
Sleep Breath (2005) 9: 167–175
DOI 10.1007/s11325-005-0032-z ORIGINAL ARTICLE

Dale Coller
Dawn Stanley
Sairam Parthasarathy

Published online: 5 November 2005
# Springer-Verlag 2005

Effect of air leak on the performance
of auto-PAP devices: a bench study

Abstract Automatic positive airway
pressure (auto-PAP) devices, used in
the treatment of patients with ob-
structive sleep apnea (OSA), may not
function optimally in the presence of
an air leak. We set out to determine the
magnitude of air leak that prevents
auto-PAP devices from responding to
respiratory events of OSA in a bench
model. We simulated apnea, flow
limitation, obstructive hypopnea,
nonobstructive hypopnea, and snoring
events of OSAwith an artificial airway
and a loudspeaker in a bench model
connected to a commercially available
auto-PAP device. Four auto-PAP
devices were tested, but two of the
“older-generation” devices (Tranquil-
ity and Virtuoso) did not respond to
events of OSA that involved changes
in flow contour; hence, we studied
the effects of air leak and humidifier in
the two “newer-generation” auto-PAP
devices only (GoodKnight 418P,
Autoset-T). When the air leak was
progressively increased from baseline
levels recommended by the manufac-
turer to levels seen clinically—5 to 7,

10, and 30 l/min—the GoodKnight
418P decreased pressure response by
56% (5.6±1.8 cm H2O, p=0.04). The
pressure response of the Autoset-T,
however, did not change from baseline
during similar levels of air leak. The
GoodKnight performed appropriately
when the air leak was within 20 l/min,
but the corresponding value for the
Autoset was higher at 50 l/min. For
both devices combined, air leak
caused the pressure to drop between
the device and the airway: 2.8±0.3 cm
H2O at 30 l/min of air leak (p<0.001).
Air leaks cause auto-PAP devices to
underestimate the pressure required
to treat events of OSA and to over-
estimate the pressure delivered at the
upper airway. Physicians should be
aware of performance limitations
of auto-PAP devices in the presence
of an air leak.

Keywords Sleep apnea .
Algorithms . Equipment design .
Positive-pressure respiration .
Respiration

Introduction

The most effective treatment for patients suffering from
obstructive sleep apnea (OSA) is continuous positive air-
way pressure (CPAP) [1, 2]. In order to determine the ef-
fective treatment pressure, however, a technician manually
adjusts CPAP during an overnight polysomnogram per-
formed in the sleep laboratory. Such attended polysom-
nograms, however, are expensive, labor-intensive, and

lengthen wait times for other patients who require diag-
nostic studies [3, 4]. Automatic positive airway pressure
(auto-PAP) devices, however, can help identify the effec-
tive treatment pressure without the need for a nighttime
technician or laboratory space [5–10].

How reliable are auto-PAP devices in determining ef-
fective treatment pressure for treatment of patients with
OSA? Clinical studies suggest that auto-PAP devices may
under- or overestimate the effective treatment pressure
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[11, 12]. Alternatively, some clinical studies have demon-
strated auto-PAP-derived pressures to be comparable to
that determined by the technician during overnight poly-
somnography [8]. Conceivably, the discrepancies between
these studies could arise from the different algorithms used
by the various auto-PAP devices used in these studies.
Commercially available auto-PAP devices have been re-
ported to differ in how they detect and respond to flow-
(apnea, hypopnea, airflow limitation) and pressure-based
(snoring) events of OSA [5, 13–15]. Specifically, Farre and
colleagues were the first to report differences in the per-
formance of various auto-PAP devices when an air leak
was introduced [13]. However, the investigators did not
report the magnitude of the air leak or systematically ad-
just such air leak. Such knowledge of the level of air leak
above which these devices fail—a “threshold value”—may
allow the physician to discard such data when estimating
the effective treatment pressure. Such a method may result
in more accurate estimation of effective treatment pressure.
In addition, knowing the relative susceptibility of different
auto-PAP devices to an air leak is useful information.

