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Description

TECHNICAL FIELD

[0001] The subject invention relates to a device for treating apnea in a subject suffering or at risk of suffering from
episodes of apnea or hypopnea, including obstructive sleep apnea.

BACKGROUND

[0002] Sleep apnea/hypopnea affects around 5% of the adult U.S. population. Short-term effects consist of complete
(apnea) or partial (hypopnea) termination of airflow, decreased oxygen in the blood, increased CO2 in the blood, inter-
rupted sleep, and excessive daytime sleepiness. Long-term effects may include hypertension, diabetes, heart attack,
stroke, arrhythmia and brain damage.
[0003] The principal forms of sleep apnea are: 1) obstructive sleep apnea (OSA), characterized by a physical blockage
of the upper airway during sleep, 2) central sleep apnea (CSA), caused by a decreased central respiratory 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 failure, 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. In the flaccid airway, muscle tone is insufficient to overcome the combined forces of gravity, surrounding tissue,
and the vacuum created by inspiration. Together, these forces act to reduce the cross-sectional area of the airway,
decreasing or eliminating airflow.
[0005] The treatment of choice for sleep apnea is continuous 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 patients. In one recent survey, CPAP
non-compliance (less than 4 h/night) was reported in between 46% and 83% of patients (Weaver and Grunstein, 2008).
Reasons for non-compliance include discomfort, claustrophobia, pressure sores, dry nose or mouth, and machine noise.
[0006] The most common alternative to CPAP is a surgical 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, advancement of the
tongue, tracheostomy, or implants to stiffen the soft palate have had limited benefit relative to their invasiveness, risk,
and irreversibility. Non-surgical approaches such as weight loss, medication, changes in sleeping position or dental
appliances also suffer from limited effectiveness or compliance.
[0007] Certain implantable medical devices for detecting and/or treat sleep apnea are under investigation but not yet
mature. These devices are similar in general design to cardiac pacemakers. With regard to detection, implantable devices
have been described that detect apnea by monitoring certain biological signals indicative of respiratory activity, for
example, the bioelectric activity of the diaphragm, intercostal muscles, or their efferent nerves, or the bioelectric activity
of upper airway muscles or their efferent nerves. Implantable sensors of thoracic pressure and of blood oxygenation are
known. 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. Apnea treatments
and devices involving delivery of other types of therapeutic response have not been well explored and may provide
useful alternatives.

SUMMARY OF THE INVENTION

[0008] The invention is defined by claim 1. Preferred embodiments are defined by the dependent claims. Further
embodiments disclosed herein are for exemplary purpose only and do not form part of the invention.
[0009] In one aspect, the present disclosure provides a system for treating apnea in a subject, comprising an electrode
configured for positioning in contact with the internal branch of the superior laryngeal nerve (iSLN) of the subject; a
control unit comprising a signal conditioning module for conditioning an electroneurogram signal from the electrode; an
apnea monitoring and detection module operatively coupled to the signal conditioning module and configured for com-
puting an index of respiratory activity from the conditioned electroneurogram signal, wherein when the index of respiratory
activity is at or above a predetermined level, the index of respiratory activity is indicative of an occurrence of an apneic
event; and a therapy control module operatively coupled to the apnea monitoring and detection module, wherein the
therapy control module is configured to control delivery of a swallow stimulus to the subject when the index of respiratory
activity is indicative of an occurrence of an apneic event. In the system, the swallow stimulus can be at least one of:
electrical stimulation to at least one swallow-related nerve, electrical stimulation to at least one swallow-related muscle,
and mechanical stimulation to at least one swallow-related sensory receptor. The swallow stimulus may include burst



