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Determining a first measure
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Determining a second measure
N from a long term variance of data

222 based on a measured flow of
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Comparing the first measure with first
294 _/™ and second proportions of the second
measure.

Indicating a detection of the hypopnea based
on the comparing if the first measure falls
/™ below and does not exceed a range of the
first and second proportions during a first
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Detecting a hypopnea or the severity of a
hypopnea with the threshold and the short
term measure (e.g., measuring an area
bounded by first and second crossings of the
short ferm measure of ventilation and the
threshold)
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METHODS AND DEVICES FOR THE
DETECTION OF HYPOPNOEA

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/619,499, filed Feb. 11, 2015 which is
a divisional of U.S. patent application Ser. No. 12/781,070,
filed May 17,2010, U.S. Pat. No. 8,985,106, which claims the
benefit of the filing date of U.S. Provisional Patent Applica-
tion No. 61/184,592 filed Jun. 5, 2009, all of which are incor-
porated herein by reference.

FIELD OF THE TECHNOLOGY

[0002] The present technology relates to methods and
apparatus for detection of hypopnea.

BACKGROUND OF THE TECHNOLOGY

[0003] Patients with OSA have recurrent apnoeas or hypop-
noeas during sleep that are only terminated by the patient
arousing. A hypopnea may be considered a partial reduction
in breathing that lasts at least 10 seconds during sleep. The
1999 American Academy of Sleep Medicine (AASM) guide-
lines specify a hypopnea condition as a 10 second reduction in
flow of 50% or more or a reduction of flow of less than 50%
followed by an arousal or a desaturation of at least 3%. Sub-
sequent AASM guidelines specify a 30% reduction in venti-
lation and a desaturation of at least 4% as a hypopnea condi-
tion. These recurrent events cause sleep fragmentation and
stimulation of the sympathetic nervous system. This can have
severe consequences for the patient including day-time
sleepiness (with the attendant possibility of motor-vehicle
accidents), poor mentation, memory problems, depression
and hypertension. Patients with OSA are also likely to snore
loudly, thus also disturbing their partner’s sleep.

[0004] The best form of treatment for patients with OSA is
constant positive airway pressure (CPAP) applied by ablower
(compressor) via a connecting hose and mask. The positive
pressure prevents collapse of the patient’s airway during
inspiration, thus preventing recurrent apnoeas or hypopnoeas
and their sequelae. Such a respiratory treatment apparatus can
function to supply the patient with a supply of clean breath-
able gas (usually air, with or without supplemental oxygen) at
the therapeutic pressure or pressures, at appropriate times
during the subject’s breathing cycle.

[0005] Respiratory treatment apparatus typically include a
flow generator, an air filter, a mask or cannula, an air delivery
conduit connecting the flow generator to the mask, various
sensors and a microprocessor-based controller. The flow gen-
erator may include a servo-controlled motor and an impeller.
The flow generator may also include a valve capable of dis-
charging air to atmosphere as a means for altering the pres-
sure delivered to the patient as an alternative to motor speed
control. The sensors measure, amongst other things, motor
speed, gas volumetric flow rate and outlet pressure, such as
with a pressure transducer, flow sensor or the like. The appa-
ratus may optionally include a humidifier and/or heater ele-
ments in the path of the air delivery circuit. The controller
may include data storage capacity with or without integrated
data retrieval/transfer and display functions.

[0006] To treat hypopnea, automated apparatus have been
implemented with algorithms to detect a hypopnea condition
based on data from a flow sensor. Examples of conventional
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apnea’hypopnea detection devices are taught in U.S. Pat. No.
5,295.490to0 Dodakian; U.S. Pat. No. 5,605,151 to Lynn; U.S.
Pat. No. 5,797,852 to Karakasoglu et al.; U.S. Pat. No. 5,961,
447toRaviv etal.; U.S.Pat. No. 6,142,950t0 Allenetal ; U.S.
Pat. No. 6,165,133 to Rapoport et al.; U.S. Pat. No. 6,368,287
to Hadas; U.S. Pat. No. 7,118,536 to Haberland et al. For
example, in one such device, a hypopnoea can be deemed
detected if a 10 or 12 second root mean square (RMS) of a
flow (in L/sec) signal drops below 1.2 times the long-term
average minute ventilation (in L/sec) (e.g.. low pass filtering
the absolute value of a flow signal divided in half), which
approximately corresponds to a reduction to 50% of the nor-
mal RMS ventilation. A 50% reduction of an RMS ventilation
may also be detected by comparing a ten second variance of
a flow signal calculated over a 10 second window with the
product of (0.5)* and a sixty second variance of a flow signal
calculated over a 60 second window. Such devices may also
include a refractory period of time after detecting a hypopnea
to prevent multiple scoring of a common hypopnea event. For
example, the device may remain refractory for 15 seconds or
until the RMS ventilation returns to at least three quarters of
a long-term RMS ventilation for 15 contiguous seconds.
[0007] However, the question of the presence of a hypopnea
condition itself is subject to interpretation. There is often
considerable clinician variability in scoring the presence of a
hypopnea. Thus, while automated apparatus may be imple-
mented with various methods to detect the condition, differ-
ences in the implemented detection criteria can result in dif-
ferent hypopnea scoring for common breathing events.
[0008] It may be desirable to develop further methods for
detecting hypopnea which may also be implemented in appa-
ratus for detection and apparatus for treating upper respira-
tory conditions.

SUMMARY OF THE TECHNOLOGY

[0009] A first aspect of some embodiments of the present
technology is to provide methods and devices for detecting a
hypoponea and/or a severity of a hypopnea.

[0010] Another aspect of some embodiments of the tech-
nology is to detect hypopneas or hypopnea severity in an
apparatus that measures a respiratory flow signal of a patient.
[0011] A still further aspect of the technology is to imple-
ment the detection of hypopnea or hypopnea severity in a
respiratory treatment apparatus, such as a continuous positive
airway pressure device, based on or as a function of the
detected hypopneas or hypopnea severity.

[0012] Some embodiments of the present technology
involve an apparatus or controller with a method for control-
ling a processor to detect a hypopnea from a measured flow of
breathable gas. The method of the controller or processor may
involve determining a first measure from a short-term vari-
ance of data based on a measured flow of breathable gas. It
may further involve determining a second measure from a
long-term variance of data based on a measured flow of
breathable gas. The first measure may be compared with first
and second proportions of the second measure. With the
method, the apparatus or controller may indicate a detection
of the hypopnea based on the comparing if the first measure
falls below the first proportion and does not subsequently
exceed a range of the first and second proportions during a
first time period.

[0013] In some embodiments, the first proportion may be
less than the second proportion and the method may also
involve indicating a detection of a hypopnea if the first mea-
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sure does not exceed the first proportion during the first time
period. Moreover, the method may also involve indicating a
detection of a hypopnea if the first measure exceeds the first
proportion but does not exceed the second proportion during
the first time period. In some embodiments, the comparing of
the first measure and the first proportion represents a deter-
mination of whether an RMS value calculated from approxi-
mately ten to twenty seconds, but preferably twelve seconds,
of respiratory flow data falls below a threshold of approxi-
mately fifty percent of an RMS value calculated from
approximately fifty to seventy seconds, but preferably sixty
seconds, of respiratory flow data and wherein the first period
oftime is approximately three to eight seconds, but preferably
four seconds. Moreover, the comparing of the second mea-
sure and the second proportion may represent a determination
of whether an RMS value calculated from approximately ten
to fifteen seconds, but preferably twelve seconds, of respira-
tory flow data is below a threshold of approximately seventy
five percent of an RMS value calculated from approximately
fifty to seventy seconds, but preferably sixty seconds, of
respiratory flow data.