Humidifiers can improve a patient’s tolerance of CPAP
[16, 17]. When used with an auto-PAP device, however, the
humidifier may act as a capacitor and dampen the pres-
sure oscillations that occur during snoring. Additionally,
turbulence in the water may confound detection of the
flow-based events (apnea, hypopnea, and flow-limitation).
Currently, the effect of humidifiers on the performance of
auto-PAP devices is not known.

We set out to determine the magnitude of air leak that
prevents auto-PAP devices from responding to the re-
spiratory events of OSA. A secondary aim of the study was
to study the effect of a humidifier on the performance of
auto-PAP devices. We evaluated the performance of the
devices in a bench rather than a clinical study because it
is difficult to control the level of air leak across patients
and devices in the latter setting.

Methods

Model

Four auto-PAP devices were tested under baseline con-
ditions without an air leak or humidifiers: GoodKnight
418P (Tyco Healthcare, St. Louis, MO, USA), Autoset-T
(ResMed), Tranquility (Healthdyne), Virtuoso (Respiro-
nics, Murrysville, PA, USA). An auto-PAP device was
connected to an artificial airway (Starling resistor), which
was, in turn, connected to an artificial lung (Michigan In-
struments, Grand Rapids, MI, USA) driven by a me-
chanical ventilator (Puritan Bennett 7200, Tyco; Fig. 1).
All the auto-PAP devices were tested in a “therapeutic
mode,” that is, they were used to detect and respond to
events of OSA.

Flow was measured at two locations with heated pneu-
motachographs (Hans Rudolf Inc., Kansas City, MO,
USA): between the artificial airway and the leak aperture
(V, Fig. 1) and close to the auto-PAP device (v′, Fig. 1). The
difference in flow measured at the artificial airway and the
device yielded the magnitude of leak that was introduced.
Different levels of air leak were introduced, using a
variable aperture located between the auto-PAP device and
the artificial airway. For the experiments testing the hu-
midifier, the humidifier was connected to the auto-PAP
device as is customary. Pressure was measured by trans-
ducers (MP±45, Validyne, Northbridge, CA, USA) con-
nected both distal and proximal to the Starling resistor, thus
mimicking the pressure in the upper airway (Pairway) and
intrathoracic cavity (Pthoracic), respectively. Pressure mea-
sured in the external chamber of the Starling resistor (Pstar)
was used to verify that the pressures generated in the
external chamber of the artificial airway were not different
across different devices tested. Pressure was also measured
close to the device and reflected the pressure response of
the device without the effect of leak—namely, the pressure
that the auto-PAP registered in the microprocessor.

The artificial airway consisted of an inner collapsible
elastic tube fixed within an outer rigid cylinder. Air was
injected into the space between the outer rigid and inner
collapsible elastic tube favoring airway collapse. Different
levels of airflow limitation (partial collapse) or even apnea
(complete collapse) events of OSA were mimicked by
varying the amount of air injected into this space (Fig. 2).

Fig. 1 The pressure in the external chamber of the Starling resistor
(Pstar) was adjusted to simulate the flow pattern of the events of
OSA while connected between an artificial lung and an auto-PAP
device. Different levels of leak were introduced by using a variable
aperture between the device and the artificial lung (Leak). The
difference in flow measured close to the Starling resistor (V) and at
the outlet of the auto-PAP device (v′) yielded the magnitude of leak.
Pressure was measured close to the device (Pdevice), just distal
(Pairway) and proximal (Pthorax) to the Starling resistor, reflecting the
pressure delivered by the auto-PAP device, oral pressure, and intra-
thoracic pressure, respectively
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By design, apneas, obstructive hypopneas, and mild flow
limitation were achieved by injecting 4, 3, and 2 ml of air,
respectively (Fig. 2). Nonobstructive hypopneas that are
seen with periodic breathing were achieved by changing
the settings on the ventilator that drove the artificial lung:
simultaneously, tidal volume was decreased from 500 to
200 ml and inspiratory flow rate (in the sinusoidal wave-

form) was reduced from 60 to 20 l/min (Fig. 2). Before
beginning the experiments, the reversibility of flow lim-
itation in the bench model was attempted using a con-
ventional CPAP machine (Respironics; Fig. 3). Such a
validation study was performed by introducing obstructive
hypopnea and then subjecting the airway to manual in-
crements in pressure until the flow contour and magnitude
were normalized. Snoring—pressure waves of 30 Hz and
1.5 cm H2O amplitude—was simulated by a loudspeaker
that was introduced between the pneumotachograph and
the humidifier.

