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The variable breathing number is provided by variable 
breathing detection module 270 to variable breathing moni 
toring module 272, which compares this number to thresh 
old values to determine when to request that variable breath 
ing controller 274 take control from the auto-CPAP 
controller. FIG. 12 is a chart illustrating the hysteresis 
threshold criteria for declaring that the patient is experienc 
ing variable breathing and, hence for requesting control of 
the pressure Support system. 
As shown in FIG. 12, an upper threshold 300 and a lower 

threshold 302 are set in advance. Preferably, the values of 
these thresholds are determined from empirical data. Vari 
able breathing monitor 274 declares there to be variable 
breathing and issues a request for control to request proces 
sor 106, when the variable breathing number (VBit), repre 
sented by line 304, exceeds upper threshold 300. This occurs 
at point 306 in FIG. 12. Variable breathing monitor 274 will 
continue to deem there to be variable breathing, and, hence, 
continue to request control, even if the VBit falls below 
upper threshold 300. In short, a variable breathing active 
indication is turned on at point 306 and remains on over 
region 308, until the VBit falls below lower threshold 302 at 
point 310. While the variable breathing active indication is 
on, variable breathing monitor 274 issues a request for 
control of the pressure support from request processor 106. 

Similarly, variable breathing monitor 274 will continue to 
deem there to be no variable breathing, and, hence, will not 
request control, even if the VBit rises above lower threshold 
302. That is, the variable breathing active indication is 
turned off at point 310 and remains off over region 312, until 
the VBill exceeds upper threshold 300, which occurs at point 
314. 

2. Variable Breathing Pressure Control 
Once variable breathing controller 274 has been granted 

control of the pressure Support system, it takes some initial 
action based on that action the auto-CPAP controller dis 
cussed below is taking. After this initial action, it performs 
an independent pressure control operation. FIG. 13 is a chart 
illustrating the pressure control operation of the variable 
breathing control module of the present invention. 
As shown in FIG. 13, the pressure control operation 

performed by variable breathing controller 274 is subdivided 
into the following three regions: a) an active response region 
320, b) a pressure hold region 322, and c) a slow ramp region 
324. The pressure control performed by variable breathing 
controller 274 in each of these regions is discussed in turn 
below. It is to be understood that even though there appears 
to be discontinuities in the delivered pressure in FIG. 13, this 
is only due to the manner in which each region is illustrated. 
In practice, the pressure at the end of region 320 is the start 
pressure for the pressure control that takes place in region 
322. Similarly, the pressure at the end of region 322 is the 
start pressure for the pressure control that takes place in 
region 324. 

In region 320, column A illustrates the possible prior 
pressure curves, i.e., the possible pressure control actions 
being taken by the pressure Support system before operation 
of the system was handed over to variable breathing con 
troller 274. Column B illustrates the corresponding pressure 
control curves that are produced by variable breathing 
controller 274 based on the prior curves. In case #1, a prior 
pressure 326 is flat (not increasing, not decreasing). In which 
case, variable breathing controller 274 will cause the pres 
sure delivered to the patient to remain at this level, as 
indicated by pressure curve 328. 

In case #2, a prior pressure 330 is increasing. In which 
case, variable breathing controller 274 initially decreases the 
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pressure delivered to the patient at a rate of 0.5 cmH2O per 
minute, as indicated by pressure curve 332. The magnitude 
of the decrease is dependent on the magnitude of the 
increase in prior pressure 330. Pressure decrease 332 is 
intended to erase the prior pressure increase 330 that pos 
sibly caused the variable breathing. However, the total 
decrease in pressure drop 332 is limited to 2 cmH2O. After 
pressure decrease 332, variable breathing controller 274 
holds the pressure steady, as indicated by pressure curve 
334. 

In case #3, a prior pressure 336 is decreasing. In which 
case, the variable breathing controller initially increases the 
pressure delivered to the patient at a rate of 0.5 cmH2O per 
minute, as indicated by pressure curve 338. The magnitude 
of the increase 338 is dependent on the magnitude of the 
decrease in prior pressure 336. Pressure increase 338 is 
intended to erase the prior pressure decrease 336 that may 
have caused the variable breathing. However, the total 
increase in pressure 338 is limited to 2 cmH2O. After 
pressure increase 338, variable breathing controller 274 
holds the pressure steady, as indicated by pressure curve 
340. 

In a presently preferred embodiment, the duration during 
which pressure is provided according to the paradigms 
discussed above for region 320, column B, is set to 5 
minutes. Thus, pressure curve 328 (case #1) or curve 
332–334 (case #2), or curve 338-340 (case #34) is provided 
for 5 minutes or until the variable breathing condition clears. 
Thereafter, the pressure is controlled according to the pres 
sure operation of region 322. It is to be understood, however, 
that this duration can be varied over a range of durations. 

In region 322, the pressure is either maintained at a 
constant value, as indicated by pressure curve 342 (case #4), 
or it follows a decrease and hold pattern, as indicated by 
pressure curve 344 (case #5). The decision to hold the 
pressure (case #4) or to decrease the pressure (case #5) is 
made by comparing the current pressure, i.e., the patient 
pressure at the end of region 320, with the snore treatment 
pressure. This is similar to the pressure control operation of 
A/H controller 168 discussed above with respect to FIG. 9. 

If there is no snore treatment pressure stored in the 
system, which will be the case if the snore controller has not 
been activated, the pressure is held constant as pressure 
curve 342. If there is a snore treatment pressure, and if the 
current pressure is more than a predetermined amount above 
this Snore treatment pressure, Such as more than 2 cmH2O 
above the Snore treatment pressure, variable breathing con 
troller 274 decreases the pressure to a level that is a 
predetermined amount higher than the Snore treatment pres 
sure, as indicated by pressure curve 344, and holds the 
pressure at the lower level, as indicated by line 346, over the 
duration of region 322. The present invention decreases the 
pressure during pressure decrease 344 to the Snore treatment 
pressure, +1 cmH2O. 

In a presently preferred embodiment, the duration during 
which pressure is provided according to the paradigms 
discussed above for region 322 is set to 15 minutes. Thus, 
pressure curve 342 (case #4) or curve 344-346 (case #5) is 
provided for 15 minutes or until the variable breathing 
condition clears. Thereafter, the pressure is controlled 
according to the pressure operation of region 324. It is to be 
understood, however, that this 15 minute duration can be 
varied over a range of durations. 

In region 324, there is only one pressure control opera 
tion. Namely, the pressure delivered to the patient is slowly 
ramped down, as indicated by pressure curve 348. This 

ResMed Corp. - Ex. 1021 
Page 35



US 7,168,429 B2 
25 

downward pressure ramp continues until the minimum sys 
tem pressure is reached or until the variable breathing 
condition clears. 

I. Auto-CPAP Control Layer 
The auto-CPAP control layer is assigned an eighth (8th) 

and lowest priority from among all of the control layers. As 
a result, the pressure control operations carried out by this 
layer are interrupted if any other controller is activated. As 
shown in FIG. 2, the auto-CPAP control layer includes an 
auto-CPAP detection module 350, an auto-CPAP monitoring 
module 352, and an auto-CPAP control module 354. 
As will perhaps be better appreciated after reviewing the 

following discussion of the auto-CPAP control layer, the 
various components of this layer interact very closely with 
one another. That is, while the pressure Support system is 
operating in this control layer, the auto-CPAP detector and 
monitor are continuously analyzing the outputs from moni 
toring system 44 because the output of the auto-CPAP 
monitor dictates how the auto-CPAP controller adjusts the 
pressure at the patient. Unlike the other control layers, there 
is no need for the auto-CPAP monitoring module to request 
control from request processor 106, because the auto-CPAP 
control layer is the default control layer, and will automati 
cally be operating if no other control layer has taken control. 
The general goal of the auto-CPAP control layer is to 

induce slow pressure ramps, e.g., +0.5 cmH2O/min or to 
provide a pressure hold period, referred to as a therapy 
pressure. The patient's response to these pressure changes 
and to the therapy pressure is evaluated by monitoring 
certain parameters associated with the flow waveform to 
determine whether the patient flow waveform is improving, 
degrading, or showing no change. For each breath, values 
are calculated representing the weighted peak flow Qu. 
roundness, flatness, and skewness of that breath. This data is 
stored and trended over time in a continuous effort to 
optimize the pressure delivered to the patient by the pressure 
Support system. 

