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(57) ABSTRACT

The invention relates to an active implantable medical device.
The device measures for respiratory activity and for detection
of a ventilation rate fall event below a predetermined thresh-
old. The device analyzes in real time the various parameters
of the ventilation rate fall event and determines whether they
satisfy predefined criteria, so as to allocate or not a priori
hypopnea suspicion indicator to the event. An anti-hypopnea
therapy is selectively triggered on detection of respiratory
collapse, but only in the case of current events indicating a
priori hypopnea suspicion. The criteria may include: history
of intervals between successive events constituting hypopnea
episodes; severity of the current event; conformity of a cur-
rent event profile with a reference profile; physiological,
obstructive or central, origin of the event; patient’s current
sleep stage; and history of the degree of efficacy of the thera-
pies.
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ACTIVE MEDICAL DEVICE FOR THE
SELECTIVE AND EARLY TREATMENT OF
HYPOPNEAS

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This application claims the benefit of and priority to
French Patent Application No. 1460320, filed on Oct. 27,
2014, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] The invention relates to the diagnosis and treatment
of sleep disordered breathing, particularly those related to a
condition known as sleep apnea syndrome (SAS).

[0003] Sleep apnea syndrome (SAS) or more precisely
sleep apnea-hypopnea syndrome (SAHS) is manifested by
stops (apneas) and/or frequent reductions (hypopneas) of the
respiratory flow during the night (at least 10-20 times per
hour). Hypopneas, like apneas, have significant effects on the
patient’s physiological balance, such as the risk of hypox-
emia, arousal, etc.

[0004] The two characteristic disorders of this disease
should be distinguished, namely apnea (or breathing pauses),
defined as temporary cessation of respiratory function longer
than 10 s, occurring in apatient’s sleep phase; and hypopneas,
defined as significant decay, without interruption, of respira-
tory rate during a patient’s sleep phase.

[0005] The present invention relates to the diagnosis and
treatment of hypopnea.

[0006] Hypopnea is essentially characterized by:

1) a significant reduction in the amplitude of the respiratory
rate over a period of at least 10 s, and

ii) asubsequent oxygen desaturation of at least 3 to 4% and/or
consecutive arousal.

[0007] More specifically, the respiratory rate reduction
threshold is generally set at 30% for a subsequent desatura-
tion of 4% or 50% of the basic respiratory amplitude for a
subsequent desaturation of 3% (44SM Manual for The Scor-
ing of Sleep and Associated Events, 2007). It is noted that
these threshold values are only typical values, and may vary
from one patient to another and, for the same patient, can
change over time, either during a single night or from one
night to the next.

[0008] Inthisdescription, the term “hypopnea”is used only
to describe a reduction of ventilatory rate followed by oxygen
desaturation or arousal (official definition of hypopnea
according to the American Academy of Sleep Medicine, pub-
lished in the Journal of Clinical Sleep Medicine, volume 8,
No. 5,2012).

[0009] When hypopnea is not proven but only suspected,
because of early detection only on a criterion of airflow limi-
tation, the terms “ventilatory drop”, “drop in respiratory
amplitude”, or “ventilatory reduction (of the flow)” are used.
[0010] Hypopneas are the most common respiratory disor-
der in patients subject to SAS. Thus, a patient with severe
SAS can have during a single night one apnea but up to 450
hypopneas.

[0011] There are various techniques known for treating
hypopneas by various stimulations that open the airways (in
case of obstructive respiratory disorders) or stimulate the
nervous centers that control breathing (in case of central
respiratory disorders).
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[0012] To do this, it is essential to detect hypopnea auto-
matically and in real time from its appearance, with the dif-
ficulty that the detection of a ventilation fall is not sufficient to
prove hypopnea. Indeed, one can be sure that the event was
indeed a hypopnea when this event is completed (establishing
then that it fulfills the duration, oxygen desaturation or
arousal onset).

[0013] The real-time detection of apnea may be relatively
easy relative to that of hypopneas. Indeed, the criteria for
defining a hypopnea include oxygen desaturation and
arousal, which both occur after the hypopnea. This occurs a
long time after the detection of the respiratory drop (typically
between 10 and 60 seconds after), that is to say, when normal
breathing is restored. It is thus too late to treat hypopnea
because it has ended.

[0014] Itis certainly possible to treat preventively, without
delay, all the events of ventilatory drop, e.g. 10 s after onset,
without waiting for confirmation that it is indeed a hypopnea
(which involves desaturation or arousal detection). However,
all ventilatory falls are not necessarily hypopnea events and,
specifically, the current real-time sensors have a positive pre-
dictive value that does not exceed 60-70%. In other words, for
apatient with severe SAS, which can have 400 hypopneas per
night, such a detector will see 570 events and the patient will
be treated unnecessarily 170 times in the night. This over-
treatment presents the double risk of disrupting patient sleep
and of promoting the habituation effect, the therapies losing
their effectiveness over time. These effects and consequences
would invalidate the beneficial effects of treatment, and could
eventually lead to poor compliance.