[0014] Optionally, further detections of a hypopnea may be
impeded until the first measure exceeds the second proportion
during a second period of time. This impeding of a further
detection may involve comparing of the first measure and the
second proportion such that the comparing represents a deter-
mination of whether an RMS value calculated from approxi-
mately ten to fifteen seconds, but preferably twelve seconds,
of respiratory flow data exceeds a threshold of approximately
seventy five percent of an RMS value calculated from
approximately fifty to seventy seconds, but preferably sixty
seconds, of respiratory flow data and wherein the second
period of time is approximately ten to twenty seconds but
preferably fifteen, seconds. In some cases, the time from
which the long term measure of ventilation is calculated may
be at least approximately three to five times that of the time
from which the short term measure is calculated.

[0015] Some embodiments of the present technology
involve an apparatus or controller with a method for control-
ling a processor to detect a hypopnea from a measured flow of
breathable gas. The method of the processor or controller may
include determining a long-term measure of ventilation and a
short-term measure of ventilation. The method of the proces-
sor or controller may further include determining a threshold
as a proportion of the long-term measure of ventilation and
measuring an area bounded by first and second crossings of
the short-term measure of ventilation and the threshold. A
hypopnea is then detected with the measured area. The mea-
suring may involve integrating a difference between the
threshold and the short-term measure of ventilation during a
time period from when the short-term measure falls below the
threshold to when the short-term measure exceeds the thresh-
old. In some embodiments, the measuring comprises adding
a plurality of sample differences during a time period from
when the short-term measure falls below the threshold to
when the short-term measure exceeds the threshold. Each
sample difference may be a difference between a sample of
the threshold and a sample of the short-term measure of
ventilation.

[0016] Optionally, the method of the apparatus or control-
ler may be configured to impede a further detection of a
hypopnea during a refractory period initiated at the second
crossing. Moreover, the method may include triggering the
measuring of the area upon detecting the first crossing by
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comparing the short-term measure of ventilation and the
threshold for inequality. Still further, the detecting of the
hypopnea may be contingent upon a time from the first cross-
ing to the second crossing exceeding about ten seconds. In
some embodiments, the short-term measure of ventilation
may be an output of low pass filtering half of an absolute value
of a measure of flow of breathable gas with a first time
constant. Similarly, the long-term measure of ventilation may
be an output of low pass filtering half of an absolute value of
a measure of flow of breathable gas with a second time con-
stant larger than the first time constant. Optionally, the pro-
portion may be set at approximately seventy percent. In some
embodiments, the device or apparatus may indicate a severity
of the hypopnea with the measure of area. Optionally, the
device or apparatus may compare the measured area with a
threshold chosen to be approximately indicative of a desatu-
ration of blood oxygen of at least four percent.

[0017] Some embodiments of the present technology
involve an apparatus or controller with a method for control-
ling a processor to detect a hypopnea from a measured flow of
breathable gas that includes the controller or a processor
determining a long-term measure of ventilation and a short-
term measure of ventilation. A threshold is then determined as
a proportion of the long-term measure of ventilation. The
controller or processor then calculates an extent of a hypop-
nea as a function of the short-term measure of ventilation and
the threshold. The apparatus then indicates a severity of the
hypopnea with the measured extent, which may involve out-
putting a value of the measured extent. The calculated extent
may be a calculated area bounded by first and second cross-
ings of the short-term measure of ventilation and the thresh-
old. The calculated area may then optionally be compared
with a threshold chosen to be approximately indicative of a
desaturation of blood oxygen of at least four percent.

[0018] Insome embodiments, the method of the apparatus
or controller may further detect a measure of flow limitation
from a measured flow of breathable gas and wherein the
indicating the detection of the hypopnea is further based on
the measure of flow limitation being indicative of obstruction.
[0019] Still further embodiments of the technology may
involve a methodology for controlling a processor to classify
a hypopnea from a measured flow of breathable gas. The
method of the processor may include detecting an hypopnea
event from a measured flow of breathable gas. It may further
include determining a measure indicative of obstruction in the
measured flow coincident with the hypopnea event. The
method may also include classifying the detected hypopnea
event as obstructive or central based on the determining of the
measure indicative of obstruction. In some such embodi-
ments, the determining comprises detecting partial obstruc-
tion and the classifying comprises scoring an obstructive
hypopnea event. In some such embodiments, the method may
also involve detecting an absence of a breath and the classi-
fying may involve scoring a central hypopnea event based on
the absence of a breath. In an alternative embodiment, the
method may also involve detecting an absence of a breath
coincident with a detected hypopnea event and refraining
from scoring the detected hypopnea event as either central
hypopnea or obstructive hypopnea based on the absence of
the breath. In such a case, the event may be considered to be
an apnea.

[0020] In some embodiments, the technology may be
implemented as a hypopnea detection apparatus. In such an
apparatus, an included controller may have at least one pro-
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cessor to access data representing a measured flow of breath-
able gas. The controller may be configured to control a detec-
tion of an hypopnea event from the data representing the
measured flow of breathable gas. It may also be configured to
control a determination of a measure indicative of obstruction
coincident with the hypopnea event in the data representing
the measured flow. It may also be configured to control a
classification of the detected hypopnea event as obstructive or
central based on the determining of the measure indicative of
obstruction. In some such embodiments, the classification
detects partial obstruction and the classification comprises
scoring an obstructive hypopnea event. In some such embodi-
ments, the controller may be further configured to control a
detection of an absence of a breath and the classification may
involve scoring a central hypopnea event. In an alternative
embodiment, the controller may determine an absence of a
breath coincident with a detected hypopnea event and refrain
from scoring the event as either central hypopnea or obstruc-
tive hypopnea based on the detected absence of the breath. In
such a case, the event may be considered to be an apnea. Such
an apparatus may also include a flow generator configured to
produce a breathable gas for a patient at a pressure above
atmospheric pressure and a flow sensor. The controller may
then be configured to measure the flow of breathable gas with
the flow sensor and to control the flow generator to produce
the breathable gas according to a pressure therapy regime
based on the detected hypopnea.

[0021] Additional features of the present respiratory tech-
nology will be apparent from a review of the following
detailed discussion, drawings and claims.

BRIEF DESCRIPTION OF DRAWINGS

[0022] The present technology is illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings, in which like reference numerals
refer to similar elements including:

[0023] FIG.1 shows an example hypopnea detection appa-
ratus of the present technology with an optional flow sensor
and flow generator;

[0024] FIG. 2is a flow diagram of an example embodiment
of amethod of controlling an apparatus to detect a hypopnea;
[0025] FIG. 3 is a state diagram of a further example appa-
ratus that may implement a method of detecting a hypopnea;
[0026] FIG. 4 is a graph illustrating a detection correlation
of an example embodiment of the methodologies of the
present technology;

[0027] FIG. 5 is a further flow diagram of another example
embodiment of a method of controlling an apparatus to detect
a hypopnea and/or hypopnea severity;

[0028] FIG. 6 is an illustration of a graph of a measure for
detecting hypopnea and/or measuring an hypopnea severity;
and

[0029] FIG.7isablock diagram of a controller in a hypop-
nea detection apparatus including example components
thereof suitable for implementing the detection methodolo-
gies of the present technology.