1. Peak, Roundness, Flatness and Skewness 
As noted above, during the auto-CPAP control process 

carried out by auto-CPAP controller, the weighted peak flow 
Que roundness, flatness, and skewness of the inspiratory 
waveform for a breath are determined. Each of these char 
acteristics of the inspiratory waveform are trended over time 
by auto-CPAP detector 350 to produced a trended value. 
This trended value is provided to auto-CPAP monitoring 
module 352, where it is used in a voting scheme discussed 
in greater detail below to determine what action the auto 
CPAP controller takes. Therefore, it is important to under 
stand first how the present invention calculates these inspira 
tory waveform characteristics. 

The calculation of the weighted peak flow Q, was 
discussed above with reference to A/H detection module 
164. Therefore, no further explanation of this inspiratory 
waveform characteristic is required. 

In order to calculate the roundness characteristics of the 
inspiratory waveform, the present invention compares a 
patients inspiratory wave to a sine wave. FIGS. 14A-14C 
illustrates an exemplary patient inspiratory waveform 360 
including points 362 and 364 on this waveform that corre 
sponds to the 5% and 95% volumes, respectively. Compar 
ing waveform 360 to a sine wave requires matching the 
patients inspiratory wave to the sine wave, or vice versa, in 
order to make the best possible comparison. For this reason, 
several steps must be taken in order to fit the sine wave onto 
the patients inspiratory waveform. 
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First, a sine base value, which is used to place the start and 

end points of a sine wave on patients inspiratory waveform 
360 is calculated. The sine base value is defined as /2 of the 
flatness flat baseline (FFB) value. Points 366 and 368 where 
line 370, which is a line corresponding to the sine base 
(/2FFB), intersects inspiratory waveform 360 are selected as 
a start point and an end point of the sine wave to be overlaid 
on the inspiratory waveform. The task then becomes locat 
ing points 366 and 368 on waveform 360. 
The present invention locates these points by searching 

for the points on the inspiratory waveform beginning from 
a known landmark value, such as the 5% volume point 362 
and the 95% volume point 368. As shown in FIG. 14B, when 
searching at the start or proximal end of the inspiratory 
waveform, if the flow value for the 5% volume (point 362) 
is less than the sine base value, search up, i.e., toward a distal 
end of waveform 360, i.e., where the 95% volume point is 
located. On the other hand, if the flow value for the 5% 
volume (point 362) is greater than the sine base value, search 
down, i.e., toward the proximal end or beginning of wave 
form 360. Arrow 370 in FIG. 14B indicates a downward 
search from the 5% volume point toward the proximal end 
of the waveform, because, in this exemplary embodiment, 
the flow at point 362 is greater than the sine base value. 
When searching at the distal end of the inspiratory wave 

form, if the flow value for the 95% volume (point 364) is 
greater than the sine base value, search up, i.e., toward the 
distal end of waveform 360. On the other hand, if the flow 
value for the 95% volume (point 364) is less than the sine 
base value, search down, i.e., toward the proximal beginning 
of waveform 360 where the 5% volume point is located. 
Arrow 372 in FIG. 14B indicates a downward search from 
the 95% volume point, because, in this exemplary embodi 
ment, the flow at point 364 is less than the sine base value. 

In Searching for the location of the points on waveform 
360 that correspond to the sine base value, it can happen that 
a search beginning at a landmark, Such as the 5% Volume 
point, fails to find the correct point on waveform 360 that 
should correspond to the start of the sine wave. For example, 
if point 362 is above the sine base value point and the 
searching is done upward, as indicated by arrow 374 in FIG. 
14C, the search for the start point may erroneously locate 
point 368, which is near the end of the inspiratory waveform, 
as the start point. A similar error would occur if the 95% 
point is greater than the point corresponding to the sine base 
value, shown as exemplary point 376, and a downward 
search was done from point 376, as indicated by arrow 378. 
To avoid these errors, the present invention includes 

validity checks to see if the search (arrows 374 and 376) 
crossed one another. If so, the points found by each search 
are discarded and no calculation of roundness and flatness 
are made for that waveform. A similar error and result occurs 
if no point is found that corresponds to the sine base value. 
This can occur, for example, if upward searching begins at 
point 364, as indicated by arrow 380. 
Once start point 366 and end point 368 for a sine wave 

template 382 in FIG. 15 are known, the amplitude (Sine 
Amp) of sine wave template 382 having these start and end 
points is calculated using the known relationship between 
the width or period of a sine wave and its amplitude. See 
FIG. 15. For example, the Sine Amp is calculated as: 
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End point (2) 
? Qpatient (t) 
Start point 

Sine Amp = 27t 

From the known period of the sine wave, i.e., the time 
between the start and end points, and the calculated ampli 
tude, the present invention then determines a ratio of ampli 
tude over period. In other words, a ratio is calculated as: 

Sine Amp 
Period 

3 Ratio = (3) 

The purpose of determining this ratio is to attempt to 
normalize the sine wave templates to one another by adjust 
ing the amplitude of the sine wave templates. For example, 
if the ratio is very high, it indicates that the sine wave 
template 384 is very tall and thin, as shown, for example, in 
FIG.16A. If the ratio is very low, the sine wave template 386 
is very short and wide, as shown, for example, in FIG. 16B. 
It is preferable not to compare these tall, thin templates 384 
or short, wide templates 386 to the actual patient inspiratory 
waveform because the fit between these two wave patterns 
is typically not very good and does not produce meaningful 
results. 

To account for these conditions, the present invention 
adjusts the ratio of the sine wave template. FIG. 17 illus 
trates a normalization curve 390 that is used to adjust the 
ratio of the sine wave templates. Normalization curve 390 
includes a linear region 392 where no ratio adjustment is 
made. Above linear region 392, i.e., where the sine wave 
template has a ratio that is too high, normalization curve 390 
includes a first region 394 that downwardly adjusts the ratio 
and a clamping region 396. In the illustrated exemplary 
embodiment, the adjusted ratio is clamped at 36, no matter 
how high the actual ratio is. Below linear region 392, i.e., 
where the sine wave template has a ratio that is too low, 
normalization curve 390 includes a second region 398 that 
upwardly adjusts the ratio and a clamping region 400. In the 
illustrated exemplary embodiment, the adjusted ratio is 
clamped at 8 no matter how low the actual ratio is. 
The adjusted ratio determined from the relationship 

shown, for example, in FIG. 17, is used to set the amplitude 
of the sine wave template, with the period being held 
constant. For example, FIG. 18A illustrates a sine wave 
template 402 where the ratio is too low, meaning that the 
sine wave template is too flat. A corrected sine wave 
template 404 is also shown indicating how adjusting the 
ratio effectively increases the amplitude of the sine wave 
template. FIG. 18B illustrates a sine wave template 406 
where the ratio is too high, meaning that the sine wave 
template is too tall. A corrected sine wave template 408 is 
also shown indicating how adjusting the ratio effectively 
decreases the amplitude of the sine wave template. 

After the sine wave template that corresponds to the 
patients inspiratory flow is determined and corrected, if 
necessary, the Volume of the corrected sine wave template is 
calculated using any conventional technique. In an analog 
computation, this is accomplished by integrating over the 
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corrected sine wave template from the start point to the end 
point. In a digital process, this is accomplished by Summing 
the flows from the start point to the end point and dividing 
by the number of Summations in this process. 

