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CONTINUOUS POSITIVE AIRWAY
PRESSURE THERAPY AUTO-TITRATION

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 the treat-

ment of respiratory conditions with continuous positive air-
way pressure (CPAP) devices, and more particularly, to auto-
titration of prescription pressure to improve comfort for
patients beginning CPAP therapy.

[0005] 2. Related Art

[0006] Sleep apnea is a serious medical condition in which
patient breathing during sleep pauses abnormally, or is abnor-
mally low. Apnea is categorized as obstructive, central, and
combined obstructive and central, though the obstructive
sleep apnea (OSA) is the most common. The patient’s upper
airway repeatedly narrows or collapses, causing pauses in
breathing that may extend in duration up to half a minute.
Although some degree of apnea is considered normal, in more
severe cases, daytime sleepiness and fatigue may result as a
consequence of reduced blood oxygen saturation, as well as
constant interruptions to sleep cycles resulting from patients
gasping for air. There have been studies linking sleep apnea to
more severe long-term health issues including heart disease
and depression, and recently, to cancer as well. With apnea
being strongly linked to obesity, and with obesity being pro-
jected to increase, the number of patients suffering from sleep
apnea is likely to increase concomitantly.

[0007] One common treatment for obstructive sleep apnea
is continuous positive airway pressure (CPAP) therapy, where
a positive pressure is applied to the patient to prevent its
collapse as would otherwise occur during an apnea episode.
By retaining the patient’s airway, normal, uninterrupted
breathing during sleep is ensured. 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. Earlier patient breathing
assistance devices tended to be uncomfortable to use because
of the bulkiness associated with the patient interface, as well
as the misapplication of pressure resulting from sub-optimal
control methodologies. Various improvements have been
developed to reduce discomfort during therapy, particularly
at critical points along the patient’s respiratory cycle. Thus,
what was previously prescribed only for the more severe
cases of sleep apnea in which the benefits of treatment out-
weighed the significant discomfort is now useful for treating
a wider spectrum of sleep apnea conditions.

[0008] Although a properly set therapeutic pressure level
alleviates apnea and hypopnea conditions, a determination of
the required pressure balanced against the comfort demands
of the patient may involve complicated diagnostics and/or
several sleep cycles of trial-and-error adjustments. As a gen-
eral matter, the application of pressure against the respiratory
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efforts of the patient and consequent increase in work of
breathing may induce a sense of asphyxiation, so any excess
therapeutic pressure causes needless discomfort.

[0009] Conventionally, most patients begin CPAP treat-
ment following a diagnostic test at a sleep lab. Such sleep
studies are understood to involve the measurement of several
sleep indicators including an apnea and hypopnea index
(AHI). When the AHI exceeds a threshold value more than
five times an hour, that patient is deemed to be suffering from
obstructive sleep apnea and hence in need of treatment. The
following night, the patient is scheduled for titration, which
also takes place in the sleep lab, and involves attempting the
reduction of the AHI to less than five events per hour by
increasing pressure. Pressure increases are typically applied
when the patient is in a sleep state, and thereby avoiding the
aforementioned feeling of asphyxiation that may otherwise
occur as a result of pressure against breathing efforts in a
wakeful state.

[0010] After titration, the patient is prescribed a CPAP
device for home use. During initial treatment, because of the
unfamiliar sensations that the patient may experience as a
result of the applied airway pressure, there may be significant
discomfort. This discomfort may be so severe that the patient
detrimentally stops treatment. In response, the medical prac-
titioner may prescribe a bi-level device thatimproves comfort
and reduces the feelings of asphyxiation, particularly during
the wakeful states. Bi-level devices are understood to apply
two different pressure levels depending on the respiratory
phase—higher pressures during inspiration, and lower pres-
sures during exhalation. Thus, in summary, a typical patient
suffering from sleep apnea’hypopnea first undergoes a diag-
nostic step, followed by a titration step in the sleep lab,
followed by a trial step of using the CPAP device and expe-
riencing discomfort, and a treatment modification step to
change to a bi-level device to assist with compliance.