[0015] To avoid this risk, it has been proposed to treat only
certain events, or adapt the type of therapy to the type of apnea
or hypopnea detected:

[0016] EP 1336422 Al (ELA Medical) proposes to detect
an apnea or a hypopnea from a ventilatory signal obtained by
an implantable pacemaker. If certain cardiac hemodynamic
conditions exceed a reference threshold, then one or more
pacing parameters are changed, such as pacing rate, atrioven-
tricular delay, etc.;

[0017] US 2003/0153956 Al also proposes to detect an
apneaor a hypopnea from a ventilatory signal picked up by an
implantable pacemaker. To stop the breathing disorder, the
base frequency is adjusted, but the adjustment occurs only
after detecting a minimum number of proven respiratory dis-
orders; and

[0018] U.S. Pat. No. 7,371,220 B1 proposes to detect an
apnea or hypopnea event by an implantable device, in real
time, at the onset of ventilatory fall. A differentiated therapy
is applied according to the type of event (obstructive or cen-
tral origin), but there is no provision for selection of the events
to be treated, (i.e., all events, whether of one type or another,
are the subject of the therapy).

[0019] None of these techniques has been proved fully sat-
isfactory to improve the treatment of sleep disordered breath-
ing, as they do not solely target hypopnea events. In particu-
lar, none of these techniques can treat a maximum of
hypopneas in real time, without the risk of compromising the
effectiveness of the overall treatment by including therapies
triggered by detection of ventilatory falls that do not corre-
spond, in fine, to proven hypopneas.

[0020] U.S.Pat.No.7,942,824B1and US 2010/307500 A1
are specifically related to the detection and treatment of
hypopnea, but they plan to apply a therapy only in cases of
confirmed hypopnea. The techniques proposed in these docu-
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ments do not solve the problem mentioned above, that the
mere detection of a ventilatory fall (which may not be a
harbinger of a hypopnea) is not sufficient in itself to prove the
occurrence a hypopnea, with the disadvantage that the
therapy is applied only relatively late, that is to say after
hypopnea has completely developed its deleterious effects.

SUMMARY

[0021] Various embodiments of the invention provide a
very different approach from those presented so far, and are
intended to automatically make an analysis and classification
of ventilatory falls, detected in real time, to better target the
most severe or the most certain hypopneas, and apply therapy
only to the latter.

[0022] The advantage of such a solution is not only to
prevent over-stimulation of the patient, but also of being able,
if a therapy is to be applied, to adjust the parameters of this
therapy according to the type of hypopnea.

[0023] More specifically, the invention proposes a medical
device of the general type disclosed by the U.S. Pat. No.
7,942,824 Bl cited above, the medical device including a
processor configured to measure respiratory activity, the mea-
surement being a representative value of the instantaneous
ventilatory flow rate of a patient; detect a ventilatory fall
event, able to detect in real time a decrease in the flow rate
value below a predetermined threshold; and provide anti-
hypopnea therapy.

[0024] According to an exemplary embodiment, the pro-
cessor of the device is further configured to discriminate,
during said ventilatory fall event and in real time, at least one
parameter of the current ventilatory fall event and determine
if this parameter satisfies at least one predefined criterion for
a priori assigning the event an hypopnea suspicion indicator
or an hypopnea non-suspicion indicator; and selectively
apply at least one anti-hypopnea therapy, before the end of
said ventilatory fall event. able to trigger from the crossing of
said predetermined threshold, an anti-hypopnea therapy only
in case of attribution to the current event of a priori hypopnea
suspicion indicator.

[0025] According to various advantageous subsidiary char-
acteristics:
[0026] the device further inhibits any anti-hypopnea

therapy, in case of attribution to the current event of a priori
hypopnea non-suspicion indicator;

[0027] the at least one predefined criterion includes the
value of a counter of successive ventilatory fall events
detected in the interval of a predetermined period correspond-
ing to the duration of an hypopnea episode, a hypopnea sus-
picion indicator is assigned to the current event only if the
counter value exceeds a predetermined minimum value, and
the counter resets if the elapsed time between two successive
ventilatory fall events exceeds said predetermined period cor-
responding to the duration of an hypopnea episode;

[0028] the device further measures a physiological signal
as a function of the respiratory activity, detects of the crossing
of alimit threshold by the physiological signal, and forces the
increment of the counter at any detection of a ventilatory fall
event;