Protocol

The auto-PAP devices (Autoset-T, GoodKnight 418P,
Tranquility, and Virtuoso) were set at a pressure range of
4–18 cm H2O. The lower limit was 3 cm H2O for the
Virtuoso. Because one of the devices has a 15-min dormant
period (Tranquility), all devices were subjected to baseline
“breathing” conditions for 15 min before events of sleep
apnea were introduced. Such baseline breathing conditions
constituted a sinusoidal flow contour (Fig. 2), tidal volume
of 500 ml, a peak inspiratory flow rate of 60 l/min, and
respiratory rate of 16 per minute. Each device was tested
against a given event of OSA during a 5-min run. Mild
airflow limitation was then introduced for a 15-s duration
and repeated every 30 s during the 5-min run. The final
pressure reached by the device at the end of the run was
taken to represent the pressure response of the device to
mild airflow limitation. Between runs, the devices were
turned off to prevent any “memory” effects from confound-

Fig. 2 Flow pattern was altered to mimic the events of obstructive
apnea. Baseline consisted of a tidal volume of 0.5 l and respiratory
rate of 16 breaths per minute. Induced events consisted of
nonobstructive hypopneas, obstructive hypopneas, mild flow limi-
tation (not shown), or apnea, with events lasting 15 s

Fig. 3 Tracings of inspiratory flow and pressure measured proximal
to (Pthorax) and distal to (Pairway) the Starling resistor in the artificial
lung model. Representative breaths obtained during flow limitation
(CPAP level of 0 cm H20) and after administration of incremental
levels of CPAP (4 to 12 cm H20). Note that the contour of in-
spiratory flow progressively improves from that of severe airflow
limitation (when no CPAP was administered) to that of a normal
convex-upward contour at a pressure level of 12 cm H2O

Fig. 4 Representative tracings of flow proximal to (Pthorax) and
distal (Pairway) to the Starling resistor during induction of obstructive
hypopneas. Note that the pressure increment in the external chamber
of the Starling resistor (Pstar) (closed arrow) induces the obstructive
hypopnea with flattened inspiratory flow. Subsequently, the auto-
PAP device responds to such a stimulus with a 1-cm H2O increase in
airway pressure (open arrow)
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ing the experiment. The events were introduced in a ran-
dom manner for each device.

Similar runs for other respiratory events that occur in
patients with OSA, viz., obstructive hypopnea (Fig. 4),
nonobstructive hypopnea, and apnea, were performed.
These runs were repeated for all devices. We noticed that
only the newer-generation auto-PAP devices (GoodKnight

418P and Autoset-T) responded to such flow-based events
of OSA and that the older-generation devices (Virtuoso and

Fig. 5 Response of four auto-PAP devices to apnea events are shown.
The apnea events resulted in pressure response from the newer-
generation devices—Autoset (open circle) and GoodKnight (closed
squares). However, the older-generation devices—Tranquility (open
triangles) and Virtuoso (closed triangle)—did not react to such flow-
based events of OSA

Fig. 8 Pressure measured at the upper airway (Pairway, left) and
auto-PAP device (Pdevice, right) for the Autoset-T in response to
repetitive apneas during baseline levels of leak recommended by
manufacturer [5 or 7 l/min, (closed squares), 10 l/min (open circles),
and 30 l/min (closed triangles) of air leak]. Note that the pressure
measured at the airway is progressively lower at the upper airway
than at the device with increasing levels of air leak