[0011] Alternatively, the sleep study may be omitted and
instead substituted with a home-use diagnostic device in the
interest of cost reduction in the diagnosis and treatment of
sleep apnea’hypopnea. The diagnostic device is used on a
single night, and returned to a laboratory where the results are
analyzed. The turnaround for this service may be a few days,
and if apnea/hypopnea is detected in the patient, e.g., the
calculated AHT is greater than 5 per hour, the patient may be
provided with an automatically titrating CPAP device. The
typical protocol is to start pressure at low levels, for example,
4 cm H,0, and in response to the patient experiencing apneic
events, gradually increasing pressure on an event-by-event
basis to reach a therapeutic pressure.

[0012] There are several disadvantages associated with
such automatic titration, also referred to in the art as auto-
CPAP. One issue is that the patient is under-titrated on any
given night because the increase in pressure is in response to
an apnea event. Thus, there is discomfort and sleeplessness
associated with being aroused awake because of the apnea/
hypopnea condition, possibly over an extended duration. In
other words, the therapeutic effects of using the CPAP device
may be minimal. Another issue is that the titration is set most
suitably for apneas and hypopneas, and does not account for
the discomfort associated with ariophagia (air entering the
stomach) or over-titration that may not account for central
apnea. Conventional titration techniques tend to disregard
patient comfort and instead operate under the expectation that
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the patient will eventually become accustomed. However,
this expectation tends to have the opposite effect of discour-
aging treatment compliance.

[0013] Accordingly, there is a need in the art for improved
CPAP automatic titration that transitions the patient from a
minimized, comfortable level to full prescription level while
maintaining comfortable pressure levels at any given point in
treatment, including the initial phases when the patient is
becoming accustomed to the resistance against constant pres-
sure. There is also a need in the art for minimizing AHI
despite the presence of untreatable central apnea without
over-titration.

BRIEF SUMMARY

[0014] The present disclosure contemplates improvements
to obstructive sleep apnea treatments in which patients are
diagnosed, titrated to adaptation and comfort, and then fur-
ther titrated to reduce the patient’s apnea/hypopnea index
(AHI). Various embodiments are directed to tuning the deliv-
ery of patient airway pressure to allow the patient to easily
adapt to CPAP therapy, and based upon certain metrics of that
patient’s adaptation to increasing levels of pressure, adjusting
the titration to the prescribed pressure level to achieve a full
reduction of AHI. Additionally envisioned is the determina-
tion of the minimum AHI that can be achieved in the presence
of central apnea, which cannot be treated by CPAP therapy
alone.

[0015] In accordance with one embodiment, there is a
method for adapting a patient to an airway pressure support
therapy. The method may include deriving an initial prescrip-
tion pressure level from a respiratory disturbance index diag-
nosis. Thereafter, the method may include generating a pres-
sure ramping slope from the initial prescription pressure level
and a received initial pressure level. There may also be a step
of delivering increasing levels of pressure to the patient as
defined by the pressure ramping slope. The method may
include adjusting the pressure ramping slope based upon
derived usage duration trends, and adjusting the prescription
pressure level based upon measured apnea/hypopnea index
variations resulting from the delivered increasing levels of
pressure to the patient.

[0016] According to another embodiment of the disclosure,
amethod for titrating a patient to prescription airway pressure
with a continuous positive airway pressure (CPAP) therapy
device is contemplated. The method may include generating
an initial respiratory disturbance index based upon patient
oxygen saturation measurements, patient interface pressure
measurements, and machine pressure measurements during a
diagnostic mode. Additionally, there may be a step of setting
a diagnosed treatment pressure level and a starting pressure
level. The method may also include generating an initial
pressure ramping strategy from the diagnosed treatment pres-
sure level, the starting pressure level, and a default ramp
duration. Thereafter, there may be a step of applying the
initial pressure ramping strategy to the patient during a titra-
tion mode. The method may include deriving a usage trend
from a median use duration and a weighted average of use
durations over one or more sessions for a predetermined
duration window. Furthermore, there may be a step of gener-
ating a secondary pressure ramping strategy from the initial
treatment pressure level, and the default ramp duration
adjusted in response to the usage trend. The method may also
include applying the secondary pressure ramping strategy to
the patient during a subsequent session in the titration mode.
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[0017] Certain other embodiments of the present disclosure
contemplate a non-transitory program storage medium read-
able by a data processor of a CPAP therapy device that tan-
gibly embodies one or more programs of instructions execut-
able by the data processor to perform the foregoing method.
The present disclosure will be best understood accompanying
by reference to the following detailed description when read
in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] 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:

