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(57) ABSTRACT

The identification of obstructed breathing, including an apnea
condition and a hypopnea condition, is disclosed. A signal
representative of a flow rate of therapeutic gas being delivered
to the patient is received. A peak flow value and a minimum
flow value over a predetermined time window encompassing
a plurality of respiration cycles is derived. A polynomial
difference equation from the peak flow values and the mini-
mum flow values is generated, and a respiration index from a
minimum of the polynomial difference equation is derived.
The apnea and/or hypopnea condition is indicated based upon
acomparison of the respiration index to a predefined obstruc-
tion threshold over a predefined obstruction time period.
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APNEA AND HYPOPNEA DETECTION

CROSS-REFERENCE TO RELATED

APPLICATIONS
[0001] Not Applicable
STATEMENT RE: FEDERALLY SPONSORED
RESEARCH/DEVELOPMENT
[0002] Not Applicable
BACKGROUND
[0003] 1. Technical Field
[0004] The present disclosure relates generally to patient

ventilation systems, and more particularly to methods and
systems for apnea and hypopnea identification for continuous
positive airway pressure (CPAP) therapy.

[0005] 2. Related Art

[0006] The respiration system of the human body provides
needed oxygen intake, oxygen/carbon dioxide exchange, and
carbon dioxide expulsion functions, each of which involves
the lungs. In this regard, the lungs function as a gas-exchang-
ing organ in which inhaled oxygen is passed to the blood, and
collected carbon dioxide is passed from the blood to the air.
Additionally, the lungs function as a respiratory pump that
transports oxygen-rich air into the lungs, and the carbon
dioxide-rich air out of the lungs.

[0007] There has been an increasing trend in the number of
individuals suffering from obstructive sleep apnea and
hypopnea, which interrupts and/or reduces respiration during
sleep. Apnea is understood to refer to a condition in which
there is a complete obstruction of the airway that results in the
cessation of airflow for ten seconds or more. These respira-
tory pauses may occur repetitively, and alleviated only when
the patient jolted back to a partially awake state. A partial
obstruction leads to hypopnea, which is understood to be a
reduction of peak flow into or out of the lungs by 30% or more
from the peak flow baseline during normal breathing for a
duration of ten seconds or more. The obstruction typically
occurs in the tongue, the soft palate, or the upper airway.
Although some degree of apnea and/or hypopnea is consid-
ered normal, in more severe cases, daytime sleepiness,
fatigue, and impaired alertness may result as a consequence
of reduced blood oxygen saturation and constant interrup-
tions to sleep cycles. Chronic sleep apnea/hypopnea can lead
to more serious health concerns, including cardiac arrhyth-
mias, hypertension, and congestive heart failures with high
mortality rates. Numerous cognitive functions are adversely
affected as well.

[0008] Conventional treatments for sleep apnea may
involve the prescription of one or more of a weight loss
regimen (as apnea and hypopnea is closely correlated to obe-
sity), medication, oral appliances, continuous positive airway
pressure (CPAP) therapy, and less commonly, surgery. Gen-
erally, CPAP involves the application of positive pressure to
open the patient’s airway to prevent its collapse, as would
otherwise occur during apnea. In a basic implementation,
CPAP therapy applies a constant pressure thatis not tied to the
patient’s normal breathing cycle. The positive airway pres-
sure is desired in the inspiratory phase when the pressure
differences between the lungs and the nose contribute to the
collapse of the intermediate airway. However, supplying
positive pressure flow into the patient during the expiratory
phase generates resistance to the patient’s breathing efforts,
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causing discomfort. Furthermore, toward the end of the
patient’s expiratory phase, flow and pressure in the airway is
naturally minimal, such that positive pressure can cause addi-
tional discomfort. Notwithstanding the clinician’s best
efforts to prescribe a CPAP treatment flow rate that minimizes
such extraneous pressure augmentation while ensuring the
proper splinting of the airway during inspiration, the patient is
still subject to higher pressures than needed throughout the
breathing cycle. Accordingly, improvements that vary the
delivered pressure according to breathing cycles or to patient
efforts have also been developed.