Fig. 7 Pressure response of the auto-PAP devices at different levels
of air leak is represented as a percent change from baseline level of
air leak. Each symbol represents the average of the pressures
achieved in response to the events of OSA. The pressure response of
the GoodKnight device decreases with increases in air leak (p=0.04;
one-way ANOVA) and thereby tends to respond with lower pres-
sures when compared to the Autoset (p=0.06; two-way ANOVA)

Fig. 6 Pressure response of the Autoset-T (left) and the Good-
Knight 418P (right) auto-PAP devices to apnea when air leak was at
baseline (closed squares), 10 l/min (open circle), and 30 l/min
(closed triangle). Note that while the Autoset responds with the
same pressure increment at all levels of leak, the GoodKnight fails
to respond at an air leak level of 30 l/min
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Tranquility) did not (Fig. 5). Although the latter two de-
vices did react vigorously to “snoring” (pressure-based)
events of OSA, they did not respond to the flow-based
events during the 5-min runs; hence, we found it counter-
productive to perform further experimentation testing the
effect of air leak or humidifier on these older-generation
auto-PAP devices. Therefore, the rest of this paper de-
scribes the performance of the two newer-generation auto-
PAP devices only.

All of the baseline runs were performed with air leaks
produced by the exhalation valves recommended by the
manufacturer (5–7 l/min). For each device, multiple runs
were repeated at progressively greater levels of leak (10
and 30 l/min) introduced by the variable aperture. Similar
runs were performed with and without the inline humid-
ifier. All signals were digitized and stored for analysis on
a personal computer (Windaq, Akron, OH, USA). Paired t

tests, two-way ANOVA, and two-way ANOVA were per-
formed where appropriate. A p value less than 0.05 was
considered to be statistically significant.

Results

For flow-based events, during baseline conditions—in the
absence of a humidifier and with manufacturer-recom-
mended levels of leak—the GoodKnight responded with
greater final pressures than the Autoset: a difference of
2.1±0.4 cm H2O (p=0.03). Similarly, for pressure-based
events, during baseline conditions, the GoodKnight re-
sponded more vigorously than the Autoset: a difference of
1.1±0.2 cm H2O (p=0.04). For baseline conditions, the
greatest difference in the pressure between the two devices
was in response to repetitive apneas—3.5 cm H2O.

Fig. 9 Measured air leak is
plotted against the pressure re-
sponse of two auto-PAP devices
for flow-based events of OSA:
obstructive hypopnea (top),
nonobstructive hypopneas
(middle), and apneas (bottom).
Such plots are also shown for
different aperture openings that
caused a leak of 5 or 7 l/min
(left), 10 l/min (middle),
or 30 l/min (right) at a starting
pressure of 4 cm H2O. Note that
as the auto-PAP devices respond
to the events with an increase
in pressure the level of air leak
for a given aperture opening
increases in a linear manner.
Unlike the GoodKnight device,
regardless of the level of air
leak, the Autoset device does
not respond to hypopneas that
lack flow limitation
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Effect of air leak

The Autoset continued to respond to events of OSA at
levels of leak up to 50 l/min, while the GoodKnight failed
to respond at air leaks of 30 l/min (Fig. 6). The average
final pressure achieved by the GoodKnight in response to
all of the tested events of OSA at a leak of 30 l/min was
5.6±1.8 cm H2O (56%) less than the response achieved in
the absence of leak (p=0.04, one-way ANOVA). There
was no change in pressure response of the Autoset with
or without observed levels of air leak (p=0.9; one-way
ANOVA) (Fig. 7). At air leak of 30 l/min, the Good-
Knight tended to respond with a lower final pressure than
the Autoset in response to the events of OSA (two-way
ANOVA, p=0.06) (Fig. 7).

The pressure at the artificial airway was lower than that
registered at the device as the magnitude of air leak was
increased (Fig. 8). For both devices combined, the final
pressure was lower at the artificial airway than at the auto-
PAP: by 0.6±0.1 cm H2O at a leak of 5–7 l/min, by 1.0±
0.3 cm H2O at a leak of 10 l/min, and by 2.8±0.3 cm H2O at
a leak of 30 l/min (p<0.001, one-way ANOVA).