[0019] FIG. 1is ablock diagram showing the various com-
ponents of a CPAP apparatus in accordance with various
embodiments of the present disclosure including a typical
ventilation unit, a patient ventilation mask, gas passage con-
duits, and a pulse oximetry sensor;

[0020] FIG. 2is a flowchart depicting one embodiment of a
method for titrating a patient to a comfortable prescription
airway pressure while reducing occurrences of sleep apnea/
hypopnea;

[0021] FIG. 3 is a graph illustrating an initial pressure
ramping slope or initial pressure ramping strategy;

[0022] FIG. 4 is a graph showing different regions of pos-
sible values that a usage duration trend may have and its
corresponding pressure ramping slope adjustments;

[0023] FIG. 5 is a graph of the initial pressure ramping
slope and an adjusted pressure ramping slope after the ramp-
ing duration has been shortened; and

[0024] FIG. 6 is a graph showing different regions of pos-
sible values that apnea’hypopnea index variations may have
and its corresponding prescription pressure level adjust-
ments.

[0025] Common reference numerals are used throughout
the drawings and the detailed description to indicate the same
elements.

DETAILED DESCRIPTION

[0026] The detailed description set forth below in connec-
tion with the appended drawings is intended as a description
of certain embodiments of the presently disclosed auto-titra-
tion for continuous positive airway pressure therapy. Gener-
ally, treatment begins with diagnosis, followed by titration to
adaptation and comfort e.g., ramping up pressure in accor-
dance with the patient’s comfort level, and then evolving
titration to reduce the patient’s apnea‘hypopnea index.
[0027] The description sets forth the various functions in
connection with the illustrated embodiments, but it is to be
understood, however, that the same or equivalent functions
may be accomplished by different embodiments that are also
intended to be encompassed within the scope of the present
disclosure. As such, the particular disclosures herein are not
intended to represent the only forms that 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
distinguish one entity from another without necessarily
requiring or implying any actual such relationship or order
between such entities.

[0028] The block diagram of FIG. 1 illustrates an exem-
plary airway support device 10 in which various embodi-
ments of the present disclosure may be implemented. There is
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a mask or patient ventilation interface 12, and a ventilation
unit 14. The following disclosure will make reference to the
patient ventilation interface 12 and the mask interchangeably.
It 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. Tt 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.

[0029] 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 is 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.

[0030] 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 splinting a
patient’s airway with Continuous Positive Airway Pressure
(CPAP) in accordance with the present disclosure. The ven-
tilation source 22 has an inlet port 22a coupled to the sound
suppressor 20, and an outlet port 2254 that is in gas flow
communication with an outlet port 24 of the ventilation unit
14.

[0031] The ventilation source 22 is driven electrically and
its actuation is governed by a controller 26, which imple-
ments various methods of CPAP treatment such as those
disclosed in the co-pending U.S. patent application Ser. No.
13/411,257 entitled “DUAL PRESSURE SENSOR CON-
TINUOUS POSITIVE AIRWAY PRESSURE (CPAP)
THERAPY,” filed Mar. 2, 2012, the disclosure of which is
hereby incorporated by reference in its entirety herein. Along
these lines, the controller 26 is understood to include a data
processing device that receives predetermined instructions to
perform various operations, and generate outputs in response.
Thus, the contemplated methods for titrating the patient 13 to
prescription airway pressure can be at least partially imple-
mented therewith.

[0032] 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 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 valve 30 that
is selectively actuated depending on the pressure differential
between the patient ventilation interface 12 and the ventila-
tion unit 14. The piloted valve 30 is connected to a pilot line
32 that branches from the gas conduit 28. A pressure differ-
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ence is generated between the patient ventilation interface
and the exhalation valve, such that it is closed during inspi-
ration and opened during expiration. It will be appreciated
that the specifics of the patient ventilation interface 12,
including the piloted 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 the venti-
lation unit 14, may be substituted without departing from the
scope of the present disclosure.