EP 2 691 149 B1

3

5

10

15

20

25

30

35

40

45

50

55

electrical stimulation or burst mechanical stimulation. A swallow stimulus may comprise, for example, mechanical stim-
ulation to at least one swallow-related sensory receptor comprising delivery of a liquid to at least one of the oral, nasal,
or pharyngeal cavity of the subject. The system may further comprise a stimulation module operatively coupled to the
therapy control module; and a stimulation output device coupled to the stimulation module and configured for delivery
of the swallow stimulus to the subject, wherein the stimulation module is configured to generate the swallow stimulus
through the stimulation output device. The stimulation output device may comprise, for example, a stimulation electrode
coupled to the stimulation module and configured for positioning in contact with at least one swallow-related nerve or
muscle, wherein the stimulation module is configured to generate electrical stimulation through the stimulation electrode
to at least one swallow-related nerve or muscle. In such a system, the therapy control module may be configured to
activate bursts of electrical stimulation to at least one swallow-related nerve or muscle. Alternatively or in addition, the
stimulation output device may comprise a mechanical stimulation delivery device configured for positioning adjacent to
at least one swallow-related sensory receptor in the skin or mucosa of the subject, wherein the stimulation module is
configured to generate mechanical stimulation through the mechanical stimulation delivery device. For example, the
mechanical stimulation delivery device may comprise a device configured for delivery of a liquid to the oral, nasal, or
pharyngeal cavity of the subject. In such a system, the therapy control module may be configured to activate bursts of
mechanical stimulation to at least one swallow-related sensory receptor.
[0010] In any of the systems described herein, the apnea monitoring and detection module may be further configured
to detect an apnea, including obstructive apnea obstructive hypopnea, central apnea, and/or central hypopnea. In any
system, the index of respiratory activity can be indicative of the timing and amplitude of at least one of upper airway
pressure, airway stretch, and airway temperature. In an exemplary system, the index of respiratory activity is indicative
of upper airway pressure. In any system, the index of respiratory activity may be further indicative of the respiratory
phase in the subject over time, wherein the respiratory phase comprises at least one of an inspiratory phase, an expiratory
phase and a zero flow phase.
[0011] In a system wherein the index of respiratory activity is indicative of respiratory phase, the therapy control module
may be further configured to synchronize delivery of burst mechanical stimulation, to at least one swallow-related sensory
receptor in the skin or mucosa of the subject between inspiratory phases of the subject, the burst stimulation sufficient
to elicit all or part of a swallow sequence in the subject. Alternatively or in addition, in a system wherein the index of
respiratory activity is indicative of respiratory phase, the therapy control module may be further configured to synchronize
delivery of burst electrical stimulation, to at least one swallow-related muscle between inspiratory phases of the subject,
the burst stimulation sufficient to elicit all or part of a swallow sequence in the subject. Alternatively or in addition, in a
system wherein the index of respiratory activity is indicative of respiratory phase, the therapy control module may be
further configured to synchronize delivery of burst electrical stimulation to at least one swallow-related nerve between
inspiratory phases of the subject, the burst stimulation sufficient to elicit all or part of a swallow sequence in the subject.
[0012] In any of the systems, the swallow-related nerve may be, for example, an afferent nerve or an efferent nerve.
In a system configured for stimulation of an afferent nerve, the stimulation can trigger swallow reflexive pattern activity
in the central nervous system of the subject that is sufficient to elicit all or part of a swallow sequence by the subject. In
any system configured for stimulation of a swallow-related nerve, the swallow-related afferent nerve can be, for example,
the superior laryngeal nerve (SLN), the internal branch of the superior laryngeal nerve, the glossopharyngeal nerve or
the pharyngeal branch of the glossopharyngeal nerve. In a system configured for stimulation of an efferent nerve, the
stimulation can elicit motor activity in at least one effector of a swallow response in the subject, the motor activity
comprising all or part of a swallow sequence by the subject. In any system configured for stimulation of a swallow-related
nerve, the swallow-related efferent nerve can be, for example, the recurrent laryngeal nerve, the external branch of the
superior laryngeal nerve, the brancial motor branch of the glossopharyngeal nerve, the mandibular nerve, the medial
pterygoid nerve, or pharyngeal branch of the vagus nerve.
[0013] In any of the systems, the apnea monitoring and detection module may be further configured to compare the
index of respiratory activity following delivery of each burst of stimulation, to a predetermined recovery threshold and
thereby detect recovery from apnea in response to each burst of stimulation. The therapy control module may be further
configured to repeat delivery of burst stimulation when recovery from apnea is not detected. Systems not including a
mechanical stimulation delivery device for delivering a liquid to the oral, nasal or pharyngeal cavity of the subject may
be configured as fully implantable.
[0014] In another aspect, the present disclosure provides a method for treating apnea comprising (a) sensing a res-
piratory signal in a subject; (b) detecting apnea based on the respiratory signal; (c) when apnea is detected, triggering
the delivery of a swallow stimulus sufficient to elicit all or part of a swallow in the subject; and optionally repeating steps
(a) through (c). In the method, the respiratory signal may comprise a signal derived from a neural electrode, external
sensor, or implanted sensor indicating at least one of: airway pressure, temperature, stretch, position, shear or slip,
vibration, texture, touch, touch and pressure, muscle stretch, muscle "drive", air flow, blood pressure or osmolarity, blood
O2, CO2 or pH, or any combination thereof. In the method, the swallow stimulus may comprise at least one of: electrical
stimulation to at least one swallow-related nerve, electrical stimulation to at least one swallow-related muscle, and
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mechanical stimulation to at least one swallow-related sensory receptor in the skin or mucosa of the subject, the swallow
stimulus sufficient to elicit all or part of a swallow sequence in the subject. The swallow stimulus may comprise burst
electrical stimulation or burst mechanical stimulation. Mechanical stimulation may comprise stimulation to at least one
swallow-related sensory receptor, comprising for example delivery of a liquid to at least one of the oral, nasal, or pha-
ryngeal cavity of the subject. Alternatively or in addition, the swallow stimulus may comprise electrical stimulation to at
least one swallow-related nerve or muscle. In a case where stimulation targets more than one swallow-related nerve,
muscle and/or sensory receptor, stimulation may be delivered across the targets simultaneously or sequentially. Se-
quential stimulation may be used to create a more natural progression of the swallow sequence, replicating the timing,
duration, and sequencing of the more than fifty individual muscles involved. In the method, the respiratory signal may
further comprise a signal indicative of respiratory phase in the subject over time, wherein the respiratory phase comprises
at least one of an inspiratory phase, an expiratory phase and a zero flow phase. In a method wherein the respiratory
signal comprises a signal indicative of respiratory phase in the subject over time, triggering of the electrical burst stim-
ulation or mechanical burst stimulation may comprise synchronizing the delivery of the burst stimulation between inspir-
atory phases of the subject. Any of the above methods may further comprise computing an index of respiratory activity
indicative of at least one of upper airway pressure, airway stretch, and airway temperature. In an exemplary such method,
the index of respiratory activity is indicative of upper airway pressure.
[0015] In another aspect, the present disclosure provides a method for treating sleep apnea, the method comprising
(a) recording an electroneurogram signal from the internal branch of the superior laryngeal nerve (iSLN) of the subject;
(b) conditioning the electroneurogram signal; (c) computing an index of respiratory activity from the conditioned elec-
troneurogram signal; (d) reporting an occurrence of an apneic event when the index of respiratory activity is at or above
a predetermined level; and (e) upon occurrence of an apneic event, triggering delivery of a swallow stimulus to the
subject, wherein the swallow stimulus is sufficient to elicit all or part of a swallow sequence in the subject. In the method,
the swallow stimulus may comprise at least one of: electrical stimulation to at least one swallow-related nerve, electrical
stimulation to at least one swallow-related muscle, and mechanical stimulation to at least one swallow-related sensory
receptor in the skin or mucosa of the subject. The swallow stimulus may comprise burst electrical stimulation or burst
mechanical stimulation. For example, the swallow stimulus may comprise mechanical stimulation to at least one swallow-
related sensory receptor, comprising delivery of a liquid to at least one of the oral, nasal, or pharyngeal cavity of the
subject. Alternatively or in addition, the swallow stimulus may comprise electrical stimulation to at least one swallow-
related nerve or muscle. The swallow stimulus may comprise electrical stimulation to at least two swallow-related nerves,
at least two swallow-related muscles, or at least a swallow-related nerve and a swallow-related muscle. In a case where
stimulation targets more than one swallow-related nerve, muscle and/or sensory receptor, stimulation may be delivered
across the targets simultaneously or sequentially. Sequential stimulation may be used to create a more natural progres-
sion of the swallow sequences, replicating the timing, duration, and sequencing of the more than 50 individual muscles
involved. In the method, the respiratory signal may further comprise a signal indicative of respiratory phase in the subject
over time, wherein the respiratory phase comprises at least one of an inspiratory phase, an expiratory phase and a zero
flow phase. In the method, when the respiratory signal is indicative of respiratory phase in the subject over time, triggering
of the electrical burst stimulation or mechanical burst stimulation may comprise synchronizing the delivery of the burst
stimulation between inspiratory phases of the subject. In the method, the index of respiratory activity can be indicative
of at least one of upper airway pressure, airway stretch, and airway temperature. In an exemplary method, the index of
respiratory activity is indicative of upper airway pressure. In the method, the swallow stimulus may comprise burst
electrical stimulation to at least one swallow-related nerve wherein a swallow-related nerve is an afferent nerve or an
efferent nerve. The burst electrical stimulation may comprise burst electrical stimulation to at least two swallow-related
nerves wherein each swallow-related nerve is independently an afferent nerve or an efferent nerve. In the method, the
swallow-related nerve may be an afferent nerve, wherein stimulation of the afferent nerve elicits swallow reflexive pattern
activity from the central nervous system of the subject sufficient to elicit all or part of a swallow sequence in the subject.
The swallow-related nerve can be, for example, the internal branch of the superior laryngeal nerve (iSLN) or the pharyngeal
branch of the glossopharyngeal nerve. The swallow-related nerve can be an efferent nerve, wherein stimulation of the
efferent nerve elicits motor activity in at least one effector in a swallow sequence, the motor activity comprising all or
part of a swallow sequence in the subject. The swallow-related nerve can be, for example, the recurrent laryngeal nerve,
the external branch of the superior laryngeal nerve, the brancial motor branch of the glossopharyngeal nerve, the
mandibular nerve, the medial pterygoid nerve, or pharyngeal branch of the vagus nerve. The method may further comprise
comparing the electroneurogram signal following delivery of each burst of stimulation, to a predetermined recovery
threshold and thereby detecting recovery from apnea in response to each burst of stimulation. Such a method may
further comprise repeating a burst of stimulation when recovery from apnea is not detected. Delivering electrical stimu-
lation may comprise, for example, delivering a burst of stimulus pulses having a frequency of at least about 20Hz to
about 40Hz, wherein each pulse has an amplitude of greater than about 0.1 mA and a duration of about 200msec.
[0016] In another aspect, the present disclosure provides a device for treating apnea in a subject, comprising an
electrode configured for positioning in contact with the internal branch of the superior laryngeal nerve (iSLN) of the
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subject, further configured for obtaining an respiratory signal from the iSLN and for delivering electrical stimulation to
the iSLN; a control unit comprising a signal conditioning module for conditioning the electroneurogram signal from the
electrode, an apnea monitoring and detection module operatively coupled to the signal conditioning module and con-
figured for computing an index of respiratory activity from the conditioned electroneurogram signal, wherein when the
index of respiratory activity is at or above a predetermined level, the index of respiratory activity is indicative of an
occurrence of an apneic event, and a therapy control module wherein the therapy control module is configured to control
delivery of a swallow stimulus and delivery of the swallow stimulus is triggered when the index of respiratory activity is
indicative of an occurrence of an apneic event. In the device, the therapy control module can be configured to control
delivery of electrical stimulation through the electrode to at least one swallow-related nerve when the index of respiratory
activity is indicative of an occurrence of an apneic event. The control unit may further comprise a respiratory phase
module operatively coupled to the apnea monitoring and detection module and configured to determine respiratory phase
from the index of respiratory activity and to generate a respiratory phase signal from the subject. The therapy control
module may be further configured to activate burst stimulation of the iSLN between inspiratory phases based on the
respiratory phase signal, the burst stimulation sufficient to produce all or part of a swallow sequence in the subject. In
the device, the electrode and control unit can be implantable. The device may further comprise a stimulation output
device configured for oral, nasal or pharyngeal delivery of a liquid to the subject and operatively coupled to the therapy
control module, wherein the therapy control module is further configured to activate oral delivery of liquid to the subject
when the index of respiratory activity is indicative of an occurrence of an apneic event.
[0017] In another aspect, the present disclosure provides a method for treating dysphagia comprising (a) sensing a
dysphagia signal in a subject; (b) detecting dysphagia based on the dysphagia signal; (c) when dysphagia is detected,
triggering the delivery of a swallow stimulus sufficient to elicit all or part of a swallow in the subject; and (d) optionally
repeating steps (a)-(c). In the method, the swallow stimulus may comprise at least one of: electrical stimulation to at
least one swallow-related nerve, electrical stimulation to at least one swallow-related muscle, and mechanical stimulation
to at least one swallow-related sensory receptor in the skin or mucosa of the subject. The swallow stimulus may comprise
burst electrical stimulation or burst mechanical stimulation. The method may further comprise sensing a respiratory
signal, wherein the respiratory signal is indicative of respiratory phase, wherein the respiratory phase is least one of an
inspiratory phase, an expiratory phase and a zero flow phase, and the triggering of the burst stimulation comprises
synchronizing the delivery of the burst stimulation between inspiratory phases of the subject. The swallow stimulus may
comprise mechanical stimulation to at least one swallow-related sensory receptor, comprising delivery of a liquid to at
least one of the oral, nasal, or pharyngeal cavity of the subject. The swallow stimulus may comprise electrical stimulation
to at least one swallow-related nerve or muscle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Figure 1 is a schematic diagram of a system for treating apnea;

Figure 2 is a schematic diagram of a system for treating apnea including an electrode as a stimulus output device;

Figure 3 is a schematic diagram of a system for treating apnea including a liquid delivery device as the stimulus
output device;

Figure 4 is a schematic diagram a system for treating apnea including a respiratory phase module;

Figure 5 is a flow diagram of a basic process for treating apnea by delivery of a swallow stimulus;

Figure 6 is a flow diagram of a first exemplary process for treating apnea using delivery of burst stimulation; and

Figure 7 is a flow diagram of a second exemplary process for treating apnea using delivery of burst stimulation.

DETAILED DESCRIPTION

[0019] The present disclosure is based in part on the realization that controlled delivery of stimulation to swallow-
related effectors, i.e., swallow-related nerves and/or muscles, that is effective to trigger all or part of the swallow sequence,
can treat episodes of apnea in a subject that suffers from or is at risk of suffering from apnea. The method is based in
part on the realization that the act of swallowing activates and repositions airway structures that are commonly involved
in obstructive sleep apnea and that certain types of swallow stimulation can be used effectively to reposition airway
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structures, between breaths, to reestablish airway patency. In particular, the present disclosure describes for the first
time the treatment of apnea by the delivery of burst electrical or burst mechanical stimulation to swallow-related nerves,
swallow-related muscles, and/or swallow-related sensory receptors wherein the burst stimulation is timed for delivery
between periods of inspiration. By using such timed bursts of stimulation, the disclosed processes and systems avoid
the problem of inducing a counterproductive central apneic response to the stimulation, which is the frequent result of
using continuous stimulation. Further, such timed bursts of stimulation are designed to elicit swallow during or just prior
to expiration and to avoid swallow during or just prior to inspiration. Swallow during or prior to expiration is considered
the safest respiratory phases for swallowing in adult humans and to minimize the potential for food or fluid entering the
airway. Accordingly, the present disclosure provides systems, methods and devices for treating apnea in a subject.
Methods for treating dysphagia are also described.
[0020] Section headings as used in this section and the entire disclosure herein are not intended to be limiting.

A. DEFINITIONS

[0021] As used herein, the singular forms "a," "an" and "the" include plural referents unless the context clearly dictates
otherwise. For the recitation of numeric ranges herein, each intervening number there between with the same degree
of precision is explicitly contemplated. For example, for the range 6-9, the numbers 7 and 8 are contemplated in addition
to 6 and 9, and for the range 6.0-7.0, the numbers 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9 and 7.0 are explicitly
contemplated.
[0022] The use of "or" means "and/or" unless stated otherwise. Furthermore, the use of the term "including", as well
as other forms, such as "includes" and "included", is not limiting.
[0023] As used herein, unless specified otherwise, the term "apnea" encompasses any form of involuntary apnea,
bradypnea or hypopnea of obstructive, central or mixed origin, including sleep apnea and sleep hypopnea, and also
includes any complex episode of apnea or hypopnea occurring during sleep or wakefulness, as in Cheyne-Stokes
respiration.
[0024] As used herein to describe a nerve or muscle, the term "swallow-related" refers to the nerve or a muscle as
one for which normal function includes activity that effects, or contributes to effecting, all or any part of a normal oropha-
ryngeal swallow sequence, wherein a swallow sequence refers to that reflexive and centrally programmed series of
muscle movements beginning with muscle movements in an oral phase under voluntary muscular control and proceeding
with pharyngeal and esophageal phases under involuntary neuromuscular control.
[0025] As used herein, the terms "subject" and "patient" are used interchangeably irrespective of whether the subject
has or is currently undergoing any form of treatment. As used herein, the terms "subject" and "subjects" refer to any
vertebrate, including, but not limited to, a mammal (e.g., cow, pig, camel, llama, horse, goat, rabbit, sheep, hamster,
guinea pig, cat, dog, rat, mouse, non-human primate (including but not limited to a monkey, such as a cynomolgous
monkey, rhesus monkey, and chimpanzee), and a human). Preferably, the subject is a human.
[0026] Unless otherwise defined herein, scientific and technical terms used in connection with the present disclosure
shall have the meanings that are commonly understood by those of ordinary skill in the art. For example, any nomen-
clatures used in connection with, and techniques of, neural science, electrophysiology, animal and cellular anatomy,
cell and tissue culture, molecular biology, immunology, and microbiology described herein are those that are well known
and commonly used in the art. The meaning and scope of the terms should be clear; in the event however of any latent
ambiguity, definitions provided herein take precedent over any dictionary or extrinsic definition. Further, unless otherwise
required by context, singular terms shall include pluralities and plural terms shall include the singular.