FIG. 19A illustrates an exemplary patient inspiratory 
waveform 410 and a sine wave template 412 determined as 
discussed above. It can be appreciated from reviewing this 
figure that there remains a relatively large degree of offset 
between patient inspiratory waveform 410 and a sine wave 
template 412. The present invention accounts for this offset 
by effectively shifting the sine wave template, as indicated 
by arrow 414, to overlie the patient inspiratory waveform. 

In a preferred embodiment of the present invention, 
shifting the template to overlie the patient inspiratory wave 
form is accomplished by determining a center C of the 
patient inspiratory waveform and using this center as a new 
center for the sine wave template. Center C of patient 
inspiratory waveform 410 is determined by finding the 
points 416 and 418 on the inspiratory waveform that corre 
sponds to the FFB value. Finding the points 416 and 418 on 
the inspiratory waveform that corresponds to the FFB value 
is accomplished by searching up or down from the known 
landmark points 366 and 368, which correspond to the sine 
base value (/2FFB). This search is indicated by arrows 420 
and 422. Once the FFB points are located on inspiratory 
waveform 410, the center C of the inspiratory waveform is 
taken as /2 the distance between these FFB points (416 and 
418). Now that center C of inspiratory waveform is located, 
the location points defining sine wave template 412 can be 
recalculated about this center. 

Referring now to FIG. 20, a flatness level is calculated by 
determining the volume of the inspiratory waveform 410 
above the flatness flat baseline (FFB) level between the 20% 
volume point and the 80% volume point. Preferably, a 
weighting constant is applied to this result to make it less 
sensitive to slight changes in the shape of the inspiratory 
waveform. 

In a digital processor, flatness can be determined as 
follows: 

80% Woite 

4: 100: X. 
20% Woite 

T206.80% : Flatness Baseline 

(4) 
abs(Q(t)- Flatness Flat Baseline) 

Flatness = 

In this relation, the constant value 4 is the weighting 
constant that makes this determination less sensitive to 
changes in the shape of the inspiratory waveform. Constant 
value 100 is selected so that the flatness value is expressed 
as a percentage. Interestingly, the flatness value is large 
when the inspiratory waveform is sinusoidal and could be 
Zero if the inspiratory waveform is perfectly flat. 

Referring now to FIG. 21, roundness is calculated as the 
difference between a patient inspiratory waveform 410 and 
the sine wave template 412 determined as discussed above 
between the 20% volume point and the 80% volume point. 
This difference is shown in FIG. 21 as shaded areas 430. A 
weighting constant is preferably also applied to the round 
ness determination to make it less sensitive to slight changes 
in the shape of the inspiratory waveform. 
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In a digital processor, roundness can be determined as 
follows: 

80% Woite 

2 : 100: X. 
20% Woite 

Roundness = 
Sine Volume 

(5) 
abs(Flow Sine(t) - Q(t)) 

Interestingly, the roundness value is large when the inspira 
tory waveform is flat and could be zero if the inspiratory 
waveform is a perfect sinusoid. 

Referring now to FIG. 22, skewness is calculated by first 
segmenting an inspiratory waveform 432 into regions 434. 
436 and 438. Each region corresponds to /3 of the duration 
of the inspiratory waveform. A predetermined amount of the 
top flows in each region is averaged. For example, in a 
preferred embodiment of the present invention, the top 5% 
of the flow in each region is averaged. A skewness number 
for the inspiratory waveform is calculated as the 5% of the 
middle region 436 divided by the 5% of the left region. 
Stated another way, the skewness number is calculated as: 

Middle Region 5% 
Left Region 5% 

(6) 
Skewness Number = 

It can be appreciated that the specific manner in which the 
inspiratory waveform is segmented, and the percentage of 
flow from each that are analyzed to determine the skewness 
value are Subject, to variation. 

2. Auto-CPAP Detection Module 

Auto-CPAP detection module 350 performs two types of 
trend analysis on each of the monitored breath parameters, 
i.e., weighted peak flow, flatness, roundness, and skew data 
collected over any period of time, which is typically 2.5 to 
20 minutes. The first is a long-term trend analysis, and the 
second is referred to as a short-term trend analysis. How 
ever, each type of trend analysis requires first collecting the 
data for the analysis. Naturally, as more data is input into the 
trend analysis, the more likely the analysis will be repre 
sentative of the patient’s response. 
As shown in FIG. 23, the breath parameter data for a 

patient’s breathing cycles 440 are grouped into sets, with 
each set containing the data associated with multiple breath 
ing cycles. In a presently preferred embodiment, each set 
includes respiratory parameter data for four breathing 
cycles. 
The respiratory or breath parameters, i.e., weighted peak 

flow Que roundness, flatness, and skewness, for each 
breath are calculated as discussed above. The weighted peak 
flow data for four breaths, for example, are averaged and 
used to determine a single point value for use in the trend 
analysis. This same process is conducted for the other 
respiratory parameters of roundness, flatness, and skewness. 
The result is an accumulation of data, as indicated by chart 
442, that is used for trend analysis purposes. 

FIG. 24 illustrates an exemplary trend analysis chart, 
where each point represents the averaged respiratory param 
eter data over four breathing cycles. Trend analysis of this 
data involves determining a least squares fit line, also 
referred to as a best-fit line, 444 for the data points. It can be 
appreciated that the slope of best-fit line 444 is indicative of 
the degree with which the trend of the data is changing. 
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Next, a standard deviation 446 of the data points about this 
best-fit line is determined over the time interval of interest. 
A variety of different types of analysis can be done based 

on this data. For example, the present invention contem 
plates determining a percent change and a difference value 
of the trend data. The percent change is calculated as: 

end point-start point (7a) % change = x 100, 
ea 

where the end point is a point on best-fit line 444 near the 
end of the collected data, such as point 448, the start point 
is a point on best-fit line 444 near the start of the collected 
data, Such as point 450, and the mean is the mean value of 
the data points between the start and end points. An equiva 
lent calculation for the percent change can be expressed as: 

slope Xtrend length (7b) % change = x 100, 
ea 

where slope is the slope of the best-fit line 444 and the trend 
length is the length of the trend, indicated as the time 
between the start point and the end point. 
The difference value is calculated as the difference 

between the value of the end point and the start point 
expressed as: 

difference value=end point-start point. (7c) 

The equivalent representation of this equation can be 
expressed as: 

difference value=slopextrend length. (7d) 

According to a preferred embodiment of the present 
invention, when analyzing the weighted peak flow data, only 
the percent change is used. When analyzing the roundness, 
flatness, and skewness data, only the difference value of the 
trend data is used because, in a preferred embodiment of the 
present invention, these raw measures are already repre 
sented as percentages. An error window, defined by a percent 
change or difference as described above, is compared to 
predetermined thresholds to determine whether the change 
in the data, i.e., the trend, has exceeded acceptable levels. It 
should be noted that the type of analysis (percent change or 
difference) depends on the type of raw data used in the 
trends analysis. 
As noted above, auto-CPAP detection module 350 looks 

at a short-term trend and a long-term trend of the accumu 
lated data points—recall that each data point contains an 
average of the parameter data for four breathing cycles. 
When performing the long-term trend analysis, the percent 
change or the difference value (depending on the parameter 
of interest) is evaluated over time to determine whether 
these trend analysis criteria fall outside predetermined 
thresholds. When performing the short-term trend, each 
newly collected data point is compared to the data points 
already collected in an effort to locate anomalies in the 
monitored parameters relative to the trended data. 

a. Long-Term Trend 
To perform the long-term trend analysis, the best-fit line 

for the trended data, which has an associated Standard 
deviation for the data points around that line, is used to 
determine a trend error window. The trend error window 
represents a range of error for the trend data. The trend error 
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window is a function of the standard deviation for that 
best-fit line, the number of data points used in the trend 
calculation, and the desired confidence level, and is deter 
mined using any conventional technique, such as using a 
look-up table, once the input criteria (standard deviation, it 
of samples (data points), and confidence level) are estab 
lished. 