[0033] In order to ascertain such pressure differentials, the
presently contemplated airway support device 10 includes
dual pressure sensors, including a source pressure sensor 34
and a patient interface pressure sensor 36. The source pres-
sure sensor 34 is disposed within the ventilation unit 14, and
monitors the pressure at the outlet port 226. The patient inter-
face pressure sensor 36 is also physically disposed within the
ventilation unit 14, but is in direct gas flow communication
with the patient ventilation interface 12 over a pressure sensor
line 38 that is connected to a second inlet port 40. When the
ventilation unit 14 is operating, gas pressure within the pres-
sure sensor line 38 as well as the gas conduit 28 may be
connected to deliver a purge flow to clear line 39. 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
blower pressure and the mask pressure.

[0034] Along the lines of the source pressure sensor 34 and
the patient interface pressure sensor 36, the embodiments of
the present disclosure further contemplate additional patient
readings. More particularly, there is a pulse oximetry sensor
50 that can be attached to the patient 13 to measure blood
oxygen saturation. As shown in the block diagram of FIG. 1,
the pulse oxyimetry sensor 50 may communicate with the
ventilation unit 14 through an input port 52 to feed the mea-
sured data to the controller 26 for further processing and
response. It will be recognized by those having ordinary skill
in the art that there are numerous variations of the pulse
oximetry sensor 50. Although illustrated as being attached to
the finger of the patient 13, the pulse oximetry sensor may be
attached to any suitable appendage. Furthermore, the connec-
tion to the ventilation unit 14 may be wired or wireless, and
the embodiment shown in FIG. 1 is by way of example only
and not of limitation. Thus, the input port 52 may be a wired
interface, or a wireless interface.

[0035] As indicated above, the sequence and timing of
delivering gas flow to the patient 13 are governed by the
specific treatment modalities that utilize feedback data from
the pressure sensors 34, 36. The setting of options relating to
the treatment modalities, along with the starting and stopping
of treatment is possible via a user interface 44 coupled to the
controller 26, which includes an output or display interface
46, as well as an input interface 48. Various embodiments of
the present disclosure contemplate methods for tuning the
pressures delivered to the patient 13 on a daily basis to allow
easy adaptation. After knowing how the patient 13 adapts
successfully to the gradual increases in pressure, the patient
13 is titrated to the necessary prescription pressure level that
will achieve a full or at least partial reduction in the apnea/
hypopnea index.

[0036] With reference to the flowchart of FIG. 2, one
embodiment of the presently disclosed method for titrating
the patient 13 to prescription airway pressure with the CPAP/
airway support device 10 includes a step 100 of generating an
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initial respiratory disturbance index (RDI). This step is under-
taken during a diagnostic mode, which typically continues
throughout the first night that the patient 13 is using the
airway support device 10 with no pressure being delivered,
and with the pulse oximetry sensor 50 being coupled to the
patient 13.

[0037] Again, it is understood that the pulse oximetry sen-
sor 50 measures the patient’s O, saturation, and provides the
measurement data to the ventilation unit 14 via the input port
52. More particularly, the measurement data, which is
reported as a saturation percentage, is fed to the controller 26
where it is processed further in accordance with the following
method.

[0038] The respiratory disturbance index (RDI) is contem-
plated to be a tally of the number of instances within a time
range that an event or condition that is known or tends to
correspond to a disturbance in the patient’s respiration. These
instances may be detected with the aforementioned pulse
oximetry sensor 50, as well as a combination of the source
pressure sensor 34 and the patient interface pressure sensor
36. For example, when the pulse oximetry sensor 50 detects a
O, saturation that is less than a predetermined threshold per-
centage, the RDI can be incremented. As another example,
the RDI may be incremented when a patient flow estimate
drops below a predetermined threshold rate. As is understood,
the patient flow rate may be derived from a combination of
measurements from the source pressure sensor 34 and the
patient interface pressure sensor 36. The presence or absence
of obstructive sleep apnea or hypopnea can be detected based
upon the RDI.

