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Continuous positive airway pressure (CPAP) ther-
apy for obstructive sleep apnea (OSA) was first
described in 1981 [1]. Since that time, CPAP has
become the mainstay of therapy for OSA [2]. CPAP
effectively prevents repetitive upper airway obstruc-
tion, most likely by acting as a pneumatic splint [3],
and is associated with improved respiratory [1,4] and
sleep parameters [5] and clinical outcomes [5—15].
CPAP therapy continues to evolve, and, since the last
review of positive airway pressure therapy in this
Clinies issue [16], further advancements have been
made in newer generations of CPAP. Automatic (also
known as automated, autotitrating, or autoadjusting)
positive airway pressure (APAP) devices detect and
respond to changes in upper airway resistance by
variably increasing or decreasing the pressure gener-
ated. As such, APAP potentially may be able to (1)
assist with the initial diagnosis of OSA, (2) act
therapeutically in patients with OSA instead of con-
ventional CPAP, and (3) assist with CPAP titration to
determine an effective conventional CPAP pressure in
patients with confirmed OSA. In this article, the
authors present an updated review of the technical
aspects of APAP and the diagnostic, therapeutic, and
titrating capabilities. They also discuss the current
clinical recommendations for use of these devices.
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Technical aspects of automatic positive
airway pressure

Background

The original CPAP device described by Sullivan
et al in 1981 [I] (Fig. 1) consisted of a vacuum
cleaner blower motor with variable speed control
installed in a box lined with acoustic material. This
was connected to a wide bore tube, into which were
inserted soft plastic tubes to fit into the patient’s nares
and which then distally narrowed with mechanical
resistance. A range of pressures could be generated.
Although effective in maintaining the patency of the
upper airway in patients with OSA, the original
CPAP machines in the 1980s were heavy (approx-
imately 15-20 Ibs), loud, and fairly simple, with
limited capabilities.

Over the past 20 years, machines have become
lighter (typically ranging from 3.5-6 Ibs), quieter,
and more sophisticated. In some CPAP machines,
microprocessors allow compliance data (most cur-
rently using mask-on-time rather than the earlier
machine-on-time) to be stored for variable amounts
of time and downloaded. Various options, including
specialized filters, ramps, automatic altitude adjust-
ment, automatic leak compensation, intemal power
adaptors, and internal humidification, have been
incorporated into various machines. Options for
CPAP accessories, including nasal and oronasal
masks, headgear, and humidification, also have
increased, seemingly exponentially.

Another level of sophistication has been added
with the development of APAP devices. APAP devices
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Fig. 1. Diagram of apparatus used to provide CPAP from the
nares. In the experimental system, pressure (P,) was measured
via a catheter in one nasal tube, and airway CO; (CO;) was
sampled via a catheter in the other nasal tube. (From Sullivan
CE, Issa FG, Berthon-Jones M, Eves L. Reversal of
obstructive sleep apnoea by continuous positive airway
pressure applied through the nares. Lancet 1981:1:862;
with permission.)

use noninvasive methods to detect evidence of upper
airway obstruction, including snoring, apneas, hypo-
pneas, or airflow limitation. As shown in Fig. 2, a
diagram of prototype device that detects and responds
to pharyngeal wall vibration [17], APAP devices
incorporate one or more sensors to detect a signal (in
this case, a pressure transducer to detect pharyngeal
wall vibration) and a central processing unit to inter-
pret the signal(s) (according to specific diagnostic
algorithms) and determine the resultant voltage for
the APAP blower in response to the signal(s) (accord-
ing to specific therapeutic algorithms). Additional
band filters and rectifiers are needed to process the
signal, and analog-digital and digital-analog convert-

LCD Display

ers also are required downstream and upstream of the
central processing unit. Technology does not come
without a price; the cost of currently available APAP
devices can be 1.5 to 3 times that of conventional
CPAP machines, depending on incorporated features.
APAP devices can function exclusively in a diagnostic
mode and recognize and record abnormal respiratory
events without correcting them. APAP devices also
function in a therapeutic mode, responding to events
(or lack of them) by adjusting the positive airway
pressure accordingly.

Detection of upper airway obstruction by
automatic positive airway pressure

As shown in Table 1, current APAP devices detect
multiple abnormalities, such as snoring, apneas, hypo-
pneas, or flow limitation, which are surrogates of
upper airway obstruction. Clinical studies have been
published in the peer-reviewed literature to date on
versions of the Autoset (ResMed, Sydney, Australia)
[18-32], Goodknight 418A (Puritan Benett/Malinck-
rodt, Les Ulis, France) [33] and its precursor, REM +
auto (SEFAM/Nellcor Puritan Benett, Nancy, France)
[34—37]. Horizon AutoAdjust (DeVilbiss/Sunrise
Medical, Somerset, PA) [38—42], Morphee Plus/
Cloudnine (Pierre Medical/Nellcor Puritan Benett,
Verrieres-Le-Buisson, France, and Minneapolis, MN)
[41,43-46], REM + with MC + (SEFAM/Nellcor
Puritan Benett) [47], Somnosmart (Weimann, Ham-
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Fig. 2. Diagram of prototype APAP system’s major components. LCD, liquid crystal display; CPU, central processing unit;
ROM, read only memory; RAM, random access memory. (From Behbehani K, Yen FC, Burk JR, Lucas EA, Axe JR. Automatic
control of airway pressure for treatment of obstructive sleep apnea. [EEE Trans Biomed Eng 1995:42:1007; with permission.)
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Comparison of parameters detected by automatic positive airway devices

Parameters detected

Device Manufacturer Sn A/H (flow) A/H (FOT) FL
Autoset ResCare/ResMed, + + +
Autoset Clinical Sydney, Australia,
Autoset Portable San Diego, CA,
Autoset T Saint Priest,
Autoset Spirit France
Eclipse Auto Taema, Antony, France + +
Goodknight Puritan Benett, Pleasanton, + +
TM418A CA/Mallinckrodt, Les Ulis, France
Goodknight Puritan Benett, Pleasanton, + + +
TM418P CA/Mallincrodt, Les Ulis, France
Horizon DeVilbiss Healthcare,Inc./Sunrise Medical, - +
AutoAdjust Somerset, PA, Parcay Meslay, France
Morphee Plus Pierre Medical, Verrieres-Le-Buisson, +
Cloudnine France/Nellcor-Puritan Benett, Minneapolis, MN
REM + with MC + SEFAM/Nellcor-Puritan Benett, Nancy, France + +
REM + Auto
REMstar Auto Respironics Inc., Murrysville, PA + + +
Somnosmart Weiman, Hamburg,Germany +
Tranquility Auto Respironics Inc., Murrysville, PA + +
Virtuoso LX Respironics Inc., Murrysville,PA +

Abbreviations: Sn, snoring (detected by mask pressure vibration); A, apnea; H, hypopnea; flow, airflow detected by pneu-
motachograph, nasal pressure, or changes in compressor speed; FOT, forced oscillation technique; FL, flow limitation (detected

by flow versus time profile).

burg, Germany) [48—53], and Virtuoso (Respironics,
Murrysville, PA) [33,54—-56]. Sensors used to detect
evidence of upper airway obstruction and diagnostic
algorithms vary among devices.

Most, but not all, APAP devices have the capabil-
ity of detecting snoring. Snoring is typically detected
by a high frequency response pressure transducer in
the presence of mask pressure vibration [17.25,
34,37,47,54,57]. The signal is then band-pass filtered
using high pass and low pass filters specific to the
device (eg, 30 Hz and 280 Hz in the REM + auto
[34.37] and the REM + with MC plus [47] devices
and 20 Hz and 120 Hz in another prototype [17]), and
the amplitude is then analyzed to detect amplitude
variations, such as snoring.

Many APAP devices also can identify apneas. as
indicated by absence of flow or pressure, and hypo-

pneas, as indicated by decrements of flow or pressure.
Early versions of the Autoset in diagnostic mode
detected apneas (and later, apneas and hypopneas) by
analyzing the pressure tracing from nasal prongs [19],
whereas later therapeutic models detected changes in
flow with a built-in pneumotachograph [30]. The
Horizon AutoAdjust [40] also uses a pneumotacho-
graph to detect apneas and hypopneas. The Morphee
Plus determines patency of the upper airway by
monitoring the breath-by-breath difference between
maximal inspiratory and expiratory flow based on
machine compressor speed [43]. The default defini-
tions of apneas or hypopneas used by the detection
software vary with the specific device and software
version, as does the ability for the clinician or
investigator to change the detection algorithm. For
example, on the Horizon Autoadjust, the criteria for
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hypopnea (eg, percent flow decrement and duration)
can be programmed [39].

Forced oscillation technique (FOT), initially
described by DuBois et al in 1956 [58], is a unique
noninvasive method that detects changes in airway
resistance or impedance [59]. Since the initial
description, this technique has been validated in a
research model of airway obstruction [60] and in
patients with OSA [61.62]. A pump, connected to
the CPAP system, generates a sinusoidal pressure
signal at a constant frequency during spontancous
breathing; respiratory impedance (Z) or respiratory
system resistance (Ry) is derived from the oscillatory
pressure and flow signal at the nasal mask. In patients
with OSA, apneas are associated with sustained
increases in impedance throughout the respiratory
cycle, whereas hypopneas are associated with inter-
mittent increases in impedance (Fig. 3). With CPAP
treatment, as CPAP is progressively increased to the
effective range (Fig. 4), breathing flow normalizes,
esophageal pressure swings become less negative,
and respiratory resistance or impedance decreases to
normal. This technique has since been used to control
the pressure algorithm in several devices, including
the Somnosmart [48—-53] and other prototypes
[60,63].