As anticipated, for a given leak aperture setting, the
magnitude of air leak increased as the airway pressure was
increased by the auto-PAP device (Fig. 9). In Fig. 9, the
measured air leak is plotted against the pressure response
of the two devices for flow-based events of OSA (obstruc-
tive hypopnea, nonobstructive hypopnea, and apneas). At
air leaks less than 20 l/min, the GoodKnight continued
to respond to the events of OSA (left and middle panels,
Fig. 9). However, at air leaks greater than 30 l/min, the
GoodKnight failed to respond—the pressure level re-
mained at 4 cm H2O (right panels, Fig. 9). In contrast,
however, the Autoset continued to perform at air leaks
of 50 l/min in response to repetitive events of OSA ex-
cepting nonobstructive hypopneas (right upper and right
lower panels, Fig. 9).

Nonobstructive hypopneas

During baseline conditions, the GoodKnight responded to
nonobstructive hypopneas with an increase in pressure
from 4 to 7 cm H2O—a 75% increment—whereas the
Autoset failed to respond (left middle panel, Fig. 9).

Effect of humidifier

The final pressure reached by the GoodKnight in response
to flow-based events with or without the humidifier was
not different: 6.9±2.0 and 7.9±1.9 cm H2O, respectively
(p=0.7). Similarly, the final pressure reached by the Autoset
in response to flow-based events was not different with or
without the humidifier: 5.6±1.2 and 6.1±1.3 cm H2O, re-
spectively (p=0.8). In response to pressure-based events

(snoring), however, both devices achieved lower final pres-
sures with the humidifier than without: 4.1±0.1 vs 6.2±0.4
for the Autoset (p<0.01), and 4.1±0.1 vs 6.3±0.5 for the
GoodKnight (p<0.01).

Discussion

This is the first study to systematically examine the effect
of varying levels of air leak and the addition of humidi-
fier on the performance of auto-PAP devices. There are
some general observations. First, in the preliminary study
of four devices, only the two newer-generation devices
detected and reacted to the flow-based events of OSA.
The old devices—Virtuoso (Respironics) and Tranquility
(Healthdyne)—did not detect or respond to flow-based
events of OSA. The old devices responded primarily to
pressure-based events of OSA. Second, an air leak of
30 l/min or more can cause the GoodKnight to respond
less vigorously—56% less than baseline—but the Autoset
can perform well even at air leaks of 50 l/min. Third, air
leak causes the pressure at the upper airway to drop sig-
nificantly lower than that delivered—and therefore reg-
istered—by the auto-PAP device. Fourth, the humidifier
attenuates the auto-PAP response to snoring, but not
flow-based events of OSA. Fifth, the GoodKnight in-
creased the pressure in response to nonobstructive hypop-
neas (hypopneas with a normal “convex” inspiratory flow
contour), but the Autoset did not.

Determination of effective pressure

Currently, auto-PAP devices may be used to determine
the effective treatment pressure for patients with OSA
[3, 4]. Typically, after a 2-week period of use, the infor-
mation stored in these devices—reflecting the pressure
levels achieved—is downloaded, and the effective pressure
determined as the 95th percentile of the pressures admin-
istered [5, 18]. In bench studies, however, investigators
have shown that different auto-PAP devices achieved dif-
ferent pressure levels when subjected to the same events of
OSA [13, 14]. None of these investigators, however, had
systematically adjusted the air leaks or examined the per-
formance of the devices in the presence of a humidifier.
Knowledge of a “threshold level” of air leak above which
performance of such devices deteriorates will allow phy-
sicians to analyze only data that were acquired within such
leak levels. Based on this experiment, the levels of air leak
below which data can be safely included during identifi-
cation of treatment pressure is 50 l/min for Autoset and
20 l/min for GoodKnight. Conceivably, the effective pres-
sure determined in such a manner would be more accurate.