DETAILED DESCRIPTION

[0030] As illustrated in FIG. 1, embodiments of the present
technology may include a hypopnea detection device or appa-
ratus having a controller 104 that may have one or more
processors to implement particular hypopnea detection meth-
odologies such as the algorithms described in more detail
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herein. Thus, the device or apparatus may include integrated
chips, a memory and/or other control instruction, data or
information storage medium. For example, programmed
instructions encompassing such detection methodologies
may be coded on integrated chips in the memory of the device
or apparatus to form an application specific integrated chip
(ASIC). Such instructions may also or alternatively be loaded
as software or firmware using an appropriate data storage
medium. With such a controller or processor, the device can
be used for processing data from a flow signal. Thus, the
processor may control the assessment of a hypopnea occur-
rence or severity as described in the embodiments discussed
in more detail herein based on measured and recorded respi-
ratory flow data from a prior sleep session. Alternatively, the
detection may be performed during a sleep session contem-
poraneously with the measuring of a respiratory flow signal.
Thus, in some embodiments, the device or apparatus itself
may optionally be implemented with a flow sensor 106 for
measuring a respiratory flow signal for use with the imple-
mented methodologies. For example, flow to or through a
nasal cannula 108 or mask may be measured using a pneu-
motachograph and differential pressure transducer or similar
device such as one employing a bundle of tubes or ducts to
derive a flow signal. Optionally, a flow signal may be inferred
from other sensors, such as, a motor current sensor as
described in PCT/AU2005/001688 filed on Nov. 2, 2005, and
U.S. patent application Ser. No. 12/294,957, the National
Stage thereof, the entire disclosures of which is incorporated
herein by cross reference.

[0031] By way of further example, the hypopnea detection
device may be implemented with a control methodology to
respond to detected hypopnea as a respiratory treatment appa-
ratus. For example, as illustrated in FIG. 1, detection device
may be optionally implemented with a flow generator such as
a servo controlled blower with suitable sensors for such con-
trol (e.g., a pressure sensor). A respiratory treatment or pres-
sure therapy regime, such as a therapeutic pressure level
associated with CPAP treatment, may be delivered by the
controller of the device. Such therapeutic pressure levels may
be automatically adjusted in response to the detection of
hypopnea conditions as described herein. For example, pres-
sure levels may be increased by a specified amount upon
detection of a hypopnea. Optionally, it may be increased
proportionally as a function of a detected hypopnea severity.
For example, a hypopnea with a greater severity measure may
vield a greater pressure adjustment then a hypopnea with a
lesser severity measure. Other pressure adjustment schemes
may also be implemented.

[0032] In some embodiments, the hypopnea detector may
implement a detection of a hypopnea according to AASM
guidelines. For example, the detector may be constructed to
score a hypopnea event upon detection of a reduction in
ventilation by about 30% or more for about 10 seconds or
more coupled with the detection of a desaturation of blood
oxygen by about 4% or more. In such an embodiment, the
reduction in ventilation may, for example, be determined by a
measure of ventilation such as a tidal volume or other such
measure based on the measured respiratory flow signal.
Optionally, the measure of ventilation may be derived by
processing of determined breath peak inspiratory and/or
breath peak expiratory flows. Similarly, the reduction of
blood oxygen may be based on data from an oximetry signal
from an optional oximetry sensor (not shown in FIG. 1).
However, as discussed in more detail herein, other embodi-
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ments of the present technology may be implemented to
emulate such an AASM guideline without analysis of oxim-
etry data from an oximetry sensor.

(1) Example Detection Features

[0033] As illustrated in the flow chart of FIG. 2, in some
embodiments of the present technology an automated detec-
tion of a hypopnea condition by a detection device may be
based on the determination or calculation of a variance from
data representing a measure of a flow of breathable gas or a
respiratory flow signal. For example, at 220 a first measure
from a short-term variance calculation may be determined.
One such measure may be calculated by determining the
mean of the squares minus the square of the mean of the
samples from a respiratory flow signal from a flow sensor or
recorded data based thereon. Other methods for calculating
the variance may also be implemented. The short-term vari-
ance may be on the order of seconds, such as about ten to
fifteen seconds, for example a 10 second variance utilizing
about ten seconds of samples taken from the flow signal.
Similarly, a long-term variance measure may be determined
at222. Thelong-term variance may be on the order of minutes
such as approximately one minute or about fifty to seventy
seconds, for example, 60 seconds utilizing about sixty sec-
onds of samples taken from the flow signal. In some cases, the
time from which the long term measure of ventilation is
calculated may be at least approximately three to five times
that of the time from which the short term measure is calcu-
lated. For example, is the long term measure of ventilation is
chosen to be calculated from sixty seconds. the short term
measure may be calculated as one fifth (e.g.. 60/5) to give a
time period of twelve seconds.

[0034] At 224, ameasure of the short-term variance may be
compared with first and second proportions of the long-term
variance. For example, it may be desired to detect a hypopnea
based on a decrease that does not exceed a certain range, for
example, between of 45% and 70%. In such a case, the long-
term variance may be multiplied by factors of (0.45)* and
(0.7)*. Optionally, these factors may be utilized without the
squaring operations if they are multiplied by the square root
of the long-term variance and the resulting proportions are
compared with the square root of the short-term measure of
variance. Such a comparison represents a determination of a
reduction in airflow based on RMS ventilation. At 226, a
hypopnea event may then be scored or indicated when the
measure of the short-term variance falls below the first pro-
portion but does not subsequently exceed a range of the first
and the second proportions for a period of time. Such a system
may permit more accurate automated detection or scoring of
hypopnea, by permitting brief excursions of data of the res-
piratory flow signal above the first proportion but not the
second while a time period of the fall in patient breathing is
accumulated or timed.

[0035] A state diagram for implementing such an embodi-
ment of the technology in a detector is illustrated in FIG. 3.
The detector may be useful for a device that contemporane-
ously scores hypopnea during a sleep session with the detec-
tor while a patient is experiencing the event but it may also be
implemented for post-session analysis. The behavior of the
device begins at a start state S0. At 332, the device may
determine whether the RMS ventilation falls below about a
50% threshold. For example, the device may compare a short-
term variance of a respiratory flow signal determined over a
10 or 12 second data window (i.e., V4 or V| ) with a propor-
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tion of a long-term variance determined over a sixty second
datawindow (e.g., (0.5) times V). If this threshold is met or
breached, a timing period may be triggered or started at 334
and the device enters a sub-50 state (S1). For example, acount
down timer (designated “Sub-50 Timer”) may be set to a
maximum petiod of about three to eight seconds, but prefer-
ably four seconds. Other values for this time setting may be
pre-determined depending on the desired results of hypopnea
evaluation criteria. If the threshold is not met at 332, the
device returns to the start state (S0).

[0036] At 336, the device then determines whether the
RMS ventilation remains below about 50%. Such a test may
be comparable to the test implemented at 332. If not, then the
device transitions to an excursion range state (S2). From this
state, the device tests whether the RMS ventilation again falls
below about 50% at 338. If it does, the device then returns to
the sub-50 state (S1). If not, then the device tests whether the
RMS ventilation exceeds about a 75% threshold at 340. For
example, the device may compare the short-term variance of
a respiratory flow signal determined over a 10 or 12 second
data window (i.e.,V , or V,,) with another proportion of the
long-term variance determined over a sixty second data win-
dow (e.g., (0.75)° times V). If this threshold is met or
breached, then the device may transition to the start state
(S01) without scoring a hypopnea event. If at 340 the thresh-
old is not met, then the device returns to the excursion range
state (S2).

[0037] Ifat336 thetest determines that the RMS ventilation
remains below about 50%, then the Sub-50 Timer is decre-
mented or permitted to count down if it has not expired (e.g.,
if it greater than 0) at process block 342. Then, at 344, the
Sub-50 Timer is checked for an expiration condition such that
the timing period has expired or lapsed. If it has not expired
the device remains in the sub-50 state (S1). If it has expired,
the device scores a hypopnea upon entering the scored state
(S3). Thus, detection device indicates a hypopnea condition
based on the analysis of the sub-50 state (S1) and the excur-
sion range state (S2).

[0038] Another feature of the device once having entered
the scored state (S3) is the implementation of a refractory
period to prevent multiple scoring of a common hypopnea
event. Thus, at 346 the RMS ventilation is tested to see if it
exceeds about a 75% threshold. The test is comparable to the
comparison at 340. If at 346 it does not exceed the threshold,
the device remains in the scored state (S3). If at 346 it does
exceed the threshold, another timing period or a refractory
timing period may be triggered or started at 348 and the
device enters a super-75 state (S4). For example, a count
down timer (designated “Super-75 Timer”) may be set to a
maximum period of about ten to twenty seconds, but prefer-
ably 15 seconds. Other values for this time setting may be
pre-determined depending on the desired length of the refrac-
tory time to ensure that the scored hypopnea condition has
ceased.