In the present invention, the confidence level used in 
selecting the trend error window is determined based on an 
empirical evaluation of the data. It was determined from this 
empirical analysis that, for purposes of the present inven 
tion, an 80% confidence level is appropriate for the trend 
error window. However, those skilled in the art can appre 
ciate that this level can be varied and still provide mean 
ingful results. In essence, in selecting an 80% confidence 
level, the present invention seeks to say, with an 80% level 
of confidence, that the best-fit line, with its associated scatter 
of data, represents the true trend of the data being analyzed. 
Once a trend error window is determined, this range of 

error is converted into an error window based on the 
difference value or the percent change discussed above. This 
can be accomplished by applying the calculations discussed 
in equations (7b) and (7d) to the trend error window. In this 
case, the slope of the best-fit line would be represented by 
a range of slopes that take into account the best-fit line 444 
and its associated trend error. Once the error window is 
converted to a difference or percent change, it is provided 
from auto-CPAP detector 350 to auto-CPAP monitor 352, 
which uses this trend based information, as discussed below, 
to judge the patient's response changes to the delivered 
pressure. 

b. Short-term Trend 

The short-term trend analysis attempts to distinguish 
relatively quick patient response to the delivered pressure. 
Therefore, rather than looking at the changes in the trend 
data over time, the short-term trend analysis function of 
auto-CPAP detection module 350 in combination with auto 
CPAP monitoring module 352, analyzes each data point as 
it is generated against two detection criteria. The auto-CPAP 
detection module establishes the short-term trend criteria, 
and the auto-CPAP monitoring module 350 analyzes the 
newly generated data point against these criteria. 
The first short-term trend criteria determined by the 

auto-CPAP detection module is a prediction interval. The 
goal of the prediction interval is to provide a range of values 
against which the newly generated data point is compared. 
The prediction interval is determined, using standard statis 
tical analysis techniques, based on the standard deviation of 
the data points about the best-fit line, the number of samples 
or data points in the trend analysis calculation, and the 
desired confidence level. In the present invention, the con 
fidence level used to select the prediction interval is deter 
mined based, on an empirical evaluation of the data. It was 
determined from this empirical analysis that, for purposes of 
the short-term trend analysis, a 95% confidence level is 
appropriate. However, those skilled in the art can appreciate 
that this level can be varied and still provide meaningful 
results. Based on these criteria, the prediction interval rep 
resents a range of values in which we are 95% confident that 
the next generated data point will fall within this range of 
values. 

The second short-term trend criteria determined by the 
auto-CPAP detection module is simply a “start of trend data 
point,” which is a data point on the best-fit line at the start 
of the collection of data. The start of trend data point is 
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similar to data point 450 in FIG. 24. As previously described 
for the long-term trend, a percent change and difference is 
calculated for the short-term. This is accomplished by using 
equations (7a) and (7c) described above. For the short-term 
calculation, the end point is defined as the value of the 
current data point, and the start point is defined as the start 
of trend point, similar to data point 450 in FIG. 24. As 
discussed below, the prediction interval and the short-term 
percent change (or difference, i.e., dependent upon the 
individual breath measure, consistent with that described for 
the long-term trend) are provided from auto-CPAP detection 
module to auto-CPAP monitoring module 352. 

3. Auto-CPAP Monitoring Module 
Auto-CPAP monitoring module 352 uses the trend infor 

mation provided by auto-CPAP detection module 350 in a 
Voting process to determine the patient's response to a 
pressure being delivered to the airway. For example, the 
auto-CPAP monitor determines whether or not the profile of 
the patient flow waveform is improving or degrading, thus 
indicating whether airway flow restriction may be improving 
or degrading. 

a. Long-Term Trend Voting 
FIG. 25 is a chart 459 explaining, by illustration, the 

Voting conducted on the information provided by the long 
term trend analysis. At the center of chart 459 is a voting 
window 461 that is bounded by an upper threshold 462 and 
a lower threshold 464. There are three levels of voting in this 
chart: 1 getting better, 0 no change, -1 getting worse. 
The trended data, along with its associated Statistical 

error, which corresponds to an error window 464 calculated 
during the long-term trend analysis performed by the auto 
CPAP detector, is compared to thresholds 460 and 462. In 
order to produce a vote of 1, the entire error window must 
exceed an assigned threshold level. This threshold level 
varies from measure to measure, but typically ranges from 
7% to 8%. In FIG. 25 the 8% value is selected. If the entire 
error band 464 is above threshold level 460, a vote of 1 is 
generated, as indicated by region 466. Similarly, if the entire 
error band 464 is below threshold level 462, as indicated by 
region 468, a vote of -1 is generated. Otherwise a vote of 
Zero (0) is generated, region 470. 

b. Short-Term Trend Voting 
The short-term trend analysis described above and the 

short-term voting scheme described below is designed to 
detect short-term or relatively Sudden changes in the 
patient's flow profile. This is accomplished by comparing a 
single grouping of breaths (i.e., one data point, which 
contains 4 breaths) to the first and second short-term trend 
criteria discussed above and to determine whether that group 
has shown a statistically significant change with regard to 
the long-term trended data. 

If (1) the newly generated data point is equal to or outside 
the prediction interval and (2) the data point differs from the 
start of trend data point by a predetermined threshold 
amount, the data point (i.e., breath group) is deemed to 
represent a significant change with respect to the beginning 
of the long-term trend. Therefore, if both of these conditions 
are met, the short-term trend generates a vote of 1 or -1. 
depending on whether the data point is above or below the 
start of trend data point. Otherwise, a vote of Zero (0) is 
generated. The threshold for the percent change or difference 
between the data point and the start of trend data point used 
for short-term trending varies from measure to measure, but 
typically ranges from 9% to 14%. 

c. Final Voting 
Once a long-term Vote and a short-term Vote has been 

issued for each individual breath measure, the votes from all 
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the measures are then accumulated into a single, final vote. 
The following table Summarizes the final Voting process: 

Long-Term Vote Short-Term Vote Result 

Qwpeak (-1, 0, 1) (-1, 0, 1) 8. 
Roundess (-1, 0, 1) (-1, 0, 1) b 
Flatness (-1, 0, 1) (-1, 0, 1) C 
Skewness (-1, 0, 1) (-1, 0, 1) d 

Final Vote x = a + b + c + d 

The value placed in the “Result’ column for each breath 
parameter is the value of the long-term vote, unless the 
long-term vote is Zero. If the long-term Vote is Zero, the 
short-term vote value is placed in the results column for that 
breath parameter. The results are Summed to generate the 
final vote. 
The only other caveat implemented by the present inven 

tion is that the flatness breath parameter is ignored when 
summing for the final vote if the flatness result is non-zero 
and if it is inconsistent with the other non-zero voting breath 
parameters associated with the shape of the inspiratory 
waveform, i.e., roundness and skewness. This is why an 
asterisk is placed next to “c” in the above table, meaning that 
in certain situations the flatness value 'c' is ignored. For 
example, the result for flatness is 1, and either the roundness 
or the skewness parameter is a -1, the flatness result is 
ignored in the summation for the final vote. Similarly, if the 
result for flatness is -1, and the either the roundness or the 
skewness parameter is a 1, the flatness result is ignored in the 
summation for the final vote. 
The final vote “x” from the above table can have a range 

of -4 to 4 and is used to determine the three primary 
conditions about the profile of the patient flow waveform. 
The condition of the patient’s inspiratory flow is also 
indicative of the patient's response to the pressure being 
provided to the airway. The three primary conditions that 
Summarize a patient's response to the pressure, and the final 
Vote value associated with each condition, are given below: 

1) statistically significant degradation, XS-2 
2) statistically no change, and -2<x<2 
3) Statistically significant improvement. Xe2 
All three of these conditions can be determined indepen 

dent of whether the auto-CPAP controller is increasing, 
decreasing, or holding pressure constant. The following 
table summarizes where each condition (1), (2) or (3) falls 
for each value of X: 

As discussed in greater detail below, during certain pres 
sure control operations performed by auto-CPAP controller 
354, a fourth condition, which is interposed between con 
ditions (2) and (3), is added. This additional condition, 
which is designated as condition (2.5) because it is between 
conditions (2) and (3), corresponds to the patient condition, 
i.e., the patient inspiratory waveform, exhibiting statistically 
marginal improvement. This condition is deemed to occur if 
the final vote during certain pressure control operations 
equals +1, i.e., X=+1. The four conditions that Summarize a 
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patient's response to the pressure, and the final Vote value 
“x' associated with each condition, are given below for this 
situation: 

1) statistically significant degradation, XS-2 
2) statistically no change, -2<x<1 
2.5) statistically marginal improvement, and X-1 
3) statistically significant improvement. Xe2 
The following table summarizes where each condition 

(1), (2), (2.5) or (3) falls for each value of x in this situation: 

It is to be understood that greater or fewer conditions can be 
provided depending on how fine tuned the auto-CPAP 
control layer should be to changes in the patient’s condition. 