B. SYSTEMS FOR TREATING APNEA

[0027] The present disclosure uses certain terms as used in U.S. Patent Application Ser. No. 12/273,118, filed May
20, 2010 (U.S. Pub. No. 2010/0125310), the entire contents of which is hereby incorporated by reference. For example,
the terms "normal respiration", "apnea", "obstructive sleep apnea" (OSA), and "central sleep apnea" (CSA), as used
herein, each have the same meaning as that for each term as used in U.S. Pub. No. 2010/0125310. Additionally, the
detection and classification of apnea events as described herein is consistent with the detection and classification of
apnea events as described in U.S. Pub. No. 2010/0125310, i.e. involves calculating an index of respiratory activity (IRA)
that is indicative of the amplitude and timing of respiratory activity based on the amplitude and timing of a respiratory
signal, such as an electroneurogram (ENG) signal from a nerve such as the internal branch of the superior laryngeal
nerve (iSLN), or another sensor of respiratory activity as described elsewhere herein. Details for calculating an IRA that
is indicative of the amplitude and timing of a respiratory signal are described in U.S. Pub. No. 2010/0125310.
[0028] A system for treating apnea in a subject as described herein can be considered a neuroprosthesis. The term
"treating" encompasses detecting and identifying an apnea in a subject, and treating in the sense of delivering a therapy
to the subject. It should be understood that throughout the description, the various units, modules, sub-modules and
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algorithms of the system as described are readily implemented using for example one or more electronic circuits, mi-
crocontrollers or digital signal processors (DSP).
[0029] Referring to FIG. 1, a schematic diagram is shown of an exemplary neuroprosthesis 1100 for detection, iden-
tification and treatment of apnea by monitoring respiratory-related activity, interpreting these respiratory signals to detect
and classify adverse events in the airway, and stimulating nerves, muscles and/or sensory receptors to elicit appropriate
corrective responses to adverse respiratory events. As the system is shown in FIG. 1, 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 modulated by respiratory condition may also be monitored, including 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).
[0030] It should be understood that other approaches to detecting and identifying apnea may be taken, including
monitoring the respiratory-related activity of other nerves, or monitoring other physical indicators of respiratory state,
such as airway pressure, muscle activity or airway flow as described in further detail below. Detection may be achieved
using any means capable of detecting a physical signal and transducing the signal to an electrical signal that can be
used for analysis. Various physical indicators of respiration and respiratory state are amenable to detection and moni-
toring, including but not limited to airway pressure, air flow, muscle stretch, muscle position, muscle "drive", blood
pressure, blood osmolarity, blood gas (CO2 and O2), heart rate, and blood pH. Techniques and apparatus for detecting
and monitoring such physical indicators are well known and widely available and can be used alone or in combination,
and are generally coupled to leads that transmit data to analytic components. For example, multiple electrodes can be
placed in or on the body to measure, for example, breathing rate and heart rate. An oximeter can be used to detect and
monitor blood oxygen levels in the blood. A blood pressure cuff or arterial catheter may also be used, to detect and
monitor blood pressure. EMG leads can be used to detect breathing muscle activity. A manometer can be placed in the
nasal cavity to detect airway pressure.
[0031] Additionally, respiratory activity may be monitored from any of a number of anatomical elements involved in
respiration and control of respiration. For example, respiratory activity may also be monitored from nerves carrying
efferent signals to muscles of the upper airway, diaphragm, or intercostal muscles, or by monitoring the activity of these
respiratory muscles themselves, alone, or in some combination with other nerves or muscles modulated by respiratory
activity. Respiratory activity may also be monitored from afferent nerves carrying signals from peripheral receptors as
described below.
[0032] Referring again to FIG. 1, neuroprosthesis 1100 includes a control unit 1101 comprising a signal conditioning
module 1102, an apnea monitoring and detection module 1104, a therapy control module 1106 and a stimulation module
1108, operatively coupled to one another as shown. A recording electrode 1132 is placed in, around, or near a peripheral
nerve that carries afferent neural activity from receptors in the upper airway 100 toward the central nervous system 130.
The nerve can be for example the iSLN 132. A lead 1133 connects the electrode 1132 to the control unit 1101 and signal
conditioning module 1102. Swallow stimulation signals are routed from the stimulation module 1108 over a lead 1135
to a stimulation output device (not shown in FIG. 1), such as a swallow stimulation device configured to deliver an
appropriate swallow stimulus to the target nerve and/or muscle.
[0033] It will be appreciated that multiple recording electrodes 1132 can be used, depending in the application and
anatomical location being monitored, to simultaneously or sequentially monitor multiple signal sources. The recording
electrode 1132 may also target other nerves carrying afferent signals from peripheral receptors that exhibit modulations
of bioelectric potential correlated with respiration. Receptors that may be monitored to determine respiratory condition
include: mechanoreceptors sensitive to negative airway pressure, 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 sensitive to CO2, O2, or pH; thermoreceptors sensitive to temperature or airflow; nociceptors sensitive
to polymodal pain, or some combination of the above. An exemplary system includes at least one electrode 1132 sensitive
to at least one of upper airway pressure, airway stretch, and airway temperature or multiple electrodes sensitive to a
combination thereof.
[0034] The signal conditioning module 1102 conditions the iSLN ENG signal, for example amplifying it, recorded by
the first electrode 1132 and provides the conditioned iSLN ENG signal to the apnea monitoring and detection module
1104, which includes an algorithm that uses the conditioned iSLN ENG signal to monitor respiratory activity, detect
apnea events before they result in arousal from sleep and identify the type and severity of apnea event. The signal
conditioning module 1102 may include, without limitation, a signal amplifier and a rectifier circuit. Examples of amplifiers
and rectifier circuits that may be used are respectively disclosed in U.S. Patent Application Publication No. 2006/0189881
entitled "IMPLANTABLE SIGNAL AMPLIFYING CIRCUIT FOR ELECTRONEUROGRAPHIC RECORDING", published
Aug. 24, 2006, by Baru Fassio and U.S. Pat. No. 7,282,980 entitled "PRECISION RECTIFIER CIRCUIT FOR HIGH-
DENSITY, LOW-POWER IMPLANTABLE MEDICAL DEVICE", issued Oct. 16, 2007, to Baru Fassio.
[0035] The apnea monitoring and detection module 1104 provides information about the respiratory activity of the
subject, reports sleep apnea events and/or allows remote modification of various criteria/thresholds through a commu-
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nication link such as, for example, a radio frequency (RF) or infrared (IR) link (not shown). Additionally, the therapy
control module 1106 may optionally allow remote selection and/or modification of the stimulation strategies and stimulation
parameters through a communication link such as, for example, a radio frequency (RF) or infrared (IR) link (not shown).
[0036] The therapy control module 1106 processes input from the apnea detection and monitoring module 1104 and
determines a stimulation strategy for stimulating a swallow. Output from the therapy control module 1106 to the stimulation
module 1108 instructs stimulation module 1108 as to the stimulation signal to generate. The stimulation signal(s) used
will depend on, e.g., whether the swallow stimulus is to be electrical or mechanical, single or multiple, etc. Signal pulses
may be square pulses or arbitrary waveforms, constant voltage or constant current. Preferably, the signals are configured
to generate a burst of electrical or a burst of mechanical stimulation, as described in further detail below. Stimulation
location, amplitude, and/or waveform may be adjusted in a closed-loop based on current apnea/respiratory conditions
relayed by apnea monitoring and detection module 1104 in response to previous stimulation. Stimulation waveforms
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 trans-
mission of undesired bioelectric activity.
[0037] The therapy control module 1106 is configured to generate a signal to the stimulation module 1108 to deliver
a burst of electrical stimulation to a swallow-related nerve or muscle, wherein a burst is understood to be any series of
stimulus pulses delivered at a frequency of between about 20Hz to about 40Hz, with a pulse amplitude of greater than
about 0.1 mA, a pulse duration of about 200 msec, and a total burst duration of between about 200 msec to about 3
seconds; or to deliver a burst of mechanical stimulation to a swallow-related mechanoreceptor in the skin or mucosa of
the subject, wherein a burst is understood to be any series of one or more mechanical stimuli with a total burst duration
of between about 200 msec to about 3 seconds.
[0038] The therapy control module 1106 may optionally allow remote selection and/or modification of the stimulation
strategies and stimulation parameters through wireless a communication link such as, for example, a radio frequency
(RF) or infrared (IR) link (not shown). Neuroprosthesis 1100 may include an internal power supply (not shown) or use
a transcutaneous energy transfer system (not shown).
[0039] Referring to FIG. 2, a schematic diagram of a neuroprosthesis 1200 is shown, in which the stimulation output
device is an electrode 1236 operatively coupled to stimulation module 1108 via a lead 1237. The stimulation electrode
1236 is placed in, around or near a peripheral nerve 134 that carries afferent and/or efferent neural activity. (Peripheral
nerve 134 carries efferent activity as indicated by the direction of the arrow in FIG. 2, but it should be understood that
peripheral nerve 134 may carry afferent activity instead of, or in addition to efferent activity). Depending on the choice
of stimulation output device, an alternative system may include a therapy output module (not shown) combining the
stimulation module 1108 and stimulation output device 1236 in a single module.
[0040] In any of the systems described herein, the stimulation output device is configured to generate one or more
stimuli that target at least one swallow-related nerve or muscle, or swallow-related receptor, to elicit all or part of the
reflexive and pre-programmed coordinated activity of a swallow. The stimulus target may be an afferent nerve or an
efferent nerve, and may include at least two swallow-related nerves wherein each swallow-related nerve is independently
an afferent nerve or an efferent nerve. An afferent target is selected based on the ability of the afferent nerve, when
stimulated, to elicit all or part of reflexive swallow pattern activity from the central nervous system of the subject. The
target nerve can be, for example, the internal branch of the superior laryngeal nerve (iSLN), or the pharyngeal branch
of the glossopharyngeal nerve. Alternatively or in addition, the swallow-related nerve can be an efferent nerve. An efferent
target is selected based on the ability of the efferent nerve, when stimulated, to elicit motor activity in at least one effector
in a swallow sequence, the motor activity comprising all or part of a swallow sequence in the subject. The target nerve
can be, for example, the recurrent laryngeal nerve, the external branch of the superior laryngeal nerve, the brancial
motor branch of the glossopharyngeal nerve, the mandibular nerve, the medial pterygoid nerve, or pharyngeal branch
of the vagus nerve.
[0041] Referring again to FIG. 2, in neuroprosthesis 1200 the stimulation module 1108 is configured to generate a
signal to generate an electrical swallow stimulus delivered via the electrode 1236. An electrical swallow stimulus may
comprise electrical stimulation to at least one swallow-related nerve or at least one swallow-related muscle, provided
that the stimulation is sufficient to elicit all or part of a swallow sequence in the subject. Delivery of the stimulus entails
the process of generating a stimulus signal conditioned on the calculation of an IRA that is indicative of apnea, as
described in further detail below. A swallow stimulus may therefore, alternatively or in addition to, comprise mechanical
stimulation to at least one swallow-related sensory receptor, such as a mechanoreceptor, in the skin or mucosa of the
subject.
[0042] Referring to FIG. 3, a neuroprosthesis 1300 includes a stimulation output device 1340 configured for oral, nasal
or pharyngeal delivery of a mechanical stimulus to the subject. In system 1300, the mechanical stimulation entails delivery
of an amount of a liquid of relatively low viscosity such as water or saline, to the oral, nasal, or pharyngeal cavity of the
subject. The amount of liquid may be delivered as a continuous flow, or may delivered as a small discrete bolus, for
example about 0.1 ml up to about 10 ml, preferably about 0.5 ml to about 2 ml, delivered as short a burst with an overall
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duration between about 200 msec to about 3 seconds. For example, the mechanical stimulus may comprise a continuous
delivery of a liquid at a flow rate of about 1 ml/minute over the course of the entire night. Alternatively, the liquid may be
delivered as discrete bursts of liquid, as described further below. Neuroprosthesis 1300 as shown in FIG. 3 comprises
a stimulation output device, configured as a liquid delivery device 1340. The liquid delivery device 1340 is operatively
coupled to the stimulation module 1108 via a lead 1342 or wireless communication (not shown), and the stimulation
module 1108 configured to generate the mechanical swallow stimulus through the liquid delivery device 1340. Although
many possibilities for a liquid delivery device 1340 will be recognized, it may comprise, for example, a gravity-fed spout
1344 or tube coupled to a liquid reservoir 1346 via a solenoid valve 1348 configured to open and close in response to
electrical signals from the stimulation module 1108. It should be understood that any device or apparatus can be used
for liquid delivery device 1340, provided that it is capable of containing or providing a volume of liquid of at least about
0.5 ml, and includes an element such as the solenoid valve 1348 that can control the timing and volume of liquid delivery
to the subject and can be operatively coupled to the stimulation module 1108.
[0043] An exemplary neuroprosthesis 1400 as shown in FIG. 4, includes control unit 1101 further including a respiratory
phase module 1402 operatively coupled to apnea monitoring and detection module 1104, which determines a respiratory
phase of the subject, and provides a signal indicative of respiratory phase of the subject. Respiratory phase may include
either an inspiratory phase, expiratory phase, or zero flow phase between inspiratory phase, and expiratory phases.
Phase can be defined for example with reference to peak amplitude in the IRA during each breath, as determined based
on a calibration of normal respiration of a given subject using, for example, polysomnographic techniques. In neuropros-
thesis 1400, the therapy control module 1106 is further configured to generate a signal for delivery of a burst of stimulation
to a swallow-related nerve or muscle, wherein the stimulation may be electrical or mechanical. A burst of stimulation is
understood to be one (a single) pulse, or multiple stimulus pulses, wherein the single or multiple pulses together have
a minimum duration of about 100-200 msec, and a maximum duration of about 3 seconds, or about the maximum duration
of an inter-breath interval. Amplitude of any stimulus pulse may vary depending on the type of stimulus being used and
sensitivity of the individual subject as previously determined. For example, a burst comprising a single pulse of electrical
stimulation may have a total duration of about 100-200 msec. A burst comprising multiple electrical pulses may have a
total duration of about 500 msec to about 3 seconds. A burst comprising multiple electrical pulses may include 3, 5, 10,
20, 30, 40, 50, 60, 70, 80, 90, 100 or more individual electrical pulses. A burst of mechanical stimulation to a mech-
anoreceptor in the skin or mucosa of the subject, can be one (a single) pulse, or multiple stimulus pulses. It will be
understood that the minimum achievable duration of each single mechanical pulse will be longer than the minimum
achievable duration of each single electrical pulse due to physical limitations inherent in actuating mechanical stimulus
delivery. An exemplary burst of mechanical stimulation is one comprised of a single stimulus pulse lasting about 0.5
seconds, the burst having a total duration of about 0.5 seconds. A burst comprised of multiple mechanical stimuli may
have a total duration of between about 0.5 and 3 seconds, or up to about the maximum the duration of an inter-breath
interval in the subject.
[0044] In neuroprosthesis 1400, the therapy control module 1106 is configured to receive the output signal of the
respiratory phase module 1402 that includes a signal indicative of respiratory phase, and to generate the signal to the
stimulation module 1108 to generate the stimulus burst such that delivery of the stimulus is timed to coincide with the
occurrence of expiration or zero flow phase, i.e. between and not during inspiratory phases. The stimulation module
1108 may include, for example and without limitation, a pulse generator for providing current and/or voltage stimulation
signals to muscles, nerves or tissue. Examples of pulse generators that may be used but are not limited to those described
in U.S. patent application Ser. No. 11/920,814 entitled "IMPLANTABLE PULSE GENERATOR", filed on Oct. 9, 2007,
by Roy et al.
[0045] Any system may be further configured to control, or to control and deliver a swallow stimulus to multiple targets.
Selection of targets for stimulation may vary depending on the identified apneic event and the type (mechanical, electrical
or combination thereof) of stimulation used. The system may be configured for example with a single electrode that is
used as both a recording 1132 and stimulation 1236 electrode, for example when the iSLN is used for both recording
and stimulation. Furthermore, multiple electrodes may be used, some or all of them being used both as recording 1132
and stimulation 1236 electrodes while others are used only as recording 1132 or stimulation 1236 electrodes.
[0046] The electrodes 1132 and 1236 may be, for example, cuff electrodes such as, but limited to, that described in
U.S. Pat. No. 5,824,027. Other types of electrodes, leads, probes, cuff-electrodes, etc., may be used as well. Other
examples of cuff electrodes that may be used are disclosed in U.S. Patent Application Publication No. 2008/0065184
entitled "NERVE CUFF, METHOD AND APPARATUS FOR MANUFACTURING SAME", published Mar. 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 Aug. 29, 2007, by Imbeau et al.
[0047] The algorithm executed by the apnea monitoring and detection module 1104 implements steps in the processes
as discussed in further detail herein below. Upon the detection of an apnea event, the apnea monitoring and detection
module 1104 sends a trigger to the therapy control module 1106 along with an identification of the type of apnea event,
i.e. obstructive, central, or mixed; and apnea or hypopnea, depending on the implemented algorithm, which generates
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a stimulus appropriate for the type of apnea event. Optionally, the apnea monitoring and detection 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 therapy control module 1106.
[0048] It should be understood that any of the neuroprostheses can employ wireless communication links to transmit
data between and among any of the component modules, particularly from any detecting element such as electrode
1132 to signal conditioning module 1102, and/or from therapy control module 1106 to stimulation module 1108, and/or
from stimulation module 1108 to a stimulation output device such as electrode 1134. For example, in an alternative
embodiment of neuroprosthesis 1300 as shown in FIG. 3, iSLN ENG signals may be passed from electrode 1132 to the
signal conditioning module 1102 wirelessly. Similarly, the stimulation signals from the therapy control module 1106 may
be passed to the liquid delivery device 1340 wirelessly. Any neuroprosthesis described herein may further include an
internal power supply (not shown) or use a transcutaneous energy transfer system (not shown). It will be further appre-
ciated that miniature or subminiature components can be used for neuroprosthesis 1100 such that the overall small size
of the device is suitable for partial or full subcutaneous implantation in a subject. A neuroprosthesis can be made fully
or partially implantable, for example, when configured using miniature or subminiature components and/or wireless
communication links to any components that are not implantable due to size or other factors.

