central sleep hypopnea event or the central sleep
apnea event was reported.

12. A method according to example 1, wherein the
index of respiratory activity is indicative of the am-
plitude and timing of the electroneurogram signal.

13. A method according to example 12, wherein the
index of respiratory activity is selected from a group
consisting of the peaks of the electroneurogram sig-
nal, the root-mean-square of the electroneurogram
signal, the peak-to-peak amplitude of the electrone-
urogram signal, the duration of peaks of the elec-
troneurogram signal, the interpeak intervals of the
electroneurogram signal and any combination there-
of.

14. A method according to example 1, wherein the
index of respiratory activity is computed by applying
a rectification and bin-integration algorithm to the
conditioned electroneurogram signal.

15. A method according to example 14, wherein the
step of conditioning the electroneurogram signal in-
cludes amplification and band-pass filtering.

16. A method according to example 14, wherein the
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step of computing the index of respiratory activity
further includes applying a moving average filter to
the rectified and bin-integrated amplified electrone-
urogram signal and optimizing the result.

17. A method according to example 14, wherein the
reporting step includes reporting the apneic event
as an obstructive sleep apnea event when the index
of respiratory activity exceeding a first threshold.

18. A method according to example 17, wherein the
first threshold is set according to calibration during
the normal respiration of the subject during sleep
using polysomnographic techniques.

19. A method according to example 17, further com-
prising the step of generating a stimulation signal
which acts to increase airway patency following the
reporting of the obstructive sleep apnea event.

20. A method according to example 19, wherein a
target of the stimulation signal is selected from a
group consisting of the hypoglossal nerve, the glos-
sopharyngeal nerve, the genioglossus muscle, the
tensor palatini muscle, the sternohyoid muscle and
any combination thereof.

21. A method according to example 19, wherein a
target of the stimulation signal is selected so as to
elicit a reflexive pattern activity from the central nerv-
ous system of the subject.

22. A method according to example 21, wherein the
reflexive pattern activity is selected from a group con-
sisting of the negative pressure reflex, coughing,
yawning, gagging, swallowing and any combination
thereof.

23. A method according to example 22, wherein the
reflexive pattern activity is swallowing and is elicited
by stimulating the internal branch of the superior la-
ryngeal nerve with an electrical signal at a rate of
about 20 Hz to 50 Hz.

24. A method according to example 22, wherein the
swallowing reflexive pattern activity is elicited by
stimulating the glossopharyngeal nerve with an elec-
trical signal at a rate of about 20 Hz to 50 Hz.

25. A method according to example 14, wherein the
apneic event reporting step includes reporting the
apneic event as an obstructive sleep hypopnea
event when the index of respiratory activity is be-
tween a first and a second thresholds and as an ob-
structive sleep apnea event when the index of res-
piratory activity exceeds the second threshold.

26. A method according to example 25, wherein the

first and second thresholds are set according to cal-
ibration during the normal and abnormal respiration
of the subject during sleep using polysomnographic
techniques.

27. A method according to example 25, further com-
prising the step of generating a stimulation signal
which acts to increase airway patency following the
reporting of the obstructive sleep apnea event or of
the obstructive sleep hypopnea event, parameters
of the stimulation signal being selected according to
whether the obstructive sleep apnea event or the
obstructive sleep hypopnea event was reported.

28. A method according to example 27, wherein a
target of the stimulation signal is selected from a
group consisting of the hypoglossal nerve, the glos-
sopharyngeal nerve, the genioglossus muscle, the
tensor palatini muscle, the sternohyoid muscle and
any combination thereof.

29. A method according to example 27, wherein a
target of the stimulation signal is selected so as to
elicit a reflexive pattern activity from the central nerv-
ous system of the subject.

30. A method according to example 29, wherein the
reflexive pattern activity is selected from a group con-
sisting of the negative pressure reflex, coughing,
yawning, gagging, swallowing and any combination
thereof.

31. A method according to example 30, wherein the
reflexive pattern activity is swallowing and is elicited
by stimulating the internal branch of the superior la-
ryngeal nerve with an electrical signal at a rate of
about 20 Hz to 50 Hz.