4. Auto-CPAP Control Module 
The auto-CPAP controller uses the final voting level 

described above, which is an indication of the patients 
response to the pressure being provided to his or her airway 
by the pressure Support system, along with its current mode 
of operation, to determine what actions to take. Three 
general cases are presented below to describe the behavior 
of the auto-CPAP controller. 

a. Case 1-Startup 
FIG. 26 illustrates a pressure curve 500 output by the 

pressure Support system during Case 1. When the pressure 
support system is turned on, it will enter a hold period 502 
and collect data. In a preferred embodiment, this hold period 
lasts 5 minutes. However, the duration of the hold period can 
be a value other than 5 minutes, so long as enough time 
elapses to collect a meaningful amount of data. At the end 
of this period, auto-CPAP controller 354 initiates a recovery 
state in which the patient pressure is ramped up slowly, with 
a targeted increase of 1.5 cmH2O, and at a rate of increase 
of approximately 0.5 cmHO/min. 

During this ramping, the trend data is continually exam 
ined by auto-CPAP monitor 352 using the four conditions, 
(1), (2), (2.5) and (3), to determine if the patient flow profile 
has experienced statistically significantly degradation—con 
dition (1), statistically no change—condition (2), statisti 
cally margin improvement—condition (2.5), or statistically 
significant improvement—condition (3) during the ramp 
period. However, no action is taken on this determination 
until -2.5 minutes have elapsed since the start of the 
pressure increase. This 2.5 minute lockout window 504 is 
provided to allow the system to collect enough data for 
trending purposes. It can be appreciated that the duration of 
the lockout interval can vary, for example, between 2–4 
minutes. However, the longer this lockout window, the less 
responsive the system will be to treat any potential breathing 
disorders. 

If the patient’s inspiratory flow waveform has improved 
or degraded during ramp 506, the ramping and trending 
continues until the improvement or degradation ceases, for 
example the patient’s condition changes from (3) to (2.5) or 
the patients condition changes from (1) to (2). Then, a 
5-minute hold period will be started, as indicated by pressure 
curve 508. If there is no improvement during the ramp, i.e., 
the patients inspiratory flow profile stays the same-con 
dition (2) or condition (2.5), auto-CPAP controller 354 
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decreases the pressure 1.5 cmH2O, as indicated by pressure 
curve 510, and a 5 minute hold period 512 is then started. 
This sequence of pressure control is intended to determine if 
flow limitation exists in the waveforms, and to locate an 
ideal pressure at which flow limitation no longer exists. If 
flow limitation is detected during any hold period (indicating 
that the patient may have changed position or sleep stage), 
the slow ramp up will again be initiated. 

b. Case 2 Return from a Higher Priority Controller 
During the course of the pressure Support therapy, which 

typically repeats throughout the night, higher level control 
lers, such as Snore controller 144 or apnea/hypopnea con 
troller 168, may temporarily take control and perform pres 
Sure changes as discussed above. Once all active high 
priority controllers are finished, control is returned to auto 
CPAP controller 354. Upon receiving control from a higher 
priority controller, the auto-CPAP controller performs the 
same actions as described in Case 1 above, with the excep 
tion that the initial 5 minute hold period is replaced by a ~3 
to 3.5' minute period. 

c. Case 3—Patient Pressure Decreases 
When the last 5-minute hold period from either Case 1 or 

Case 2 is completed, as indicated by pressure curve 520 in 
FIGS. 27A and 27B, the next search sequence is started. In 
this search sequence, the pressure delivered by the system is 
slowly lowered at a rate of 0.5 cmH2O/minute, as indicated 
by curve 522. Prior to starting the decrease in pressure, the 
breath measure trends are initialized with up to the last three 
minutes of available data. 

After ramping down 0.5 cmHO, the trend data is then 
continually examined to determine if the patient inspiratory 
flow profile has degraded or not over the ramp period. In this 
trend analysis, only the three patient conditions (1), (2) and 
(3) are taken into consideration. If there is no patient flow 
profile degradation detected (condition (2)), the ramp and 
trending will continue until the minimum system pressure 
P is reached as shown in FIG. 27A. Thereafter, auto 
CPAP controller 354 begins the Case 1 pressure control 
discussed above and begins a 5 minute hold period 502. 

If, during the pressure decrease, the patient inspiratory 
flow profile has degraded, for example, moved from condi 
tion (2) to condition (1), the patient pressure will be quickly 
increased 1.5 cmH2O, curve 526, and then held constant for 
up to 10 minutes, curve 528. See FIG. 27B. Once the 10 
minute hold period ends, auto-CPAP controller 354 directly 
enters the recovery state discussed above with respect to 
Case 1, and initiates pressure increase 506. 

This entire sequence is intended to determine the pressure 
at which flow limitation occurs and then raise the pressure 
to an ideal setting. This sequence is repeated throughout the 
night to locate the optimal pressure as patient conditions 
change and to improve comfort by keeping the pressure as 
low as practical. If flow limitation is detected during any 
hold period (indicating that the patient may have changed 
position or sleep stage), the slow ramp up (recovery state) 
will again be initiated. 

During this pressure decrease, where the auto-CPAP con 
troller is searching for a potential flow limitation point, the 
chance of a Snore occurring is increased. For this reason, the 
present invention contemplates reducing the required num 
ber of snore events from three to two that will cause snore 
monitoring module 142 to request that the Snore controller 
take control. This effectively increases the systems sensi 
tivity to Snore during the pressure decrease interval. 

During any hold period, such as hold period 502, 508, 
512, 520, or 528, auto-CPAP controller 354 can enter the 
recovery state discussed above in Case 1 to attempt to 
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36 
provide the optimal pressure to the patient. This may occur, 
for example, if the trends data analyzed during the hold 
indicated that the patients inspiratory waveform profile is 
experiencing a statistically significant degradation (condi 
tion (1)). 
J. Detection of Central Versus Obstructive Apnea/Hypopnea 
Events 

In Section G above, in which the operation of the apnea/ 
hypopnea control layer is discussed, it was noted that A/H 
detection module 164 cannot detect the difference between 
obstructive apnea/hypopnea events and central apnea/hy 
popnea events but compensates for this shortcoming by the 
manner in which the pressure is delivered to the patient. 
However, a further embodiment of the present invention 
contemplates detecting the difference between obstructive 
apnea/hypopnea events and central apnea/hypopnea events 
A/H via detection module 164. This is accomplished, for 
example, by monitoring the patients inspiratory waveform 
during the apnea/hypopnea period, immediately after the 
end of the apnea/hypopnea period, or during both these 
periods as discussed below. 

If it is determined that the patient is experiencing an 
obstructive apnea/hypopnea event, the pressure is delivered 
to the patient as discussed above in Section G. If, however, 
the patient is experiencing a central apnea/hypopnea event, 
it is preferable not to increase the pressure. It is generally 
recognized that increasing the pressure delivered to the 
patient does not treat an episode of central apnea/hypopnea. 
Therefore, the present invention contemplates maintaining 
the pressure delivered to the patient at the current level or 
even decreasing the pressure if the patient is deemed to be 
experiencing a central apnea/hypopnea. 