[0039] Once the presence of apnea’hypopnea has been
established during an entire night of diagnosis the method
may continue with a step 102 of setting a diagnosed treatment
pressure level, also referenced as CPAP,,, and a starting
pressure level, also referenced as CPAP,. As utilized herein,
setting as pertaining to the treatment pressure level may refer
to the transfer of a numerical value thereof calculated from
the RDI. This calculation, by way of example only, may be the
sum of a first constant value and an integer division result of
the RDI and a second constant value, minus 20% of the
difference between the mean saturated oxygen percentage

[0040] (M,,,,) during the diagnostic mode and a third con-
stant value. The result may be givenin terms of pressure, e.g.,
cm H,O. The calculation may also be described thus: CPA-
Pro=8+(RDI/30) =0.2 (M,,.,-90) [cm H,O]. The first con-
stant is 8, the second constant is 30, and the third constant is
90. More generally, CPAP, ~f,(RDI, Mg,,,), that is, the
diagnosed treatment pressure level is generated from a func-
tion of the initial RDI and a mean of the patient oxygen
saturation measurements. For example, if RDI was deter-
mined to be 34, then the integer division operation would
resultin 1. Continuing the example, if M, ., was determined
to be 95%, the second operand in the subtraction would be
0.2(95-90), or 0.2(5), or 1.0. Thus, CPAP, ., would be set to 9
cm H,0-1.0, or 8 cm H,O.

[0041] Although the diagnosis-based calculation of the
treatment pressure level is contemplated in accordance with
various embodiments of the present disclosure, it is also pos-
sible to independently conduct a sleep study to determine this
value, and input the same to the ventilation unit 14 via the user
interface 44. Along these lines, the starting pressure level
depends upon a subjective patient comfort, and may be manu-
ally set at a predetermined value via the same user interface
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44. One possible default value of the starting pressure level is
4 cm H,0, though this is by way of example only and not of
limitation.

[0042] With additional reference to the graph of FIG. 3, the
method continues with a step 104 of generating an initial
pressure ramping strategy, which in the illustrated example, is
a pressure ramping slope 54. This is generated from the diag-
nosed treatment pressure level or CPAP, 56, the starting
pressure level CPAP,, 58, and a default ramp duration. Pro-
ceeding along with the previous example, CPAP, , is setto 8
cm H,O, while CPAP, is set to 4 cm H,O. The default ramp-
ing duration is given as an indeterminate value N, given in
terms of days. Although the present disclosure contemplates
adjustments made over one or more days, any other frame of
reference to distinguish one treatment instance or session
from another may be substituted.

[0043] The method continues with a step 106 of applying
the initial pressure ramping strategy during a titration mode as
calculated above. Generally, this contemplates delivering
increasing levels of pressure to the patient as defined by the
pressure ramping slope 54. In the first night in the titration
mode, shown as day 1 of the graph of FIG. 3, the patient 13 is
delivered the starting pressure level CPAP,,.

[0044] Prior to beginning treatment in the second day but
after completion of the first day, there is sufficient information
to determine whether the ramping duration N, needs to be
extended or shortened depending on patient comfort levels.
The method thus further includes a step 108 of deriving a
usage trend from a median use duration and a weighted aver-
age of use durations over one or more sessions for a prede-
termined window. In the most basic iteration where there is
one use duration historical data, this predetermined window
is one day. The use relates to the number of hours in the day
that the patient 13 is undergoing therapy with the airway
support device 10.

[0045] Both the median and the weighted average are cal-
culated over a window of N days. For the first day, the median
is given as (H,,,(1)), while the weighted average is given as
H,(1). The median is understood to provide a long term
perspective of the hours of use, and the weighted average is
understood to represent the latest trend. An increasing use
trend may mean that the patient 13 is becoming accustomed to
the therapy, while decreasing use may mean that the patient
13 is becoming more uncomfortable with the higher pressure
levels. A steady or constant use may mean that the patient 13
has settled into a comfort zone. Thus, various embodiments of
the method contemplate responsive actions to these trends,
including extending or shortening the ramp duration, which
has the effecting of decreasing or increasing the pressure
ramping slope 54, respectively.