EQG-I
EOG-D

C4-A1

As shown in Table 1. few of the currently avail-
able devices can detect flow limitation. The char-
acteristic inspiratory airflow flattening seen with
increased upper airway resistance [64] may be the
most sensitive indicator of upper airway obstruction
[65,66]. In the Autoset, the flow-time profile (with
flow measured by pressure transducer or pneu-
motachograph) is expressed as a curvature index
(Fig. 5) [25]. A low curvature index suggests inspir-
atory airflow limitation, whereas a higher curvature
index suggests more normal airflow.

Adjustment of positive airway pressure by
automatic positive airway pressure

Once a respiratory event is detected, APAP devices
increase the pressure automatically in a progressive
fashion until an effective therapeutic pressure is
reached. Conversely, in the absence of respiratory
events, the pressure level decreases until evidence of
upper airway obstruction recurs. APAP devices are
inherently unstable [67]. The algorithms for pressure
adjustment vary among specific APAP devices. Even
within a specific device, the amount of pressure
increase and the time course of pressure change vary
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Fig. 3. Representative compressed polysomnographic recording (6 epochs, 3 minute). Note that impedance (Z) increases during
apnea and is low during arousal. The pattern of Z shows a cyclic increase before apnea and during hypopnea (the last event in
this figure). EOG, electrooculogram; C4-A1 and C4-A2, electroencephalogram channels; EMG-GC, chin electromyogram: Flow,
flow by pneumotachograph; Effort, effort by thoraco-abdominal bands; Sum, thoraco-abdominal sum; Sa0,, arterial oxygen
saturation; Gen DC Z, respiratory impedance. (From Badia JR, Farre R, Montserrat JM, Ballester E, Hernandez L, Rotger M,
et al. Forced oscillation technique for the evaluation of severe sleep apnoea/hypopnoea syndrome: a pilot study. Eur Respir J

1998:11:1128; with permission.)

ResMed Corp. - Ex. 1032

Page 4



FJ. Roux, J. Hilbert / Clin Chest Med 24 (2003) 315-342 319

CPAP=4 cmH,0 CPAP=8 cmH,0 CPAP=12 cmH,0
1.5 4
ns

£ 01 sl WAL
>

15 ]
= 20 5
g, VYWYV
xr 0
5
...é 20 4
o .40 J
'5"‘ 60
Q. 40
£
S 20

NN Ao S

Q:E 0 T T 1 bf

| o L) r T L LI T 1
0 10 20 30 ¢ 10 20 30 0 10 20 30

TIME (s)

Fig. 4. Breathing flow (V), esophageal pressure (P). and respiratory resistance (R) in a patient at different levels of CPAP.
Note that at low subtherapeutic CPAP levels (CPAP = 4 em H,0), obstructive apnea—characterized by minimal V., wide swings
in P and high Ry—occurs. With inereasing, but still suboptimal CPAP (CPAP = 8 cm H,0), hypopnea occurs, characterized by
variable R. With therapeutic CPAP (CPAP = 12 em H,0) and return of normal V and P, R, decreases to normal. (From
Navajas D, Farre R, Rotger M, Badia R, Puig-de-Morales M, Montserrat JM. Assessment of airflow obstruction during CPAP
by means of forced oscillation in patients with sleep apnea. Am J Respir Crit Care Med 1998;157:1526; with permission.)

with the specific respiratory event detected, with
larger changes for apneas and smaller changes for
more subtle upper airway obstruction, such as snoring
or flow limitation. For example, in the Autoset
device, positive pressure increases in response 1o
snoring, apneas, and flow limitation [25]: snoring

(depending on the loudness of the snoring) results in
an increase in pressure by 1 cm H,O/breath; flow
limitation (depending on the curvature index) results
in an increase in pressure by 1.5 ¢cm H,O/minute;
apneas (depending on calculated airway conductance)
result in an increase in pressure by 1 cm H,0/

Curvature 0.25
(drop pressure)

Curvature 005 Curvature 015
(raise pressure) (no action)
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-\ 1 1

i % i % |

Fraction of Inspiratory Time

Scaled inspiratory flow
(fraction of mean flow)

OO

Fig. 5. Schematic of Autoset software response to various flow versus time curves. The curvature index is a measure of the
deviation from unit scaled flow over the middle 50% of inspiratory time (indicated by shading). (Left) A severely flattened
curve with a low curvature index typical of inadequate CPAP pressure. The software responds by increasing CPAP pressure.
(Center) A breath showing slight flattening. The CPAP pressure remains unchanged. (Right) Rounded curve with high curvature
index; the software assumes that this breath represents hyperadequate CPAP pressure. The software reduces the CPAP pressure.
(From Teschler H, Berthon-Jones M, Thompson AB, Henkel A, Henry J, Konietzko N. Automated continuous positive airway
pressure titration for obstructive sleep apnea syndrome. Am J Respir Crit Care Med 1996;154:734; with permission.)
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15 second of apnea. If no further abnormalities are
detected, pressure decreases with a time constant of
20 minutes for snoring and flow limitation and
40 minutes for apnea. In contrast, in the Morphee
Plus, if upper airway obstruction is detected (based
on changes in compressor speed), the pressure
increases between 1 and 3 em H>O at a rate of 1 ecm
H>O/second depending on the severity of the respir-
atory abnormality. In the absence of a respiratory
abnormality, pressure decreases at a rate of 1 cm
H>0 / 30 seconds [43]. In some devices, the clinician
can change the default algorithms [39].

Most APAP devices operate in the range of 3 to 4
to 18 to 20 cm H,O pressure, and the upper and lower
limits of acceptable pressure usually can be set by the
clinician. Typically, the pressure starts low and auto
adjusts depending on the therapeutic algorithm. Some
devices, such as the Morphee Plus [43] and the REM
+ auto [35], operate around an acceptable range (such
as +2 cm and — 4 cm H,0) of a reference pressure
(with the reference pressure set by the clinician using
either a previous CPAP titration or a formula); the
clinician also can set the acceptable range or use the
default settings for range.

Special issues: detection of leaks, central apneas,
and hypoventilation

Mask and mouth leaks and mouth breathing are
not uncommon in conventional CPAP titrations, with
continuous leaks occurring in 7 of 14 patients in one
study [68] and lasting from 4% to 70% of total sleep
time. Mouth leaks limited APAP therapy in 2 of 15
patients with OSA using a device based on snoring
detection (REM + Control with MC +, with apnea/
hypopnea detection disabled) [47]. With the Autoset,
leaks in excess of 0.4 L/second occur for an average
of 10% of a supervised night and 15% of an unsu-
pervised night [27]. Leaks tend to be interpreted by
many APAP systems as apneas or hypopneas and
result in increases in pressure, which, in turn, increase
leak [69]. Examining the raw flow signal can allow
for the detection of leaks [42]. Some devices have
algorithms that limit pressure increases when mask
pressure goes to zero, which indicates that the mask is
off or when there are excessive leaks as detected by
mean mask flow [25]. Leak alarms have been incor-
porated into some units. Some devices, such as the
Autoset and the Goodknight 418P, can record leaks
during the night for later use in interpretation. In
devices that use FOT, mouth leaks can induce false
low impedance values and lead to an underestimate of
upper airway obstruction, whereas mouth expiration

or change in the route of breathing can lead to a false
increase in impedance and an overestimate of upper
airway obstruction. Incorporating a pneumotacho-
graph along with FOT can be helpful in avoiding
misinterpretation of the FOT signal [68].

Another problem for APAP devices is the distinc-
tion between central and obstructive apneas. The
Autoset software classifies apneas as having closed
and open airways through the calculation of airway
conductance by modulating the mask pressure during
apnea and measuring the resultant induced airflow.
The pressure increases for obstructive apneas and for
central apneas in which the airway is closed [25].
Using FOT, whereas obstructive apneas are associ-
ated with sustained increases in impedance, central
apneas can be associated with high or low impedance
values, which suggests that different mechanisms
may be involved [61]. Cardiac oscillations may be
visible in the FOT signal to help distinguish central
from obstructive apneas [70]. Many clinical trials of
APAP devices have excluded patients at risk for
central apnea, such as persons with congestive heart
failure [69].

Current APAP devices do not incorporate oxime-
try and cannot detect sustained oxygen desaturation
in the absence of upper airway obstruction. Many
clinical trials of APAP have excluded patients at risk
for hypoventilation, including persons with chronic
obstructive pulmonary disease or other respiratory
discase/respiratory failure [69].

Comparison of commercially available automatic
positive airway pressure devices

Few studies have been published that directly
compare the available APAP devices listed in
Table 1. Farre et al [71] used a bench model with a
waveform generator to simulate normal breathing,
apneas, hypopneas, and flow limitation, with or with-
out snoring, and tested the response of five different
APAP devices (AutoAdjust LT, Autoset Portable 11
Plus, Autoset T, Virtuoso LX, and Goodknight 418P)
to different combinations of signals. All these devices
responded to snoring; however, they responded differ-
ently to various degrees of hypopneas, and some did
not even respond to repetitive apneas. The time course
of pressure adjustment after normalization of breathing
also varied with devices, as did the behavior after a
simulated leak. Lofaso et al [33] also used a bench
model to study the performance of six commercially
available devices (Horizon AutoAdjust, Goodknight
418A, Goodknight 418P, Autoset T, Virtuoso LX, and
Eclipse Auto), this time in response to simulated
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snoring at varying frequencies and at different CPAP
pressures. Threshold pressure-amplitude differences
of up to threefold were found across devices, and the
sensitivity of snoring detection decreased as CPAP
increased in all devices.