32. A method according to example 30, wherein the
swallowing reflexive pattern activity is elicited by
stimulating the glossopharyngeal nerve with an elec-
trical signal at a rate of about 20 Hz to 50 Hz.

33. A method according to example 14, wherein the
reporting step includes reporting the apneic event
as a central sleep apnea event when the index of
respiratory activity remains below a third threshold.

34. A method according to example 33, wherein the
third threshold is set according to calibration during
the normal respiration of the subject during sleep
using polysomnographic techniques.

35. A method according to example 33, further com-
prising the step of generating a stimulation signal
which acts to stimulate breathing following the re-
porting of the central sleep apnea event.
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36. A method according to example 35, wherein a
target of the stimulation signal is selected from a
group consisting of the phrenic nerve, the intercostal
nerve, the diaphragm muscle, the intercostal respi-
ratory muscle and any combination thereof.

37. A method according to example 35, wherein a
target of the stimulation signal is selected so as to
elicit a reflexive pattern activity from the central nerv-
ous system of the subject.

38. A method according to example 37, wherein the
reflexive pattern activity is selected from a group con-
sisting of negative pressure reflex, coughing, yawn-
ing, gagging, swallowing and any combination there-
of.

39. A method according to example 38, wherein the
reflexive pattern activity is swallowing and is elicited
by stimulating the internal branch of the superior la-
ryngeal nerve with an electrical signal at a rate of
about 20 Hz to 50 Hz.

40. A method according to example 38, wherein the
swallowing reflexive pattern activity is elicited by
stimulating the glossopharyngeal nerve with an elec-
trical signal at a rate of about 20 Hz to 50 Hz.

41. A method according to example 14, wherein the
apneic event reporting step includes reporting the
apneic event as a central sleep hypopnea event
when the index of respiratory activity is between a
third and a fourth thresholds and as a central sleep
apnea event when the index of respiratory activity
remains under the fourth threshold.

42. A method according to example 41, wherein the
third and fourth thresholds are set according to cal-
ibration during the normal and abnormal respiration
of the subject during sleep using polysomnographic
techniques.

43. A method according to example 41, further com-
prising the step of generating a stimulation signal
which acts to stimulate breathing following the re-
porting of the central sleep apnea event or of the
central sleep hypopnea event, parameters of the
stimulation signal being selected according to
whether the central sleep apnea event or the central
sleep hypopnea event was reported.

44. A method according to example 43, wherein a
target of the stimulation signal is selected from a
group consisting of the phrenic nerve, the intercostal
nerve, the diaphragm muscle, the intercostal respi-
ratory muscle and any combination thereof.

45. A method according to example 43, wherein a

target of the stimulation signal is selected so as to
elicit a reflexive pattern activity from the central nerv-
ous system of the subject.

46. A method according to example 45, wherein the
reflexive pattern activity is selected from a group con-
sisting of the negative pressure reflex, coughing,
yawning, gagging, swallowing and any combination
thereof.

47. A method according to example 46, wherein the
reflexive pattern activity is swallowing and is elicited
by stimulating the internal branch of the superior la-
ryngeal nerve with an electrical signal at a rate of
about 20 Hz to 50 Hz.

48. A method according to example 46, wherein the
swallowing reflexive pattern activity is elicited by
stimulating the glossopharyngeal nerve with an elec-
trical signal at a rate of about 20 Hz to 50 Hz.

49. A method for treating a sleep-related breathing
disorder of a subject, comprising eliciting a reflexive
pattern activity from the central nervous system of
the subject following the detection of the sleep-relat-
ed breathing disorder.

50. A method according to example 49, wherein the
sleep-related breathing disorder is sleep apnea.

51. A method according to example 49, wherein the
sleep-related breathing disorder is sleep hypopnea.

52. A method according to example 49, wherein the
reflexive pattern activity is selected from a group con-
sisting of the negative pressure reflex, coughing,
yawning, gagging, swallowing and any combination
thereof.

53. A method according to example 52, wherein the
reflexive pattern activity is swallowing and is elicited
by stimulating the internal branch of the superior la-
ryngeal nerve with an electrical signal at a rate of
about 20 Hz to 50 Hz.

54. A method according to example 52, wherein the
swallowing reflexive pattern activity is elicited by
stimulating the glossopharyngeal nerve with an elec-
trical signal at a rate of about 20 Hz to 50 Hz.