[0009] The detection of abnormal breathing can be
achieved with a variety of techniques. One involves measut-
ing inspiration and expiration pressure over time, with run-
ning averages being compared to instantaneous measure-
ments to determine whether any one cycle is outside a
predetermined threshold. Information from multiple sensors,
including nasal pressure, pulse oximetry, and plethysmo-
graph sensors, is necessary to make accurate assessments.
Instead of pressure measurements, systems such as those
disclosed in U.S. Pat. No. 6,138,675 to Berthon-Jones are
known to use flow measurements, though variances from a
measured average over a time window are still relied upon to
detect apnea.

[0010] Conventional CPAP devices that are intended for
daily home use do not utilize an extensive number of sensors
for cost reasons, and accordingly control is often based upon
a single flow signal derived from pressure measurements or
an estimated flow signal derived from a mathematical model
corresponding to the operational parameters of the ventilation
source, i.e., the blower motor. Accordingly, there is a need in
the art for detecting apnea and hypopnea conditions with the
single flow sensor measurement.

BRIEF SUMMARY

[0011] The present disclosure contemplates the determina-
tion of an apnea condition or a hypopnea condition for
patients using a continuous positive airway pressure (CPAP)
device. This determination may be based upon a mathemati-
cal model from flow information captured over a time win-
dow that is compared to various established criteria. One
embodiment is directed to a method that includes a step of
receiving from a signal representative of a flow rate of thera-
peutic gas being delivered to the patient for a predetermined
time window over a plurality of respiration cycles. The
method may also include deriving a peak flow value of each of
the respiration cycles within the predetermined time window.
There may also be a companion step of deriving a minimum
flow value of each of the respiration cycles within the prede-
termined time window. The method may include generating a
polynomial difference function from the peak flow values of
a plurality of the respiration cycles in the predetermined
window and the minimum flow values of a plurality of the
respiration cycles in the predetermined window. Then, the
method may include deriving a respiration index from a mini-
mum of the polynomial difference function. There may fur-
ther be a step of indicating the at least one of the apnea
condition and the hypopnea condition based upon a compari-
son of the respiration index to a predefined obstruction thresh-
old over a predefined obstruction time period.

[0012] Another embodiment of the present disclosure is
similarly directed to a method for identifving obstructed
breathing by a patient undergoing continuous positive airway
pressure therapy. Accordingly, there may be a corresponding
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step of receiving signal representative of a flow rate of thera-
peutic gas being delivered to the patient for a predetermined
time window over a plurality of respiration cycles. There is
also a step of deriving a peak flow value of each of the
respiration cycles within the predetermined time window.
Thereafter, the method may include deriving a minimum flow
value of each respiration cycle within the predetermined time
window. The method may include a step of generating a
polynomial difference function from the peak flow values of
a plurality of the respiration cycles in the predetermined
window and the minimum flow values of a plurality of the
respiration cycles in the predetermined window. There may
be a step of deriving an apnea index from a minimum of the
polynomial difference function. If the apnea index is less than
a predefined apnea threshold over a predefined time period,
the method may proceed to a step of indicating an apnea
condition. Moreover, if the apnea index is greater than the
predefined apnea threshold over the predefined time period,
the method may include a step of deriving a hypopnea index
corresponding to a fraction of the minimum of the polynomial
difference function. In turn, if the hypopnea index is greater
than a predefined hypopnea threshold after an elapse of a
hypopnea time threshold, the method may include a step of
indicating a hypopnea condition.