A follow-up study was performed in six patients
with OSA to test the clinical significance of these
findings. The percentage of snoring events followed
by a pressure increase was higher in the device that
was more sensitive in the bench study (Goodknight
418P) than in the less sensitive device (Virtuoso LX).
The only other comparative study in patients reported
to date [41] compared the response of two different
devices to nasal obstruction induced by local instilla-
tion of histamine. One device was regulated by
analysis of changes in compressor speed (Morphee
Plus), and the other device was regulated by analysis
of changes in flow determined with a pneumotacho-
graph (Horizon); neither device analyzed flow versus
time curves. The authors found that increases in nasal
resistance occurred with histamine and that flow
limitation and arousals generally accompanied the
increase in nasal resistance. The behavior of the
two devices differed and was sometimes paradoxical,
however. Mask pressure initially decreased as nasal
resistance increased in the Morphee Plus and some-
times subsequently increased, whereas mask pressure
did not change with the Horizon. Whether and to
what extent these differences between devices impact
long-term clinical outcomes is not known.

Role of automatic positive airway pressure in
diagnosis of obstructive sleep apnea

Rationale for use of automatic positive airway
pressure in diagnosis of obstructive sleep apnea

The diagnosis of OSA is conventionally made by
level 1 polysomnography (PSG) performed by a
trained technologist who attends the patient (usually
in a sleep laboratory), with recording or documenta-
tion of sleep and respiratory variables including
electroencephalogram, electrooculogram, chin elec-
tromyogram, airflow, respiratory effort, arterial oxy-
gen saturation (Sa0,), and body position, with or
without leg movement recording [72,73]. In general,
the number of respiratory disturbances per hour of
sleep (RDI) or the sum of apneas and hypopneas per
hour of sleep (AHI) is used as the summary statistic
to diagnose OSA and determine the severity of sleep-
disordered breathing. It has become increasingly clear
that the RDI can vary as much as tenfold [74]
depending on the technique used to measure airflow

[75] and the definitions used to define specific
respiratory events (eg, percent flow change, degree
of oxygen desaturation, presence/absence of arousal
on encephalogram). The best metric to define OSA
and the cutoff between normal and abnormal is
controversial [76,77]. The RDI can have internight
and intranight variability, and it is possible for OSA
to be missed on one night of monitoring [78,79].
Despite these limitations, in the United States, level |
PSG is the gold standard for diagnosing OSA and
guiding treatment options, and it is against this
standard that other options must be compared.

In light of the growing clinical recognition of OSA
[80], there have been attempts in the United States and
clsewhere [81—83] to perform unattended home mon-
itoring for OSA to reduce the diagnostic waiting time.
Portable and generally unattended studies may range
from comprehensive portable PSG (level II) to modi-
fied portable sleep apnea testing (level I1I) to continu-
ous single or dual bioparameter recording (level IV).
The benefits and limitations of portable monitoring
have been reviewed elsewhere in this issue and are not
discussed herein. APAP devices have inherent di-
agnostic capability that is consistent with a level IV
recording (or even a level Il recording if additional
monitoring such as respiratory effort, oximetry, and
clectrocardiogram or heart rate, with or without body
position is added to assessment of airway patency by
APAP), and APAP theoretically could be helpful in
diagnosing OSA. The rationale for the use of APAP in
the diagnosis of OSA is that it might provide an
accurate enough diagnosis in some patient groups, it
might reduce diagnostic waiting time, and it might
reduce health care costs.

Studies that evaluate automatic positive airway
pressure for the diagnosis of obstructive
sleep apnea

A limited number of published studies have eval-
uated whether APAP is reliable enough in the diag-
nostic mode to recognize sleep-disordered breathing
(Table 2). All [19-23.28.29,70] except one [42] of
these studies were performed in a supervised envi-
ronment, with concurrent PSG, with airflow during
PSG usually [19,21-23,28,29,70] but not always
[20] monitored with thermistor. Sometimes these
studies were conducted with unselected consecutive
patients [19,21,23], but often they were conducted
in patients who were suspected of having OSA
[20,22,28,29.42,70]. Exclusions were not always
stated, but several groups excluded technically unsat-
isfactory recordings [20.22] or technically unsatisfac-
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tory portions of recordings [28] from analysis. Chronic
obstructive pulmonary disease [22], respiratory failure
[70]. awake hypoxemia [22], complicating medical
illnesses [42], severe arrhythmia [70], or suspicion for
complicating sleep disorders [42] were exclusions in
several reports.

Most of the diagnostic studies of APAP have been
conducted with the Autoset device, with early studies
using devices that detected only apneas [19,20] and
later studies using devices that detected apneas and
hypopneas, with [20,22,28 29] or without [21] differ-
entiating different types of respiratory events. In
general, as noted in Table 2, the correlation between
respiratory events detected by APAP and those
detected by PSG was good, with correlation coeffi-
cients of 0.85 to 0.98. The limits of agreement
between APAP and PSG were wide, however, with
mean differences in AHI detected by APAP compared
with PSG ranging from — 9.6 to +4.2, with 95% of
the true values for the difference ranging from — 15.5
to +23.7. Often, APAP overscored respiratory events
compared with PSG [19-23], but two groups found
that APAP underscored events [28,29]. In part, this
may be related to different denominators for the AHI
determined from APAP (ie, time in bed) and AHI
determined from PSG (ie, total sleep time in usual
practice and in most of the noted comparative studies).
APAP devices cannot detect sleep. Irregular breathing
in wakefulness may be detected as respiratory distur-
bances and may increase artificially the AHI deter-
mined by APAP, whereas long periods of wakefulness
with regular breathing or time off the device artificially
may decrease the AHI.

The use of thermistors to monitor airflow in PSG
also may lead to a lower AHI than the nasal pressure
used by this APAP device [23]. Sensitivity and spec-
ificity varied with the AHI threshold used to define
disease, with increased specificity with increasing
severity of OSA. In one multicenter study [29], a high
pretest probability added—not unexpectedly—to the
diagnostic accuracy of APAP. In two studies, APAP
was found to be superior to oximetry alone in diagnos-
g OSA [21.23]. In a study that used a different
prototype APAP device incorporating FOT to monitor
upper airway obstruction [70], Steltner et al found that
APAP yielded diagnostic results similar to visual
analysis of standard PSG performed by two scorers.

In the only unattended (home) study reported to
date [42], Fletcher et al studied 63 patients (screened
for the presence of symptoms of OSA and the
absence of complicating illnesses) using a device that
monitors airflow with a built in pneumotachograph
(Horizon). No gold standard PSG was performed,
although analog flow tracings were examined in an

unblinded fashion by the investigators. The RDIs
determined by APAP correlated with the RDIs deter-
mined by visual analysis (+ = 0.85), although the
former were systematically lower than the latter, in
part because the APAP software did not correct for
time off the device. Nine patients could not complete
the study because of failure to tolerate the mask,
inability to hook up the equipment properly, or failure
to return for follow-up. Of the 53 remaining patients
with successful studies, 45 were diagnosed with OSA
by APAP, 35 of whom ultimately returned for APAP
titration studies. The authors reported an average of
1.4 diagnostic studies and 2.4 ftitration studies to
establish the diagnosis and reach satisfactory treat-
ment pressures. Cost analysis showed that in this
group of patients, the estimated cost for all in-home
APAP studies was less than one fourth the estimated
cost for in-laboratory PSG. There are no published
data on subsequent compliance with CPAP therapy
when the diagnosis of OSA is made using APAP in
an unattended setting. Kreiger et al reported a lower
subsequent objective compliance with CPAP in a
group of patients diagnosed in the ambulatory setting
with a MESAM IV ambulatory monitoring device,
however, as compared with patients diagnosed by
PSG [84].

Taken together, these studies suggest that APAP in
diagnostic mode, after examination of the raw data to
exclude technical problems [19,23], can diagnose
severe OSA effectively, particularly in the presence
of high clinical suspicion and in the absence of
complicating factors. Given the wide limits of agree-
ment between APAP and conventional PSG, the use
of APAP to diagnose less severe OSA is problematic
[21,22]. In the presence of a high clinical suspicion
for OSA and a negative result on APAP, conventional
PSG still plays a role [29]. Although APAP studies
are less expensive than conventional PSG studies
[21,42] and could potentially save costs in some
patients, the overall health care cost-benefit of this
approach on a large scale remains to be clarified.

Role of automatic positive airway pressure in
therapy for obstructive sleep apnea

Rationale for the use of automatic positive airway
pressure in therapy for obstructive sleep apnea

Conventional CPAP, used at an effective pressure
in patients with OSA, has been shown to reduce
nocturnal respiratory disturbances and improve noc-
turnal oxygenation [1,4] and sleep architecture [5].
Regarding longer term clinical outcomes, CPAP
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improves neurocognitive function, including daytime
sleepiness [5—8], cognitive performance [9]. driving
performance [10,11], and perceived health status
[7,8.12]. Treatment with CPAP also may be associ-
ated with improvement in mortality [13] and cardio-
vascular endpoints, such as systemic hypertension
[14,15], cardiac arrhythmias [85], nocturnal ischemia
[86]. and left ventricular function [87]. Finally,
patients with OSA who are treated with CPAP have
decreased health care use compared with untreated
patients [88].