[0046] The exact number of days to offset is given by AN,
which for the window encompassing only day 11is AN(1), and
is based upon a function f, of the median H,, and the
weighted average H, . That is, £,=(H, (1), H,,(1)). Referring
to the graph of F1G. 3, where in each of the quadrants that the
values for H, and H,, fall determines the action taken on AN.
A first quadrant 60q is defined by a lower threshold median of
2, and an upper threshold weighted average of 2. There is no
upper threshold median. For such values of H,, and H,,, AN is
contemplated to be zero (0). A second quadrant 605 is defined
by a lower threshold median of 2, and a lower threshold
weighted average of 2, and there is no upper threshold
weighted average. In this case, AN involves a reduction of 1
day. A third quadrant 60c is defined by an upper threshold
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median of 0 as well as an upper threshold weighted average of
2. In such case, AN is increased by one day. A fourth quadrant
60d is defined by an upper threshold median of 2 and a lower
threshold weighted average of 2, with no upper threshold
weighted average. Here, AN is decreased by one day. It will be
appreciated by those having ordinary skill in the art that the
threshold median values and threshold weighted average of 2
is presented by way of example only and not of limitation.
Any other suitable threshold may be substituted without
departing from the scope of the present disclosure.

[0047] Inorder forthe ramp duration to be decreased by one
day, the intersection of the values of the weighted average H,,
and the median H,, falls into the second or fourth quadrants
605, 60c shown in FIG. 4. For example, H, (1) may be three
(3) hours, and H, (1) may also be three (3) hours; in which
case, being that the intersection of H, (1) and H_ (1) falls into
the second quadrant 6065, AN is -1. Therefore, N;=N,-1, or
-1 day.

[0048] As shown in the graph of FIG. 5, shortening the
ramp duration by one day adjusts the final ending day to reach
CPAP,,_,to occur one day earlier at point 63. The prescription
pressure level CPAP, , is not understood to change in
response to the foregoing usage trends. The method accord-
ingly includes a step 108 of generating a secondary pressure
ramping strategy. N, is understood to generally refer to the
change (whether increasing, decreasing, or constant duration)
to the original duration Ny, that is N, =N +AN(1). This alter-
native ramping strategy is generated from the initial treatment
pressure level 58, and a steeper, alternative pressure ramping
slope 62 that has been adjusted from the previous pressure
ramping slope 54. Given the appropriate conditions of H,, and
H,,, it is also contemplated that no changes to the ramping
duration are made at all.

[0049] Assuming the pressure level for the current day is
being generated prior to beginning treatment, the new ramp-
ing slope 62 coincides with the current date at a ramp pressure
level 64. Along these lines, there is a step 110 of applying the
secondary pressure ramping strategy to the patient during a
subsequent session in the treatment ramping mode. It is there-
fore contemplated that the pressure ramping slope, as well as
the pressure applied on any given day, is adjusted based upon
derived usage duration trends.

[0050] Extending the foregoing examples and principles to
a given day k, the change in ramping duration on such day is
given by AN(k)=f, (H,(k), H,,(k)). Again, H (k) is under-
stood to be the weighted average of use hours per day, and
H,,(k) is understood to be the median hours use on a given
window of N days. As such, the number of days to extend or
shorten the ramp by, at day k, is given as N,=N,_; +AN(k). If
N, isnotequal to N,_,, then a new pressure value is calculated
for that day based on the new ramp slope. In further detail, the
slope M, is given by the diagnosed treatment pressure level
CPAP,, , over the number of days to which the ramp has been
adjusted, N, or CPAP,  N,. Thus, CPAP,_,, the pressure
level on the day of concern, is: M,_, *(k-1)+CPAP,.

[0051] The foregoing procedure of modifying the ramp
adjusts for patient comfort. The presently disclosed methods
also contemplate further titration to minimize the patient’s
apnea’hypopnea index (AHI) while maintaining comfort. As
indicated above, it is possible to determine the minimum AHI
that can be achieved despite the presence of central apneas
that cannot be treated with CPAP. This involves, generally,
adjusting delivered pressure to the measured AHI whenever
pressure is increased on the day/session before. The change in
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AHI (AAHI) that is in reaction to a given change in CPAP
pressure (ACPAP) is defined as D ;.

[0052] Accordingly, per step 120, the method may also
include measuring an apnea/hypopnea index during one ses-
sion/day in the titration mode, followed by a step 122 of
adjusting the diagnosed treatment pressure level for another,
subsequent session/day based upon the measured AHI. Fur-
thermore, there is a step 124 of measuring the AHI during the
subsequent session/day, then a step 126 of deriving an AHI
degree of variance, e.g., D 5.