Maintaining the pressure at its current level is accom 
plished, according to one embodiment of the present inven 
tion, by causing the A/H detection module to reject the 
apnea/hypopnea event as an apnea/hypopnea event if it is 
determined to be a central apnea/hypopnea event. In which 
case, the system acts as if no apnea/hypopnea event was 
detected and does not request that A/H controller 168 take 
control of the system. The present invention also contem 
plates reducing the pressure delivered to the patient if it is 
determined that the patient is experiencing a central apnea. 
The manner in which the present invention discriminates 

between obstructive/restrictive apnea/hypopnea events and 
central apnea/hypopnea events is discussed below with 
reference to FIGS. 28–30, which illustrate exemplary patient 
flow waveforms during an obstructive/restrictive apnea/ 
hypopnea events (FIGS. 28 and 30) and during a central 
apnea/hypopnea event (FIG. 29). The determination of 
whether the patient is experiencing an obstructive/restrictive 
apnea/hypopnea event or a central apnea/hypopnea event is 
preferably made by A/H detection module 164, which sup 
plies its determination to A/H monitoring module 166 to 
actuate A/H controller 168 so that the appropriate pressure 
control can be made as discussed above. 

In a presently preferred exemplary embodiment, the 
patients inspiratory waveform during the apnea/hypopnea 
period is monitored to determine whether he or she is 
experiencing an obstructive/restrictive apnea/hypopnea 
event or a central apnea/hypopnea event. In the hypothetical 
patient flow waveforms 600 and 602 in FIGS. 28 and 29, 
respectively, the apnea/hypopnea event begins at point 604 
and terminates at point 606, which is determined as dis 
cussed above in Sections G(3) and G(4). It should be noted 
that waveforms 600 and 602 are provided to illustrate a 
technique used by an exemplary embodiment of the present 
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invention to determine whether the patient is experiencing 
an obstructive/restrictive apnea/hypopnea event or a central 
apnea/hypopnea event. These waveforms may not be to 
scale and may not accurately represent an actual patient 
flow. The dashed lines in FIGS. 28 and 29 illustrate the 
patient flow valley that occurs during an apnea/hypopnea 
event. It is in this valley or apnea/hypopnea period that the 
present invention examines the shape of the patient's flow to 
determine whether he or she is experiencing an obstructive/ 
restrictive apnea/hypopnea event or a central apnea/hypop 
nea event. 

More specifically, the present inventors understood that 
during an obstructive/restrictive apnea/hypopnea event, the 
shape characteristics of the patients inspiratory waveform 
tends to exhibit the same shape characteristics associated 
with a restricted airflow. Namely, during an obstructive/ 
restrictive apnea/hypopnea event, the waveform exhibits an 
increase in flatness (becomes flatter), a decrease in round 
ness (becomes less round), an increased skewness (becomes 
more skewed)(as shown in FIG. 22) or any combination of 
these characteristics. 

For example, in FIG. 28 inspiratory waveforms 610 
occurring during the apnea/hypopnea period between points 
604 and 606 tend to have an increased degree of flatness, a 
lack of roundness, an increased skewness, or any combina 
tion of these characteristics, indicating that waveform 600 
represents an obstructive/restrictive apnea/hypopnea rather 
than a central apnea/hypopnea. In FIG. 29, on the other 
hand, inspiratory waveforms 612 occurring during the 
apnea/hypopnea period between points 604 and 606 tend to 
have no increased degree of flatness, relatively normal 
roundness, and no increase in skewness, indicating that 
waveform 602 represents a central apnea/hypopnea rather 
than a central apnea/hypopnea. Thus, the present invention 
contemplates monitoring the flatness, roundness and skew 
ness of the waveforms occurring during the apnea/hypopnea 
period via A/H detection module 164 to determine whether 
the patient is experiencing an obstructive/restrictive apnea/ 
hypopnea event or a central apnea/hypopnea event. In a 
presently preferred embodiment, all of these shape criteria 
are monitored during the apnea/hypopnea period. It is to be 
understood that the present invention contemplates moni 
toring as few as one criteria, Such as flatness, to make this 
determination. 

In a second embodiment of the present invention, the 
patient’s airflow waveform during a period immediately 
after the end of the apnea/hypopnea is monitored to deter 
mine whether he or she experienced an obstructive/restric 
tive apnea/hypopnea event or a central apnea/hypopnea 
event. More specifically, the present inventors understood 
that the patient's respiratory flow is different at the end of the 
apnea/hypopnea event depending on whether the patient 
Suffered an obstructive/restrictive apnea/hypopnea or a cen 
tral apnea/hypopnea. More specifically, as shown in FIG. 30. 
which depicts a patient’s respiratory flow waveform 620 
during an obstructive/restrictive apnea/hypopnea event, it 
has been determined that at the termination of an obstructive 
apnea/hypopnea event, a patient often tends to take a rela 
tively large gasping breath or series of gasping breaths, 
generally indicated as breaths 622 in FIG. 30. At the end of 
a central apnea/hypopnea event, on the other hand, the 
patient does not tend to take large breaths. See FIG. 29. 

Thus, the present invention contemplates determining 
whether the patient has experienced an obstructive/restric 
tive apnea/hypopnea event or a central apnea/hypopnea 
event by determining whether the patient has taken large 
gasping breaths at the end of the apnea/hypopnea. This is 
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38 
accomplished, for example, by the tidal volume of the 
breaths immediately following the end of the apnea/hypop 
nea period and comparing this volume against a predeter 
mined threshold volume. If the breaths have a tidal volume 
that exceeds the threshold level, the patient is deemed to 
have experienced an obstructive/restrictive apnea/hypopnea. 
In which case, the pressure is delivered to the patient as 
discussed above in Section G. 

It should be noted that the present invention contemplates 
monitoring respiratory characteristics other than tidal Vol 
ume in order to determine whether the patient is taking large, 
gasping breaths at the end of the apnea/hypopnea period. For 
example, the peak flow can also be measured against a 
threshold to evaluate whether the patient is taking relatively 
large breaths. 
Two techniques have been discussed above for determin 

ing whether a patient is experiencing an obstructive/restric 
tive apnea/hypopnea event or a central apnea/hypopnea 
event. These techniques can be used alone or in combination 
to make this determination. Furthermore, the present inven 
tion also contemplates using any conventional technique for 
detecting a central apnea, either alone or in combination 
with the two techniques discussed above, Such as monitoring 
for cardiogenic respiratory events or testing the airway for 
patency during an apnea/hypopnea period. 

In a presently preferred embodiment, the A/H control 
layer does not discriminate between obstructive/restrictive 
and central apnea/hypopnea event unless the pressure being 
delivered to the patient is above a certain threshold. This 
threshold ensures that a pressure treatment is provided if the 
patient is being treated with a relatively low pressure regard 
less of whether the apnea/hypopnea was central or obstruc 
tive. If the pressure is below this threshold, the system 
performs the pressure treatment as discussed above in Sec 
tion G. If, however, the patient is being treated with a 
relatively high pressure, i.e., a pressure above the pressure 
threshold, it is preferable to determine whether the apnea/ 
hypopnea is central or obstructive, because, as noted above, 
increasing the pressure for a central apnea provided no 
therapeutic effect. 