C. METHODS

[0049] The methods encompass methods for treating apnea in a subject, and methods for treating dysphagia in a
subject. Any of the neuroprostheses can be configured to implement the various methods provided. As shown in the
flow diagram of FIG. 5, a process 2000 for treating apnea may comprise, for example, (a) sensing a respiratory signal
in a subject 2002; (b) detecting apnea based on the respiratory signal 2004; (c) when apnea is detected, triggering the
delivery of a swallow stimulus sufficient to elicit all or part of a swallow in the subject 2006; and (d) optionally repeating
steps (a) through (c) 2008. Steps (a) and (b) are as described herein above and in U.S. Pub. No. 2010/0125310, the
entire disclosure of which is incorporated herein. A process (not shown) for treating dysphagia may comprise, for example,
a) sensing a dysphagia signal in a subject; b) detecting dysphagia based on the dysphagia signal; c) when dysphagia
is detected, triggering the delivery of a swallow stimulus sufficient to elicit all or part of a swallow in the subject; and d)
optionally repeating steps (a)-(c).
[0050] Briefly, as described in detail in U.S. Pub. No. 2010/0125310, during normal inspiration, the diaphragm and
intercostal muscles contract, creating a negative pressure in the airway and drawing air into the lungs. Expiration, which
is typically passive, results from relaxation of the diaphragm and intercostal muscles back to resting position, and elastic
recoil of the lungs. The amount of air flow produced by changing airway pressure is influenced by resistance from the
structures of the upper airway, including the soft palate, tongue, pharynx, and epiglottis. Airway pressure at the larynx
is transduced 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).
[0051] During an obstructive sleep apnea (OSA) event, a lack of muscle tone in the upper airway allows pharyngeal
structures to partially or completely block the lumen of the airway, particularly when subjects sleep on their back. Res-
piratory drive continues during the OSA event, the diaphragm and intercostal muscles contract, which creates a negative
pressure in the airway and acts to further draw flaccid pharyngeal structures into the airway lumen. An increase in the
amplitude of airway pressure is typically observed, reflecting continuing attempts on the part of the subject to breathe
after airway obstruction, generating greater than normal airway pressures. The outset of the OSA event can then be
identified by the sudden increase in amplitude of the inspiration and/or expiration peaks of the airway pressure.
[0052] During a central sleep apnea (CSA) event, the upper airway remains open, but diminished central respiratory
drive reduces or eliminates diaphragm movement, and thus air flow during the CSA event. Despite a patent upper airway,
upper airway pressure is not fully modulated after the onset of the CSA event and diminution of diaphragm movement.
The outset of the CSA event can then be identified by a sudden drop in the amplitude of the inspiration and/or expiration
peaks of the airway pressure.
[0053] Among other possibilities for detecting pressure in the upper airway, the electroneurogram (ENG) of the iSLN
is correlated with pressure in the upper airway. An index of respiratory activity (IRA) can be calculated, which 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) algorithm to the amplified iSLN signal. 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 using, for example, polysomnographic techniques. This range of amplitudes can be used to set upper
and lower thresholds for apnea event detection. Peaks outside of this normal range can be detected using simple fixed-
level thresholds and defined as apneic events. The upper and lower thresholds can further be used to classify, in real-
time, a detected apneic event as being either an OSA event or a CSA event.
[0054] 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 to calculate the IRA