55. A system for monitoring the respiratory activity
of a subject, comprising:

an electrode configured to be positioned in con-
tact with the internal branch of the superior la-
ryngeal nerve of the subject;
a control unit operatively connected to the elec-
trode, the implantable control unit including:
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a signal conditioning module for condition-
ing an electroneurogram signal recorded by
the electrode;
a monitoring and detection module for com-
puting an index of respiratory activity from
the electroneurogram signal and for report-
ing an occurrence of an apneic event when
the index of respiratory activity meets at
least one apnea criteria.

56. A system according to example 55, wherein the
system is fully implantable.

57. A system according to example 55, wherein the
electrode includes a cuff electrode assembly adapt-
ed to surround part of the internal branch of the su-
perior laryngeal nerve of the subject.

58. A system according to example 57, wherein the
cuff electrode assembly is provided with multiple
chambers having electrodes therein.

59. A system according to example 55, wherein the
index of respiratory activity is indicative of the am-
plitude and timing of the electroneurogram signal.

60. A system according to example 59, wherein the
index of respiratory activity is selected from a group
consisting of the peaks of the electroneurogram sig-
nal, the root-mean-square of the electroneurogram
signal, the peak-to-peak amplitude of the electrone-
urogram signal, the duration of peaks of the elec-
troneurogram signal, the interpeak intervals of the
electroneurogram signal and any combination there-
of.

61. A system according to example 55, wherein the
index of respiratory activity is computed by applying
a rectification and bin-integration algorithm to the
conditioned electroneurogram signal.

62. A system according to example 61, wherein the
conditioning module includes an amplifier and a
band-pass filter.

63. A system according to example 61, wherein the
monitoring and reporting module reports the apneic
event as an obstructive sleep apnea event when the
index of respiratory activity exceeding a first thresh-
old.

64. A system according to example 63, wherein the
first threshold is set according to calibration during
the normal respiration of the subject during sleep
using polysomnographic techniques.

65. A system according to example 63, further com-
prising a stimulation electrode and wherein the con-

trol unit further includes a stimulation module oper-
atively connected to the monitoring and detection
module and to the stimulation electrode, the stimu-
lation module generating through the stimulation
electrode a stimulation signal which acts to increase
airway patency following the reporting the obstruc-
tive sleep apnea event.

66. A system according to example 61, wherein the
monitoring and reporting module reports the apneic
event as an obstructive sleep hypopnea event when
the index of respiratory activity is between a first and
a second thresholds and as an obstructive sleep ap-
nea event when the index of respiratory activity ex-
ceeds the second threshold.

67. A system according to example 66, wherein the
first and second thresholds are set according to cal-
ibration during the normal and abnormal respiration
of the subject during sleep using polysomnographic
techniques.

68. A system according to example 66, further com-
prising a stimulation electrode and wherein the con-
trol unit further includes a stimulation module oper-
atively connected to the monitoring and detection
module and to the stimulation electrode, the stimu-
lation module generating through the stimulation
electrode a stimulation signal which acts to increase
airway patency following the reporting of the obstruc-
tive sleep apnea event or of the obstructive sleep
hypopnea event, parameters of the stimulation sig-
nal being selected according to whether the obstruc-
tive sleep apnea event or the obstructive sleep hy-
popnea event was reported.

69. A system according to example 61, wherein the
monitoring and reporting module reports the apneic
event as a central sleep apnea event when the index
of respiratory activity remains below a third thresh-
old.

70. A system according to example 69, wherein the
third threshold is set according to calibration during
the normal respiration of the subject during sleep
using polysomnographic techniques.

71. A system according to example 69, further com-
prising a stimulation electrode and wherein the con-
trol unit further includes a stimulation module oper-
atively connected to the monitoring and detection
module and to the stimulation electrode, the stimu-
lation module generating through the stimulation
electrode a stimulation signal which acts to stimulate
breathing following the reporting of the central sleep
apnea event.

72. A system according to example 61, wherein the
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monitoring and reporting module reports the apneic
event as a central sleep hypopnea event when the
index of respiratory activity is between a third and a
fourth thresholds and as a central sleep apnea event
when the index of respiratory activity remains under
the fourth threshold.