[0013] Certain other embodiments of the present disclosure
contemplate respective computer-readable program storage
media that each tangibly embodies one or more programs of
instructions executable by a data processing device to pet-
form the foregoing methods. The present disclosure will be
best understood by reference to the following detailed
description when read in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other features and advantages of the vari-
ous embodiments disclosed herein will be better understood
with respect to the following description and drawings, in
which:

[0015] FIG.1is a block diagram showing the components
of a ventilator apparatus in accordance with various embodi-
ments of the present disclosure including a ventilation unit, a
patient ventilation interface, gas passage conduits, and oxy-
gen sources;

[0016] FIG.2is a flowchart illustrating one embodiment of
a method for identifying obstructed breathing by a patient;
[0017] FIG. 3 is a flow rate graph of several respiratory
cycles over a time window, including several cycles that are
obstructed; and

[0018] FIG. 4 is a graph showing a polynomial difference
function of peak and minimum flow values over the same time
window shown in the graph of FIG. 3.

[0019] Common reference numerals are used throughout
the drawings and the detailed description to indicate the same
elements.

DETAILED DESCRIPTION

[0020] The detailed description set forth below in connec-
tion with the appended drawings is intended as a description
of the presently preferred embodiment of apnea and hypop-
nea detection, and is not intended to represent the only form
in which the presented embodiments may be developed or
utilized. It is further understood that the use of relational
terms such as first and second and the like are used solely to
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distinguish one from another entity without necessarily
requiring or implying any actual such relationship or order
between such entities.

[0021] The block diagram of FIG. 1 illustrates an exem-
plary respiratory assistance device 10 in which various
embodiments of the present disclosure may be implemented.
There is a mask or patient ventilation interface 12, and a
ventilation unit 14. The patient ventilation interface 12 is
understood to be an apparatus such as a full-face mask or a
nasal pillows mask that can be placed in direct gas flow
communication with the upper respiratory tract,i.e., the nasal
cavity and/or the oral cavity, of a patient 13. It will be appre-
ciated that other apparatuses that so interface the respiratory
tract of the patient 13 to the ventilation unit 14 may be sub-
stituted without departing from the scope of the present dis-
closure.

[0022] The ventilation unit 14 generates a flow of breathing
gas that is delivered to the patient via the patient ventilation
interface 12. The breathing gas may be ambient air a combi-
nation of ambient air enriched with oxygen, or any other
suitable mixture of gas appropriate for treating the patient.
Those having ordinary skill in the art will recognize the
variety of options for mixing breathing gasses before delivery
to the patient. In further detail, the ventilation unit 14 includes
a first inlet port 16, through which ambient air 1s drawn. The
first inlet port 16 is in communication with an inlet filter 18
that removes particulates and other contaminants from the
breathing gas that is ultimately delivered to the patient.
Optionally, in line with the inlet filter 18 is a sound suppressor
20 that reduces the sound of gas flow through the ventilation
unit 14,

[0023] The force needed for drawing the ambient air
through the first inlet port 16, the inlet filter 18, and the sound
suppressor 20 is provided by a ventilation source 22, which
may be a centrifugal fan, blower, or any other suitable device
that generates gas flow and pressure suitable for CPAP treat-
ment in accordance with the present disclosure. The ventila-
tion source 22 has an inlet port 22a coupled to the sound
suppressor 20, and an outlet port 224 that is in gas flow
communication with an outlet port 24 of the ventilation unit
14. The ventilation source 22 is driven electrically and its
actuation is governed by a controller 26, which implements
the various functionalities described in further detail below.
[0024] The flow of breathing gas that is output from the
ventilation source 22 is passed through the outlet port 24 to a
gas conduit 28 that is in coupled to the aforementioned patient
ventilation interface 12. The gas conduit 28 is understood to
be a plastic tube having a predetermined inner diameter such
as 22 mm or smaller, though any other conduit of suitable
material and construction may be utilized. The patient venti-
lation interface 12 in accordance with various embodiments
of the present disclosure also includes a piloted exhalation
valve 30 that is selectively actuated depending on the pressure
differential between the patient ventilation interface 12 and
the ventilation unit 14. The exhalation valve 30 is connected
to a pilot line 32 that branches from the gas conduit 28. A
pressure difference is generated between the patient ventila-
tion interface and the exhalation valve, such that it is closed
during inspiration and opened during expiration. It will be
appreciated that the specifics of the patient ventilation inter-
face 12, including the piloted exhalation valve 30 thereof, are
presented by way of example only and not of limitation. Any
other suitable patient ventilation interface 12, including those
that may be utilized in conjunction with different variations of



US 2015/0073291 Al

the ventilation unit 14, may be substituted without departing
from the scope of the present disclosure.