EP 2 691 149 B1

11

5

10

15

20

25

30

35

40

45

50

55

including: high pass filter, low pass filter, bandpass filter, notch filter, FIR filter, IIR filter, smoothing, moving average,
Wiener (optimal) filter, rectification, bin-integration, multichannel noise reduction, principal components analysis, inde-
pendent components analysis, wavelet analysis, Fourier transformation, matched filtering, variance/variance ratio cal-
culations, 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, cluster cutting using k-means, Bayesian
expectation-maximization, closest centers, or manual cluster cutting methods may also be used.
[0055] 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 derivative, 2nd derivative, 3rd derivative, root mean square amplitude, peak-to-peak
amplitude, variance, statistical probability or probability relative to baseline or running average.
[0056] It is also to be understood that the IRA may be calculated from other signal sources modulated by respiratory
activity, including other nerves or peripheral receptors that exhibit modulations of bioelectric potential correlated with
respiration or other man-made sensors that transduce respiratory-related signals. Respiratory-related variables that may
be monitored to compute the IRA include: negative airway pressure, positive airway pressure, stretch, position, shear
or slip, vibration, texture, touch, touch and pressure, muscle stretch, muscle "drive", air flow, blood pressure, blood
osmolarity, blood CO2, O2, or pH, airway temperature or airflow, polymodal pain, or some combination of the above.
[0057] It is also to be understood that detection of respiratory events in the IRA using methods other than fixed-level
thresholding may be used, for example noise-tracking or other adaptive thresholds, energy or non-linear energy thresh-
olds, or any variety of other detection operations on the raw or processed data.
[0058] As described in detail in U.S. Pub. No. 2010/0125310, the outset of an OSA event or a CSA event may be
identified by features of the IRA, for example with reference to an upper and a lower threshold as described above. For
example, the first instance of a crossing of the upper threshold by inspiration related peaks of the IRA can be used as
a criterion for identifying the outset of an OSA event. Alternatively, the peak durations of the RBI ENG may be used to
identify the outset of an OSA event by setting an appropriate threshold. For a CSA event, the outset of the CSA event
can be identified, for example, by noting the first absence of crossing of the lower threshold by inspiration related peaks,
in a set time period. This period of time may be set, for example, to represent the average time between one or more
respiration cycles. It should be understood that for both OSA and CSA events, other IRAs may be calculated in order
to identify the outset of such an event. For example, peak durations and interpeak intervals of the RBI ENG can be used,
by setting appropriate levels and thresholds. It is to be understood that the absence of measurements at a specified
level may indicate a CSA event.
[0059] Additionally, apnea event severity can be determined from the IRA. For example, severity of the apnea event
may be determined by comparing the amplitude of the apneic IRA to that observed during normal breathing. More severe
apnea is characterized by IRA peaks having amplitudes far from the upper and lower thresholds, while less severe
apnea or hypopnea is characterized by IRA peaks having amplitudes just above or below the upper and lower thresholds.
The level of apnea thus determined can be used to adjust the parameters and characteristics of the applied neurostim-
ulation treatment. This may include changing the stimulation waveform, increasing or decreasing the stimulus amplitude,
increasing or decreasing the number of stimuli delivered, selecting electrodes in specific locations or changing the
number of stimulation electrodes used. Severity levels may be assigned predetermined 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.
[0060] Apneic events may be further identified as hypopnea events, i.e. OSA events can be distinguished from ob-
structive sleep hypopnea (OSH) events, and CSA events can be distinguished from central sleep hypopnea (CSH)
events with reference to the IRA. For example, an IRA value between a first upper threshold and a second upper
threshold, wherein the second upper threshold is higher than the first upper threshold, may be associated with OSH,
while an IRA value greater than the second upper threshold, may be associated with OSA. Accordingly, IRA peaks
between the two upper thresholds can be identified as OSH while IRA peaks above the second, higher upper threshold
can be identified as OSA. Conversely, an IRA value between a first lower threshold and a second lower threshold,
wherein the second lower threshold is lower than the first lower threshold, may be associated with CSH, while an IRA
value lower than the second lower threshold may be associated with OSA. The range of values for which IRA peaks are
defined as OSH as opposed to OSA, as well as CSH as opposed to CSA, may be determined using a calibration process
during abnormal respiration of a given subject using, for example, polysomnographic techniques.
[0061] It is to be understood that OSH, OSA, CSH and CSA may be subdivided into multiple severity levels depending
on the precision of the circuitry and/or algorithm used.
[0062] As described above for the OSA and CSA event detection, the variation in IRAs calculated using algorithms
other than RBI ENG may also be used to determine the severity of the apneic or hypopneic event.
[0063] Apneic events may be further identified by the location(s) of the airway obstruction using, for example, the
temporal profile of the IRA activity pattern acquired from a single electrode or sensor. Alternatively, or in addition, an
apneic event may be further identified by the location(s) of the airway obstruction using, for example, the temporal pattern
of IRA activity acquired across multiple electrodes or sensors, indicating, for example, the instantaneous pressure at
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multiple locations in the upper airway.
[0064] Although peaks in the IRA coincident with negative pressure receptor activity are described above, it is to be
understood that receptors sensitive to other stimuli 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 osmolarity; chemoreceptors sensitive to CO2 , O2 , or pH; thermoreceptors sensitive to
temperature or airflow; nociceptors sensitive to polymodal pain, or some combination of the above.
[0065] For example, sensing a respiratory signal in a subject 2002 may comprise recording an iSLN ENG signal.
Detecting apnea based on the respiratory signal 2004 includes conditioning the iSLN ENG signal, computing an IRA
therefrom, and comparing the IRA to predetermined apnea criteria as described above. Delivery of a swallow stimulus
is triggered 2006 when the IRA meets the predetermined apnea criteria. Detecting apnea based on the respiratory signal
2004 by computing an IRA can involve computing an IRA indicative of any one or more inputs, for example at least one
of upper airway pressure, airway stretch, and airway temperature at any one or more location(s) throughout the airway.
In an exemplary method, the IRA is indicative of upper airway pressure in the larynx. It should be understood that the
process may involve continuous performance of steps (a) and (b) followed by performance of step (c) conditioned on
the detection of apnea (or of dysphagia as described below).
[0066] Another exemplary process involves application of bursts of electrical or mechanical stimulation as the swallow
stimulus, and further involves a timing requirement such that the delivery of the burst stimulation is timed to coincide
with the expiratory phase or zero flow phase of respiration in the subject. The result is that the stimulus burst is delivered
between inspiratory phases of the subject. This method is advantageous in constraining elicited swallow to respiratory
phases considered safest for swallow in adult human subjects, and also to avoid undesirable side effects of iSLN
stimulation, including central apnea. Exemplary such processes are shown in FIGS. 6 and 7. An exemplary process
3000 is described in the flow diagram of FIG. 6. For example, the control unit 1101 in any system as described above
can implement the various steps disclosed in the blocks of process 3000 (or the exemplary process as shown in FIG. 7).
[0067] As shown in FIG. 6, process 3000 includes recording an iSLN signal 3002, conditioning the iSLN signal 3004,
computing an IRA 3006, and determining a respiratory phase signal 3007. In block 3008 the IRA is further processed
to determine whether OSA criteria are met. If so, an occurrence of OSA is reported in block 3010 and the process
continues to block 3011. If the subject is between inspiratory phases 3011, this triggers application of an OSA-specific
swallow stimulus 3012 and control returns to block 3002. If the subject is not between inspiratory phases 3011, control
returns to block 3007 and phase is reevaluated in block 3011, with this process continuing until the condition is met. If
OSA criteria are not met in block 3008, then the output of 3008 is null and then the IRA is evaluated to determine whether
OSH criteria are met 3014. If so, an occurrence of OSH is reported 3016, and inspiratory phase is evaluated 3017. If
phase is not inspiratory, an OSH specific swallow stimulus is delivered 3018 and control returns to block 3002, if not,
inspiratory phase is reevaluated until it is not inspiratory 3007, 3017. If OSH criteria are not met 3014, the algorithm
either stops 3019 or returns to 3002. It should be understood that certain logical steps can be combined or performed
simultaneously. For example, the logical steps performed in blocks 3010 and 3012 may be combined such that a report
of the occurrence of OSA in constitutes a signal to apply the stimulus appropriate for OSA, provided that the output of
bock 3011 is positive.
[0068] A burst of electrical or mechanical stimulation is defined here as a temporally discrete occurrence of one (a
single), or more (a series) of stimulus pulse(s), defined by a total duration from burst start to burst end of about 200 msec
to about 3 seconds. For electrical stimulation, individual stimulus pulses can have for example an amplitude of at least
about 0.1 mA, and a duration of about 100 msec to about 500 msec, preferably about 200 msec, presented as a single
pulse, or multiple pulses. Two or more individual pulses can be presented, for example, at a frequency of at least about
20 Hz to about 40 Hz, preferably at about 30Hz. For mechanical stimulation, a burst can comprise a series of one (a
single) or more (a series) of mechanical stimulus pulses with a total duration from burst start to burst end of about 200
msec to about 3 seconds. For mechanical stimulation, two or more individual stimulus pulses may be presented at a
frequency of at least about 0.1 Hz to about 10 Hz, preferably about 0.33 Hz. It should be understood however that
mechanical stimulation at a frequency approaching the physical limits of the physical apparatus may be faster than 10
Hz and can be used, particularly when pulses of small amplitude are being used. For mechanical stimulation, the
characteristics of an individual stimulus pulse are determined by the nature of the mechanical stimulus being used. For
example, a fluid mechanical stimulus pulse delivered to a mechanoreceptor in the skin or mucosa of the subject, would
have a total volume determined by the flow rate multiplied by the duration of the stimulus pulse. In the case of fluid
delivery, a fluid pulse may have a volume of about 0.5 ml to about 5 ml.
[0069] It should be appreciated that the steps represented by blocks 3006 and 3007 may be implemented sequentially
or in parallel as input to block 3008, such that when the output of block 3008 is positive (apnea detected AND (respiratory
phase = NOT inspiration) detected), block 3010 reports an occurrence of OSA and the swallow stimulus is applied 3012.
For example, as shown in FIG. 6, a module implementing block 3006 may be configured with two separate outputs, one
leading directly to block 3008, and a second one leading directly to block 3007, wherein the IRA and respiratory phase
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are provided separately to block 3008. Alternatively, a module implementing block 3006 may be configured with one
output leading directly to block 3007, which is configured with an output directly to block 3008, wherein block 3007 is
configured to provide both IRA and respiratory phase information to block 3008. It should also be understood that steps
3002-3018 may be performed once or multiple times as part of a reiterative process. Still further, it should be appreciated
that the output of block 3007 may be alternatively positioned in the process, for example as an input directly to block
3010 and to block 3016, or to another block or blocks (not shown) in the process before the decision to apply a swallow
stimulus, provided that a logical and function is performed on the IRA and the determination of respiratory phase, such
that a swallow stimulus is applied only when IRA criteria are met and respiratory phase is not inspiratory.
[0070] When the output of block 3008, for example, is null, the process proceeds to the step in block 3014, to determine
if conditions are such that the IRA criteria for OSH are currently met, generating a report of an occurrence of OSH 3016
and application of an OSH-specific swallow stimulus 3018.
[0071] FIG. 7 is a flow diagram of an alternative embodiment of process 3000, further including a determination whether
CSA 3020 or CSH 3026 criteria are met, and if so, an occurrence of CSA 3022 or CSH 3028 is reported. Control proceeds
to blocks 3023 and 3029, respectively which determine whether the subject is between inspiratory phases 3007, based
on the previous respiratory pattern. If these conditions are met, this triggers application of a CSA-specific swallow stimulus
3024 or a CSH-specific swallow stimulus 3030. For central apneas or hypopnea, treatments alternative or in addition to
swallow stimulation, such as phrenic nerve stimulation to elicit an inspiration are described in U.S. Pub. No. 2010/0125310.
For phrenic nerve stimulation, the logic in blocks 3023 and 3029 would be reversed to ensure that respiratory phase is
not expiratory before delivering stimulation designed to elicit inspiration. Steps represented by blocks 3002-3030 may
performed once or multiple times as part of a reiterative process.
[0072] The produced stimulation signals may be square pulses or arbitrary waveforms, constant voltage, constant
current, single stimuli or bursts of signal pulses. Stimulation location, amplitude, and/or waveform may be adjusted in a
closed-loop based on current respiratory conditions such as respiratory phase, or based on conditions relayed by the
apnea monitoring and detection module 1104 in response to previous stimulation. Stimulation waveforms 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.
[0073] In the methods, a swallow stimulus comprises an electrical or mechanical stimulus to a nerve, muscle, or
sensory receptor in the subject that is sufficient to elicit all or part of the reflexive and pre-programmed coordinated
activity of a swallow. For example, the swallow stimulus may comprise electrical stimulation to at least one swallow-
related nerve, electrical stimulation to at least one swallow-related muscle, mechanical stimulation to at least one swallow-
related sensory receptor in the skin or mucosa of the subject, or any combination thereof provided that the swallow
stimulus is sufficient to elicit all or part of a swallow sequence in the subject. Stimulation of multiple targets may be
delivered simultaneously, or in a sequence designed to elicit natural activation patterns in all or part of the 50 muscles
normally involved in the swallow sequence. For electrical stimuli, the stimulus target may be an afferent nerve or an
efferent nerve, and may include at least two swallow-related nerves wherein each swallow-related nerve is independently
an afferent nerve or an efferent nerve. An afferent target is selected based on the ability of the afferent nerve, when
stimulated, to elicit all or part of reflexive swallow pattern activity from the central nervous system of the subject. The
target nerve can be, for example, the internal branch of the superior laryngeal nerve (iSLN), or the pharyngeal branch
of the glossopharyngeal nerve. Alternatively or in addition, the swallow-related nerve can be an efferent nerve. An efferent
target is selected based on the ability of the efferent nerve, when stimulated, to elicit motor activity in at least one effector
in a swallow sequence, the motor activity comprising all or part of a swallow sequence in the subject. Mechanical
stimulation may comprise stimulation to at least one swallow-related sensory receptor in the skin or mucosa of the
subject, such as for example delivery of a liquid to at least one of the oral, nasal, or pharyngeal cavity of the subject that
is sufficient to elicit all or part of a swallow sequence in a subject.
[0074] Still other applications of the invention will be apparent 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 respiration-related parameters to other devices such as external monitoring equip-
ment, or implanted devices such as pacemakers or implantable defibrillators.
[0075] Further, apneas occurring during sleep or waking, as in cases of Cheyne-Stokes respiration or Charcot-Marie-
Tooth disease can be effectively treated with the systems and methods described herein. Other adverse respiratory
conditions, types of sleep disordered breathing, and dysphagia can be detected by monitoring naturally occurring re-
ceptors 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 timing of
airway muscle activity. Detection of these events might be applied to the detection and treatment of respiratory 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 other secretion, or other activity of the airway.
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[0076] Accordingly, the methods also encompass a method for treating dysphagia, including a) sensing a dysphagia
signal in a subject; b) detecting dysphagia based on the dysphagia signal; and (c) when dysphagia is detected, triggering
the delivery of a swallow stimulus sufficient to elicit all or part of a swallow in the subject. These steps may be repeated
to determine if a dysphagia signal persists following delivery of a swallow stimulus, and then to deliver another swallow
stimulus in response. Swallow stimuli for treating dysphagia also include at least one of: electrical stimulation to at least
one swallow-related nerve, electrical stimulation to at least one swallow-related muscle, and mechanical stimulation to
at least one swallow-related sensory receptor in the skin or mucosa of the subject, and each of these may be delivered
in a burst of simulation as described elsewhere herein. Electrical and mechanical stimuli include those as described
herein above. Mechanical stimulation can include for example stimulation of at least one swallow-related sensory receptor
in the skin or mucosa of the subject such as delivery of a liquid to at least one of the oral, nasal, or pharyngeal cavity of
the subject. The method may further include a step comparable to sensing a respiratory signal 2002 in a subject, which
signal is further indicative of respiratory phase in the subject over time, wherein the respiratory phase is an inspiratory
phase, an expiratory phase or a zero flow phase. Delivery of a burst stimulus may be triggered to coincide with the
expiratory phase or zero flow phase in the subject. Exemplary such methods thus include those in which burst stimulation
is used, and further wherein the delivery of the burst stimulation is timed to coincide with the expiratory phase or zero
flow phase of respiration in the subject, i.e., for delivery of the stimulus burst between inspiratory phases of the subject.
[0077] It is also to be understood that any of the methods or systems described herein may be selectively activated,
for example when a subject is sleeping. 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.
[0078] Having now described the present disclosure in detail, examples will be more clearly understood by reference
to the following examples of laboratory test procedures and methods which are included for purposes of illustration only
and not intended to limit the scope of the present disclosure.