[0039] From the super-75 state (S4), the RMS ventilation is
checked at 350 for confirmation that it remains above the
threshold of about 75% like the comparison at 346. If it does,
then at 352 the Super-75 Timer is decremented so it continues
to run or count down. If at 354, the Super-75 Timer has
expired or passed the desired time period, then the device
returns to the start state (S0). If not, the device remains in the
super-75 state (34).

[0040] In sum, the detector determines whether the short-
term ventilation measure falls below a 50% threshold and
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then stays there for about 4 seconds. The detector allows
excursions above the 50% threshold but not a 75% threshold
while the 4 second period is being accumulated. However, if
the 75% threshold is exceeded before the accumulation
period is over then the detector will reset to start without a
hypopnea indication. Once the accumulation is complete, a
hypopnoea is indicated. The detector then requires the short-
term threshold measure to exceed a 75% threshold for a
refractory period such as 15 contiguous seconds before the
detector becomes non-refractory. As implemented, the detec-
tor will not score short hypopnoeas and will tend to allow
messy periods of depressed flow to be scored as one hypop-
noea rather than two or more.

[0041] Insomeembodiments, entering the stored state (S3)
or otherwise indicating or scoring a hypopnea may be further
conditioned on a detection of flow limitation, an obstructive
apnea and/or central apnea, which may be detected by a
common processor as the hypopnea detection processor or a
different processor in electronic communication with the
hypopnea detection processor. For example, the device may
be configured to also detect an obstructive apnea, partial
obstruction and/or central apnea by any of the methods
described in U.S. Pat. Nos. 6,138,675 and 6,029,665, the
entire disclosures of which are incorporated herein by cross
reference, which a different processor or detector. Similarly,
the device may be configured to detect a measure of flow
limitation, such as a fuzzy flow limitation measure as dis-
closed in PCT/AU008/000647, filed on May 9, 2008, (pub-
lished as International Patent Application Publication No.
(WO/2008/138040) and U.S. Provisional Patent Application
No. 60/965,172 filed on Aug. 17, 2007, the disclosures of
which are hereby incorporated herein by reference. In such
embodiments, the determination of the reduction in ventila-
tion (e.g., a classification associated with the sub-50 state) in
conjunction with a detection of any one or more of a central
apnea, patency of the airway, an absence of partial obstruc-
tion, an obstructive apnea or a low or insufficient measure of
flow limitation, may be taken as a contra-indication of hypop-
nea condition. In such a case, the decrease in ventilation may
be considered a result of apnea. For example, if a measure of
partial obstruction or flow limitation indicates that there is
insignificant or no obstruction during the sub-50 timing
period, then rather than scoring a hypopnea, the detector may
return to the start state (S0) or a further wait state (not shown)
that provides a similar refractory timing period to wait for the
ventilation measure to return above a threshold such as the
75% threshold discussed at 346. Similarly, by way of further
example, if a measure of central apnea or airway patency
indicates thatthere is a central apnea during the sub-50 timing
period, then rather than scoring a hypopnea, the detector may
return to the start state (S0) or the further wait state that
provides a similar refractory timing period to wait for the
ventilation measure to return above a threshold such as the
75% threshold discussed at 346. As a still further example, if
a measure of obstructive apnea indicates that there is an
obstructive apnea during the sub-50timing period, then rather
than scoring a hypopnea, the detector may return to the start
state (S0) or the further wait state that provides a similar
refractory timing period to wait for the ventilation measure to
return above a threshold such as the 75% threshold discussed
at 346.

[0042] An embodiment of the above detector based on the
state diagram of FIG. 3 was tested on a library of data repre-
senting recorded patient respiratory flow signals. The flow
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data was pre-correlated with oxygen desaturation data. The
hypopnea detector analyzed the flow data and hypopnea
events were recorded. The hypopnea events detected were
then correlated with the desaturation event data. A graph of
the correlation is illustrated at FIG. 4. The graph shows that
the hypopnea detection methodology correlates well with
desaturation events (ODTI) of at least a 4% desaturation.
[0043] In a further example of the scoring methodology
illustrated in FIG. 3, the states of the state machine may be
implemented to avoid scoring the hypopnea when apnea
events (e.g., central apnea or obstructive apnea) are detected.
For example, when the detector enters the scored state (53),
an hypopnea is merely “pre-logged” (such as by setting a
“pre-logged” variable to true) so that it is not scored imme-
diately. This may be considered the detection of a potential
hypopnea by the detector. At this time, an apnea detector
(such as an obstructive apnea and/or central apnea detector)
may be polled (e.g., continuously during the state) to deter-
mine if the apnea detector has detected an apnea. If, in
response to the polling, the detection of apnea has been con-
firmed, then the value of the “pre-logged” variable may be
changed (e.g., set to false) and the state of the hypopnea
detector is advanced to the super-75 state (S4) with the setting
of the Super75 Timer at 348. In this way, the scoring of the
hypopnea may be bypassed. Once the detector advances to
the super-75 state (S4) then a potential hypopnea event will be
logged or scored as an hypopnea event based on the pre-
logged variable (e.g., if “pre-logged” variable is true, the
event is logged as an hypopnea; but if the “pre-logged” vari-
able is false, the event will not be logged or scored as a
hypopnea.)

[0044] In this embodiment, the state machine of the detec-
tor advances out of the scored state (S3) by entering the
super75 state (S4). Therefore, if at any time between entering
the scored state and entering the super75 state (S4) an apnea
is confirmed, then no hypopnea will be logged. Further, if at
any time an apnea is confirmed before an hypopnea is scored,
then the hypopnea detector is put into the refractory state and
no score is possible until the refractory period is over. Thus,
this embodiment can help to prevent false positive hypopnea
scoring when a potential hypopnea event is an apnea event.
While this embodiment implements a coordinated apnea and
hypopnea detection by separate detectors (e.g., separate
devices or separate software and/or hardware modules of a
common apparatus) that communicate through polling as
described above, in some embodiments, the states of the state
machine above may be modified with additional thresholds
intended for detecting apnea by known methods. In such a
case, the output of a unified state machine of a common
software and/or hardware module could be to detect either a
hypopnea condition or an apnea condition depending on the
results of the assessments of the various thresholds or condi-
tions of the state machine.

(2) Additional Detection Features

[0045] Insomeembodiments, a scoring of a hypopnea may
also include a determination of a measure of the severity of
the scored hypopnea. An example of such a methodology is
illustrated in FIG. 5. In the example, short-term and long-term
measures of ventilation may be determined from a respiratory
flow signal respectively at 540 and 542. For example, the
measures may be an RMS ventilation or variance calculation
as discussed in the prior embodiment determined over short
and long time windows (e.g., about 12 and 60 seconds respec-
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tively). By way of further example, the ventilation measures
may each be a low pass filtered average ventilation (e.g., half
of the absolute value of data samples from a flow signal using
short and long time constants). In still further embodiments, a
long-term average tidal volume over multiple breaths and a
recent tidal volume of one or an average of several breaths
may be utilized as ventilation measures. At 544 a threshold as
a function of the long-term measure is determined. For
example, the threshold may be a portion or proportion of the
measure (e.g., 50%, 75%, etc.). The threshold may be empiri-
cally determined based on hypopnea conditions in patients.
Then at 546, the detection device detects a hypopnea or the
severity of a hypopnea with the threshold and the short-term
measure by, for example, measuring an area bounded by first
and second crossings of the short-term measure of ventilation
and the threshold.