Despite these benefits, conventional CPAP is not
accepted by all patients [89,90]. An early study using
covert monitoring demonstrated that 35 patients who
were followed over 3 months attempted to use CPAP
only 66% of the monitored days, with a median use
of 4.9 hours [89]. “Inconvenience” and “stuffy
nose” were frequently cited problems, but only a
complaint of “claustrophobia™ distinguished regular
users from irregular users; CPAP pressure was similar
in the two groups. In a larger long-term study of
1211 patients in Edinburgh followed for a median of
22 months [90], 68% used CPAP at least 2 hours/
night, with a median use of 5.7 hours. Reasons for
discontinuing CPAP included lack of benefit and
discomfort (including noise and feeling of claustro-
phobia). In multivariate analysis, CPAP pressure was
not found to be a determinant of long-term CPAP use.
In another study of 193 patients with moderate to
severe OSA who were followed an average of
19 months [91], 88% used CPAP every night, with
a mean use of 6.5 hours, despite side effects related to
the mask in 50%, dry nose or mouth in 65%, sneezing
or nasal drip in 35%, and nasal congestion in 25%.
There was no correlation between side effects and
level of pressure. Only 1% reported lack of benefit
from CPAP. It is generally believed, although not
formally studied. that having an inadequate pressure,
(whether too high, perhaps causing increased side
effects, or too low, resulting decreased benefit), can
be associated with decreased CPAP compliance [18].
Intensive CPAP education and support by staff
has been shown to improve compliance [92,93],
whereas lack of technician interaction may decrease
compliance [84].

In conventional CPAP therapy, after the diagnosis
of OSA has been established, patients typically
undergo an attended level 1 PSG for CPAP titration
[72]. Afier appropriate patient education and mask
fitting, while sleep and respiratory parameters are
being monitored, CPAP is titrated up manually in a
progressive fashion in the laboratory until an effective
pressure (P.) is reached. This single P then deter-
mines the level of fixed CPAP for long-term home

use. The goals of titration and definition of Py have
not been formally established and vary in different
studies, however. It has been suggested that the
endpoint of titration should be the abolition of
apneas, hypopneas, snoring, and airflow limitation
[64] with a concomitant decrease in the number of
arousals. Higher pressures are needed to climinate
respiratory effort related arousals with airflow limita-
tion [65]. CPAP requirements or the RDI within the
same patient may have intranight and internight
variability [94], depending on sleep stage [32.95],
body position [95-97], consumption of alcohol or
other sedatives [98—100], nasal resistance [41,101],
inspiratory airflow [102,103], airway humidification
[103]. and body weight [104].

P.s may, although not universally [27], decrease
during the first 8 months of CPAP therapy [105],
perhaps secondary to resolution of upper airway
edema on therapy [106]. P.y cannot be assumed
to be constant. The proportion of patients with
OSA with variable CPAP requirements and the mag-
nitude of that variability have not been well studied.
Rather than the goal of eliminating all respiratory
disturbances and respiratory arousals under all con-
ditions, other clinicians or investigators have used as
an endpoint of CPAP titration elimination of most of
these abnormalities. Varying targets for an acceptable
RDI at Pegr (eg, <5/hour or 10/hour or 15/hour) have
been used. Methods to monitor airflow impact the
measured RDI and the resultant titration results. The
art of titration thus encompasses a fine line between
cfficacy (however defined) and side effects. Titration
is time consuming, labor intensive, and expensive
and requires highly qualified technologists. Conven-
tional CPAP therapy, delivered at a fixed Py deter-
mined by in-laboratory PSG, is the gold standard to
which APAP therapy must be compared.

The rationale for APAP in treatment of OSA is
that the variable pressure delivered by APAP in
response to dynamic changes in airway resistance
might result in improved clinical outcomes compared
with conventional CPAP at fixed Py with perhaps
more favorable airway pressures, fewer side effects,
and better compliance. Despite the increased cost of
APAP devices, if fewer therapeutic PSGs need to be
performed or if overall health outcomes improve,
health care costs might be reduced. Alternatively, if
there are adverse outcomes (such as if APAP results
in increased leaks and arousals with higher pressures,
if oxygenation remains suboptimal, or if lack of
technician interaction limits compliance) or if the
group of patients who are candidates for APAP is
small, overall long-term benefits of APAP would
be limited.

ResMed Corp. - Ex. 1032

Page 11



F.J. Roux, J. Hilbert / Clin Chest Med 24 (2003) 315-342

326

— (oo}
Wes (%19) = Wesp| pLF ST WPl L'6F66L 0T
81/11 wl '€ F 10l —  We'plE6TFILI —  we'PplESFI9 (88T =dS) (ug) [¥s] 1210
— — — WPl EOFELl WePl 9STFEEL = 808 adfio101g BULIBYS
0010
— THEF1'E9 2% 09 F C'€C — zl
— — — 3 SLF9S 2Pl FEFOTS YoTTFEY  (80€=ds) 1snlproiny
— — — 286 F 66 = = £'LS uoziioy  [g¢] [# 12 Jreyog
— 9es Pes il LIALL
— 61 T E6b 9 Pl TV-LINL lp— — [a[eaed-104
3| (mg) = 2Pl ILMIN 9 ‘| p— £0F 096 2IaTTFLI (861 =as) (8/8) 91 [ep] e 10
01LF€9 = 2Pl LEF IS 2 CTF 101 — = 9l snid 29ayciopy RRISHEI A
SALIAS eI )
— — peowig T §¢ Pl £F68 <l
— T WRTF 66 — Pl wetl F 2ol — PTITF T (0€ =as)  (pajqeua ug £juo)
— TwETFSL — Pl ocF <l pl wiol ¥ ot cyzrur Q= IS +OW ynmm +Ngd [ge] e 30 osggo]
(souas [eotul[D)
— — Wes €] F LT — (dnosSqns) 00-L2Y
— — = Wes 1 F 9¢ = 9F9s (1z=as) (6 dnoidqns) oz [te] 1212
= = = Wes L F T = = 65 1Psony §212q0[]
SAUAS [edIUL)
— — — — 9L'F S
— 27T — — — geugl= (us) [L1] ey
— °T 89 — = — S/g WS> 661 adfio01g Ey2quyag
SALIAS [EDIUL[ D)
— — = = 0z
— — — — = — (14°us'VY)
— 2T okl 2] 07/9 = = — 07/61 ut 6> — adfio01d  [g1] seuof-uoyuag
SIPD IPIS o5 d> v LSL% dvay 59 PUIO avayWNEH avay 0ES d1peu uBd (gs 10 as) uBisap Apms loyny
avav 32id avavd A8 avaySSH avavElRd avay OBS UBAUL G110 Q[ ‘§> ON  UBAN g, [HV 1 0142
avayldwoD N%m...u:an_ uBIjA swwopdwig avaylESNOIY avav06> 1S1% avavIHY
12unssalg HIEETTS uoneuasixg

saotaap amssaid Aeaare aamsod opewoine jo sarpms annadesay) jo Arewung

€ 2IqeL

ResMed Corp. - Ex. 1032

Page 12



327

FJ. Roux, J. Hilbert / Clin Chest Med 24 (2003) 315-342

(28nd 1xou uo panuyuoa)

— E6FL16
—  ImquggF el
— ol Iequ Q'] F 7§

— 0TF 6
D —
(ow 7) —_
(89°TE19 2 (8960 TS
de(owg—¢) —
9IF6S o L'1F¢€9
s —
263 (%S°LE) —
91/9 —
— 9] lequ ['TF '8
— e fPAS F8TI
= o EASFH8
— %6°L F IS
2e(3mg) —
' Fr9 of =
= %6'L F 1S
2 (Mg) .
60FS9 of—

Pl L'LFTT
- P88+ £TI
— PTI'EIFTIT

Pl 8’8 F88I
- Pl 6SI+56¢

uI.vh —
— UI.U_\ -
2-(11°¢) € 2Pl (BTI'WS) #8

%Pl 01+ 10T
— 2L Pl §9IFTLT

= ol Pl LFET
2SS F 181
% LA 2611 FLOT
X6 EFES o I'b FHL
Is'pl —
-— UI.HU% —
Ny —
2P LM %Pl —
PTOYF6L 2Pl —
DA.Iv —
9Pl LM dpl —
PTLEFL 2% Pl —

I W €' F 1T
—  e'We'EF 86T
—  %'w[90F68

Pl ¥'LF958
P T FT6
wl L€ F68

PTIFTO
D

2Pl 9EF 06
%Pl ¥IFLY6
%pl 10

Y PT ST F 811

2%-PT §9F €9
de'w] g0 FH06

Pl S+ Fte  (99T=as)
= 9'1€

Wyl F96 (20T =ads)
e €89

9rFLS (8’67 = as)
pT/IT UL Ol > 9'69

APT(TEE0) 1T (€08-9'8%'1D)

— 869 iuepay

2Pl 9 1dSFHT (96 =ds)
. (393

W PT I'STFTY (rz = as)
9L/pl ut 0l > 1'vS
%Pl FSFHS (LEg=ds)
— Tss

25°pl — (LT =as)

zL/L u s> 4519
2'pl — (€'cz = as)

AUAR B 801
do'Wl 60FRT (L€ =dS)
0Z/61 ssaoang £09

p007LOY

I
LIBIISOUWOS
1oy

1

0SONUIA
SOLIAS [ROIULD)
T

1PsoIny

LO¥-uou

<l

(9'1) omy + NI Y
[aqered-1.0y
(sz:€0)

(patodwod gf) O
UOZLIOH

02-1L0d

91

omy + NH A
0D-1Dd

[€

(ug)
adKi0101g

1aread-1 ¥
(zi/zi/en) 9g
snjg 2aydiopy
00-10¥

0t
19501y

[8] (212
eiopuey]