[0029] the predetermined period and/or the predetermined
minimum value are variable adaptive values, and the device
further automatically calculates the predetermined period
and/or of the predetermined minimum value, respectively,
during the night;
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[0030] the device further measures a physiological signal
as a function of the respiratory activity, detects the crossing of
a limit threshold by a respiratory signal or by the physiologi-
cal signal, and forces the triggering the anti-hypopnea therapy
from the crossing of said limit threshold;

[0031] the physiological signal is a signal of the group
formed by: blood oxygen saturation rate, blood oxygen
desaturation rate, heart rate, blood pressure, pulse wave,
EEG, electromyogram and combinations thereof;

[0032] the at least one predefined criterion includes a
hypopnea reference profile stored in memory, the device fur-
ther determines a current profile for the ventilatory fall event
and evaluates a correlation between the current profile and the
reference profile, and the discrimination includes assigning a
suspicion hypopnea indicator to the current event if the cor-
relation between the current profile and the reference profile
exceeds a minimum predetermined correlation value;

[0033] the device further is adapted to determine or not,
after the end of the suspected hypopnea event, the presence of
a hypopnea consecutive to the detection of a ventilatory fall
event, and is capable of updating the hypopnea reference
profile stored in memory, in case of proven hypopnea;
[0034] the discrimination includes analyzing a plurality of
parameters of the current ventilatory fall event according to a
plurality of predefined criteria, assigning, for the current ven-
tilatory fall event, a respective specific score to each of the
predefined criteria, establishing an overall composite score
based on a combination of the specific scores, and assigning
to the current event a priori hypopnea suspicion indicator or a
priori hypopnea non-suspicion indicator based on the result
of a comparison of the global score to a predetermined score
threshold;

[0035] the discrimination further includes adapting to
select depending on the value of the global score a particular
therapy among several possible therapies; and

[0036] the at least one predefined criterion is a criterion of
the group formed by: historical of intervals between succes-
sive ventilatory fall events constituting hypopnea episodes;
severity of the current ventilatory fall event; conformity of a
profile of the current ventilatory fall event with a reference
profile; physiological, obstructive or central, origin of the
ventilatory fall event; patient’s current sleep stage; and his-
tory of the degree of efficacy of the applied therapies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Further features, characteristics and advantages of
the present invention will become apparent to a person of
ordinary skill in the art from the following detailed descrip-
tion of preferred embodiments of the present invention, made
with reference to the drawings annexed, in which like refer-
ence characters refer to like elements and in which:

[0038] FIG. 1 schematically illustrates the various compo-
nents of a device for one implementation of the invention.
[0039] FIGS. 2a and 25 are histograms detailing clinical
records for two different patients showing the distribution of
episodes (intervals between successive hypopneas during a
sleep night).

[0040] FIG. 3isadiagramillustrating a firstembodiment of
the invention, by a technique based on the analysis of the
temporal sequence of hypopnea events to decide to trigger, or
not, therapy in case of occurrence of ventilatory fall.

[0041] FIG. 4 is a diagram detailing the steps implemented
by the technique illustrated in its principle in FIG. 3.
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[0042] FIG. 5 is a diagram illustrating another example of
implementation of the invention, a technique based on the
analysis of the detected ventilatory fall profile and its com-
parison with a reference profile to decide to trigger, or not,
therapy in case of occurrence of ventilatory fall.

[0043] FIG. 6 is a flow diagram showing yet another
embodiment of the invention, based on a multi-criteria tech-
nique wherein the ventilatory fall is analyzed in real time and
simultaneously, facing a plurality of criteria, giving respec-
tive indexes that will be weighted and combined to decide to
trigger, or not, a therapy in case of occurrence of ventilatory
fall.

DETAILED DESCRIPTION

[0044] An exemplary embodiment of the invention will
now be described.

[0045] Regardingits software aspects, the invention may be
implemented by appropriate programming of the controlling
software of a known, external or implantable, active medical
device, provided with therapy functions of sleep disordered
breathing.

[0046] These devices include a programmable micropro-
cessor provided with circuits for shaping and delivering
stimulation pulses to implanted electrodes. It is possible to
transmit to it by telemetry software that will be stored in
memory and executed to implement the functions of the
invention which will be described below. The adaptation of
these devices to implement the functions of the invention is
within the reach of a skilled-in-the-art person and will not be
described in detail.

[0047] The method of the invention is implemented prima-
rily by software, through appropriate algorithms performed
by a microcontroller or a digital signal processor. For the sake
of clarity, the various processing applied will be decomposed
and schematized by a number of separate functional blocks in
the form of interconnected circuits, but this representation,
however, is only illustrative, these circuits including common
elements in practice corresponding to a plurality of functions
generally performed by the same software.