Besides quantifying and identifying the threshold of air
leak within which auto-PAP devices remain reliable, there
are other important differences between our study and that
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of Farre and colleagues [13]. While Farre and colleagues
measured pressure at one location—close to the device—
we measured pressure both at the device and at the air-
way. Air leak that occurs between the device and the upper
airway would be expected to cause a pressure drop between
the two sites. Such a difference will result in the auto-PAP
device overestimating the pressure delivered at the upper
airway since the pressure delivered by the device is what is
registered in the microprocessor memory. Moreover, the
difference between the pressure registered in the device and
that measured at the airway seems to increase in proportion
to the magnitude of air leak. Differences in pressure can
reach levels up to 3 cm H2O in the current study, but it is
also true that such differences may be greater if the auto-
PAP device were to administer much higher pressures.

The bench model in the study by Farre and colleagues
[13] was not designed to respond to changes in the airway
pressure effected by the auto-PAP device. This is contrary
to real-life situations wherein for a certain transmural pres-
sure, as long as body position and sleep stage remain con-
stant, increments in airway pressure would be expected to
at least begin to rectify the obstructive events (Fig. 3).
Lastly, we compared the effect of hypopneas—with and
without flow limitation—on the performance of auto-PAP
devices, whereas Farre and colleagues studied hypopneas
with flow limitation only. Knowledge of such differences
between auto-PAP devices has the following important
clinical implication.

Central apneas and nonobstructive hypopneas, which are
part and parcel of periodic breathing, can be present in a
number of patients with OSA. Moreover, in many patients
with severe OSA, periodicity in breathing may develop at
high levels of CPAP due to unstable control of breathing
[19–21]. In our study, in the absence of leak or in-line
humidifier, hypopneas with normal inspiratory flow con-
tours elicited a 75% increase in airway pressure from the
GoodKnight but elicited no increase from the Autoset
(middle row, Fig. 9). When such nonobstructive hypopneas
(the hypopneas of periodic breathing) elicit increments in
pressure, frank central apneas may result in patients [20].
Studies have shown that patients with OSA may develop
central apneas when CPAP level is increased by auto-PAP
devices [19, 22]. Besides disrupting sleep, in two of six
patients, such central apneas resulted in oxygen desatura-
tions and arrythmias, leading to study termination [19].
Although, such propagation of apneas was not demonstra-
ted in the current bench study, theoretically, such a re-
sponse of an auto-PAP device to nonobstructive hypopneas
may be expected to induce central apneas in patients with
OSA who have a predisposition to develop central apneas
at higher levels of CPAP. Notably, clinical studies of auto-
PAP devices have been performed on carefully selected
patients, and patients with central sleep apnea and conges-
tive heart failure were often excluded [3, 6–8, 10, 11].
Alternatively, such increments in pressure may be prefer-
able in response to nonobstructive hypopneas—with con-

comitant oxygen desaturations—that occur during rapid
eye movement sleep.

Some devices detect the presence or absence of cardiac
artifacts in the flow tracing or impedance measurements to
distinguish an occluded airway from a patent airway. The
assumption is that the airway is patent during a central
apnea. However, Badr and colleagues have demonstrated
that the airway may remain collapsed during central apneas
[22]. Hence, noninvasive methods of discriminating cen-
tral and obstructive apneas may not be accurate. In our
bench model, cardiac artifacts were obviously not present,
and thus both devices reacted to these apneas. While the
response of the Autoset device appeared to plateau, the
GoodKnight continued to increase pressure in an unrelent-
ing manner (Fig. 6). Such increments in CPAP levels, by
both devices, despite the persistence of apneas may con-
tribute to breathing instability in some patients [20].

Snoring and humidifier

Most of the auto-PAP devices react to pressure-based
events, viz., snoring. Ayappa and colleagues have shown
that decreases in effective CPAP levels can result in snoring
in up to 30% of occasions [24]. In our study, in-line hu-
midifiers attenuated the response of both auto-PAP devices
to snoring by approximately 2 cm H2O. The clinical sig-
nificance of such a small, yet statistically significant, dif-
ference in pressure can be debated. However, the clinical
use of auto-PAP indefinitely, or a 2-week period for de-
termining effective pressure level, is much longer than the
5-min runs in the current study. Such long periods of clin-
ical use may magnify the impact of such seemingly small
pressure differences observed in the current study.