[9¢] 210
pjezeAiy

[iel e
Xnopeusen

[9€] e 10
sudmapnog

[op] 1812
UUBULIDUOY

[sg] 1210 13014

[Ls] =12
Hueyaquag

[p] sauag

Y4 NLREREILECT

ResMed Corp. - Ex. 1032

Page 13



F.J. Roux, J. Hilbert / Clin Chest Med 24 (2003) 315-342

328

des— dpl ELFE0T Pl TPFOLS 02-LOY
= 9rF 9T 3l 9TF 8908 2Pl 601 FOIT — Pl geFses (181 =as) $T [zl e
— ol lequ TFLS — %Pl 6 F 91 — — TTE HEWSOULIOS reiapuEy
— Pl ¥'1F6ST — 02-LDY
e (0w ) 3| — — Pl 8TFIVT — PT L1FG€E (1'8 = as) 01 [og] 1222
POFE9 O F0F 9L uepapy — PIYTFLL — — 6'TS 1sony Byasa],
— 'Sk F9'8F P9 F €81 —
= CEFHEI = P €6 F €T = Pl ,LOF8I
— ol equoyFeL == P18 F6TT = ==
— PIEFOEL PoETF 961 = 150071
— Jequi TE T 6°EI = Pl ¥O1FT0C — pl.e1FsT (g€l =as) 0l [os] 1e20
— 9T dequi "1/ +9°S — P L6 F T — — 8l HBWISOULLOS Yrepuey
— — — — 0210
ol Gz — = = = == (r=4s) (parerdwos 6£)09
€0F9 STH0F+9 2Pl 1F6 — = — 0€ osonuIA [ss] 1eBpny
—_ — —_ — SauLas [edIuI)
— Q0F 6T PLYOTF LS LIS — = PT 80T 98 (F = as) 0¢
= 90FH6 Pl 60FS01 = = = I'vE uozuoH gyl 12 19 19421014
Ve —
2 (%t h) — Y- FFLIT — 02104
81/8 — = 299 F £'61 = S EFHE (1'82) 81
— 9] B 9T0 F 80 28T F9°€ Y- 1TF99 —= 8I/L1 W ol > 08y uewsouwos  [6¢] [¢ 10 J03Lg
Des —
(9609) se/sI — 2Pl WRTFIT 2Pl 06 FTS8 001Dy
% (0w 7) — Y% [1 FLE0S d'Plw oy F L8 2Pl 9IFI6 2Pl E6FO0I (8¢ =as) T
SIFIT o181 F88 2 PT8PFE6 2Pl 68FSEI 20 PlWSOT TS ST/91 W ol > gLs  (rgomy+way  [Lg] 1210 oquo.p
— £9F 06 Pl 6LF €T Pl 69FL98
= QU T F 81 = P9 LFETI P6TFLE6 PTTLFS
—  ofuequ L0FI'G — PTT01 FS¥T — .
$193)J2 IS z_oun > avavlSL% avay'$21 120 avayWAY dvay OPS dipeu uBa (45 10 (s) udisap Apms aoyny
avand?id avayd 1B avavSSd avavIRd avay OBS UBDUWL  C[ 10 °0[ ‘C> 'ON U 3., [HY 1 291A3(]
%&«.EEDU m§<u eI ssuodwAg avay[TESTONY avay06=> LSL% avavlHY
amssalg :dag|g :uoneuadixg

(panunuod) ¢ ajqeL

ResMed Corp. - Ex. 1032

Page 14



329

FEJ. Roux, J. Hilbert / Clin Chest Med 24 (2003) 315-342

Tequ ¢'6l
18 398 Jur) addn pue uoneny [enuew Aq pautuudep anssdid JANDIYS UO PISEq BNULIO} WOl Pajend[ed amssdid ajqeidasor wnunuiw M 198 dFuel dnssaid AP JVdY |
‘(requi ¢'g[ —) a3uex ajqissod 1sapim 1e 128 aFurs amssaid 201A3p VAV
BQUI {1 198 JIWI| JAMO] PUB UOTENN [ENLELL AQ PAUULIAAP 21mssa1d dAAAYA U0 PasEq BNULIOY WOy pajenafes smssaid ajqedasor wmnwixeut yiim 12s afues amssaid 21A3p JvdV |,
‘(Jequi 5G| —t) 28ues a[qissod 1sapim e 1as afuer amssaid 231A3p VAV
“B[AULI0) B £q parewss amssaid 94103143 11 105 aunssaid a0udIajal AP VAV
‘uonenn [enuew Aq pauruudlap amssaid aAnoaya 18 198 aunssaid 20uIaal AP VAV
"uonenl} [ENUEL A POUILLINGP SB V4D PIXL [BUONUIAUOD YUM (SO0 > 4 ) UBY JaySiy 10 (S0°0) > ) uBy 1amo] ‘yum paredwod afueyd ou 10 | 2] s
“Apandadsal WFiu uonenn-dvd ) [BNUBW (S0°) > o) UBY J2YSIY 10 (S0°0 > o ) UBY) JoMO] ‘wod) 25ueyd ou w | ‘wi ‘Wes
‘Afeanoadsal S ousoudelp (S0°0 > o ) Ueyl JYBIY 10 (00 > ) Uyl Jamo] ‘woy adueyd ou :p | ‘pl Pes
1591 22ueISIA ‘LA g 1591 Supfew-[ien ‘g-LAL 'V 1521 Supjew-{ien ‘y-LAL (UONBIN [EnuBW
Aq pauiuualep st d vdD) poxy [BuoiuaAu0d uey ssa| amssard aamsod 18 gydy uo awn dodys [ero1waased | d> 1919 (W) samuit se paieis ssajun ‘v, ut) VY U0 %06 UBYl Ss3
uonesmes udBAxo [BuaLE Yum awn daajs (@01 Juadsad ¢ vay06> LSL% *(pozipiepue)s jou pue Apmys 01 oy10ads) asreuuonsanb doays ‘0§ (Fuuous ‘ug 0L PIEPUERIS “HS UOHRIADD PIEPUEIS
QS H[BL1 PAIONL0D PIZIWOPURL ‘LY {dVdD 01 dVdV Futlajaud (28euadsad) uomsodoud | - Jaug H(edy] 10 JEqUI SE PAIOU SSA[UN (FH/W0) d VY U0 [9A2] armnssaud Leure aamsod yead

dvd

rvavd B2 (VY uo (duruuopad to ssourden)s) swoidwis o 1591 9anoalqo to aaneiguenbiwas | 1891 12410 (%) dVdV U0 uoneimes uadAxo [eLoue dpeu t, TG Jpeu i(sainuiw)

1521 SSaUTAEA JO douBURIUIEW [ MIN H(snupw) 1521 Kouote] dosjs ueow TSI ((edY 1O Jequi se pajou ssapun (CHMP) dVdY 1o [2A2] amssaid Aeaure aamisod ueaw ¢ o d ueapy
(%) dVdV uo uonemes usfAX0 [BLIOUE [BUWIMDOU Ueaw * - C(BS UBAW SUONBNUI] MO 1 ‘dVdY U0 2[edg ssoutdaa|g yuomdy *, . §ST [(w)samunu 1o (g11%) Paq ul duimoy, se pajels
ssajun awm doays (101 95 ut] JVdy uo doays (¢ + ¢ 95e1S “2AeM-MO[S) RI[2P JO Junowe ©  ela( ‘amssard Leaure aamsod snonunuod Jyd) -pouad dn-mojjoj pautjep 1940 asn jo Kep/y ut
dVdV ypim asueidwod ..:&«.EEOU L19A0-SS01D ‘() H[BALIIUL 2DUIPHUOD 8466 ‘[ ‘dVd ¥ uo daals jo moy 1ad sjesnole jo taquunu ,._E«__-_nw:o._«‘ famssaud Aemuate aanisod onewome Jydy
ySu onsouSerp autjaseq uo daags jo moy sad seaudodAy snjd seaude o saquinu “SuplHV *dVdV uo doajs jo moy tad seaudodAy snjd seaude jo saquunu LvaylHY ‘Boude 'y :suoyviaaigqy

‘[BAIDIUL 2DUIPLIUOD 04CE PUB UBIPAUL SB Pajou ssajun ‘Apnis yoea 0} aeudordde se ‘oud prepuels 10 uoyRIASD piepue)s T sueaw se pajudsaid are el

— HI1%8 FTFl SEF9IL6 SALIS [BOIULD)
— — == HIL%F'8 F L — ST (F'se = as) <l
= — — SOFCII = — gr9  [eduD esomy  [zg] (v 10 duomepy
— —_— — — S2URs [EDIUN D
— — — — — LYFLY (61T =as) 0€
= = — 99F STl = — IR 4 wewsouwos  [g6] 12 syonyg
Jiar—
3] (%SL)
Ly/SE 1ZFSI8 Pl 61 T LS PSS FT6 00-1L0Y
(M 9) A FFEVI = PT1 F 81 = PTOSF €S (9z = as) (pawjdwos 1) 7¢ [16] 212

91FE€S P¥TF99 PTLFPF8L— PT#9F €01 — — I'S€ JrwIsouwog (rRIapuey

ResMed Corp. - Ex. 1032

Page 15



330 F.J. Roux, J. Hilbert / Clin Chest Med 24 (2003) 315-342

Studies that evaluate automatic positive airway
pressure for the therapy for obstructive sleep apnea

Multiple studies that evaluated APAP devices for
the therapy of OSA have been published in the
English literature (Table 3). Most have been single-
night studies, although some have been performed for
3 weeks to 6 months to assess certain outcomes
[30,37.40,43.44,51,55]. APAP usually has been
studied in an attended setting, in which a technician
could assess for leaks or other problems and intervene
as necessary. Study designs, APAP devices, defini-
tions, monitoring techniques, and outcome measures
have varied across studies. Most of the patients
studied have had moderately severe or severe OSA,
as indicated by the mean baseline AHI for each study
typically being in the 30/hour to 50/hour range, with
a large standard deviation (see Table 3). Only one
study included a small group of four patients with
upper airway resistance syndrome [55]. All patients
were diagnosed by PSG, except in one study in which
patients were diagnosed at home with APAP and
subsequently treated at home with APAP [42]. Many
patients were exposed to CPAP before treatment
with APAP. Most studies also listed exclusions
[18,25,30,35,37,38,40.42,44,47,49.52.54,55,57].
Patients with nonobstructive sleep-related breathing
disorders (eg, hypoventilation syndromes, Cheyne-
Stokes respiration, central sleep apnea) or compli-
cating medical illnesses (eg, congestive heart failure,
chronic obstructive pulmonary disease, respiratory
failure, cerebrovascular disease) were frequently
excluded. Patients with other sleep disorders (eg,
narcolepsy, periodic limb movement disorder, restless
legs syndrome), previous velopharyngeal surgery, or
need for increased CPAP level on CPAP titration
night (eg, =14—-15 em H,0) also were excluded in
some studies.