[0048] FIG. 1 schematically illustrates the main elements
necessary for the implementation of the invention.

[0049] This implementation is carried out by a device 10,
which can be an external device, such as a Holter recorder
connected to various sensors or electrodes (or an implantable
device, such as a pacemaker, resynchronizer and/or defibril-
lator).

[0050] The device 10 is configured to measure the respira-
tory flow. In the case of an external device, it may be for
example a nasal pressure cannula 12 (and/or an oral cannula)
or other type of sensor such as a thermistor or sensor of
mechanical changes in volumes of the abdomen and/or of the
chest (by abelt equipped with sensors sensitive to stretching).
In the case of an implantable device, the measuring of the
respiratory flow includes measuring the transthoracic imped-
ance between the implant housing and a remote electrode.
[0051] The device 10 is further connected to a device for
applying an anti-hypopnea therapy. It may include, but in no
way be limited to, a kinesthetic effector 14, constituted for
example by a vibrator placed in a sensitive region of the skin,
typically (in adults) in the region of mastoid bone close to the
ear. Vibrotactile stimulation applied to the skin by the effector
14 is detected by the sensory receptors or mechanoreceptors
in the body, and transmitted through sensory nerves to the
autonomous central nervous system.

Apr. 28,2016

[0052] The device 10 is also connected to various sensors
16 such as electrodes, optical fibers, accelerometers, micro-
phones, etc. for measuring physiological signals such as heart
rate, oxygen saturation (measured by a sensor placed on the
finger or on the ear), the phonocardiogram, the electroen-
cephalography or the electromyography. This provides,
besides the measurement of respiratory flow, additional sig-
nals which allow on one hand to better distinguish the venti-
latory falls herald of hypopneas, and on the other hand, to
determine a posteriori if the event detected at the origin of
ventilatory fall was or was not a hypopnea.

[0053] Various embodiments of the invention specifically
target the diagnosis and treatment of hypopnea (and not of the
apneas), especially following the early detection of ventila-
tory fall, and without waiting for the end of the event (thus
without knowing a priori whether it is or is not a true hypop-
nea).

[0054] The purpose is notably to discriminate between a
ventilatory fall harbinger of a real hypopnea (in which case, it
is immediately treatable by therapy) or not, in which case it
will be necessary not to apply any therapy to prevent the
development of unnecessary adverse effects such as cough,
arousal, etc.

[0055] Various therapies that can be applied to a proven
hypopnea are known in the art. Various embodiments of the
invention determine whether to trigger (or not trigger) the
application of a therapy at an advanced stage of a suspected
hypopnea (suspicion coming from the detection of ventila-
tory fall), optionally by operating a selection between several
possible therapies, but without changing the mode of appli-
cation of this therapy.

[0056] For reference, in the case of an external device, it
may be a kinesthetic stimulation therapy, for example as
described in WO 2007/141345 Al (FR 2908624 Al). In the
case of an implantable device, it can be a therapy by modifi-
cation of the pacing rate and/or of the atrioventricular delay.

[0057] According to various embodiments of the invention,
once a ventilatory fall is detected, it is considered that there is
hypopnea suspicion (hypopnea which can be proved only
after the end of the event, so very late) and then an analysis to
decide early is operated. The analysis is conducted without
waiting for the end of the event, of the trigger or not of an
anti-hypopnea therapy and to refrain from any therapy for
events wherein ventilatory fall is probably not the harbinger
of a hypopnea.

[0058] This analysis, to determine the trigger or not of a
therapy can be based on several, alternative or cumulative,
strategies corresponding to various diagnostic criteria that
will be described in detail below.

[0059] Criterion 1: Succession in Episodes of Hypopnea
Events
[0060] Polysomnography diagnostics show that the hypop-

neaevents occur by “episodes”. The events occur in a roughly
regular succession within relatively short temporal intervals,
the different episodes being separated by longer breaks. A
first criterion is to assess whether the detected ventilatory fall
corresponds to such an “episode”, in order to apply a therapy
only in this case, so as to treat a maximum hypopnea while
limiting the risk of unnecessary therapies which could have
deleterious effects.

[0061] It is therefore necessary to determine whether the
detected ventilatory fall is isolated in time, or whether it is
part of an “episode”.
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[0062] The phenomenon of episodes however presents a
great variability from one patient to another, as shown in
FIGS. 2a and 25. FIGS. 2a and 25 are histograms of clinical
records detailing for two respective different patients the
distribution of episodes (the intervals between successive
hypopneas during a night’s sleep).