[0046] An example of the technology may be considered in
conjunction with the illustrated graph of FIG. 6. The graph
plots a long-term ventilation measure 650 and a short-term
ventilation measure 652, which may be determined from a
measured respiratory flow signal. The graph also illustrates a
threshold 650P determined as a function of the long-term
ventilation measure. The extent of the bounded area A, which
may provide a measure of severity of a hypopnea incident,
may be determined by the detection device with the data from
these measures. For example, this bounded area A may be
determined by the following example formula:

A= fx)-gx)dx

Where:

[0047]
tilation;
[0048]
[0049] a and b are first and second crossings of f(x) and
2(x), and may delimit a period of time at least ten seconds in
length.

[0050] In an example embodiment, the integration of the
ventilation measures may be implemented by sampling of
these signals at a common time and by consecutively adding
sample differences of the threshold and the short-term mea-
sure (i.e., f{(x)-g(x), where x is a sample time) from time (a)
to time (b). As shown in FIG. 6, the adding operation may be
initiated (at “Trigger a”) by comparing the threshold and the
short-term measure to determine that the short-term measure
is less than the threshold (e.g., G(x)<=F(x) at x=a). The add-
ing operation may then stop (at “Trigger b”) by again com-
paring the threshold and short-term ventilation (e.g., G(x)
>=F(x) at x=b) to determine that the short-term measure has
exceeded the threshold. The resulting sum may be taken as the
severity measure. In some embodiments, if the time period
over which samples were taken (e.g., a sample count) does not
exceed a chosen time period indicative of hypopnea, such as
about 10 seconds, the measure of severity may be disregarded
(e.g., if (b-2)<10 seconds).

[0051] These area determination methods of FIG. 5 may
optionally be implemented along with the scoring method-
ologies of FIGS. 2 and 3 to provide a severity measure for
each scored event and/or to provide a joint hypoponea score
based on both methodologies. For example, a hypopnea may
be counted by a detector if either method or, alternatively,
both methods detect the occurrence ofa hypopnea. The sever-
ity measure may then be provided for the counted hypopnea.

f(x) is a proportion of a long-term measure of ven-

G(x) 1s the short-term measure of ventilation;,
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However, the area methods may also be implemented inde-
pendent of the former methods as independent detectors.
[0052] Thus, the area measurement may be utilized to not
only score a hypopnea but to provide a measure of its severity
as well. For example, the severity measure may be compared
to a threshold indicative of hypopnea. For example, a prede-
termined threshold may be empirically determined to be
indicative of desaturation, such as about a 4% desaturation
event. Thus, by comparing the severity measure to such a
threshold, a hypopnea event may be scored. Optionally, its
severity may be further analyzed or quantified by, for
example, determining a value that it exceeds the threshold or
as aratio with the threshold. Still further, the value of the area
itself may serve as the measure of severity.

[0053] In some embodiments, the length of the hypopnea,
such as its time or duration, may also serve as a measure of
severity. As with the area measure, it may be compared to one
or more thresholds to assess the hypopnea event. In some
embodiments, the area measure, the length or duration and
the count, may be each analyzed to score a hypopnea and/or
define its severity. For example, a hypopnea event scored by
any of the described embodiments may be further character-
ized by its length and area to indicate severity.

[0054] In still further embodiments of the hypopnea detec-
tion technology, hypopnea events may be characterized or
classified by type, such as by determining that an hypopnea
event is an obstructive hypopnea or determining that the
hypopnea event is a central hypopnea. In this way, the detec-
tor may distinguish between different types of hypopneas.
For example, the common occurrence of (1) an hypopnea
event detected by any of the methodologies herein, such as in
the absence of a confirmation of a detected apnea, and (2) the
detection of any one or more of (a) a measure of flow limita-
tion (e.g., by analysis of a flow limitation index), (b) detecting
a breath or breathing cycle during the hypopnea (e.g., con-
firming patient triggering of the transition from an expiration
state to inspiration state based on triggering threshold) and/or
(c) ameasure of partial obstruction, may be collectively taken
as a detection of an obstructive hypopnea for scoring rather
than a central hypopnea. Similarly, the common occurrence
of (1) a hypopnea event detected by any of the methodologies
herein, such as in the absence of a confirmation of a detected
apnea, and (2) the detection of any one or more of (a) a
patency condition of the airway, (b) a failure to detect a breath
or breathing cycle (e.g., an absence of patient triggering ofthe
transition from an expiration state to inspiration state after a
period of time based on triggering threshold) and/or (¢) an
absence of flow limitation or partial obstruction, may be
collectively taken as a detection of an central hypopnea for
scoring rather than an obstructive hypopnea. Thus, while a
number of scored hypopnea events may be presented as a total
of both obstructive hypopneas and central hypopneas, some
embodiments of the present technology may also be imple-
mented to score or report a break down of the number of
obstructive hypopneas separately from the number of central
hypopneas determined by the detector.

[0055] By way of further example, in one such embodiment
of the detector, obstructive hypopnea events may be scored
while hypopnea events that are attributable to central events
are not scored. In the example, hypopnea events detected by
any of the methods described herein that also coincide with a
flow limitation index satisfying a desired threshold may be
scored as a hypopnea or as an obstructive hypopnea. How-
ever, in the event that a detected hypopnea event coincides
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with the absence of a detection of a breath or breathing cycle,
no hypopnea may be scored. In such a case the failure to
detect a breath or breathing cycle (e.g., an absence of patient
triggering of the transition from an expiration state to inspi-
ration state after a period of time based on triggering thresh-
old) may be considered an indicator of a central event (e.g.,
central apnea).

Example Architecture

[0056] An example system architecture of a controller is
illustrated in the block diagram of FIG. 7. In the illustration,
the hypopnea detection device 701 or general purpose com-
puter may include one or more processors 708. The device
may also include a display interface 710 to output hypopnea
detection reports (e.g., hypopnea counts and/or severity mea-
sures), results or graphs (e.g., area curves as illustrated in FIG.
6) as described herein such as on a monitor or LCD panel. A
user control/input interface 712, for example, for a keyboard,
touch panel, control buttons, mouse etc. may also be provided
to activate the methodologies described herein. The device
may also include a sensor or data interface 714, such as a bus,
for receiving/transmitting data such as programming instruc-
tions, oximetery data, flow data, hypopnea detection data etc.
The device may also typically include a memory/data storage
components containing control instructions of the aforemen-
tioned methodologies (e.g., FIGS. 2-6). These may include
processor control instructions for flow or oximetery signal
processing (e.g., pre-processing methods, filters) at 722 as
discussed in more detail herein. They may also include pro-
cessor control instructions for ventilation measure determi-
nation (e.g., variance, RMS calculations etc.) at 724. They
may also include processor control instructions for Hypopnea
detection or severity measurement (e.g., threshold determi-
nation, comparison, area measuring, triggering, timing meth-
ods, scoring etc.) at 726. Finally, they may also include stored
data 728 for these methodologies such as detected hypopnea
events and/or hypopnea severity measures, threshold propor-
tions, timing thresholds, reports and graphs, etc.)

[0057] In some embodiments, the processor control
instructions and data for controlling the above described
methodologies may be contained in a computer readable
recording medium as software for use by a general purpose
computer so that the general purpose computer may serve as
a specific purpose computer according to any of the method-
ologies discussed herein upon loading the software into the
general purpose computer.

[0058] In the foregoing description and in the accompany-
ing drawings, specific terminology, equations and drawing
symbols are set forth to provide a thorough understanding of
the present technology. In some instances, the terminology
and symbols may imply specific details that are not required
to practice the technology. For example, although the terms
“first” and “second” have been used herein, unless otherwise
specified, the language is not intended to provide any speci-
fied order but merely to assist in explaining distinct elements
of the technology. Furthermore, although process steps in the
detection methodologies have been illustrated in the figures in
an order, such an ordering is not required. Those skilled in the
art will recognize that such ordering may be modified and/or
aspects thereof may be conducted in parallel.