73. A system according to example 72, wherein the
third and fourth thresholds are set according to cal-
ibration during the normal and abnormal respiration
of the subject during sleep using polysomnographic
techniques.

74. A system according to example 72, further com-
prising a stimulation electrode and wherein the con-
trol unit further includes a stimulation module oper-
atively connected to the monitoring and detection
module and to the stimulation electrode, the stimu-
lation module generating through the stimulation
electrode a stimulation signal which acts to stimulate
breathing following the reporting of the central sleep
apnea event or of the central sleep hypopnea event,
parameters of the stimulation signal being selected
according to whether the central sleep apnea event
or the central sleep hypopnea event was reported.

75. A system according to example 55, wherein the
control unit further includes a stimulation module op-
eratively connected to the monitoring and detection
module, the stimulation module generating through
the electrode a stimulation signal which acts to in-
crease airway patency or stimulate breathing follow-
ing the reporting of the apneic event.

76. A system according to example 75, wherein pa-
rameters of the stimulation signal are selected by
the stimulation module in accordance with the index
of respiratory activity.

77. A system according to example 75, wherein the
stimulation signal is generated by the stimulation
module so as to elicit a reflexive pattern activity from
the central nervous system of the subject.

78. A system according to example 77, wherein the
reflexive pattern activity is selected from a group con-
sisting of the negative pressure reflex, coughing,
yawning, gagging, swallowing and any combination
thereof.

79. A system according to example 78, wherein the
swallowing reflexive pattern activity is elicited by
generating an electrical signal at a rate of about 20
Hz to 50 Hz.

80. A system according to example 75, wherein the
at least one apnea criteria includes a first criteria
associated with obstructive sleep apnea and a sec-

ond criteria associated with central sleep apnea, and
wherein the monitoring and detection module reports
the apneic event as an obstructive sleep apnea event
when the index of respiratory activity meets the first
criteria and as a central sleep apnea event when the
index of respiratory activity meets the second crite-
ria.

81. A system according to example 80, wherein the
stimulation module generates through the electrode
a stimulation signal which acts to increase airway
patency following the reporting of the obstructive
sleep apnea event.

82. A system according to example 80, wherein the
monitoring and detection module reports an occur-
rence of an obstructive sleep hypopnea event when
the index of respiratory activity meets a third criteria
associated with obstructive sleep hypopnea and an
occurrence of a central sleep hypopnea event when
the index of respiratory activity meets a fourth criteria
associated with central sleep hypopnea.

83. A system according to example 82, wherein the
stimulation module generates through the electrode
a stimulation signal which acts to increase airway
patency following the reporting of the obstructive
sleep hypopnea event or of the obstructive sleep ap-
nea event, parameters of the stimulation signal being
selected according to whether the obstructive sleep
hypopnea event or the obstructive sleep apnea event
was reported.

84. A system according to example 75, further com-
prising a stimulation electrode operatively connected
to the stimulation module, and wherein the stimula-
tion signal is generated through the stimulation elec-
trode.

85. A system according to example 84, wherein pa-
rameters of the stimulation signal are selected by
the stimulation module in accordance with the index
of respiratory activity.

86. A system according to example 84, wherein the
stimulation signal is generated by the stimulation
module so as to elicit a reflexive pattern activity from
the central nervous system of the subject.

87. A system according to example 86, wherein the
reflexive pattern activity is selected from a group con-
sisting of the negative pressure reflex, coughing,
yawning, gagging, swallowing and any combination
thereof.

88. A system according to example 87, wherein the
swallowing reflexive pattern activity is elicited by
generating an electrical signal at a rate of about 20
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Hz to 50 Hz.

89. A system according to example 84, wherein the
at least one apnea criteria includes a first criteria
associated with obstructive sleep apnea and a sec-
ond criteria associated with central sleep apnea, and
wherein the monitoring and detection module reports
the apneic event as an obstructive sleep apnea event
when the index of respiratory activity meets the first
criteria and as a central sleep apnea event when the
index of respiratory activity meets the second crite-
ria.