[0063] The corresponding analysis method is illustrated in
FIGS. 3 and 4.
[0064] As shown in FIG. 3, upon detection of a ventilatory

fall (block 20), the ventilatory fall is analyzed (block 22). If it
is considered as not belonging to an episode (block 24), no
therapy is applied (block 26). Otherwise, a predetermined
anti-hypopnea therapy (“Therapy A”) is applied (block 28).
[0065] More specifically, as shown in FIG. 4, on detection
of a ventilatory fall (block 20), the method estimates the time
elapsed since the last ventilatory fall, and verifies that the
temporal interval between these two successive ventilatory
falls does not exceed a predetermined time interval EPISO-
DE_INTERVAL (block 30). Ifthis is the case, the ventilatory
fall is considered to belong to a hypopnea episode and a
counter NB_EPISODE of the number of hypopneas in the
episode is incremented (block 32). In case apnea (which may
be regarded as an extreme form of hypopnea) is detected
during the EPISODE_INTERVAL temporal interval, then the
counter NB_EPISODE is also incremented (while apnea may
be treated as apnea from its appearance).

[0066] The value of the counter NB_EPISODE is then
compared to a threshold THRESHOLD_EPISODE (block
34), corresponding to a minimum confidence level, and if this
is the case, therapy is initiated (block 28).

[0067] Ifatblock 30 itis found that the interval between the
ventilatory fall that has just been detected from the preceding
one exceeds the value EPISODE_INTERVAL, then the
hypopnea counter NB_EPISODE is reset (block 36). The
isolated ventilatory fall will not be subject to therapy (block
26).

[0068] Note that EPISODE_INTERVAL and THRESH-
OLD_EPISODE values can be adapted to the patient by a
setting following for example a diagnostic polysomnography,
prior to the implementation of the automatic system. Thus, in
the case of a patient with severe SAS (apnea-hypopnea index
AHI>30) EPISODE_INTERVAL may be fixed at 120 s and
THRESHOLD_EPISODE to 3 hypopneas. For a patient with
moderate SAS (5<AHI<15) EPISODE_INTERVAL can be
fixed to 330 s, and THRESHOLD_EPISODE to 3 hypopneas.

[0069] Note also that these two parameters may change for
the same patient who, if he/she is responder to the treatment,
may be subjected to an increase in EPISODE_INTERVAL
and/or in THRESHOLD_EPISODE. This adaptation over
time can be made during an automatic or manual analysis, of
the results of the detection of hypopneas stored before morn-
ing and searchable by a doctor. It is also possible, if the doctor
finds too great a discrepancy in the number of ventilatory falls
that triggered therapy compared to the number of proven
hypopneas (that is to say with desaturation and/or arousal at
the end of hypopnea), to adjust these settings.

[0070] In an implementation variant, the EPISODE_IN-
TERVAL and/or THRESHOLD_ EPISODE values are auto-
matically recalculated during the night. For example, the
statistical properties of the detected and proven events can be
analyzed. The intervals between consecutive hypopneas,
which are likely to follow a Poisson distribution (FIG. 2a) that
can be set, can be updated gradually during the night to define
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an adaptive EPISODE_INTERVAL value from an analytical
formulation of the statistical law.

[0071] Ifthe patient is equipped with a sensor for detecting
oxygen desaturation (typically a decrease of at least 3% of
oxygen saturation as compared to the base saturation), it is
possible to use this information, which is a criterion for con-
firmation of hypopnea, to improve the functioning of the
analysis algorithm of hypopnea episodes.

[0072] Indeed, the detection of oxygen desaturation that
occurs after hypopnea and therefore between two successive
hypopneas, confirms that the previous ventilatory fall was
effectively heralding hypopnea, which reinforces the need for
therapy. Accordingly, especially for a patient with severe
SAS, it 1s possible to incorporate an additional criterion for
the detection of an episode, an episode being possibly
defined, for example, as consisting of three repeating hypop-
neas separated by less than 120 s, or as two hypopneas
repeated in less than 120 s, if there have been during the 120
s detection of oxygen desaturation. For this, as shown in FIG.
4, the detection of oxygen desaturation (block 38) causes the
increment of the counter NB_EPISODE (block 32), regard-
less of the detection of ventilatory fall.

[0073] Note that this case is not limited to the oxygen
desaturation. For example, if the sensor used is of the type
EEG, it may be a micro-arousal, and any micro-arousal
detected between two successive hypopneas of the same epi-
sode also increments the counter NB_EPISODE.

[0074] Criterion 2: Severity of the Event Related to the
Detected Ventilatory Fall

[0075] According to this second criterion, the analysis set
forth above (which is intended to determine whether a hypop-
nea episode is occurring) is bypassed so as to cause the
immediate trigger and without another condition of therapy if
a physiological signal falls below a predetermined severity
threshold THRESHOLD_SEVERE (block 40, FIG. 3). Inthis
case, ventilatory fall is immediately processed (block 28),
without waiting for confirmation of the analysis in episodes.
For example, if blood oxygen saturation is detected below
90% of the base saturation, this measure is a sign of severe
disease requiring immediate therapy.