Example 1: Delivery of Fluid Stimuli

[0079] Subjects are fitted with a nasal catheter and fully instrumented for polysomnography. The nasal catheter is a
commercially available, Luer-lock, one-eyed, pediatric feeding tube with an outer 4 French diameter. The catheter is
lubricated with a non-analgesic lubricant and advanced transnasally into the pharynx. The fluid delivery port of the
catheter is positioned ∼2 cm rostral to the upper esophageal sphincter (Dua et al., 2007) and oriented toward the posterior
pharyngeal wall. Catheter position is verified laryngoscopically before being fixed in place using tape at the nostrils. A
small diameter catheter is chosen to minimize possible increases in airway resistance which may influence swallowing
patterns relative to respiration. A small catheter may also eliminate the need for analgesic lubricants, which have been
shown to influence swallow function.
[0080] The optimal parameters for pharyngeal swallow stimulation in any given subject using fluid delivery are deter-
mined. Stimulus flow, volume, and timing are controlled in using a high accuracy peristaltic pump (Harvard Instruments,
model 77). The pump is capable of flow rates from 0.01 - 750 ml/minute and can be controlled remotely using TTL logic.
The pump is controlled using control logic from a digital signal processing workstation (Tucker-Davis Technologies RX5).
To reduce acoustic and electrical noise, the pump and digital control unit are isolated in an adjacent room and connected
to the nasal catheter by a length of tubing.
[0081] Inspiration is detected using an abdominal piezoelectric belt and used to control stimulation in real-time. Stimuli
can be appropriately timed for delivery between breaths to elicit swallow during the between breath interval while main-
taining normal respiratory drive. Stimulation begins shortly after the end of inspiration and is timed (based on respiration
rate) to end before the onset of the subsequent inspiration.

Example 2: Determination of Swallow Stimulus Thresholds

[0082] Swallow threshold measurements are carried out in awake subjects in the upright position. Subjects are fully
instrumented for stimulation and recording, and stimulation is timed to occur in bursts between successive inspirations.
All fluid stimuli consist of roomtemperature, bottled "Sterile Water for Irrigation, USP" obtained from a medical supplier.
[0083] Thresholds are determined at a number of preselected flow rates. For each measurement, a flow rate is fixed
and stimulus duration changed between successive stimuli until threshold is determined. The resulting stimulus volumes
are calculated as flow X duration. Stimuli are delivered in discrete bursts between successive inspirations. Threshold
events are defined as swallow, laryngeal reflex, or subject indication of discomfort. One goal of threshold measurements
is to define the shortest duration/smallest volume that will reliably elicit swallow to single stimulus bursts. Another goal
is to define stimuli that minimize the potential for discomfort, expulsive reflexes, or sensory arousal during sleep.
[0084] A minimum flow rate of 1 ml/minute is used. Additional flow rates are selected at increasing 2x intervals up to
the limits of the equipment or subject acceptance. To obtain an upper estimate of acceptable flow rates, informal testing
in adult humans has been performed, using water delivered orally through an 8 French catheter. Stimulation at a flow
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rate of ∼5 ml/sec (∼300 ml/minute) did not produce discomfort. Subject feedback is collected during the threshold meas-
urement process and stimuli eliciting discomfort (e.g. at high flow rates or volumes) are eliminated from further testing.
[0085] Stimulus durations start at a minimum of 0.5 seconds and selected at increasing 0.5 second intervals to a
maximum of 3.0 seconds. The maximum 3.0 second duration is estimated from normal waking respiration of 10-12
breaths/minute (5-6 second interval) (Dozier et al, 2006) and assuming a 50% duty cycle for inspiration. Preselected
flow rates and durations result in the stimulus volumes shown in the table below. These volumes include the full range
of threshold volumes reported for single swallows in previous studies (0.1 ml - 2.0 ml) (Teramato et al., 1999; Jobin et
al., 2007).