In a preferred embodiment, the pressure threshold is set at 
8 cmH2O, which has been determined from analysis of 
clinical data to be a pressure level that provides a moderate 
degree of pressure Support for most patients, but is not too 
high as to cause unduly high pressures to be delivered should 
the patient be experiencing a central apnea/hypopnea. It is to 
be understood that this threshold can have other values and 
can be adjustable depending on the characteristics of the 
patient or the patient’s history. 
K. Conclusion 

It can be appreciated that the present invention contem 
plates providing additional control layers to those shown in 
FIG. 2. Likewise one or more of the control layers shown in 
FIG. 2 can be deleted depending on the desired operating 
capability of the pressure Support system. Furthermore, the 
present invention is not intended to be limited to the priori 
tization hierarchy shown in FIG. 2. For example, the apnea/ 
hypopnea control layer (priority #6) can be given a higher 
priority by interchanging it with the big leak control layer 
(priority #5). 
With reference to FIG. 2, request processor 106 resets 

detection modules 102, monitoring modules 104, and con 
trol modules 100 generally based on changes between 
control modules. Detection modules 102 are generally only 
reset by machine based control layers above line 108. 
Monitoring modules 104 are generally reset after a control 
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layer completes its pressure treatment and has given control 
of the pressure support system back to the lower control 
layers. This is done so that the monitors can keep track of the 
patient’s progress since the last pressure treatment. This is 
also important in order to avoid over-treating the patient in 
a situation where two overlapping patient events occur, e.g., 
hypopnea with Snoring. If the Snore controller is actively 
treating the Snoring condition, and, thus, is indirectly aiding 
in the treatment of the simultaneously occurring hypopnea, 
the hypopnea monitor will be reset, thus, inhibiting an 
additional follow-on request from the hypopnea monitor. 
Control modules 100 are reset based on the priority of the 
current control layer. When the current controller gives 
control of the pressure support system back to the lower 
control layers, generally all lower control layers are reset so 
that their processing will start over from where the last 
control layer left off. 

Although the invention has been described in detail for 
the purpose of illustration based on what is currently con 
sidered to be the most practical and preferred embodiments, 
it is to be understood that such detail is solely for that 
purpose and that the invention is not limited to the disclosed 
embodiments, but, on the contrary, is intended to cover 
modifications and equivalent arrangements that are within 
the spirit and scope of the appended claims. 
What is claimed is: 
1. An auto-titration pressure Support system comprising: 
a pressure generating system adapted to generate a flow of 

breathing gas at a selectable pressure level; 
a patient circuit having a first end adapted to be coupled 

to the pressure generating system and a second end 
adapted to be coupled to an airway of a patient; 

a monitoring system associated with the patient circuit or 
the pressure generating system and adapted to measure 
a parameter indicative of a pressure at a patients 
airway, a flow of gas in Such a patient’s airway, or both 
and to output a pressure signal, a flow signal indicative 
thereof, respectively, or both; and 

a controller coupled to the monitoring system and the 
pressure generating system, for controlling a pressure 
of the flow of breathing gas output by the pressure 
generating system based on the output of the monitor 
ing system, wherein the controller is programmed to 
operate according to one control layer in a set of 
prioritized control layers, wherein each control layer in 
the set of prioritized control layers competes for control 
of the pressure generating system with the other control 
layers, and wherein each control layer implements a 
unique pressure control process for controlling the 
pressure of the flow of breathing gas output by the 
pressure generating System. 

2. The system of claim 1, wherein each control layer in the 
set of prioritized control layer includes: 

a detection module that receives the pressure signal, the 
flow signal or both; 

a monitoring module that monitors an output of the 
detection module to determine whether to request that 
the control layer take control of the pressure generating 
system; and 

a control module that control the operation of the pressure 
generating system responsive to the control layer being 
granted control thereof. 

3. The system of claim 1, wherein the set of prioritized 
control layers include: 

(a) flow limit control layer that monitors the flow signal 
to determine whether the pressure generating system is 
exhibiting a large leak indicative of the patient circuit 
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not being connected to an airway of a patient, and 
causes the pressure generating system to lower the 
pressure of the flow of breathing gas responsive to 
detection of the large leak and maintains the pressure 
generating system at the lower pressure; 

(b) snore control layer that monitors the flow signal, the 
pressure signal, or both for Snoring, and causes the 
pressure generating system to increase the pressure of 
the flow of breathing gas responsive to detection of 
Snore; 

(c) a big leak control layer that monitors the flow signal 
to determine whether the pressure generating system is 
exhibiting a leak that is less than the large leak but great 
enough to cause the pressure Support system to not 
operate reliably, and causes the pressure generating 
system to lower the pressure of the flow of breathing 
gas responsive to detection of the large leak for pre 
determined period of time; 

(d) an apnea/hypopnea control layer that monitors the 
flow signal, the pressure signal, or both to determine 
whether the patient is experiencing an apnea, a hypop 
nea, or both, and causes the pressure generating system 
to adjust the pressure of the flow of breathing gas 
responsive to detection of apnea, hypopnea or both; 

(e) a variable breathing control layer that monitors the 
flow signal to determine whether the patient is experi 
encing erratic breathing, and causes the pressure gen 
erating system to adjust the pressure of the flow of 
breathing gas responsive to detection of erratic breath 
ing; and 

(f) an auto-CPAP control layer that controls the pressure 
of the flow of breathing gas responsive to proactively 
search for a pressure that optimizes the pressure pro 
vided to the patient to treat disordered breathing. 

4. The system of claim 3, wherein: 
(1) the flow limit control layer has a higher priority than 

the Snore control layer, the big leak control layer, the 
apnea/hypopnea control layer, the variable breathing 
control layer, and the auto-CPAP control layer; 

(2) the Snore control layer has a higher priority than the 
big leak control layer, the apnea/hypopnea control 
layer, the variable breathing control layer, and the 
auto-CPAP control layer and has a lower priority than 
the flow limit control layer; 

(3) the big leak control layer has a higher priority than the 
apnea/hypopnea control layer, the variable breathing 
control layer, and the auto-CPAP control layer and has 
a lower priority than the flow limit control layer and the 
Snore control layer; 

(4) the apnea/hypopnea control layer has a higher priority 
than the variable breathing control layer, and the auto 
CPAP control layer and has a lower priority than the 
flow limit control layer, the snore control layer and the 
big leak control layer, and 

(5) the variable breathing control layer has a higher 
priority than the auto-CPAP control layer and has a 
lower priority than the flow limit control layer, the 
Snore control layer, the big leak control layer, and the 
apnea/hypopnea control layer. 

5. The system of claim 1, further comprising a manual 
input for controlling the operation of the pressure Support 
system, and wherein the set of prioritized control layers 
include at least one first control layer that is initiated based 
on the manual input and at least one second control layer that 
is initiated based on the pressure signal, the flow signal or 
both, wherein the at least one first control layer has a higher 
priority than the at least one second control layer. 
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6. The system of claim 5, wherein the first control layer 
is a ramp control layer that causes the pressure generating 
system to gradually increase the pressure of the flow of 
breathing gas from a relatively low level to a target level 
responsive to receipt of a ramp activation signal as the 
manual input. 

7. The system of claim 6, wherein the second control layer 
includes at least one of the following control layers: 

(a) flow limit control layer that monitors the flow signal 
to determine whether the pressure generating system is 
exhibiting a large leak indicative of the patient circuit 
not being connected to an airway of a patient, and 
causes the pressure generating system to lower the 
pressure of the flow of breathing gas responsive to 
detection of the large leak and maintains the pressure 
generating system at the lower pressure; 

(b) snore control layer that monitors the flow signal, the 
pressure signal, or both for Snoring, and causes the 
pressure generating system to increase the pressure of 
the flow of breathing gas responsive to detection of 
Snore; 

(c) a big leak control layer that monitors the flow signal 
to determine whether the pressure generating system is 
exhibiting a leak that is less than the large leak but great 
enough to cause the pressure Support system to not 
operate reliably, and causes the pressure generating 
system to lower the pressure of the flow of breathing 
gas responsive to detection of the large leak for pre 
determined period of time; 

(d) an apnea/hypopnea control layer that monitors the 
flow signal, the pressure signal, or both to determine 
whether the patient is experiencing an apnea, a hypop 
nea, or both, and causes the pressure generating system 
to adjust the pressure of the flow of breathing gas 
responsive to detection of apnea, hypopnea or both; 

(e) a variable breathing control layer that monitors the 
flow signal to determine whether the patient is experi 
encing erratic breathing, and causes the pressure gen 
erating system to adjust the pressure of the flow of 
breathing gas responsive to detection of erratic breath 
ing; and 

(f) an auto-CPAP control layer that controls the pressure 
of the flow of breathing gas responsive to actively 
search for a pressure that optimizes the pressure pro 
vided to the patient to treat disordered breathing. 