[0076] Similarly, in case of a very significant reduction in
ventilationrate, or even in case of a reduction that degenerates
in apnea, then immediate therapy will be applied to the event.
[0077] Another possible example of a physiological signal
is the heart rate. If it slows down below a threshold, then
therapy is immediately applied.

[0078] In all cases, the threshold is a parameter initially
determined by the physician but may be changed automati-
cally or manually, depending on the disease progression and
on the treatment efficacy.

[0079] Note also that this severity criterion has priority over
the other criteria described below, so that if this critetion is
satisfied, then therapy will be triggered immediately upon
detection of ventilatory fall.

[0080] Criterion 3: Characteristic Profile of the Event
[0081] It is generally seen that the hypopneas are stereo-
typically repeated during the same night, with an amplitude,
duration, morphology, etc., constituting a characteristic “pro-
file” of a same patient. Therefore, it is possible to use a
criterion based on the analysis of the hypopnea profile, to
trigger therapy only if the ventilatory fall matches the char-
acteristic profile recorded for the patient, while the new,
unrecognized, types of profiles will not be subject to therapy.
These new profiles are however stored to increase the number
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of stored profiles, and will then be considered as known
profiles that, if repeated, may in turn form a triggering crite-
rion of therapy.

[0082] FIG.S5illustrates in more detail the method to imple-
ment this criterion based on the profile analysis.

[0083] Several hypopneas profile aspects may be identified
in a patient, according to:

[0084] The amplitude of the ventilatory fall;

[0085] The morphology of the respiratory cycles with ven-
tilatory fall, these cycles having a more flattened and squared
shape, while the normal cycles have a rounder shape;

[0086] The sudden or gradual speed of the ventilatory fall,
and the fact that it is or not preceded by hyperpnoea;

[0087] The duration of ventilatory fall;

[0088] The presence or absence of hyperpnoeas between
hypopneas and apneas.

[0089] A number of profiles corresponding to these fea-
tures are stored in a memory of the device.

[0090] Once a ventilatory fall is detected (step 20), the
device checks (block 50) whether or not its characteristics
correspond to one of the saved profiles, for example by cal-
culating a correlation function between the current profile and
the reference profile and checking if the degree of correlation
exceeds a given threshold. If so, therapy is applied (block 28).
[0091] If a ventilatory fall is detected but does not corre-
spondto one of the saved profiles, no therapy is applied (block
26). The device then waits for the end of the event (block 52)
and determines, based on the desaturation and/or arousal
criteria, whether or not the event was hypopnea (block 54):
[0092] In the affirmative (meaning that hypopnea was not
suspected despite detected ventilatory fall), then a new refer-
ence profile is created and stored in the device memory (block
56) so as to improve the efficiency of the device;

[0093] Otherwise (the ventilatory fall was not heralding
hypopnea), the profile is stored in memory (block 58) and if
this type of event occurs again (block 60), a false positive
profile is created and saved (block 62), this information being
possibly used later by the practitioner to reconfigure the
device to improve specificity.

[0094] In this example too, the event severity criterion can
be activated, giving it a higher priority than the profile analy-
sis criteria so that the detection of the crossing of the severity
threshold (block 40) causes the immediate therapy delivery
(block 28).

[0095] Criterion 4: Physiological Origin of Hypopnea
[0096] Just as apneas, hypopneas can be of two origins:
[0097] Obstructive, when hypopnea is due to airway

obstruction, probably caused by muscle weakness;

[0098] Central, when hypopnea is caused by a control fault
of respiration in the central nervous system.

[0099] The classification between obstructive hypopneas
and central hypopneas can be used as a criterion for deciding
whether or not to apply a therapy.

[0100] Indeed, in some patients a high prevalence of
obstructive events is found, while others have a strong pre-
dominance of central events, Therefore, the occurrence of
ventilatory fall having the characteristics of a non-predomi-
nant event may be due to a false detection, and in this case it
will be chosen not to apply therapy. For example, if a patient
is considered making obstructive hypopneas in 90% of cases,
the detection ofa ventilatory fall, typical of central hypopnea,
will not trigger therapy.