[0025] In one embodiment of the presently contemplated
ventilation system 10, there are dual pressure sensors, includ-
ing a source pressure sensor 34 and a patient interface pres-
sure sensor 36. The source pressure sensor 34 is disposed
within the ventilation unit 14, and monitors the pressure at the
ventilation source output port 225. The patient interface pres-
sure sensor 36 is also physically disposed within the ventila-
tion unit 14, but is in direct gas flow communication with the
patient ventilation interface 12 over a pressure sensing line 38
that is connected to a sensor inlet port 40 of the ventilation
unit 14. When the ventilation unit 14 is operating, gas pres-
sure within the pressure sensing line 38 as well as the gas
conduit 28 may be connected to deliver a purge flow to clear
the pressure sensing line 38. This can be done through a purge
solenoid 42 connected to both. The purge can be continuous
or intermittent according to the patient’s breathing phase or
pressure difference between the valve pressure and the patient
interface pressure. Optionally, either in addition to the dual
pressure sensors 34, 36, or as a replacement for the source
pressure sensor 34, a flow sensor 35 may be in pneumatic
communication with the output 224 of the ventilation source
22 and the gas conduit 28 to measure airflow through the
same.

[0026] The present disclosure contemplates the detection
of an apnea or hypopnea condition of the patient 13, who is
undergoing CPAP treatment. As indicated above, earlier tech-
niques utilized actual flow data, but an improved, alternative
modality that employs a mathematical model from the cap-
tured flow data is envisioned. With reference to the flowchart
of FIG. 2, the method commences with a step 300 of receiving
a signal representative of a flow rate of therapeutic gas being
delivered to the patient 13. Again, this signal may be pro-
duced by the aforementioned flow sensor 35. In the alterna-
tive, this signal may be an approximation based upon a func-
tion dependent on another measured variable such as pressure
readings from the pressure sensors 34, 36, the speed of the
ventilation source 22, temperature readings from a ther-
mistor, and so forth. However it may be generated, so long as
the patient 13 is undergoing CPAP therapy, the signal repre-
sentative of the flow rate may be continually received. In the
subsequent, additional steps toward determining respiratory
obstruction, it is understood that only a subset of all of the
received flow rate signals need be utilized. In particular, there
may be a moving window of a predetermined duration that
encompasses at least one patient respiration cycle, i.e., a
complete inspiration and expiration.

[0027] With reference to the graph of FIG. 3, an exemplary
flow rate plot 44 shows multiple respiratory cycles character-
ized by a positive flow rate 44a during inspiration, and a
negative flow rate 445 during expiration. It will be appreci-
ated that the flow rate plot44 is an example only, and different
patients 13 may exhibit different respiration patterns. The
flow rate plot 44 also indicates a region of reduced airflow 46
in both inspiration and expiration, which corresponds to a
hypopnea condition. Quantified, hypopnea airflow is under-
stood to be approximately 30% of the peak airflow. When
airflow completely stops, that s, the flow measurements are
approximately zero, there is understood to be an apnea con-
dition. It is understood that an apnea or hypopnea is indicated
when this condition persists for ten seconds or more. As
mentioned earlier, flow data inside a moving window is uti-
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lized in determining obstructed respiration, and this moving
window is defined as a time period T 48.