[0086] Stimuli at low flow rates or volumes are not always sufficient to elicit a swallow to a single stimulus burst.
Nonetheless, these sub-threshold stimuli deliver a bolus that remains in the pharynx until swallowed. To avoid any
additive influence of preceding stimuli, the pharynx should be cleared by voluntary swallow or suction after each sub-
threshold stimulus before a new stimulus can be delivered. This process is cumbersome and time consuming. As an
alternative, an adaptive Bekesy-type threshold determination method is used, using a 1 up-1 down staircase to determine
swallow threshold at each flow rate. The stimulus sequence begins at 0.5 sec, and stepped up between successive
stimuli at 0.5 sec increments until a swallow or other threshold event occurred. At this "reversal point", stimulus duration
is stepped down by 0.5 sec until no response is observed. This "staircase" process is repeated with the reversal points
progressively bracketing the actual threshold. It is estimated that thresholds for 10 flow rates can be obtained using this
method in less than 1 hour, resulting in a range of acceptable flow rates, stimulus durations, and volume thresholds.
[0087] After thresholds have been determined in the upright position, subjects assume a supine position and threshold
stimuli are redelivered to the awake subject. Additional subject feedback is collected to determine which flow rates and
volumes are most comfortable while supine and considered by the subject to be least likely arouse them during sleep.

Example 3: Evaluation by Polysomnography

[0088] Polysomnographic recording methods, terminology, and scoring rules for sleep-related events are based on
AASM guidelines (Iber et al., 2007). These are used to evaluate the effectiveness of a swallow stimulus for sleep apnea.
All procedures are carried out by experienced sleep lab personnel. Acquired data includes EEG, EOG, submental EMG,
ECG, thermistor-based nasal and oral airflow, nasal air pressure, pulse oximetry, respiratory inductance plethysmography
at ribcage and abdomen, and body position.
[0089] The sleep EEG is derived by default from positions C3 and C4, using the contralateral mastoid (M1) as reference.
Additional electrodes at F4 and O2, also relative to M1, are recommended by AASM guidelines. The electrooculogram
(EOG) are derived from electrodes at E1 (lower left canthus) and E2 (upper right canthus) relative to M2. Submental
EMG is recorded using one electrode placed at midline above the chin and 2 lateral electrodes placed below the chin.
The subject is monitored at all times by experienced sleep laboratory personnel.
[0090] Sleep, respiratory, and swallow related variables are acquired across all subjects and treatments.

Flow rate volume (ml) at selected durations (sec)

ml per min ml per sec 0.5 sec 1 sec 1.5 sec 2.0 sec 2.5 sec 3.0 sec

1.00 0.02 0.01 0.02 0.03 0.04 0.05 0.06

2.00 0.03 0.02 0.03 0.05 0.07 0.08 0.10

4.00 0.07 0.03 0.07 0.10 0.13 0.17 0.20

8.00 0.13 0.07 0.13 0.20 0.27 0.33 0.40

16.00 0.27 0.13 0.27 0.40 0.53 0.67 0.80

32.00 0.53 0.27 0.53 0.80 1.07 1.33 1.60

64.00 1.07 0.53 1.07 1.60 2.13 2.67 3.20

128.00 2.13 1.07 2.13 3.20 4.27 5.33 6.40

256.00 4.27 2.13 4.27 6.40 8.53 10.67 12.80

512.00 8.53 4.27 8.53 12.80 17.07 21.33 25.60
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Sleep Architecture per Session:

[0091]

1. Recording time
2. Total sleep time (TST)
3. Sleep efficiency
4. Sleep latency
5. REM latency
6. Wake latency
7. Number of arousals
8. Number of stage 0 (wake) periods
9. % Stage 1 sleep
10. % Stage 2 sleep
11. % Stage 3 and/or 4 sleep (SWS)
12. % REM sleep
13. Number of REM periods

Cardiorespiratory Variables per Session:

[0092]

1. AHI
2. Apnea Index
3. Hypopnea Index
4. Duration of apnea/hypopnea
5. Mean, minimum, and maximum oxygen saturation
6. Mean, minimum, and maximum respiration rate
7. Mean, minimum, and maximum heart rate
8. Mean saturation change in apnea/hypopnea
9. Number of desaturations ≥ 4%
10. Number of desaturations ≥ 10%
11. Length of desaturations ≥ 4%
12. Length of desaturations ≥ 10%
13. % apnea/hypopnea (duration/TST)
14. Arousal index (n per hour TST)
15. Swallow index (n per hour TST)
16. Expiratory reflex index (n per hour TST)

Event-by-event (stimulus-related) variables:

[0093]

1. Swallow reflex, as indicated by submental EMG, airflow, video, and respiratory inductance plethysmography.
2. Expiratory reflex (e.g. expiration, cough, sneeze) as indicated by submental EMG, airflow, video, and respiratory
inductance plethysmography.
3. Apnea, including respiratory effort, SpO2, and airflow.
4. Arousals, as indicated by increased respiratory rate, increased heart rate, or lighter sleep stage as measured by
polysomnography.

[0094] Event-by-event analysis is comparable to that used by Page and Jeffrey (1998). Each stimulus is classified
according to the sleep stage in the 1 minute epoch immediately prior to delivery. The epoch immediately before the
stimulus serves as a control and the epoch immediately after as a treatment period for each stimulus. The effect of
stimulation is made by comparing events in these epochs. For example, respiratory rate, heart rate, SpO2 are averaged
for the control period and treatment periods and quantified as % change.
[0095] Categorical events observed in the treatment period, such as swallow, arousal, or expiratory reflex are expressed
as % of total number of stimuli. The effect of treatment group and sleep state on occurrence of categorical events in the
treatment period is determined using χ2 test. The effect of treatment group and sleep state on categorical events in the
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control period is determined in the same manner.
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Claims

1. A system for treating apnea in a subject, comprising:

a) an electrode (1132) configured for positioning in contact with the internal branch of the superior laryngeal
nerve (iSLN) of the subject and for obtaining an electroneurogram signal; and
b) a control unit (1101) comprising:

i. a signal conditioning module (1102) for conditioning the electroneurogram signal from the electrode;
ii. an apnea monitoring and detection module (1104) operatively coupled to the signal conditioning module
and configured to compute an index of respiratory activity from the conditioned electroneurogram signal
and configured to detect an occurrence of an apneic event when the index of respiratory activity is at or
above a predetermined level;
iii. a respiratory phase module (1402) configured to determine respiratory phase from the index of respiratory
activity and configured to generate a respiratory phase signal indicative of the respiratory phase in the
subject over time, wherein the respiratory phase includes an inspiratory phase, an expiratory phase and/or
a zero flow phase; and
iv. a therapy control module (1106) operatively coupled to the apnea monitoring and detection module and
to the respiratory phase module and configured to control delivery of a burst swallow stimulus to the subject
to coincide with the expiratory phase or zero flow phase so that the burst stimulus is delivered between
inspiratory phases based on the respiratory phase signal when the index of respiratory activity is indicative
of the occurrence of the apneic event.

2. The system of claim 1, wherein the stimulus is electrical stimulation to at least one swallow-related nerve, electrical
stimulation to at least one swallow-related muscle, and/or mechanical stimulation to at least one swallow-related
sensory receptor.

3. The system of any one of claims 1 or 2, wherein the apnea monitoring and detection module is further configured
to compare the index of respiratory activity following delivery of each burst stimulus to a predetermined recovery
threshold and thereby detect recovery from apnea in response to each burst stimulus.

4. The system of claim 3, wherein the therapy control module is further configured to repeat delivery of the burst
stimulus when recovery from apnea is not detected.
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5. The system of any one of claims 1 - 4, wherein the electrode is further configured for delivering an electrical stimulation
to the iSLN.

6. The system of any one of claims 1 - 5, wherein the system is partially or fully implantable.

7. The system of any one of claims 1 - 6, wherein the index of respiratory activity is indicative of upper airway pressure,
airway stretch, and/or airway temperature.

8. The system of any one of claims 1 - 4, wherein the therapy control module is further configured to synchronize
delivery of mechanical stimulation to at least one swallow-related sensory receptor in the skin or mucosa of the
subject between inspiratory phases of the subject, the mechanical stimulation sufficient to elicit all or part of a swallow
sequence in the subject.

9. The system of any one of claims 1 - 6, wherein the therapy control module is further configured to synchronize
delivery of electrical stimulation to at least one swallow-related muscle between inspiratory phases of the subject,
the electrical stimulation sufficient to elicit all or part of a swallow sequence in the subject.

10. The system of any one of claims 1 - 6, wherein the therapy control module is further configured to synchronize
delivery of electrical stimulation to at least one swallow-related nerve between inspiratory phases of the subject, the
electrical stimulation sufficient to elicit all or part of a swallow sequence in the subject.

11. The system of claim 10, wherein the swallow-related nerve is an afferent nerve, and wherein the therapy control
module is further configured to synchronize delivery of the electrical stimulation to the afferent nerve in order to
trigger swallow reflexive pattern activity in the central nervous system of the subject that is sufficient to elicit all or
part of the swallow sequence by the subject.

12. The system of claim 10, wherein the swallow-related nerve is an efferent nerve, and wherein the therapy control
module is further configured to synchronize delivery of the electrical stimulation to the efferent nerve in order to elicit
motor activity in at least one effector of a swallow response in the subject, the motor activity comprising all or a part
of the swallow sequence by the subject.