[0059] Moreover, although the technology herein has been
described with reference to particular embodiments, it is to be
understood that these embodiments are merely illustrative of
the principles and applications of the technology. It is there-
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fore to be understood that numerous modifications may be
made to the illustrative embodiments and that other arrange-
ments may be devised without departing from the spirit and
scope of the technology. For example, while the above scor-
ing and severity measuring methodologies may be performed
without measured blood oxygen data, in some embodiments,
a detector may further include access to desaturation data
from an oximetry sensor to classify hypopneas with actual
SpO, data and ventilation or airflow data, such as by a method
ofthe AASM guidelines. In such an embodiment, the detector
may implement hypopnea detection with the SpO, data and
without as described in prior embodiments (e.g., FIGS. 2,3
and 5). Thus, the device may score a hypopnea by detection
with either methodology or alternatively, with a detection by
both methodologies. Such an embodiment may also be uti-
lized to compare results from both methodologies to evaluate
either methodology or to provide a treatment of the detected
hypopneas if detected by either or both methodologies.

[0060] Additional example embodiments of the herein dis-
closed technology may also be understood upon consider-
ation of the following descriptive paragraphs. To this end, the
technology may also involve:

[0061] A method for controlling a processor to detect a
hypopnea from a measured flow of breathable gas, the method
ofthe processor comprising: determining a first measure from
a short-term variance of data based on a measured flow of
breathable gas; determining a second measure from a long-
term variance of data based on a measured flow of breathable
gas; comparing the first measure with first and second pro-
portions of the second measure; and indicating a detection of
the hypopnea based on the comparing if the first measure falls
below the first proportion and does not subsequently exceed a
range of the first and second proportions during a first time
period.

[0062] The method of any of the proceeding paragraphs
wherein the first proportion is less than the second proportion
and further comprising indicating a detection ofa hypopnea if
the first measure does not exceed the first proportion during
the first time period.

[0063] The method of any of the proceeding paragraphs
wherein the first proportion is less than the second proportion
and further comprising indicating a detection ofa hypopnea if
the first measure exceeds the first proportion but does not
exceed the second proportion during the first time period.

[0064] The method of any of the proceeding paragraphs
further comprising detecting a measure of flow limitation
from a measured flow of breathable gas and wherein the
indicating the detection of the hypopnea is further based on
the measure of flow limitation being indicative of obstruction.

[0065] The method of any of the proceeding paragraphs
wherein the comparing of the first measure and the first pro-
portion represents a determination of whether an RMS value
calculated from approximately ten to fifteen seconds of res-
piratory flow data falls below a threshold of approximately
fifty percent of an RMS value calculated from approximately
fifty to seventy seconds of respiratory flow data and wherein
the first period of time is approximately three to eight sec-
onds.

[0066] The method of any of the proceeding paragraphs
wherein the comparing of the second measure and the second
proportion represents a determination of whether an RMS
value calculated from approximately ten to fifteen seconds of
respiratory flow data is below a threshold of approximately
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seventy five percent of an RMS value calculated from
approximately fifty to seventy seconds of respiratory flow
data.

[0067] The method of any of the proceeding paragraphs
wherein the comparing of the first measure and the first pro-
portion represents a determination of whether an RMS value
calculated from approximately ten to fifteen seconds of res-
piratory flow data falls below a threshold of approximately
fifty percent of an RMS value calculated from approximately
fifty to seventy seconds of respiratory flow data and wherein
the first period of time is approximately three to eight sec-
onds.

[0068] The method of any of the proceeding paragraphs
further comprising impeding a further detection of a hypop-
nea until the first measure exceeds the second proportion
during a second period of time.

[0069] The method of any of the proceeding paragraphs
wherein the impeding of the further detection comprises com-
paring of the first measure and the second proportion, wherein
this comparing represents a determination of whether an
RMS value calculated from approximately ten to fifteen sec-
onds of respiratory flow data exceeds a threshold of approxi-
mately seventy five percent of an RMS value calculated from
approximately fifty to seventy seconds of respiratory flow
data and wherein the second period of time is approximately
ten to twenty seconds.

[0070] The method of any of the proceeding paragraphs
further comprising measuring a flow of breathable gas with a
flow sensor.

[0071] A hypopnea detection apparatus comprising: a con-
troller having at least one processor to access data represent-
ing a measured flow of breathable gas, the controller being
further configured to: determine a first measure from a short-
term variance of the data; determine a second measure from a
long-term variance of the data; compare the first measure with
first and second proportions of the second measure; and indi-
cate a detection of the hypopnea based on the comparing if the
first measure falls below the first proportion and does not
subsequently exceed a range of the first and second propor-
tions during a first time period.

[0072] The apparatus of any of the proceeding paragraphs
wherein the first proportion is less than the second proportion
and wherein the controller is further configured to indicate a
detection of a hypopnea if the first measure does not exceed
the first proportion during the first time period.

[0073] The apparatus of any of the proceeding paragraphs
wherein the first proportion is less than the second proportion
and wherein the controller is further configured to indicate a
detection of a hypopnea if the first measure exceeds the first
proportion but does not exceed the second proportion during
the first time period.

[0074] The apparatus of any of the proceeding paragraphs
wherein the controller is further configured to detect a mea-
sure of flow limitation from the data and wherein the indicat-
ing the detection of the hypopnea is further based on the
measure of flow limitation being indicative of obstruction.

[0075] The apparatus of any of the proceeding paragraphs
wherein the comparing of the first measure and the first pro-
portion represents a determination of whether an RMS value
calculated from approximately ten to fifteen seconds of res-
piratory flow data falls below a threshold of approximately
fifty percent of an RMS value calculated from approximately

Sep. §,2016

fifty to seventy seconds of respiratory flow data and wherein
the first period of time is approximately three to eight sec-
onds.

[0076] The apparatus of any of the proceeding paragraphs
wherein the comparing of the second measure and the second
proportion represents a determination of whether an RMS
value calculated from approximately ten to fifteen seconds of
respiratory flow data is below a threshold of approximately
seventy five percent of an RMS value calculated from
approximately fifty to seventy seconds of respiratory flow
data.

[0077] The apparatus of any of the proceeding paragraphs
wherein the comparing of the first measure and the first pro-
portion represents a determination of whether an RMS value
calculated from approximately ten to fifteen seconds of res-
piratory flow data falls below a threshold of approximately
fifty percent of an RMS value calculated from approximately
fifty to seventy seconds of respiratory flow data and wherein
the first period of time is approximately three to eight sec-
onds.

[0078] The apparatus of any of the proceeding paragraphs
wherein the controller is further configured to impede a fur-
ther detection of a hypopnea until the first measure exceeds
the second proportion during a second period of time.
[0079] The apparatus of any of the proceeding paragraphs
wherein the impeding of the further detection comprises com-
paring of the first measure and the second proportion, wherein
this comparing represents a determination of whether an
RMS value calculated from approximately ten to fifteen sec-
onds of respiratory flow data exceeds a threshold of approxi-
mately seventy five percent of an RMS value calculated from
approximately fifty to seventy seconds of respiratory flow
data and wherein the second period of time is approximately
ten to twenty seconds.

[0080] The apparatus of any of the proceeding paragraphs
further comprising a flow sensor and wherein the controller is
further configured to determine the measured flow of breath-
able gas with the flow sensor.

[0081] The apparatus of any of the proceeding paragraphs
further comprising: a flow generator configured to produce a
breathable gas for a patient at a pressure above atmospheric
pressure; wherein the controller is further configured to con-
trol the flow generator to produce the breathable gas accord-
ing to a pressure therapy regime based on the detected hypop-
nea.