[0101] The determination of the origin of the hypopnea
may be performed in real time by a profile analysis of the
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same type as what was described above for the criterion No.
3, in particular on the basis of the following characteristics
(one can in particular refer to the article of Renderath et al
published in Sleep, 2013; 36 (3): 363-368):

[0102] Morphology of respiratory cycles: in case of hypop-
neas, a crushed form of the inspiration curve reveals an
obstructive origin;

[0103] Paradoxical breathing: obstructive hypopnea may
cause a phase shift between the chest respiratory movements
and those of the abdomen;

[0104] Ventilation recovery: gradual for a central hypop-
nea, sudden for obstructive hypopnes;

[0105] Micro-arousal sequencing: they appear at the begin-
ning of the ventilation recovery in the case of an obstructive
hypopnea, and at the maximum of the ventilation recovery in
the case of central hypopnea;

[0106] Sleep stage of after micro-arousal: REM sleep is
more conducive to obstructive hypopneas.

[0107] The classification between obstructive and central
hypopnea can be used also as a criterion to differentiate the
applied therapy.

[0108] Thus, inthe case of central hypopnea, it is preferable
to deliver a therapy activating the diaphragm, for example by
stimulation of the phrenic nerve, whereas for obstructive
hypopnea it is preferable to stimulate the upper airway
muscles, e.g. via the hypoglossal nerve or the laryngeal nerve.
[0109] Criterion 5: Sleep Stage

[0110] The wakefulness or sleep state, and the different
sleep stages, affect the respiratory rhythm.

[0111] In particular, during periods of wake or of sleep, or
even of REM sleep, breathing is not stable, and sudden and
significant, but not pathological, variations of periods and
amplitudes of respiratory cycles can be observed.

[0112] Therefore, changes in respiratory rate and ampli-
tude may not be related to hypopnea and it will be preferable
in this case to suspend the application of a therapy.

[0113] In contrast, ventilation falls occurring in slow wave
sleep can be processed with a higher priority, the ventilation
fallin this case being with a high probability heralding hypop-
nea.

[0114] Criterion 6: Treatment Efficacy

[0115] When a number of suspected hypopneas (detected
ventilatory falls) do not respond to anti-hypopnea treatment
during the night (or successive nights), this rate reduction
typology must be stored for later analysis. If it turns out a
posteriori that these are not proven hypopneas, then they shall
no longer be detected (false positive as in the case of criterion
3). If however, it turns out that these are proven hypopneas,
then an alert can be issued in order to inform the physician
that initially applied therapies may no longer be appropriate.
In all cases, the treatment of this type of ventilatory falls
should be suspended.

[0116] Combined Use of Criteria No. 1-6

[0117] The criteria that have been described above can be
used together to make the decision whether to apply or not a
therapy upon detection of a ventilatory fall.

[0118] As shown in FIG. 6, upon detection of a ventilatory
fall (block 20) different criteria are evaluated together (blocks
22, 40, 50,70, 80, 90).

[0119] Each criterion is allocated a weighting P1 to P6, for
example, by assigning to each of the criteria a number of
positive or negative points constituting an elementary score.
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For example, the elementary scores P1 to P6 respectively
corresponding to the criteria No. 1 to No. 6 discussed above
can take the following values:

[0120] Pl=value of the counter NB_EPISODE (described
in FIG. 4, incremented in step 32);

[0121] P2=+5 if THRESHOLD_SEVERE is crossed, 0 if
the current profile is unknown, +3 if the current profile cor-
responds to a known reference profile;

[0122] P4 (multiplicative factor)=+1 for a predominant
central origin or by default of unknown origin, -1 for pre-
dominant obstructive origin;

[0123] P5=-2 during REM sleep, -5 during wake, +1 in
slow wave sleep;

[0124] P6=-3ifthe patient is unresponsive to treatment, +2
if the patient is responding to treatment, 0 if unspecified
response.

[0125] A composite scoreis calculated (block 100) by addi-
tion and/or multiplication of points P1 to P6.

[0126] In the example above, the composite score is calcu-
lated by adding the individual scores P1 to P3 and PS5 to P6,
and multiplication by the individual score P4:

S=(P1+P2+P3+P5+P6)xPA4.

[0127] The score is then compared to a predetermined
threshold (block 102), for example a threshold equal to 5 with
the values of the previous example, and if this threshold is
crossed a predetermined therapy is applied (“Therapy A”,
block 28).

[0128] Otherwise, and if several therapies are available (in
particular for differentiated treatment of obstructive hypop-
neas and of central hypopneas), a second evaluation score is
made (block 104) and according to the result a different
therapy (“Therapy B”, block 28') is applied, or it is decided
not to apply any therapy to the patient (block 26). With the
values of the previous example, Therapy B is applied if the
score is negative but if its absolute value exceeds the thresh-
old, no therapy is applied in the opposite case.