90. A system according to example 89, wherein the
stimulation module generates through the stimula-
tion electrode a stimulation signal which acts to in-
crease airway patency following the reporting of the
obstructive sleep apnea event or stimulate breathing
following the reporting of the central sleep apnea
event.

91. A system according to example 84, wherein the
monitoring and detection module reports an occur-
rence of an obstructive sleep hypopnea event when
the index of respiratory activity meets a third criteria
associated with obstructive sleep hypopnea and an
occurrence of a central sleep hypopnea event when
the index of respiratory activity meets a fourth criteria
associated with central sleep hypopnea.

92. A system according to example 91, wherein the
stimulation module generates through the stimula-
tion electrode a stimulation signal which acts to in-
crease airway patency following the reporting of the
obstructive sleep hypopnea event or of the obstruc-
tive sleep apnea event, or stimulate breathing fol-
lowing the reporting of the central sleep hypopnea
event or of the central sleep apnea event, parame-
ters of the stimulation signal being selected accord-
ing to whether the obstructive sleep hypopnea event,
the obstructive sleep apnea event, the central sleep
hypopnea event or the central sleep apnea event
was reported.

93. A system according to example 84, wherein the
stimulation electrode is configured to be positioned
in contact with the glossopharyngeal nerve of the
subject.

94. A system according to example 93, wherein the
stimulation electrode includes a cuff electrode as-
sembly adapted to surround part of the glossopha-
ryngeal nerve of the subject.

95. A system according to example 93, wherein the
stimulation signal is generated by the stimulation
module so as to elicit a reflexive pattern activity from
the central nervous system of the subject.

96. A system according to example 95, wherein the
reflexive pattern activity is selected from a group con-
sisting of the negative pressure reflex, coughing,
yawning, gagging, swallowing and any combination
thereof.

97. A system according to example 96, wherein the
swallowing reflexive pattern activity is elicited by
generating an electrical signal at a rate of about 20
Hz to 50 Hz.

98. A system for treating a sleep apnea event, com-
prising: a sleep apnea event detection module; an
stimulation electrode configured to be positioned in
contact with the internal branch of the superior la-
ryngeal nerve or the glossopharyngeal nerve of the
subject; and a stimulation module operatively con-
nected to the detection module and to the electrode;
wherein following the detection of the sleep apnea
event by the detection module, the stimulation mod-
ule generates through the electrode a stimulation
signal having a rate of about 20 Hz to 50 Hz in order
to elicit a swallowing reflexive pattern activity.

99. A system according to example 98, wherein the
system is fully implantable.

100. A system according to example 98, wherein the
stimulation electrode includes a cuff electrode as-
sembly adapted to surround part of internal branch
of the superior laryngeal nerve or the glossopharyn-
geal nerve of the subject.

Claims

1. A system (1100) for treating a sleep apnea event,
comprising: a sleep apnea event detection module
(1104); a stimulation electrode (1134) configured to
be positioned in contact with the internal branch of
the superior laryngeal nerve (iSLN) (132) or the glos-
sopharyngeal nerve of the subject; and a stimulation
module (1106) operatively connected to the detec-
tion module (1104) and to the stimulation electrode
(1134); wherein following the detection of the sleep
apnea event by the detection module (1104), the
stimulation module (1106) generates through the
stimulation electrode (1134) a stimulation signal hav-
ing a rate of about 20 Hz to 50 Hz in order to elicit a
swallowing reflexive pattern activity.

2. A system (1100) according to claim 1, wherein the
system is fully implantable.

3. A system (1100) according to claim 1 or 2, wherein
the stimulation electrode (1134) includes a cuff elec-
trode assembly adapted to surround part of internal
branch of the superior laryngeal nerve (132) or the
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glossopharyngeal nerve of the subject.

4. A system (1100) according to one of the preceding
claims, further comprising a signal conditioning mod-
ule (1102).

5. A system (1100) according to one of the preceding
claims, further comprising one or more recording
electrodes (1132) configured to be placed in, around,
or near a corresponding peripheral nerve that carries
afferent neural activity from receptors in an upper
airway (110) toward the central nervous system
(130) of a subject, wherein said peripheral nerve is
preferably one of the iSLN (132), the recurrent laryn-
geal nerve, the main branch of the SLN, the vagus
nerve, the phrenic nerve, each nerve alone, or in
combination with the other(s), where in case of mul-
tiple recording electrodes (1132), the system is pref-
erably configured to monitor multiple signal sources
simultaneously or sequentially, and wherein prefer-
ably some or all of said one or more recording elec-
trodes (1132) are formed by cuff electrodes.