8. An auto-titration pressure Support system comprising: 
a pressure generating system adapted to generate a flow of 

breathing gas at a selectable pressure level; 
a patient circuit having a first end adapted to be coupled 

to the pressure generating system and a second end 
adapted to be coupled to an airway of a patient; 

a monitoring system associated with the patient circuit or 
the pressure generating system and adapted to measure 
a parameter indicative of a flow of gas in Such a 
patient’s airway and to output a flow signal indicative 
thereof, and 

a controller coupled to the monitoring system and the 
pressure generating system, for controlling the pressure 
generating system based on the output of the monitor 
ing system, wherein the controller determines a breath 
ing parameter from the flow signal, wherein the con 
troller analyzes a variability of the breathing parameter 
and controls the pressure generating system based on a 
result of the variability analysis, and wherein analyzing 
the variability of the breathing parameter includes 
calculating a weighted peak flow and a best-fit trend 
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line for the weighted peak flow over a plurality of 
breathing cycles, and calculating a variable breathing 
number (VBil) as follows: 

WBi = standard deviation 
adjusted mean flow 

wherein the standard deviation is calculated as a standard 
deviation of the weighted peak flows over a plurality of 
breathing cycles from the best-fit trend line, and wherein the 
adjusted mean flow is determined based on an actual patient 
flow determined from the flow signal. 

9. The system of claim 8, wherein a relationship between 
the adjusted mean flow and the actual patient flow varies 
based on the flow signal. 

10. The system of claim 8, wherein the controller com 
pares the variable breathing number to a first threshold and 
causes the pressure generating system to control the pressure 
of the flow of breathing gas as follows responsive to the 
variable breathing number exceeding the first threshold: 

(1) maintain the pressure at a constant level if the pressure 
of the flow of breathing gas was not increasing or 
decreasing when variability of the breathing parameter 
is detected; 

(2) decrease the pressure if the pressure of the flow of 
breathing gas was increasing when variability of the 
breathing parameter is detected; and 

(3) increase the pressure if the pressure of the flow of 
breathing gas was decreasing when variability of the 
breathing parameter is detected. 

11. An auto-titration pressure Support system comprising: 
a pressure generating system adapted to generate a flow of 

breathing gas at a selectable pressure level; 
a patient circuit having a first end adapted to be coupled 

to the pressure generating system and a second end 
adapted to be coupled to an airway of a patient; 

a monitoring system associated with the patient circuit or 
the pressure generating system and adapted to measure 
a parameter indicative of a flow of gas in Such a 
patient’s airway and to output a flow signal indicative 
thereof, and 

a controller coupled to the monitoring system and the 
pressure generating system, for controlling the pressure 
generating system based on the output of the monitor 
ing System, 

wherein the controller determines a skewness of a patients 
inspiratory waveforms from the output of the flow sensor 
and controls the pressure generating system according to the 
skewness determination, and wherein the controller deter 
mines the skewness of the inspiratory waveform by seg 
menting the inspiratory waveform into a first region that 
corresponds to a beginning portion of the inspiratory wave 
form and a second region that corresponds to a middle 
portion of the inspiratory waveform, and comparing the flow 
in the second region to the flow in the first region. 

12. The system of claim 11, wherein the flow in the first 
region corresponds to an average of the highest rates of flow 
in the first region, and wherein the flow in the second region 
corresponds to an average of the highest rates of flow in the 
second region. 

13. The system of claim 11, wherein the first region 
corresponds to approximately a first third of the inspiratory 
waveform and the second region corresponds to approxi 
mately a second third of the inspiratory waveform, and 
wherein the highest flow rates in the first region and the 
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second region are defined as the flow rates within 5% of the 
highest flow rates in each region. 

14. The system of claim 11, wherein the skewness is 
calculated as a skewness number follows: 

skewness number = 

Average of the highest flow rates in the second region 
Average of the highest flow rates in the first region 

15. The system of claim 14, wherein the controller causes 
the pressure generating system to increase the pressure of 
the flow of breathing gas responsive to a decrease in the 
skewness number. 

16. An auto-titration pressure Support system comprising: 
a pressure generating system adapted to generate a flow of 

breathing gas at a selectable pressure level; 
a patient circuit having a first end adapted to be coupled 

to the pressure generating system and a second end 
adapted to be coupled to an airway of a patient; 

a monitoring system associated with the patient circuit or 
the pressure generating system and adapted to measure 
a parameter indicative of a flow of gas in Such a 
patient’s airway and to output a flow signal indicative 
thereof, and 

a controller coupled to the monitoring system and the 
pressure generating system, for controlling the pressure 
generating system based on the output of the monitor 
ing system, wherein the controller is programmed 
determine whether the patient is experiencing a central 
apnea/hypopnea or an obstructive/restrictive apnea/hy 
popnea by monitoring one or more of the following: (1) 
at least one shape parameter associated with the flow of 
gas during an apnea/hypopnea period, and (2) a char 
acteristic of the flow of gas at the end of the apnea/ 
hypopnea period indicative of an increase in respiratory 
effort, wherein the shape parameters monitored by the 
controller during an apnea/hypopnea period include a 
flatness of an inspiratory portion of a flow waveform, 
a roundness of the inspiratory portion of the flow 
waveform, a skewness of the inspiratory portion of the 
flow waveform, and wherein the controller considers a 
patient to be experiencing an obstructive/restrictive 
apnea/hypopnea responsive to the inspiratory portion 
of the flow waveform exhibiting at least one of an 
increase in flatness, a decrease in roundness, and an 
increased skewness, otherwise the controller considers 
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the patient to be experiencing a central apnea/hypop 
nea, and wherein the controller prevents a pressure 
increase by the pressure generating system responsive 
to a determination that the patient is experiencing a 
central apnea/hypopnea. 

17. The system of claim 16, wherein the characteristic of 
the flow of gas at the end of the apnea/hypopnea period is a 
volume or a peak flow related characteristic, wherein the 
controller considers a patient to be experiencing an obstruc 
tive/restrictive apnea/hypopnea responsive to the Volume or 
the peak flow related characteristic at the end of the apnea/ 
hypopnea period exceeding a predetermined threshold, oth 
erwise the controller considers the patient to be experiencing 
a central apnea/hypopnea, and wherein the controller pre 
vents a pressure increases by the pressure generating system 
responsive to a determination that the patient is experiencing 
a central apnea/hypopnea. 

18. An auto-titration pressure Support system comprising: 
a pressure generating system adapted to generate a flow of 

breathing gas at a selectable pressure level; 
a patient circuit having a first end adapted to be coupled 

to the pressure generating system and a second end 
adapted to be coupled to an airway of a patient; 

a monitoring system associated with the patient circuit or 
the pressure generating system and adapted to measure 
a parameter indicative of a pressure at a patients 
airway, a flow of gas in Such a patient’s airway, or both 
and to output a pressure signal, a flow signal indicative 
thereof, respectively, or both; and 

a controller coupled to the monitoring system and the 
pressure generating system, for controlling the pressure 
generating system based on the output of the monitor 
ing system, wherein the controller is programmed to: 

(1) determine whether the patient is experiencing an 
apnea/hypopnea based on the pressure signal or the 
flow signal, 

(2) set a pressure treatment limit based on a pressure at a 
time an apnea/hypopnea is detected, 

(3) cause the pressure generating system to increase a 
pressure of the flow of breathing gas delivered to a 
patient responsive to a current pressure being below the 
pressure treatment limit, and 

(4) cause the pressure generating system to decrease a 
pressure of the flow of breathing gas delivered to a 
patient responsive to a current pressure being at or 
above the pressure treatment limit. 
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