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BACKGROUND: Positive airway pressure (PAP) is the accepted standard treatment for ob-
structive sleep apnea. In the last decades, automatic PAP (APAP) adjustment modes have been
increasingly used. Pressure auto adjustment offers better comfort to the patient and represents a
valuable help for the clinician to provide optimal treatment. However, device performance
differs among manufacturers. Furthermore, the success of the therapy relies greatly on uninten-
tional air leak level for many reasons, hence the importance to investigate the performance of
the most common devices. The aim of this study was to compare the performance of 3 APAP
devices from the most common manufacturers in specific conditions (ie, obstructive sleep apnea,
central sleep apnea, hypopnea), with and without unintentional air leak. METHODS: This was a
bench test study. Performance tests were conducted on a breathing simulator using a Starling
resistor, representing the upper airways, and an adjustable unintentional air leak valve. Three
APAP devices (AirSense 10, DreamStation, and Prisma 20A) were tested in different scenarios.
RESULTS: Without unintentional air leak, performance of the 3 devices was similar to existing
literature. However, performance was altered with the addition of unintentional air leak in some
scenario. The AirSense 10 was not able to respond correctly to obstructive apnea (intraclass cor-
relation coefficient [ICC] 0.021, P = .61) and hypopnea (ICC 0.059, P = .26). Prisma 20A lowest
performance was seen during simulated obstructive apnea (ICC 0.708, P < .001). DreamStation
lowest performance was seen during simulated hypopnea events (ICC 0.755, P < .001).
CONCLUSIONS: All 3 APAP devices reacted differently to the added unintentional air leak.
Performance was altered with some devices, which could affect the therapy success in patients
with sleep apnea syndrome. The variability of performance of some APAP devices with unin-
tentional air leak should make clinicians evaluate their use in a home setting. Key words: CP;
APAP; air leaks; obstructive sleep apnea; apnea syndrome. [Respir Care 2023;68(1):31-37. © 2023
Daedalus Enterprises]

Introduction

Over the past decade, the prevalence of obstructive sleep
apnea (OSA) has been increasing.'” It has been noticed that
OSA is 2 times more prevalent in men than women.' CPAP
is the first-line treatment for most patients with OSA. It
improves quality of sleep, daytime sleepiness, reduces
apnea-hypopnea index (AHI), and cardiovascular morbidity
and mortality.* These health benefits are, however, directly
correlated to adherence with a consensus of > 4 h use time
per night.® However, positive airway pressure (PAP) therapy
is not tolerated by all patients. PAP devices can be uncom-
fortable or cumbersome and may lead to a poor adherence
to the treatment, which is a well-recognized issue in OSA.’
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Up to 50% of patients with OSA do not reach sufficient ad-
herence.®® In the last 2 decades, automatic PAP (APAP)
has been increasingly used to facilitate pressure level titra-
tion. In addition to providing better comfort to the patient,
auto adjustment of the pressure improves therapy efficacy.'®!!
Nevertheless, another key point to ensure adequate adherence
to the treatment is to avoid unintentional air leaks, which are
mainly due to leakage around the mask. Some studies have
shown that APAP performance might be altered by uninten-
tional air leak.'"'?

Several bench studies have compared APAP perform-
ance among different manufacturers.'>'” Only one of them
analyzed the addition of simulated unintentional air leak, in
2005; but devices have considerably changed and algorithm
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have been perfected throughout this time.'® The aim of this
study was to investigate the impact of unintentional air leak
on APAP performance in different simulated apnea events
(ie, obstructive apnea, central apnea, and hypopnea) by
simulating unintentional air leak.

Methods
Study Design

Performance of 3 common APAP devices was evaluated
on a bench test. This allowed to compare APAP devices in
reproducible and standardized conditions by avoiding bias
that could have been encountered with a clinical study. The
Active Servo Lung (ASL) 5000 simulator (IngMar Medical,
Pittsburgh, Pennsylvania) was used in this study. A Starling
resistor was added to the system to simulate obstructive
apnea and hypopnea events. Its conjunct use with the ASL
5000 has been validated as efficient and reliable for apnea
events simulation."

ASL 5000 Breathing Simulator

The ASL 5000 is an active artificial lung that responds to
set characteristics. The dedicated software (ASL 5000 3.6
version, IngMar Medical) was used to read and analyze the
recorded scenarios.