6. A system (1100) according to claims 4 and 5, wherein
a lead (1133) connects the recording electrode
(1132) to the signal conditioning module (1102).

7. A system (1100) according to one of claims 5 or 6,
wherein the system is further configured to target,
via the one or more recording electrodes (1132), one
or more other peripheral receptors that exhibit mod-
ulations of bioelectric potential correlated with res-
piration, including one or more receptors selected
from the group consisting of mechanoreceptors sen-
sitive to positive airway pressure, stretch, position,
shear or slip, vibration, texture, touch, touch and
pressure, muscle stretch, muscle drive, air flow,
blood pressure or osmolarity; chemoreceptors sen-
sitive to CO2, O2, or pH; thermoreceptors sensitive
to temperature or airflow; and nociceptors sensitive
to polymodal pain.

8. A system (1100) according to one of claims 5 to 7,
wherein the system (1100) is configured to use at
least one of said one or more recording electrodes
(1132) both for the recording (1132) and the stimu-
lation (1134) electrodes, in particular when the iSLN
(132) is used for both recording and stimulation.

9. A system (1100) according to one of claims 5 to 8,
further comprising means for passing signals, in par-
ticular iSLN electroneurogram (ENG) signals, from
a recording electrode (1132) to the signal condition-
ing module (1102) wirelessly, and/or a means for
passing said stimulation signals from the stimulation
module (1106) to the stimulation electrode 1134
wirelessly.

10. A system (1100) according to one of claims 4 to 9,
wherein said signal conditioning module (1102) is
configured to condition signals, in particular iSLN sig-
nals, recorded by said one or more recording elec-
trodes (1132), in particular by amplifying the same,
and for providing said conditioned signals to the
sleep apnea event detection module (1104), wherein
said signal conditioning module (1102) preferably
comprises a signal amplifier and a rectifier circuit.

11. A system (1100) according to claim 10, wherein said
sleep apnea event detection model (1104) includes
an algorithm that uses the conditioned signal to mon-
itor respiratory activity, detect apnea events before
they result in arousal from sleep and identify the type
of apnea event.

12. A system according to claim 110, wherein said apnea
event detection module (1104) is configured to send,
upon the detection of an apnea event, a trigger to
the stimulation module (1106) along with an identi-
fication of the type of apnea event, for generating a
stimulation appropriate for the type of apnea event.

13. A system (1100) according to claim 11 or 12, wherein
said algorithm is configured to carry out the following
steps:

computing an index of respiratory activity (IRA),
said IRA being a measure of the iSLN ENG sig-
nal which varies with the respiratory activity of
the subject and may be used to detect sleep
apnea events through comparison with thresh-
olds associated with normal respiratory activity,
verifying if the IRA meets a criteria defining ob-
structive sleep apnea (OSA),
if the IRA meets the criteria of OSA, reporting
an OSA event,
verifying if the IRA meets a criteria defining cen-
tral sleep apnea (CSA), and
if the IRA meets the criteria of CSA, reporting a
CSA event.

14. A system (1100) according to one of the preceding
claims, wherein said stimulation module (1106) in-
cludes a pulse generator for providing current and/or
voltage stimulation signals to muscles, nerves or tis-
sue, wherein said stimulation signals are preferably
one of square pulses or arbitrary waveforms, con-
stant voltage or constant current, wherein said sys-
tem is preferably further configured to adjust the lo-
cation, amplitude, and/or waveform in a closed-loop
based on current respiratory conditions or conditions
relayed by the sleep apnea event detection module
(1104) in response to previous stimulation.

15. A system (1100) according to one of the preceding
claims, wherein the stimulation module (1106) is
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configured for allowing remote selection and/or mod-
ification of the stimulation strategies and stimulation
parameters through a communication link, in partic-
ular through a radio frequency (RF) or infrared (IR)
link, and/or
wherein the system further comprises an internal
power supply or a transcutaneous energy transfer
system.
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