[0082] A method for controlling a processor to detect a
hypopnea from a measured flow of breathable gas, the method
of the processor comprising: determining a long-term mea-
sure of ventilation; determining a short-term measure of ven-
tilation; determining a threshold as a proportion of the long-
term measure of ventilation; measuring an area bounded by
first and second crossings of the short-term measure of ven-
tilation and the threshold; and detecting the hypopnea with
the measured area.

[0083] The method of any of the preceding paragraphs
wherein the measuring comprises integrating a difference
between the threshold and the short-term measure of ventila-
tion during a time period from when the short-term measure
falls below the threshold to when the short-term measure
exceeds the threshold.

[0084] The method of any of the preceding paragraphs
wherein the measuring comprises adding a plurality of
sample differences during a time period from when the short-
term measure falls below the threshold to when the short-term



US 2016/0256644 Al

measure exceeds the threshold, wherein each sample differ-
ence is a difference between a sample of the threshold and a
sample of the short-term measure of ventilation.

[0085] The method of any of the preceding paragraphs
further comprising impeding a further detection of a hypop-
nea during a refractory period initiated at the second crossing.
[0086] The method of any of the preceding paragraphs
further comprising triggering the measuring of the area upon
detecting the first crossing by comparing the short-term mea-
sure of ventilation and the threshold for inequality.

[0087] The method of any of the preceding paragraphs
wherein the detecting of the hypopnea is contingent upon a
time from the first crossing to the second crossing exceeding
about ten seconds.

[0088] The method of any of the preceding paragraphs
wherein the short-term measure of ventilation comprises an
output of low pass filtering half of an absolute value of a
measure of flow of breathable gas with a first time constant.
[0089] The method of any of the preceding paragraphs
wherein the long-term measure of ventilation comprises an
output of low pass filtering half of an absolute value of a
measure of flow of breathable gas with a second time con-
stant, the second time constant being larger than the first time
constant.

[0090] The method of any of the preceding paragraphs
wherein the proportion comprises approximately seventy per-
cent.

[0091] The method of any of the preceding paragraphs
further comprising indicating a severity of the hypopnea with
the measure of area.

[0092] The method of any of the preceding paragraphs
wherein the detecting comprises comparing the measured
area with a threshold chosento be approximately indicative of
a desaturation of blood oxygen of at least four percent.
[0093] The method of any of the preceding paragraphs
further comprising measuring a flow of breathable gas with a
flow sensor.

[0094] The method of any of the preceding paragraphs
further comprising detecting a measure of flow limitation
from the measured flow signal and wherein the detection of
the hypopnea is further based on the measure of flow limita-
tion being indicative of obstruction.

[0095] An apparatus to detect a hypopnea from a measured
flow of breathable gas, the apparatus comprising: a controller
having at least one processor to access data representing a
measured flow of breathable gas, the controller being further
configured to: determine a long-term measure of ventilation
from the measured flow; determine a short-term measure of
ventilation from the measured flow; determine a threshold as
aproportion of the long-term measure of ventilation; measure
an area bounded by first and second crossings of the short-
term measure of ventilation and the threshold; and detect the
hypopnea with the measured area.

[0096] The apparatus of any of the preceding paragraphs
wherein the controller is configured to measure the area by
integrating a difference between the threshold and the short-
term measure of ventilation during a time period from when
the short-term measure falls below the threshold to when the
short-term measure exceeds the threshold.

[0097] The apparatus of any of the preceding paragraphs
wherein the controller is configured to measure the area by
adding a plurality of sample differences during a time period
from when the short-term measure falls below the threshold
to when the short-term measure exceeds the threshold,
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wherein each sample difference is a difference between a
sample of the threshold and a sample of the short-term mea-
sure of ventilation.

[0098] The apparatus of any of the preceding paragraphs
wherein the controller is further configured to impede a fur-
ther detection of a hypopnea during a refractory period initi-
ated by detection of the second crossing.

[0099] The apparatus of any of the preceding paragraphs
wherein the controller is further configured to trigger the
measuring of the area upon detecting the first crossing by
comparing the short-term measure of ventilation and the
threshold for inequality.

[0100] The apparatus of any of the preceding paragraphs
wherein the detection of the hypopnea is contingent upon a
time from the first crossing to the second crossing exceeding
about ten seconds.

[0101] The apparatus of any of the preceding paragraphs
wherein the short-term measure of ventilation comprises an
output of low pass filtering half of an absolute value of a
measure of flow of breathable gas with a first time constant.
[0102] The apparatus of any of the preceding paragraphs
wherein the long-term measure of ventilation comprises an
output of low pass filtering half of an absolute value of a
measure of flow of breathable gas with a second time con-
stant, the second time constant being larger than the first time
constant.

[0103] The apparatus of any of the preceding paragraphs
wherein the proportion comprises approximately seventy per-
cent.

[0104] The apparatus of any of the preceding paragraphs
wherein the controller is further configured to indicate a
severity of the hypopnea with the measure of area.

[0105] The apparatus of any of the preceding paragraphs
wherein the detecting comprises comparing the measured
area with a threshold chosen to be approximately indicative of
a desaturation of blood oxygen of at least four percent.
[0106] The apparatus of any of the preceding paragraphs
wherein the controller is further configured to detect a mea-
sure of flow limitation from the data and wherein the detec-
tion of the hypopnea is further based on the measure of flow
limitation being indicative of obstruction.

[0107] The apparatus of any of the preceding paragraphs
further comprising a flow sensor and wherein the controller is
further configured to determine the measured flow of breath-
able gas with the flow sensor.

[0108] The apparatus of any of the preceding paragraphs
further comprising: a flow generator configured to produce a
breathable gas for a patient at a pressure above atmospheric
pressure; wherein the controller is further configured to con-
trol the flow generator to produce the breathable gas accord-
ing to a pressure therapy regime based on the detected hypop-
nea.

[0109] A method for controlling a processor to detect a
hypopnea from a measured flow of breathable gas, the method
of the processor comprising: determining a long-term mea-
sure of ventilation; determining a short-term measure of ven-
tilation; determining a threshold as a proportion of the long-
term measure of ventilation; calculating an extent of a
hypopnea as a function of the short-term measure of ventila-
tion and the threshold; and indicating a severity of the hypop-
nea with the measured extent.

[0110] The method of any of the preceding paragraphs
wherein the indicating comprises outputting a value of the
measured extent.
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[0111] The method of any of the preceding paragraphs
wherein the calculated extent is a calculated area bounded by
first and second crossings of the short-term measure of ven-
tilation and the threshold.

[0112] The method of any of the preceding paragraphs
further comprising comparing the calculated area with a
threshold chosen to be approximately indicative of a desatu-
ration of blood oxygen of at least four percent.

[0113] The method of any of the preceding paragraphs
further comprising measuring a flow of breathable gas with a
flow sensor.

[0114] The method of any of the preceding paragraphs
further comprising detecting a measure of flow limitation
from the measure flow and wherein the indicating the detec-
tion of the hypopnea is further based on the measure of flow
limitation being indicative of obstruction.

[0115] An apparatus to detect a hypopnea from a measured
flow of breathable gas, the apparatus comprising: a controller
having at least one processor to access data representing a
measured flow of breathable gas, the controller being further
configured to: determine a long-term measure of ventilation
from the data; determine a short-term measure of ventilation
from the data; determine a threshold as a proportion of the
long-term measure of ventilation; calculate an extent of a
hypopnea as a function of the short-term measure of ventila-
tion and the threshold; and indicate a severity of the hypopnea
with the calculated extent.

[0116] The apparatus of any of the preceding paragraphs
wherein the controller is configured to indicate the severity by
outputting a value of the calculated extent to an output device.
[0117] The apparatus of any of the preceding paragraphs
wherein the controller calculates the extent by calculating an
area bounded by first and second crossings of the short-term
measure of ventilation and the threshold.

[0118] The apparatus of any of the preceding paragraphs
wherein the controller is further configured to compare the
calculated area with a threshold chosen to be approximately
indicative of a desaturation of blood oxygen of at least four
percent.