Patentansprüche

1. System zum Behandeln von Apnoe bei einem Individuum, umfassend:

a) eine Elektrode (1132), die zum Positionieren in Kontakt mit dem Innenast des Nervus laryngeus superior
(iSLN) des Individuums und zum Erhalten eines Elektroneurogrammsignals ausgelegt ist, und
b) eine Steuereinheit (1101), umfassend:

i. ein Signalaufbereitungsmodul (1102) zum Aufbereiten des Elektroneurogrammsignals von der Elektrode,
ii. ein Apnoe-Überwachungs- und Erfassungsmodul (1104), das mit dem Signalaufbereitungsmodul wirk-
verbunden und dafür ausgelegt ist, aus dem aufbereiteten Elektroneurogrammsignal einen Atemaktivität-
sindex zu berechnen, und dafür ausgelegt ist, ein Auftreten eines Apnoe-Ereignisses zu erfassen, wenn
der Atemaktivitätsindex auf oder über einem vorab bestimmten Niveau liegt,
iii. ein Atemphasenmodul (1402), das dafür ausgelegt ist, aus dem Atemaktivitätsindex eine Atemphase
zu bestimmen, und dafür ausgelegt ist, ein die Atemphase in dem Individuum im Zeitverlauf anzeigendes
Atemphasensignal zu erzeugen, wobei die Atemphase eine Inspirationsphase, eine Expirationsphase
und/oder eine Nullflussphase beinhaltet, und
iv. ein Therapiesteuermodul (1106), das mit dem Apnoe-Überwachungs- und Erfassungsmodul und dem
Atemphasenmodul wirkverbunden und dafür ausgelegt ist, eine Abgabe eines Impulsfolge-Schluckreizes
an das Individuum so zu steuern, dass dieser mit der Expirationsphase oder der Nulldurchflussphase
zusammenfällt, damit der Impulsfolgereiz auf Grundlage des Atemphasensignals zwischen Inspirations-
phasen abgegeben wird, wenn der Atemaktivitätsindex das Auftreten des Apnoe-Ereignisses anzeigt.

2. System nach Anspruch 1, wobei es sich bei dem Reiz um elektrische Reizung mindestens eines das Schlucken
betreffenden Nervs, elektrische Reizung mindestens eines das Schlucken betreffenden Muskels und/oder mecha-
nische Reizung mindestens eines das Schlucken betreffenden Sinnesrezeptors handelt.
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3. System nach einem der Ansprüche 1 oder 2, wobei das Apnoe-Überwachungs- und Erfassungsmodul ferner dafür
ausgelegt ist, den Atemaktivitätsindex nach Abgabe jedes Impulsfolgereizes mit einem vorab bestimmten Erho-
lungsschwellenwert zu vergleichen und dadurch eine Erholung von der Apnoe in Reaktion auf jeden Impulsfolgereiz
zu erfassen.

4. System nach Anspruch 3, wobei das Therapiesteuermodul ferner dafür ausgelegt ist, die Abgabe des Impulsfolge-
reizes zu wiederholen, wenn eine Erholung von der Apnoe nicht erfasst wird.

5. System nach einem der Ansprüche 1 bis 4, wobei die Elektrode ferner dafür ausgelegt ist, eine elektrische Reizung
an den iSLN abzugeben.

6. System nach einem der Ansprüche 1 bis 5, wobei das System teilweise oder vollständig implantierbar ist.

7. System nach einem der Ansprüche 1 bis 6, wobei der Atemaktivitätsindex einen Druck in den oberen Atemwegen,
eine Atemwegsdehnung und/oder eine Atemwegstemperatur anzeigt.

8. System nach einem der Ansprüche 1 bis 4, wobei das Therapiesteuerungsmodul ferner dafür ausgelegt ist, eine
Abgabe einer mechanischen Reizung an mindestens einen das Schlucken betreffenden Sinnesrezeptor in der Haut
oder Schleimhaut des Individuums zwischen Inspirationsphasen des Individuums abzustimmen, wobei die mecha-
nische Reizung ausreichend ist, um einen vollständigen oder teilweisen Schluckvorgang in dem Individuum hervor-
zurufen.

9. System nach einem der Ansprüche 1 bis 6, wobei das Therapiesteuermodul ferner dafür ausgelegt ist, eine Abgabe
einer elektrischen Reizung an mindestens einen das Schlucken betreffenden Muskel zwischen Inspirationsphasen
des Individuums abzustimmen, wobei die elektrische Reizung ausreichend ist, um einen vollständigen oder teilwei-
sen Schluckvorgang in dem Individuum hervorzurufen.

10. System nach einem der Ansprüche 1 bis 6, wobei das Therapiesteuermodul ferner dafür ausgelegt ist, eine Abgabe
einer elektrischen Reizung an mindestens einen das Schlucken betreffenden Nerv zwischen Inspirationsphasen
des Individuums abzustimmen, wobei die elektrische Reizung ausreichend ist, um einen vollständigen oder teilwei-
sen Schluckvorgang in dem Individuum hervorzurufen.

11. System nach Anspruch 10, wobei es sich bei dem das Schlucken betreffenden Nerv um einen afferenten Nerv
handelt, und wobei das Therapiesteuermodul ferner dafür ausgelegt ist, eine Abgabe der elektrischen Reizung an
den afferenten Nerv abzustimmen, um im zentralen Nervensystem des Individuums eine einem Schluckreflexmuster
entsprechende Aktivität auszulösen, die ausreichend ist, um einen vollständigen oder teilweisen Schluckvorgang
durch das Individuum hervorzurufen.

12. System nach Anspruch 10, wobei es sich bei dem das Schlucken betreffenden Nerv um einen efferenten Nerv
handelt und wobei das Therapiesteuermodul ferner dafür ausgelegt ist, eine Abgabe der elektrischen Reizung an
den efferenten Nerv abzustimmen, um in mindestens einem Effektor einer Schluckreaktion in dem Individuum eine
motorische Aktivität hervorzurufen, wobei die motorische Aktivität einen vollständigen oder teilweisen Schluckvor-
gang durch das Individuum umfasst.

Revendications

1. Système pour traiter l’apnée chez un sujet, comprenant :

a) une électrode (1132) configurée pour se positionner en contact avec la branche interne du nerf laryngé
supérieur (NLSi) du sujet et pour obtenir un signal d’électroneurogramme ; et
b) une unité de contrôle (1101) comprenant :

i. un module de conditionnement de signal (1102) pour conditionner le signal d’électroneurogramme de
l’électrode ;
ii. un module de surveillance et de détection de l’apnée (1104) couplé fonctionnellement au module de
conditionnement de signal et configuré pour calculer un index d’activité respiratoire à partir du signal d’élec-
troneurogramme conditionné et configuré pour détecter une occurrence d’un événement apnéique lorsque
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l’index d’activité respiratoire est égal ou supérieur à un niveau prédéterminé ;
iii. un module de phase respiratoire (1402) configuré pour déterminer la phase respiratoire à partir de l’index
d’activité respiratoire et configuré pour générer un signal de phase respiratoire indicateur de la phase
respiratoire chez le sujet au cours du temps, la phase respiratoire incluant une phase inspiratoire, une
phase expiratoire et/ou une phase de flux zéro ; et
iv. un module de contrôle thérapeutique (1106) couplé fonctionnellement au module de surveillance et de
détection de l’apnée et au module de phase respiratoire et configuré pour contrôler la délivrance d’un
stimulus de déglutition en salve au sujet pour coïncider avec la phase expiratoire ou phase de flux zéro,
de manière à ce que le stimulus en salve soit délivré entre les phases inspiratoires en fonction du signal
de phase respiratoire lorsque l’index d’activité respiratoire est indicateur de l’occurrence de l’évènement
apnéique.

2. Système de la revendication 1, dans lequel le stimulus est une stimulation électrique d’au moins un nerf lié à la
déglutition, une stimulation électrique d’au moins un muscle lié à la déglutition, et/ou une stimulation mécanique
d’au moins un récepteur sensoriel lié à la déglutition.

3. Système de l’une quelconque des revendications 1 ou 2, dans lequel le module de surveillance et de détection de
l’apnée est également configuré pour comparer l’index d’activité respiratoire après la délivrance de chaque stimulus
en salve à un seuil de récupération prédéterminé et détecter ainsi la récupération de l’apnée en réponse à chaque
stimulus en salve.

4. Système de la revendication 3, dans lequel le module de contrôle thérapeutique est également configuré pour
répéter la délivrance du stimulus en salve lorsque la récupération de l’apnée n’est pas détectée.

5. Système de l’une quelconque des revendications 1 à 4, dans lequel l’électrode est également configurée pour
délivrer une stimulation électrique au NLSi.

6. Système de l’une quelconque des revendications 1 à 5, le système étant partiellement ou entièrement implantable.

7. Système de l’une quelconque des revendications 1 à 6, dans lequel l’index d’activité respiratoire est indicateur de
la pression des voies aériennes supérieures, de la béance des voies aériennes, et/ou de la température des voies
aériennes.

8. Système de l’une quelconque des revendications 1 à 4, dans lequel le module de contrôle thérapeutique est éga-
lement configuré pour synchroniser la délivrance d’une stimulation mécanique à au moins un récepteur sensoriel
lié à la déglutition dans la peau ou la muqueuse du sujet entre les phases inspiratoires du sujet, la stimulation
mécanique étant suffisante pour déclencher tout ou partie d’une séquence de déglutition du sujet.

9. Système de l’une quelconque des revendications 1 à 6, dans lequel le module de contrôle thérapeutique est éga-
lement configuré pour synchroniser la délivrance d’une stimulation électrique à au moins un muscle lié à la déglutition
entre les phases inspiratoires du sujet, la stimulation électrique étant suffisante pour déclencher tout ou partie d’une
séquence de déglutition du sujet.

10. Système de l’une quelconque des revendications 1 à 6, dans lequel le module de contrôle thérapeutique est éga-
lement configuré pour synchroniser la délivrance d’une stimulation électrique à au moins un nerf lié à la déglutition
entre les phases inspiratoires du sujet, la stimulation électrique étant suffisante pour déclencher tout ou partie d’une
séquence de déglutition du sujet.

11. Système de la revendication 10, dans lequel le nerf lié à la déglutition est un nerf afférent et dans lequel le module
de contrôle thérapeutique est également configuré pour synchroniser la délivrance de la stimulation électrique au
nerf afférent afin de déclencher une activité de séquence réflexe de déglutition dans le système nerveux central du
sujet qui est suffisante pour déclencher tout ou partie de la séquence de déglutition par le sujet.

12. Système de la revendication 10, dans lequel le nerf lié à la déglutition est un nerf efférent et dans lequel le module
de contrôle thérapeutique est également configuré pour synchroniser la délivrance de la stimulation électrique au
nerf efférent afin de déclencher une activité motrice dans au moins un effecteur d’une réponse de déglutition chez
le sujet, l’activité motrice comprenant tout ou partie de la séquence de déglutition par le sujet.
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