Indexes of upper airway obstruction

As noted in Table 3, the mean AHI was signifi-
cantly reduced with APAP as compared with the
baseline diagnostic night in every study to date. The
AHI was not always reduced to normal in all
patients, however. In some patients, therapy with
APAP was not possible or was problematic because
of inability of the device to detect evidence of upper
airway obstruction or because of significant leaks.
Lofaso et al, using a device that exclusively detects
snoring, reported that APAP was ineffective in 3 of
15 patients, one with non-heavy snoring and two
with mouth breathing/leak [47]. The device in-
creased its pressure in response to snoring in only

84% £ 6% of snoring events. In that study and in
another report by Miyazaki et al using a similar
device [56], esophageal pressure swings were
reduced with APAP, which indicated improved upper
airway obstruction. Miyazaki et al found that the
improvement in esophageal pressure was less than
that with manually adjusted CPAP, however. Tesch-
ler et al, using a different device that detects apnea,
snoring, and flow limitation, also noted that high
leak precluded single-night APAP use in 1 of 21 pa-
tients [25]. There is also one case report of a patient
with moderately severe OSA (AHI: 35.3/hour) who
was stable on CPAP 8 ecm H-50 who subsequently
developed central apneas and arousals when treated
with APAP [107]. In general, in the studies that
compared APAP to conventional fixed CPAP. the
improvement in AHI was similar in the two groups,
with no advantage of one mode of therapy over
the other.

Nocturnal oxygenation

In all of the studies in which the effect of APAP
on nocturnal oxygenation was examined, some or all
measures of oxygenation (eg, time with Sa0, <90%,
mean Sa0, and mean nadir Sa0,) improved com-
pared with the baseline diagnostic night (see Table 3).
Oxygenation did not necessarily normalize in all
patients, however. The improvement in oxygenation
with APAP was generally similar to the improvement
with manually titrated or conventional fixed CPAP. In
three studies that used different devices, however, the
mean nadir Sa0, was less with APAP than with
manually titrated CPAP [25,54,56].

Sleep architecture

The varying pressure supplied by APAP might be
expected to result in disturbed sleep; however, most
studies have shown improvement in sleep architec-
ture with APAP compared with the baseline dia-
gnostic night (see Table 3). The amount of sleep
fragmentation improved with APAP, as indicated by a
decrease in the number of arousals per hour of sleep
(arousal index) in almost all studies. Similarly, most
studies showed an increase in delta or slow wave
(stage 3 + 4 non-rapid eye movement[REM]) sleep
on APAP, and some studies showed an increase in
REM sleep. Sleep architecture was usually similar
with APAP and with manually titrated or conven-
tional fixed CPAP. Teschler et al [25], however,
reported a lower arousal index with APAP compared
with manually titrated CPAP but not with conven-
tional fixed CPAP. Scharf et al [38] and Konermann
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et al [40], each using a device that monitors snoring
and respiratory events, reported more delta sleep with
APAP compared with conventional fixed CPAP.
Improvements in sleep architecture, along with
improvements in AHI and oxygenation, have been
shown to be maintained over 6 weeks [51] and up to
6 months [40]. A more detailed analysis of whether
changes in pressure with APAP could induce arousal
was performed by Fuchs et al [53]. Thirty patients
with OSA were studied with PSG during APAP
therapy using a device controlled by impedance. As
in other studies, the overall number of arousals during
sleep improved with APAP compared with baseline.
During periods of sleep time in which there was a
pressure variation by more than 0.5 mbar, however,
there was an increase in arousals as compared with pe-
riods of time in which pressure was constant. There al-
so was considerable interindividual variability among
patients, with some having relatively few pressure-
dependent arousals and others having up to 61% of
arousals being classified as pressure dependent.

Obstructive sleep apnea symptoms

Changes in nocturnal and daytime symptoms of
OSA have been assessed with subjective and objec-
tive tests (see Table 3). Randerath et al [52] used a
sleep questionnaire to evaluate the quality of sleep in
25 patients randomly assigned to conventional fixed
CPAP or impedance-controlled APAP in a single-
blind cross-over comparison. The 16 patients who
completed the questionnaire rated the quality of
their sleep higher with APAP than with CPAP. In con-
trast, d’Ortho et al [37], using a randomized cross-
over design with 2-month treatment periods to study a
different APAP device that senses snoring and respi-
ratory events, found similar OSA symptom scores on
their sleep questionnaire in the APAP and conven-
tional fixed CPAP groups. Daytime sleepiness has
been assessed most commonly with the Epworth
Sleepiness Scale (ESS) [108], which ranges from 0
(least sleepy) to 24 (most sleepy), depending on the
patient’s perception of level of sleepiness in eight
situations. In general, ESS has decreased (improved)
with APAP therapy, similar to conventional fixed
CPAP. Hudgel and Fung reported similar improve-
ments in ESS in a subgroup of four patients with upper
airway resistance syndrome treated with APAP or
conventional fixed CPAP over a 12-week period
[55]. In the only study that did not note improvement
in ESS with APAP, the baseline ESS was already in
the normal range [36]. Multiple Sleep Latency Test
[109,110] and Maintenance of Wakefulness Test [111]
results have confirmed objective improvements in the

latency to sleep in the daytime in patients treated with
APAP (two studies used devices that sense respiratory
events and one used a device that senses snoring and
respiratory events), again similar to conventional fixed
CPAP [42—44]. Meurice et al [43] used two trailmak-
ing tests (TMT-A and TMT-B) to assess alertness and
concentration after 3 weeks of APAP or 3 weeks of
conventional fixed CPAP. TMT-A score improved to a
similar degree with APAP and CPAP, whereas TMT-B
did not change. Finally, Fickeretal [35], using a device
that senses snoring and respiratory events, reported
that a standardized vigilance test normalized in all
patients after a single night of treatment with APAP or
conventional fixed CPAP.

Cardiovascular outcomes

There are no published reports to date on the acute
or chronic effects of APAP on blood pressure or other
cardiovascular outcomes.

Positive airway pressure levels

Almost all studies show a decrease in mean
treatment pressure with APAP compared with con-
ventional fixed CPAP (see Table 3). In some studies,
more than 50% of total sleep time on APAP was
spent at a pressure level less than Py determined by
conventional manual CPAP titration (P.;"") [45,48,
51]. The average mean APAP pressure was lower
than P.z™" by 0.9 cm H,0 [37] to 3.1 em H,0 [57]:
however, this was not true for all patients in each
study. The mean peak pressure delivered by APAP
was often higher than P."", however (see Table 3).
In the original report of APAP therapy using a device
that responded to apnea, snoring, and flow limitation
[18], expiratory leak through the lips confused the
auto-setting algorithm in 6 of 20 patients, which led
to increased pressure in these patients. In another
report, Teschler et al noted that high leak caused
unnecessary increases in pressure in 3 of 21 patients
[25]. Randerath found that whereas the average of
mean APAP pressure was lower than P.z™" by 2.1 cm
H,0, the range of differences was 6 cm H,0 lower to
4 cm H,0 higher than P4~" [51]. The magnitude of
the difference between APAP mean pressure and
Pr™™ has been shown to depend at least partially
on the algorithm used to select P.™™"" and the
algorithm controlling the APAP device. Sleep stage
and body position are also important in some patients.
Mean positive airway pressure levels with APAP have
been shown to decrease during delta sleep compared
with stage [-1I non-REM sleep and REM sleep [32.35,

43.44] and in the lateral position compared with the
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supine position [44]. Many patients with body posi-
tion—dependent OSA also may have sleep stage—
dependent OSA [46]. In a randomized parallel group
study [46], the night-to-night variability of pressure
levels with APAP was higher in body position— and
sleep stage—dependent patients than independent
patients. Six patients with body position and sleep
stage dependence treated with 3 weeks of APAP had
less subjective and objective sleepiness than a similar
group of six patients treated with CPAP, which sug-
gests that there may be a treatment advantage for
APAP over CPAP in this group.

Side effects

Side effects with APAP as compared with con-
ventional fixed CPAP have been examined, either in
the form of questionnaires [35-37,49,51,52]or sur-
rogates, such as use of humidifiers to correct nasal
symptoms [44] (see Table 3). Patients were more
aware of pressure variations when treated with
APAP than CPAP in one report [51], felt the
pressure was lower on APAP than CPAP in another
report [35], and had a tendency to report breathing
against the machine more with APAP than CPAP in
yet another report [49], but no other differences have
been noted.