Device settings

It should be noted that the devices in the current study were
used at their default settings. Conceivably, certain devices
can have their responsiveness to hypopneas or central ap-
neas disabled, but the sleep physician may not be aware of
such options. Other settings, such as percentage of drop in
flow that constitutes a hypopnea, settling time, changes in
the length of tubing, type of mask, and presence or absence
of an in-line humidifier, may need to be specified for some
of these devices. Currently, the impact of such settings on
the performance of these devices, and whether sleep phy-
sicians are aware of such settings, is unknown.

Critiques and limitations

The current study evaluates two auto-PAP devices in a
bench model, and caution is advised in extrapolating these
results to clinical situations or other devices. First, aspects
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of the auto-PAP algorithm that were not tested here—rate
of pressure increase or decrease, pressure level at which
events were detected, and type and number of events
previously detected—may interact in a complex manner
and attenuate the effects attributable to air leak alone. Such
interplay of factors may be one reason why the auto-PAP
devices do not perform differently in clinical studies
[5, 25]. However, these studies were performed in highly
selected patients. Patients with significant nasal conges-
tion or uvulopalatopharyngoplasty—and possibly greater
air leak due to mouth breathing—were excluded in many
studies [3, 6–8, 10, 11]. Second, manufacturers contin-
ually upgrade these devices. For example, a recent version
of GoodKnight (420E) responds to inspiratory flow lim-
itation but not to nonobstructive hypopneas. However,
such nuances in algorithms may create significant differ-
ences in tolerance and safety [19], and the sleep physician
needs to be apprised of this. Third, after preliminary study
of four devices, only two newer-generation devices were
chosen because, at the time of the study, these were the
only devices that detected and reacted to the flow-based
events of OSA. Other devices, such as the Virtuoso
(Respironics) and Tranquility (Healthdyne), did not detect
or respond to flow-based events of OSA.

Fourth, the pressure response characteristics of a de-
vice in response to events of OSA may not be directly
related to superior performance of the device. For example,
at face value one could assume that the Autoset-T is
superior to the GoodKnight because the former responded
in the presence of air leak of 30 l/min, whereas the latter did
not (Fig. 6). Conversely, the GoodKnight may be assumed
to perform better because of its vigorous response to 13 cm
H2O in contrast to the “plateau” of 9 cm H2O reached by
the Autoset-T in the absence of significant air leak (left
panel, Fig. 6). Fifth, the final pressure response was chosen
as the end point—instead of the normalization of inspira-
tory flow contours—because the duration of each run was
brief and sufficient time was not allowed for normalization
of the inspiratory flow contours. Similarly, we chose not to

vary the shapes of the inspiratory flow contours—as in real
life—as this was not a focus of this particular study. Sixth,
the duration of time that the devices were tested during
each run was only 5 min. The conclusions of this study
cannot be extrapolated from the “brief” bench experiments
to the clinical realm. In particular, the older devices may
function by detecting only pressure-based events while not
sensing or responding to flow-based events of OSA. How-
ever, clinical studies that systematically quantify these ef-
fects and the effects of air leaks and their influence on
patient tolerance and compliance are needed. Lastly, our
model produced only a limited number of inspiratory flow
limitation patterns as compared to other such models that
are capable of producing a larger variety of flow config-
urations that more closely mimic events produced by pa-
tients with sleep apnea [13].

Conclusion

In summary, the presence of an air leak allows auto-PAP
devices to underestimate the effective treatment pressure
for patients with OSA and overestimate the pressure de-
livered at the upper airway. The net effect of such opposing
influences appears to favor underestimation of the effective
treatment pressure in this bench study. In conclusion, phy-
sicians prescribing these auto-PAP devices should be fam-
iliar with the performance of the devices they prescribe
[26]. We speculate that physicians may screen the down-
loaded data for air leak and, based on this information, they
could truncate the data at appropriate air leak levels that
are peculiar to each device. Conceivably, this may help
them estimate the effective treatment pressure with greater
accuracy.
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