[0028] Referring back to the flowchart of FIG. 2, the
method continues with a step 310 of deriving a peak flow
value of each respiration cycle, as well as a companion step
320 of deriving a minimum flow value of each respiration
cycle. As utilized herein, the deriving is understood to encom-
pass any operation which results in the respective peak or
minimum flow values being identified and stored for subse-
quent use in other steps. It is not intended to be limited to
generating derivatives, or any particular mathematical opera-
tion. With reference againto the graph of FIG. 3, the peak flow
values include a first peak 50q at a time t,, a second peak 505
at a time t,, a third peak 50c at a time t,, and so forth.
Similarly, the minimum flow values include a first mininum
52a occurring at time t,, a second minimum 525 occurring at
time t,, and a third minimum 52¢ occurring at a time t,, and so
forth. Any suitable method for locating minimum and maxi-
mum values in a periodic signal may be utilized, such as
identifying transitions between negative and positive deriva-
tives of the raw flow signal.

[0029] Following the identification of the peak flow values
and minimum flow values, the method continues with a step
330 of generating a polynomial difference function there-
from. In further detail, there may be a preliminary step of
generating a peak flow polynomial function from the peak
flow values 50 of each respiration cycle in the time window T
48, visualized as a peak polynomial function plot 54. Like-
wise, there may be another preliminary step of generating a
minimum flow polynomial function from the minimum flow
values 52 of each respiration cycle in the same time window
T 48. The minimum polynomial function is shown as a plot
56. The number of values to use for generating the respective
polynomial functions can be varied.

[0030] In accordance with various embodiments of the
present disclosure, a least square estimation may be used to
derive a second order polynomial. As indicated above, the
flow values may be recorded together with the corresponding
time. For example, the peak flow values may be provided as
anordered list of two variables: {(t,, £,), (t,,1,%), ... (t,,. £,")}
and so on. The minimum flow values may also be provided as
an ordered list of two variables: {(t;, "), (i, £,7) . . . (t,,
£, )}, and so on. Given this data, the values of the parameters
of the second order polynomials that represent best fits can be
identified. In particular, the peak flow polynomial function,
F,(1), is defined by DPo.P t+p,t% while the minimum flow
polynomial function, F, (t), is defined by mg+m , t+m,t*. The
polynomial difference function, AF(t)is obtained by subtract-
ing the minimum flow polynomial function, F,,(t), from the
peak flow polynomial function F,(t). The graph of FIG. 4
shows a plot 58 of the polynomial difference function.
[0031] Once the polynomial difference function is gener-
ated, the method continues with a step 340 of deriving a
respiration index from a minimum 60 of the polynomial dif-
ference function over the time window T 48. Thus, this mini-
mum (AF . ) may be defined as min AF(t) or AF(t,,,,). Fol-
lowing the determination of the respiration index, step 350 of
the method contemplates indicating at least one of an apnea
condition and a hypopnea condition based upon such a com-
parison of the respiration index to various thresholds.

[0032] In order to detect the apnea condition, an apnea
index, that is, the respiration index that corresponds to the
minimum of the polynomial difference function (AF,,,,) is
compared against an apnea threshold (AF,;, . ..0)- If the
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apnea index is less than the apnea threshold, then one of the
conditions for indicating an apnea condition is satisfied. The
other condition is if the apnea state lasts for longer than a
predetermined duration. Specifically, the assessment made is
whether the apnea index at a subsequent time corresponding
to an apnea time threshold after the initial time corresponding
to the minimum, is less than the same apnea threshold. Where
{0 02 18 the time at which the polynomial difference function
is at a minimum (AF,,, ), and t,,,,,.., is the apnea time thresh-
old, then the polynomial difference function at the subsequent
time is given by AF(t,;,+1,,,,,)- If that value is also less than
the apnea threshold, it is understood that the apnea condition
has continued at least the threshold duration. In accordance
with various embodiments of the present disclosure, the
threshold duration is ten seconds, though alternative dura-
tions may be substituted without departing from the scope of
the present disclosure. With both the magnitude and the dura-
tion of the obstructed breathing corresponding to apnea, the
apnea condition is indicated. Various references to inequality
terms herein such as less than, less than or equal to, greater
than, or greater than or equal to are intended to be inter-
changeable, and the threshold values for such operands may
be adjusted to accommodate the same.