[0129] This combination of criteria allows to take into
account the case of complex cases and to selectively trigger
therapy in very specific situations, for example:

[0130] Hypopnea with known profile, occurring in slow
wave sleep;
[0131] Second hypopnea of an episode, for a responder

patient, in slow wave sleep;
[0132] Hypopnea of known profile, in slow wave sleep, for
a responder patient;
What is claimed is:
1. An active medical device, comprising:
a processor configured to:
measurerespiratory activity, the measurement providing
arepresentative value of the instantaneous ventilatory
flow rate of a patient;
detect a ventilatory fall event by detecting in real time a
decrease in the value of the instantaneous ventilatory
flow rate below a predetermined threshold; and
provide anti-hypopnea therapy, wherein the processor is
configured to:
assess at least one parameter of the ventilatory fall
event, the processor adapted to analyze in real time
during the ventilatory fall event and determine if
the parameter satisfies at least one predetermined
criterion, for assigning to the ventilatory fall event
a hypopnea suspicion indicator or a non-hypopnea
suspicion indicator; and
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selectively applying an anti-hypopnea therapy in the
case of attribution to the current ventilatory fall
event the hypopnea suspicion indicator, the anti-
hypopnea therapy triggered before the end of the
ventilatory fall event.

2. The device of claim 1, wherein the processor is further
configured to:

inhibit the anti-hypopnea therapy in case of attribution to

the current ventilatory fall event of the non-hypopnea
suspicion indicator.
3. The device of claim 1, wherein:
the at least one predefined criterion comprises the value of
a counter of successive ventilatory fall events detected
within the range of a predetermined period correspond-
ing to the duration of an episode of hypopneas;

assessing the at least one parameter further comprises
assigning a suspicion indicator of hypopnea to the cur-
rent ventilatory fall event only if the counter value
exceeds a minimum predetermined value; and

the counter is reset if the time between successive ventila-

tory fall events exceeds the predetermined period corre-
sponding to the duration of an episode of hypopneas.

4. The device of claim 3, wherein the processor is further
configured to:

measure a physiological signal as a function of the respi-

ratory activity;

detect the crossing of a threshold limit by the physiological

signal; and

increment the counter at any detection of a ventilatory fall

event.

5. The device of claim 3, wherein the predetermined period
and/or the predetermined minimum value are variable adap-
tive values, and wherein the processor is further configured
to:

calculate, respectively, the predetermined period and/or

the predetermined minimum value during the night.

6. The device of claim 1, wherein the processor is further
configured to:

measure a physiological signal as a function of the respi-

ratory activity;

detect the crossing of a threshold limit by a respiratory

signal or by the physiological signal; and

trigger the anti-hypopnea therapy at the crossing of the

limit threshold.

7. The device of claim 6, wherein the physiological signal
is at least one of a level of blood oxygen saturation, a blood
oxygen desaturation rate, a heart rate, a blood pressure, a
pulse wave, an electroencephalogram, an electromyogram or
any combination thereof.

8. The device of claim 1, wherein:

the at least one predefined criterion comprises a reference
profile of hypopnea stored in memory;

the processor is further configured to determine a current
profile for the current ventilatory fall event and for evalu-
ate a correlation between the current profile and the
reference profile; and

the processor is further configured to assign a hypopnea
suspicion indicator to the current event if the correlation
between the current profile and the reference profile
exceeds a predetermined correlation minimum value.

9. The device of claim 8, wherein the processor is further

configured to:
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determine, after the end of the suspected hypopnea event,
the presence of an hypopnea consecutive to the detection
of the ventilatory fall event; and

update the hypopnea reference profile stored in memory, in

case of a determined hypopnea.

10. The device of claim 1, wherein the discrimination of at
least one parameter of the current ventilatory fall event com-
prises:

analyzing a plurality of parameters of the current ventila-

tory fall event according to a plurality of predefined
criteria;

assigning, for the current ventilatory fall event, a respective

specific score to each of the predefined criteria;
determining an overall composite score based on a combi-
nation of specific scores; and

assigning to the current event suspicion an a priori suspi-

cion indicator of hypopnea or non-hypopnea based on
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the result of a comparison of the overall score to a
predetermined score threshold.

11. The device of claim 10, wherein the discrimination of at
least one parameter of the current ventilatory fall event com-
prises:

selecting, depending on the value of the global score, a

particular therapy among several possible therapies.

12. The device of claim 1, wherein the at least one pre-
defined criterion is at least one of a history of intervals
between successive events constituting the ventilatory fall
hypopnea episodes; a severity of the current ventilatory fall
event; a conformity of a profile of the current ventilatory fall
event with a reference profile; a physiological origin, obstruc-
tive or central, of the ventilatory fall event; the patient’s
current sleep stage; and a history of the degree of efficacy of
the applied therapies.

* ok %k
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