Compliance

Compliance with APAP therapy has been exam-
ined over 3-week to 3-to- 6-month time periods (see
Table 3). Some studies [40,43,55], but not all
[30,37,44,51], have found that some measures of
compliance improved with APAP compared with
conventional fixed CPAP. Meurice et al reported
7.1 E 1 hour nightly use in the APAP group com-
pared with 5.1 £ 1.1 hours in a parallel CPAP group
[43]. In another randomized parallel group study,
Konermann et al reported similar compliance be-
tween APAP and CPAP in terms of hours per night
but increased compliance with APAP compared
with CPAP in terms of nights per week (6.5 £ 0.4
and 5.7 ¥ 0.7, respectively) [40]. Hudgel and Fung,
in a randomized cross-over study [55], found in-
creased nightly use of APAP compared with CPAP
(6 ¥ 0.3 hours and 5.5 F 0.3 hours, respectively) but
no difference in nights of use, cumulative hours of
use, or patterns of use. In a subgroup of four patients
with upper airway resistance syndrome, cumulative
hours of use and nights of use were higher with
APAP than CPAP.

Preference

Several single night and longer-term studies have
evaluated whether patients prefer APAP or conven-
tional fixed CPAP (sec Table 3). In general, patient
preferences were not different between the two mo-
dalities, with the exception of one single blind study
in which 35 of 47 patients (75%) preferred APAP.

Health care cosis

In a strategy that used APAP for in-home diagnosis
and therapy [42], Fletcher et al reported cost savings
with APAP compared with conventional therapy. No
other systematic comparisons have been published.

In summary, these studies suggest that APAP can
be an effective therapy for OSA in patients without
complicating sleep or medical diagnoses. APAP ther-
apy can result in a reduced AHI, although devices
that predominantly detect snoring as a measure of
upper airway obstruction may be less effective. Not
all patients can achieve equivalent results. Sleep and
oxygenation parameters improve, although there may
be a somewhat lower Sa0, nadir with APAP than
CPAP. OSA symptoms also improve. Mean airway
pressures tend to be lower with APAP, without
significant change in side effect profile. Compliance
and preference tend to be similar or somewhat better
with APAP. Patients with sleep-stage and body posi-
tion-dependent OSA may gain the most from APAP
therapy, but further work is needed to define the most
appropriate patients for this modality. The effects of
APAP on cardiovascular outcomes and health cares
costs and the differences between devices also require
further study.

Role of automatic positive airway pressure in the
titration of continuous poesitive airway pressure
for obstructive sleep apnea

Rationale for use of automatic positive airway
pressure to determine an effective continuous positive
airway pressure in patients with obstructive

sleep apnea

Traditionally, in patients with OSA who are
treated with conventional fixed CPAP, a full-night
attended PSG for manual CPAP titration to determine
P.sr(as described earlier) follows the initial diagnostic
night, which requires two separate studies for diag-
nosis and therapy. “Split-night™ PSG, with the first
half of the night to establish the diagnosis and the
second half of the night to titrate CPAP. is an
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accepted alternative used by many centers in patients
who meet certain criteria [72,73]. Although this
technique has demonstrated efficacy and saves the
cost of one PSG, not all patients ultimately found to
have OSA meet the diagnostic criteria early enough
in the night to initiate a CPAP titration on the same
night. Even in patients who do undergo a CPAP trial
in a split-night format, not all patients are titrated
successfully by the end of the night. A second study
may be required to titrate CPAP.

Rather than using full-night or split-night in-
laboratory PSG, some investigators have used pre-
diction formulae [112], patient and bedpartner
reports [113], and limited unattended or attended
respiratory + sleep portable monitoring [81] to help
determine P, Home titration to determine Pugy in
patients with established OSA using a four channel
portable device in the home (EdenTech, Eden
Prairie, MN) guided by patient or bedpartner inter-
view [113] was found to be feasible and lead to
improvement in AHI on follow-up PSG at machine-
derived Pogr (Pep®®***). In a study of 17 patients with
OSA attended by a registered nurse or polysomno-
graphic technician in the home using the same
device for titration [114], AHI was reduced on the
titration night at a lower cost than conventional PSG.
Compliance on CPAP determined by Pes™™'*® was
similar to historical controls at 18 and 13 months
follow-up in both studies, respectively. Using a
different device that records cardiorespiratory data,
airway pressure, and sleep (VITPAP, Vitalog HMS-
5000, Vitalog Monitoring Inc., Redwood City, CA),
unattended machine-controlled titration was per-
formed in 21 unselected patients with OSA [115].
In the 19 patients who completed the machine
titration, the P.y was determined after the recording
was reviewed visually and scored by the investiga-
tors. This Pg™" was highly correlated (r = 0.90)
with P determined by conventional manual CPAP
titration (P.g"""), with a mean difference of 0.21 +
1.08 em H,0. Cardiorespiratory complications
occurred in six patients, however, including mild
discomfort that required a resetting of CPAP pres-
sure, central apnea with oxygen desaturation of more
than 85%, and ventricular ectopy, with termination
of the procedure required in two patients.

Subsequently, unattended home CPAP titration
was studied in 30 patients with OSA using a portable
respiratory and sleep monitoring system with modem
technology that allowed transfer of data from home to
the laboratory (NightWatch, Healthdyne) [116] and
compared with in-laboratory titration in a parallel
group of 30 patients. In this study, patients were
excluded if they had severe cardiopulmonary or renal

disease or important arrhythmia or if they required
oxygen or nocturnal ventilation, and all patients in
both groups met with a respiratory therapist for a
pretitration education session. AHI and sleep stage
distribution at follow-up PSG at 6 to 8 weeks and
objective compliance were similar in the group using
fixed CPAP at Pg*""* and the group using fixed
CPAP at mecm'l\-'.

Instead of using APAP with the goal of long-term
treatment, there have been attempts to use APAP in
the short term (one or several nights), similar to other
portable monitoring systems, to determine Py after
an initial diagnostic PSG. This P.i*™" then could be
administered long term at a fixed level at home using
a conventional CPAP device. The P g “°™ is the gold
standard to which the P.;"" must be compared.
Titration with APAP can be done during an attended
study, in which the advantage over traditional CPAP
titration might be freeing up technician time. It also
could be done in the unattended home setting over 1
or more days as a way of determining a more
effective level of CPAP for the long term, given that
sleep might be expected to be more normal at home
than in the laboratory. Turnaround time between
diagnosis and therapy potentially could be improved.
By eliminating the need for a second study, cost
savings also could be realized, especially compared
with a traditional 2-night approach to diagnosis and
therapy. Because patient-technician interaction is lim-
ited with the use of home titration with APAP,
however, if the patient does not have a successful
autotitration, long-term adherence and compliance
might be adversely affected.

Studies that evaluated automatic positive airway
pressure for determining an effective continuous
positive airway pressure in patients with
obstructive sleep apnea

Studies that evaluated APAP in determining Py
are summarized in Table 4. Patients included in
these studies were previously diagnosed with OSA
by laboratory-based or portable PSG and gener-
ally had a baseline mean AHI in the severe range
(Table 4). Usually patients were not previously
treated with CPAP [24,26,30,31,34,45,68], but this
was not always stated [25.39]. As in studies that
evaluated the role of APAP for diagnosis and
therapy, patients with complicating medical or sleep
disorders were often [25,26,30,34], but not always
[24.31.39.45.68]. excluded. Studies often were per-
formed in an attended setting so that the technician
(or another health professional in the case of par-
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tially attended studies) could monitor for leaks or
other technical problems (see Table 4). Only one
study, a clinical series with historical controls [45],
was performed in an unattended home setting in
CPAP-naive patients. The amount of time for APAP
titration varied from a single night in most studies,
to 1 or 2 weeks [45], to an average of 12 nights
over 2 months [30].

Studies differed in device used, study design,
setting, and outcomes assessed (see Table 4). The
primary outcome was usually P.*™" which was
either compared directly with P “™ or assessed for
effectiveness by follow-up conventional fixed CPAP
therapy at P.i*™". Methods of determining Pog*"™"
varied across studies (sec Table 4). The raw data
usually were excluded to eliminate periods of high
leak or poor recording. In some reports, however,
data review was not specifically mentioned or was
not performed. Subsequently, P was deter-
mined by analysis of pressure during the APAP
titration night(s) and was variably defined as the
highest pressure of the recording, the pressure that
eliminated all or most upper airway obstruction
events, the pressure that was exceeded only 5% or
10% of the time (Pys or Pyy, respectively), or the
percent of time spent below a reference pressure as
determined by a formula (see Table 4). Methods to
determine Py ““" varied, and the goals of the
conventional manual titration were not necessarily
the same as the goals of the APAP titration [26].

As outlined in Table 4, most patients had a
successful APAP titration, and P.*™" and Py “"
were similar in most studies. P ™™ also has been
shown to be stable over 8 months of follow-up [26].
Teschler et al, using a device that detects snoring,
apnea, hypopnea, and flow limitation, initially noted
that P.*™" was higher than P.g ™ by an average
of 1.3 £ 0.3 ecm H,0 [25], despite excluding periods
of leak. This difference subsequently decreased in a
follow-up study of this same group of patients after
changing the goals of the manual titration to be more
similar to those used by the device [26].