[0033] The indicating of the hypopnea condition occurs
once it has been determined that an apnea condition does not
exist. The determination of whether or not the hypopnea
condition exists is also based upon a comparison of a different
respiration index, which is separately referred to as a hypop-
nea index, against another predefined obstruction threshold
over a predefined obstruction period. Although this different
respiration index, i.e., the hypopnea index, is also derived
from a minimum of the polynomial difference function, there
are other components involved. More particularly, the hypop-
nea index is a ratio between the change in the polynomial
difference function from the minimum (AF, ) to the most
recent breathing cyvcle AF(t,), and the minimum (AF, ;). This
ratio may be expressed as follows: [AF(t,)-(AF, ., )/(AF,..)].
Ifthe hypopnea index is greater than that a predefined hypop-
nea threshold, one of the conditions for indicating hypopnea
is satisfied. Generally, this condition is intended to identify a
significant drop in flow rates that indicates hypopnea.
According to another embodiment of the present disclosure,
this condition may also be defined as the minimum of the
polynomial difference function (AF,,,) being less than or
equal to a certain percentage of the polynomial difference
function when initially measured (AF(t,)) or when it reaches
the threshold ((AF(t,,,..,.:.) The other condition is where the
hypopnea condition continues for a longer time period than a
predetermined threshold, i.e., t, is greater than or equal to a
T yresnora- 1 any one of the foregoing conditions are not sat-
isfied, normal breathing is indicated.

[0034] The particulars shown herein are by way of example
and for purposes of illustrative discussion of the embodi-
ments of the disclosure only and are presented in the cause of
providing what is believed to be the most useful and readily
understood description of the principles and conceptual
aspects of flow limitation detection. In this regard, no attempt
is made to show details with more particularity than is nec-
essary for the fundamental understanding of the present dis-
closure, the description taken with the drawings making
apparent to those skilled in the art how the several forms of the
present disclosure may be embodied in practice.

min
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What is claimed is:
1. A method for identifying obstructed breathing by a
patient undergoing continuous positive airway pressure
therapy, including at least one of an apnea condition and a
hypopnea condition, the method comprising:
receiving a signal representative of a flow rate of therapeu-
tic gas being delivered to the patient for a predetermined
time window over a plurality of respiration cycles;

deriving a peak flow value of each of the respiration cycles
within the predetermined time window;
deriving a minimum flow value of each of the respiration
cycles within the predetermined time window;

generating a polynomial difference function from the peak
flow values of a plurality of the respiration cycles in the
predetermined window and the minimum flow values of
a plurality of the respiration cycles in the predetermined
window;

deriving a respiration index from a minimum of the poly-

nomial difference function; and

indicating the at least one of the apnea condition and the

hypopnea condition based upon a comparison of the
respiration index to a predefined obstruction threshold
over a predefined obstruction time period.

2. The method of claim 1, wherein the signal representative
of the flow rate is an actual measured flow rate from a flow
Sensor.

3. The method of claim 1, wherein the signal representative
of the flow rate is a derived flow rate from a sensor measuring
a respiration condition of the patient.

4. The method of claim 3, wherein the respiration condition
is pressure, and the sensor is a pressure sensor.

5. The method of claim 3, wherein the respiration condition
is temperature, and the sensor is a thermistor.

6. The method of claim 1, further comprising:

generating a peak flow polynomial function from the peak

flow values of each respiration cycle in the predeter-
mined time window; and

generating a minimum flow polynomial function from the

minimum flow values of each respiration cycle in the
predetermined time window;

wherein the polynomial difference function is generated

from the peak flow polynomial function and the mini-
mum flow polynomial function.

7. The method of claim 1, wherein:

the respiration index is an apnea index equal to the mini-

mum of the polynomial difference function; and

the predefined obstruction threshold is an apnea threshold.

8. The method of claim 7, wherein the apnea condition is
indicated when the apnea index is less than the apnea thresh-
old.

9. The method of claim 1, wherein:

the respiration index is a hypopnea index that is a fraction

of the minimum of the polynomial difference function;
and

the predetermined obstruction threshold is a hypopnea

threshold.