[0053] The AHI degree of variance is derived from a dif-
ference between the measured AHI in the one session and the
measured AHI in the subsequent session, that is, AAHI. Addi-
tionally, the adjustment to the diagnoses treatment pressure
level, e.g. ACPARP, is part of the derivation step of the D ;.
More particularly, ACPAP is understood to be the predefined
pressure increase between the previous day/session and the
day/session before. The prescription pressure level for the
subsequent day/session, CPAP, ., is CPAP, . ,+£,(D, /",
AHT).

[0054] The function is the estimated change D ;" on day
k-1, and AHI is understood to be the apnea/hypopnea index on
day k-1. Referring to the plot of FIG. 6, the outcomes of
function{, for given values of D, ;;;and AHI are shown. There
are three general regions: a first region with a minimum D,
of 0 (but no maximum), which represents the condition where
the last increase in pressure worsened the titration efforts; a
second region 665 with a minimum AHI of 5, and amaxinum
D, 0f -3; and a third region 66¢ defined by a combined area
with a maximum AHI of § and a D, ;; of less than zero, and a
minimum D ,,, of =3 but with an unlimited AHI, which rep-
resents the AHI of patients suffering from central apnea and
other conditions untreatable with CPAP alone.

[0055] Following the derivation of D, the method con-
tinues with a step 128 of adjusting the diagnosed treatment
pressure level based on such derived apnea/hypopnea index
degree of variance. When the combination of the AHI and
D,y are within the first region 664, then the treatment pres-
sure level is decreased by 1 cm H,O. When the combination
of the AHI and D ,,; are within the second region 665, the
treatment pressure level is increased by 1 cm H,O. If the
combination of AHI and D, are such that they fall within the
third region 66¢, is understood that the titration goal has been
reached and no further changes to the delivered pressure are
necessary. The foregoing steps can be summarized as adjust-
ing the prescription pressure level based upon measures
apnea’hypopnea variations resulting from the delivered
increasing levels of pressure to the patient.

[0056] The particulars shown herein are by way of example
and for purposes of illustrative discussion of the embodi-
ments of the present 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 concep-
tual aspects. In this regard, no attempt is made to show details
of the present disclosure with more particularity than is nec-
essary, the description taken with the drawings making appar-
ent to those skilled in the art how the several forms of the
present disclosure may be embodied in practice.

What is claimed is:

1. A method for adapting a patient to an airway pressure
support therapy, the method comprising:

deriving an initial prescription pressure level from a respi-
ratory disturbance index diagnosis;
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generating a pressure ramping slope from the initial pre-
scription pressure level and a received initial pressure
level;

delivering increasing levels of pressure to the patient as

defined by the pressure ramping slope;

adjusting the pressure ramping slope based upon derived

usage duration trends; and

adjusting the prescription pressure level based upon mea-

sured apnea/hypopnea index variations resulting from
the delivered increasing levels of pressure to the patient.

2. The method of claim 1, wherein the usage duration
trends are derived from a median use duration and a weighted
average of use durations over one or more sessions for a
predetermined duration window.

3. The method of claim 1, wherein the apnea/hypopnea
index variations is based upon a measurement of the apnea/
hypopnea index during one session, a subsequent measure-
ment of the apnea/hypopnea index during another session.

4. A method for titrating a patient to prescription airway
pressure with a continuous positive airway pressure (CPAP)
therapy device, the method comprising:

generating an initial respiratory disturbance index based

upon patient oxygen saturation measurements, patient
interface pressure measurements, and machine pressure
measurements during a diagnostic mode;

setting a diagnosed treatment pressure level and a starting

pressure level;

generating an initial pressure ramping strategy from the

diagnosed treatment pressure level, the starting pressure
level, and a default ramp duration;

applying the initial pressure ramping strategy to the patient

during a titration mode;

deriving a usage trend from a median use duration and a

weighted average of use durations over one or more
sessions for a predetermined duration window;
generating a secondary pressure ramping strategy from the
initial treatment pressure level, and the default ramp
duration adjusted in response to the usage trend; and
applying the secondary pressure ramping strategy to the
patient during a subsequent session in the titration mode.

5. The method of claim 4, wherein the secondary pressure
ramping strategy includes an adjustment to the default ramp
duration.