[0119] The apparatus of any of the preceding paragraphs
further comprising a flow sensor and wherein the controller is
further configured to determine the measured flow of breath-
able gas with the flow sensor.

[0120] The apparatus of any of the preceding paragraphs
further comprising: a flow generator configured to produce a
breathable gas for a patient at a pressure above atmospheric
pressure; wherein the controller is further configured to con-
trol the flow generator to produce the breathable gas accord-
ing to a pressure therapy regime based on the detected hypop-
nea.

[0121] The apparatus of any of the preceding paragraphs
wherein the controller is further configured to detect a mea-
sure of flow limitation from the data and wherein the indicat-
ing the detection of the hypopnea is further based on the
measure of flow limitation being indicative of obstruction.
[0122] A method for controlling a processor to classify a
hypopnea from a measured flow of breathable gas, the method
of the processor comprising: detecting an hypopnea event
from a measured flow of breathable gas; determining a mea-
sure indicative of obstruction in the measured flow coincident
with the hypopnea event; and classifying the detected hypop-
neaevent as obstructive or central based on the determining of
the measure indicative of obstruction.
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[0123] The method of any of the preceding paragraphs
wherein the determining comprises detecting partial obstruc-
tion and the classifying comprises scoring an obstructive
hypopnea event.

[0124] The method of any of the preceding paragraphs
further comprising detecting an absence of a breath and the
classifying comprises scoring a central hypopnea event.
[0125] The method of any of the preceding paragraphs
further comprising detecting an absence of a breath coinci-
dent with a further detected hypopnea event and refraining
from scoring the further detected hypopnea event based on
the detected absence of a breath.

[0126] A hypopnea detection apparatus comprising: a con-
troller having at least one processor to access data represent-
ing a measured flow of breathable gas, the controller being
further configured to control: a detection of an hypopnea
event from the data representing the measured flow of breath-
able gas; a determination of a measure indicative of obstruc-
tion coincident with the hypopnea event in the data represent-
ing the measured flow; and a classification the detected
hypopnea event as obstructive or central based on the deter-
mining of the measure indicative of obstruction.

[0127] The apparatus of any of the preceding paragraphs
wherein the determination detects partial obstruction and the
classification comptises scoring an obstructive hypopnea
event.

[0128] The apparatus of any of the preceding paragraphs
wherein the controller is further configured to control a detec-
tion of an absence of a breath and the classification comprises
scoring a central hypopnea event.

[0129] The apparatus of any of the preceding paragraphs
wherein the controller is further configured to detect an
absence of'a breath coincident with a further detected hypop-
nea event and to refrain from scoring the further detected
hypopnea event based on the detected absence of a breath.
[0130] The apparatus of any of the preceding paragraphs
further comprising: a flow generator configured to produce a
breathable gas for a patient at a pressure above atmospheric
pressure; and a flow sensor, wherein the controller is further
configured to measure the flow of breathable gas with the flow
sensor and to control the flow generator to produce the breath-
able gas according to a pressure therapy regime based on the
detected hypopnea.

1. A hypopnea detection apparatus comprising:

a controller having at least one processor to access data
representing a measured flow of breathable gas, the con-
troller being further configured to control:

a detection of an hypopnea event from the data repre-
senting the measured flow of breathable gas;

a determination of a measure indicative of obstruction
coincident with the hypopnea event in the data repre-
senting the measured flow; and

a classification of the detected hypopnea event as
obstructive or central based on the determining of the
measure indicative of obstruction.

2. The apparatus of claim 1 wherein the determination
detects partial obstruction and the classification comprises
scoring an obstructive hypopnea event.

3. The apparatus of claim 2 wherein the controller is further
configured to control a detection of an absence of a breath and
the classification comprises scoring a central hypopnea event.

4. The apparatus of claim 2 wherein the controller is further
configured to detect an absence of a breath coincident with a
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further detected hypopnea event and to refrain from scoring
the further detected hypopnea event based on the detected
absence of a breath.

5. The apparatus of claim 1 further comprising:

a flow generator configured to produce a breathable gas for

a patient at a pressure above atmospheric pressure; and
a flow sensor,
wherein the controller is further configured to measure the
flow of breathable gas with the flow sensor and to control
the flow generator to produce the breathable gas accord-
ing to a pressure therapy regime based on the classifica-
tion of the detected hypopnea event.

6. The apparatus of claim 1 wherein the determination
detects a breathing cycle and the classification comprises
scoring an obstructive hypopnea event.

7. The apparatus of claim 1 wherein the determination
detects flow limitation and the classification comprises scor-
ing an obstructive hypopnea event.

8. The apparatus of claim 2 wherein the controller is further
configured to control a detection of a patency condition of a
respiratory airway and wherein the classification comprises
scoring a central hypopnea event.

9. The apparatus of claim 2 wherein the controller is further
configured to detect a patency condition of a respiratory air-
way coincident with a further detected hypopnea event and to
refrain from scoring the further detected hypopnea event
based on the detected patency condition of the respiratory
airway.

10. A method for detecting a hypopnea comprising:

in a controller having at least one processor, the controller

configured to receive a signal from a sensor indicating a
measured flow of breathable gas:

accessing data representing the measured flow of breath-

able gas;

detecting a hypopnea event from the data representing the

measured flow of breathable gas;

determining a measure indicative of obstruction coincident

with the hypopnea event in the data representing the
measured flow; and

classifying the detected hypopnea event as obstructive or

central based on the determining of the measure indica-
tive of obstruction.

11. The method of claim 10 wherein the determining com-
prises detecting partial obstruction and the classifying com-
prises scoring an obstructive hypopnea event.

12. The method of claim 11 further comprising controlling,
with the controller, a detection of an absence of a breath and
wherein the classifying comprises scoring a central hypopnea
event.

13. The method of claim 11 further comprising detecting,
in the controller, an absence of a breath coincident with a
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further detected hypopnea event and refraining from scoring
the further detected hypopnea event based on the detected
absence of a breath.

14. The method of claim 10 further comprising:

producing, with a flow generator, a breathable gas for a

patient at a pressure above atmospheric pressure; and
measuring, with the controller, the flow of breathable gas
with the sensor, the sensor coniprising a flow sensor; and
controlling, with the controller, the flow generator to pro-
duce the breathable gas according to a pressure therapy
regime based on the classifying of the detected hypop-
nea event.

15. The method of claim 10 wherein the determining com-
prises detecting a breathing cycle and the classifying com-
prises scoring an obstructive hypopnea event.

16. The method of claim 10 wherein the determining com-
prises detecting flow limitation and the classifying comprises
scoring an obstructive hypopnea event.

17. The method of claim 11 further comprising controlling,
with the controller, a detection of a patency condition of a
respiratory airway and wherein the classifying comprises
scoring a central hypopnea event.

18. The method of claim 11 further comprising detecting a
patency condition of a respiratory airway coincident with a
further detected hypopnea event and refraining from scoring
the further detected hypopnea event based on the detected
patency condition of the respiratory airway.

19. A method for detecting a hypopnea from a measured
flow of breathable gas, the method comprising:

in a controller having at least one processor, the controller

configured to receive a signal from a sensor indicating
the measured flow of breathable gas:

accessing data representing the measured flow of breath-

able gas;

determining a long-term measure of ventilation from the
measured flow;

determining a short-term measure of ventilation from
the measured flow;

determining a threshold as a proportion of the long-term
measure of ventilation;

measuring an area bounded by first and second crossings
of the short-term measure of ventilation and the
threshold; and

detecting the hypopnea with the measured area.

20. The method of claim 19 wherein the measuring the area
comprises integrating a difference between the threshold and
the short-term measure of ventilation during a time period
from when the short-term measure falls below the threshold
to when the short-term measure exceeds the threshold.
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