10. The method of claim 9, wherein the hypopnea condi-
tion is indicated when the hypopnea index is less than the
apnea threshold.

11. A method for identifying obstructed breathing by a
patient undergoing continuous positive airway pressure
therapy, the method comprising:
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receiving a signal representative of a flow rate of therapeu-
tic gas being delivered to the patient for a predetermined
time window over a plurality of respiration cycles;

deriving a peak flow value of each respiration cycle within
the predetermined time window;

deriving a minimum flow value of each respiration cycle

within the predetermined time window;

generating a polynomial difference function from the peak

flow values of a plurality of the respiration cycles in the
predetermined window and the minimum flow values of
a plurality of the respiration cycles in the predetermined
window;,

deriving an apnea index from a minimum of the polyno-

mial difference function; and

if the apnea index is less than a predefined apnea threshold

over a predefined time period, indicating an apnea con-
dition.

12. The method of claim 11, further comprising:

if the apnea index is greater than the predefined apnea

threshold over the predefined time period, deriving a
hypopnea index corresponding to a fraction of the mini-
mum of the polynomial difference function; and

if the hypopnea index is greater than a predefined hypopnea

threshold after an elapse of a hypopnea time threshold,
indicating a hypopnea condition.

13. The method of claim 12, further comprising:

if the apnea index is less than the predefined apnea thresh-

old over the predefined time period and if the hypopnea
index is less than the predefined hypopnea threshold
after an elapse of hypopnea time threshold, indicating a
normal respiration condition.

14. The method of claim 11, further comprising:

generating a peak flow polynomial function from the peak

flow values of each respiration cycle in the predeter-
mined time window; and

generating a minimum flow polynomial function from the

minimum flow values of each respiration cycle in the
predetermined time window;

wherein the polynomial difference function is generated

from the peak flow polynomial function and the mini-
mum flow polynomial function.

15. The method of claim 11, wherein the signal represen-
tative of the flow rate is an actual measured flow rate from a
flow sensor.

16. The method of claim 11, wherein the signal represen-
tative of the flow rate is a derived flow rate from a sensor
measuring a respiration condition of the patient.
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17. An article of manufacture comprising a program stor-
age medium readable by a data processing apparatus, the
medium tangibly embodying one or more programs of
instructions executable by the data processing apparatus to
perform a method for identifying obstructed breathing by a
patient undergoing continuous positive airway pressure
therapy, including at least one of an apnea condition and a
hypopnea condition, the method comprising:

receiving from a signal representative of a flow rate of

therapeutic gas being delivered to the patient for a pre-
determined time window over a plurality of respiration
cycles;

deriving a peak flow value of each respiration cycle within

the predetermined time window:;

deriving a minimum flow value of each respiration cycle

within the predetermined time window;

generating a polynomial difference function from the peak

flow values of a plurality of the respiration cycles in the
predetermined window and the minimum flow values of
a plurality of the respiration cycles in the predetermined
window;

deriving a respiration index from a minimum of the poly-

nomial difference function; and

indicating the at least one of the apnea condition and the

hypopnea condition based upon a comparison of the
respiration index to a predefined obstruction threshold
over a predefined obstruction time period.

18. The article of manufacture of claim 17 wherein:

the respiration index is an apnea index equal to the mini-

mum of the polynomial difference function;

the predefined obstruction threshold is an apnea threshold;

and

the apnea condition is indicated when the apnea index is

less than the apnea threshold.

19. The article of manufacture of claim 17, wherein:

the respiration index is a hypopnea index that is a fraction

of the minimum of the polynomial difference function;
the predetermined obstruction threshold is a hypopnea
threshold; and

the hypopnea condition is indicated when the hypopnea

index is less than the apnea threshold.

20. The article of manufacture of claim 17, wherein the
signal representative of the flow rate is an actual measured
flow rate from a flow sensor.

21. The article of manufacture of claim 17, wherein the
signal representative of the flow rate is a derived flow rate
from a sensor measuring a respiration condition of the patient.
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