6. The method of claim 5, wherein the default ramp dura-
tion is increased in response to a decreasing usage trend.

7. The method of claim 5, wherein the default ramp dura-
tion is decreased in response to an increasing usage trend.

8. The method of claim 4, wherein the initial respiratory
disturbance index is incremented at every occurrence of the
oxygen saturation measurement dropping below a predeter-
mined threshold value during the diagnostic mode.

9. The method of claim 4, wherein the starting pressure
level is manually entered into a user interface of the CPAP
therapy device.

10. The method of claim 4, wherein the initial respiratory
disturbance index is incremented at every occurrence of a
patient flow estimate derived from the patient interface pres-
sure measurements and the machine pressure measurements
dropping below a predetermined threshold value during the
diagnostic mode.

11. The method of claim 10, wherein the diagnosed treat-
ment pressure level is generated from a function of the initial
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respiratory disturbance index and a mean of the patient oxy-
gen saturation measurements made during the diagnostic
mode.

12. The method of claim 10, further comprising:

measuring an apnea/hypopnea index during one session in

the titration mode; and

adjusting the diagnosed treatment pressure level for

another subsequent session based upon the measured
apnea/hypopnea index in the one session.

13. The method of claim 12, further comprising:

measuring the apnea/hypopnea index during the subse-

quent session;
deriving an apnea/hypopnea index degree of variance from
a difference between the measured apnea/hypopnea
index in the one session and the measured apnea/hypop-
nea index in the subsequent session and the adjustment
to the diagnosed treatment pressure level; and

adjusting the diagnosed treatment pressure level based
upon the derived apnea/hypopnea index degree of vari-
ance.

14. The method of claim 13, wherein the diagnosed treat-
ment pressure level is decreased when there is a positive
apnea’hypopnea index degree of difference.

15. The method of claim 13, wherein the diagnosed treat-
ment pressure is increased when there is a negative apnea/
hypopnea index degree of difference over a first predeter-
mined limit and the measured apnea‘hypopnea index in the
one session is greater than a second predetermined limit

16. The method of claim 13, wherein the diagnosed treat-
ment pressure is unmodified when there is a negative apnea/
hypopnea index degree of difference less than a first prede-
termined limit and the measured apnea/hypopnea index in the
one session is greater than a second predetermined limit.

17. The method of claim 13, wherein the diagnosed treat-
ment pressure is unmodified when there is a negative apnea/
hypopnea index degree of difference less than a first prede-
termined limit and the measured apnea/hypopnea index in the
one session is less than a second predetermined limit.

18. An article of manufacture comprising a non-transitory
program storage medium readable by a data processor of a
CPAP therapy device, the medium tangibly embodying one or
more programs of instructions executable by the data proces-
sor to perform a method for titrating a patient to prescription
airway pressure with the CPAP therapy device, the method
comprising:

generating an initial respiratory disturbance index based

upon patient oxygen saturation measurements, patient
interface pressure measurements, and machine pressure
measurements during a diagnostic mode;

setting a diagnosed treatment pressure level and a starting

pressure level,

generating an initial pressure ramping strategy from the

diagnosed treatment pressure level, the starting pressure
level, and a default ramp duration;

applying the initial pressure ramping strategy to the patient

during a titration mode;

deriving a usage trend from a use duration for a single

session and a weighted average of use duration over one
or more sessions for a predetermined duration window;
generating a secondary pressure ramping strategy from the
initial treatment pressure level, and the default ramp
duration adjusted in response to the usage trend; and
applying the secondary pressure ramping strategy to the
patient during a subsequent session in the titration mode.
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19. The article of manufacture of claim 18, wherein the
secondary pressure ramping strategy includes an adjustment
to the default ramp duration.

20. The article of manufacture of claim 18, wherein the
method further includes the steps of:

measuring an apnea/hypopnea index during one session in

the titration mode; and

adjusting the diagnosed treatment pressure level for

another subsequent session based upon the measured
apnea’hypopnea index in the one session.

measuring the apnea/hypopnea index during the subse-

quent session;
deriving an apnea/hypopnea index degree of variance from
a difference between the measured apnea/hypopnea
index in the one session and the measured apnea/hypop-
nea index in the subsequent session and the adjustment
to the diagnosed treatment pressure level; and

adjusting the diagnosed treatment pressure level based
upon the derived apnea/hypopnea index degree of vari-
ance.
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