Not all patients were able to have Per TP deter-
mined with APAP titration. Teschler reported that
high leak prevented autotitration in one patient and
caused unnecessary increases in pressure in 3 of 21
patients, although for most of the night, leak was low
(<0.4 L/second) [25]. During the APAP titration
night, the technician reseated the mask an average
of 1.9 + 0.4 occasions per patient per night, a
frequency similar to the manual CPAP titration night.
Gagnadoux et al also reported leaks of more than 0.4
L/second in 3.1% + 4.8% of titration time (range 0%
to 15%), with the technician repositioning the mask

an average of 0.93 + 0.46 times per night [31].
Periods of continuous leak occurred in 7 of 14 pa-
tients and ranged from 4% to 70% of total sleep time
during a manual titration when impedance was simul-
tancously monitored with FOT and subsequently
interpreted in a blinded fashion by the investigators
[68]. As in the previous studies, these periods of leak
were excluded before determining P ™"

Llorbes et al found that P.y"*™" determined by
review of raw data to exclude mask leaks and atypical
pressure changes followed by visual inspection to
determine the highest level of pressure was similar to
P.*™" determined by Pgy or Pys. Berkani et al
reported that APAP titration, using a device adjusted
to detect only snoring, was unsuccessful in two of ten
patients, one of whom had a laryngectomy for laryn-
geal cancer and one of whom underwent uvulopalato-
pharyngoplasty [34]. These two patients ultimately
had successful titration when the APAP pressure
range was less constrained. Increased mouth leak,
even at low CPAP pressures, previously has been
reported in patients who have undergone uvulopalato-
pharyngoplasty [117]. Series reported that 2 of 42
patients were not successful with home APAP titra-
tion using a device that detects apneas and hypopneas
and operates within a set range of a reference pres-
sure, 1 because of central apnea and | because of
machine malfunction [45].

Gagnadoux et al, using a device that detects
snoring, apnea, hypopnea, and flow limitation, found
that APAP titration was unsuccessful (defined as an
AHI > 10/hours on subsequent PSG at fixed P ¢*™")
in 3 of 24 patients, perhaps because of severity of
OSA [31]. All 3 patients had a high AHI at baseline
that ranged from 95/hour to 123/hour. Finally, the
variability of APAP pressure levels was studied in
relation to sleep architecture in 15 patients on home
therapy with APAP [32]. The highest pressures gen-
erally occurred during periods of drowsiness or
fragmented non-REM sleep, which suggested that
if APAP had been used for titration at home in
patients with poor sleep quality, P.i™™" could have
been overestimated.

After successful determination of P.;*™", pa-
tients have been treated with CPAP at fixed P ™"
and other outcomes have been assessed. Mean AHI
on repeat PSG or limited home monitoring with
CPAP at fixed P."*™" improved compared with
the baseline diagnostic night (see Table 4). Improve-
ments in sleep architecture [34,45], including a
decrease in arousal index and an increase in delta
sleep and REM sleep and improvements in nocturnal
oxygenation [34,45], also have been reported. ESS
also improved compared with baseline [31,45] and
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was similar for patients treated with CPAP at fixed
Pcff conv [39]‘

Compliance with CPAP at fixed P.i*™" has been
evaluated in several studies. Subjective compliance
was assessed 6 weeks after APAP titration in 52
patients and compared with a parallel group of 61
patients after manual CPAP titration. The proportion
of successful patients who were established on CPAP
in the APAP group was similar to the manual group
(73% and 64%. respectively; 25% and 23%. respec-
tively, were undecided about CPAP therapy). Fewer
patients in the APAP group (2%) had decided defi-
nitely against CPAP therapy compared with the
manual group, however (13%). In two other studies,
objective 3-month compliance by hour meter was
4.9 + 0.3 hours/night in 20 patients [25] and 5.25 +
1.82 hours/night in 18 of 22 patients [31], both
similar to historical controls. Finally, in a study in
which P*™ was determined by home titration, 86%
of patients initially accepted CPAP for home therapy,
and objective compliance was 6.1 £ 1.7 hours/night
in 36 of the 40 patients who were successful with
APAP titration [45].

Table 5

Minimal data are available on the impact of
APAP titration on health care resources. In using
APAP for titration in the attended setting, Teschler et
al and Gagnadoux et al each reported an average of
one to two technician interactions per patient per
night—fewer than would be expected on a manual
titration night, thus potentially reducing technician
workload [25,31]. Berkani et al, using APAP in an
unattended setting, estimated that the cost of the 12
ambulatory studies required to determine P.;*™" in
10 patients was less than that of conventional manual
titration [34].

Overall, these studies suggested that APAP can be
a useful modality in uncomplicated patients to deter-
mine Py for long-term conventional CPAP therapy.
The best device and best method for determining P
are not known. Regardless of device, final PCWAPAP is
generally similar to Peg “™, but some patients do not
have an effective titration. Patients who do not snore
may not have an adequate APAP titration using a
device based on snoring detection. Supervised APAP
titration may be required because leaks and the need
for intervention occur. Unsupervised titration can be

American Academy of Sleep Medicine practice parameters (2002) for the use of autotitrating positive airway pressure devices in

adult patients with obstructive sleep apnea

Recommendation

Level of recommendation

1 A diagnosis of OSA must be established by an acceptable method.
2 Patients with the following conditions are not candidates for APAP titration

and APAP treatment:
congestive heart failure

Standard
Standard

significant lung disease (eg, chronic obstructive pulmonary disease),

daytime hypoxemia, or respiratory failure

prominent nocturnal desaturation other than that from OSA

(eg. obesity-hypoventilation syndrome).

Patients who do not snore should not be titrated with an APAP device that

relies on vibration or sound in the device’s algorithm.

3 APAP devices are not currently recommended for split-night studies.
4 Certain APAP devices may be used during attended titration to identify, by

Standard
Guideline

polysomnography, a single pressure for use with standard CPAP for treatment of OSA.
5 Once an initial successful attended CPAP or APAP titration has been determined by
polysomnography. certain APAP devices may be used in the self-adjusting mode for
unattended treatment of OSA.
6 Use of unattended APAP to either initially determine pressures for fixed CPAP or provide
for self-adjusting APAP treatment in CPAP naive patients is not currently established.
7  Patients being treated with fixed CPAP on the basis of APAP titration or being treated
with APAP must be followed to determine treatment efficacy and safety.
8 A reevaluation and, if necessary, a standard attended CPAP titration should be
performed if symptoms do not resolve or the CPAP or APAP treatment seems
to lack efficacy.

Guideline

Option
Standard

Standard

Modified from Berry RB, Parish JM, Hartse KM. The use of auto-titrating continuous positive airway pressure for treatment of
adult obstructive sleep apnea: an American Academy of Sleep Medicine review. Sleep 2002:25:148; with permission.
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successful in some patients, however. Use of APAP
for titration does not seem to impact compliance
negatively. Data on the impact on health care resources
of a patient-care strategy that incorporates APAP
devices for titration are preliminary.

Recommendations for the clinical use of automatic
positive airway pressure

Several authors have presented algorithms for the
use of APAP in the unattended setting for diagnosis
and therapy [23.42]. In general, in the straightforward
patient with classic signs and symptoms of OSA
[118,119] without complicating disorders, such as
respiratory insufficiency or congestive heart failure
or reasons for mask/mouth leak, APAP could be used
for diagnosis. If the study is positive and of satisfac-
tory quality, APAP then could be used for therapy,
with close patient follow-up for resolution of symp-
toms and compliance. If the study is negative or of
poor quality or if the patient’s symptoms are persist-
ent, conventional in-laboratory attended PSG would
be recommended. Careful patient selection, patient
education and support, and close follow-up must be
incorporated into the algorithm to ensure the success
of such a strategy [27]. Although appealing in many
respects, the effect of this strategy on long-term
outcomes of OSA has vet to be tested formally in a
large series of patients.

Practice parameters for the use of APAP devices
for titrating pressures and treating patients with OSA
have been published recently by the American Acad-
emy of Sleep Medicine [120]. Available data on the
therapeutic and titrating but not diagnostic roles of
APAP were reviewed by the Standards of Practice
Committee of the American Academy of Sleep Medi-
cine [69]. and studies were graded according to levels
of evidence [121]. Based on this review, the commit-
tee made recommendations for the clinical use of
APAP, which were approved by the Board of Direc-
tors of the American Academy of Sleep Medicine. As
noted in Table 5, practice parameters were divided
into standards (a generally accepted patient-care
strategy, which reflects a high degree of clinical
certainty), guidelines (a patient-care strategy which
reflects a moderate degree of clinical certainty), and
options (uncertain patient-care strategy) [122].

Summary

Automatic positive airway pressure devices are the
most technologically advanced positive airway pres-

sure devices available for use in OSA. Although
heterogeneous, they have in common the ability to
detect and respond to changes in upper airway resist-
ance. Data cannot necessarily be extrapolated from
one device to another, and the field is rapidly advan-
cing. Most studies of APAP have been performed in a
supervised setting, or patients have been carcfully
selected to have a high likelihood of OSA uncompli-
cated by disorders such as alveolar hypoventilation or
central apnea or technical problems such as mask
leaks. Studies of APAP for the diagnosis of OSA have
shown that APAP can diagnose severe OSA effec-
tively, but the diagnosis of mild-moderate OSA is less
reliable. APAP devices also can be effective therapy
for selected patients with OSA, with overall similar
results to conventional fixed CPAP in terms of respi-
ratory disturbances, sleep quality, nocturnal oxygena-
tion, and daytime sleepiness and performance, with
less known or other long-term outcomes. In most
studies, mean treatment pressures are lower, without
change in side effect profile. Compliance and pref-
erence with APAP are similar to or somewhat better
than CPAP in most studies. APAP also can be used in
an attended setting to titrate an effective pressure for
use in long-term conventional CPAP therapy. also
with similar results to CPAP in many patients. APAP
devices are more expensive than CPAP devices, but
the cost may be outweighed if a group of patients who
can be diagnosed, treated, or titrated safely in the
unattended setting can be identified. Although diag-
nostic and therapeutic algorithms for APAP have been
proposed, the best candidates for this modality must
be defined better.
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