Starling Resistor

The starling resistor has already been used in many stud-
ies to simulate upper airways.?>?' The pharynx is repre-
sented as a soft and malleable material where air flow can
pass through. It is disposed between 2 solid and fixed ports,
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Current knowledge

Automatic positive airway pressure (APAP) devices
facilitate pressure level titration. Autoadjustment of the
pressure offers a valuable asset for the patient. Several
studies already compared APAP performance amongst
different manufacturers. However, only one of them
analysed the impact of added unintentional airleaks.

What this paper contributes to our knowledge

In this bench evaluation model, added unintentional air
leaks altered performance of some devices during obstruc-
tive sleep apnea and hypopnea simulated events. To
ensure treatment efficacy, clinicians must pay utmost
attention to unintentional air leak and find strategies to
avoid them. Further research efforts would be necessary to
deeper investigate APAP performance in these conditions.

which evoke nasal cavity and trachea. Malleable material is
placed into a hermetic tube, evoking tissues around pharynx.
The pressure into the hermetic tube is controlled by a sy-
ringe. There was no manometer in the present study to mon-
itor pressure level. With the use of a syringe, air flow can be
reduced or abolished by increasing the pressure into the her-
metic tube. This occurs when pressure in the hermetic
tube is greater than pressure in the deformable conduct.
Therefore, OSA and hypopnea events can be simulated.

Unintentional Air Leaks Valve

The unintentional air leak valve was developed by Haute
Ecole d’Ingénierie de Genéve.”**! The device is connected
to a computer and a software (Microsoft Visual Basic 6.0,
Microsoft, Redmond, Washington) that controls the opening
diameter of the valve between 0—10 mm. Maximal attain-
able air leak flow was 60 L/min for 25 cm H,O pressure. In
this study, it was decided to set the maximal diameter 10
mm. The minimal and maximal air leak flows according to
the pressure were measured and ranged from 24 L/min for 4
cm H,O pressure to 56.4 L/min for 20 cm H,O pressure.
Detailed air leak flows can be found in Table 1.

Bench Evaluation Configuration

To ensure standardized and reproducible data, a simi-
lar configuration was used for OSA, central sleep apnea
(CSA), and hypopnea. An exhalation port (Whisper Swivel
II, Philips Respironics, Murrysville, Pennsylvania) was
used in this evaluation to simulate the intentional leak of a
vented mask. Detailed settings can be found in Figure 1.
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Table 1.

Flows of the Unintentional Air Leak Valve According to Device Pressure Level

Pressure, cm H,O 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18 19 20

Air leak flow, L/min  24.0 27.6 30.0 324 348 372 396

420 432 456 480 492 504 516 540 552 564

APAP

Starling
resistance

Fig. 1. Bench test setting. Configuration was set in the following order: 1. APAP device, 2. 180 cm SlimLine tubing, 3. Whisper Swivel Il exhala-
tion port, 4. connector, 5. Unintentional air leak (UAL) valve, 6. Starling resistance, 7. connector, and 8. ASL 5000 simulator. APAP = automatic

positive airway pressure.

APAP Devices

Three APAP devices were tested in this study: AirSense
10 (ResMed, San Diego, California), DreamStation (Philips
Respironics), and Prisma 20A (Lowenstein Medical, Bad
Ems, Rheinland-Pfalz, Germany).

Protocol

Similar settings were used for the 3 APAPs as follows:
range of pressure: 4-20 cm H,0O, no ramp was added; mask
type: face mask.

For all simulated events, scenario duration was 15 min.
Respiratory mechanics were set as follows on the ASL
5000: compliance: 80 mL/cm H,0?*?*; resistance: 5 cm
H,O/L/s; inspiratory pressure: 7 cm H,O; frequency: 12
breaths/min; and inspiratory time 30% of breathing cycle.
Tidal volume obtained with these parameters was 500 mL.

OSA and hypopnea were simulated through the Starling
resistor. For CSA events, the simulation was made via the
ASL 5000, where 25-s breathing pauses were set.

Every record started with 3 min of steady breathing
(ie, no events). Then a 25-s event occurred every minute for
the rest of the scenario. Therefore, 12 events appeared in
each scenario. Each scenario was repeated twice, without
unintentional air leak and with unintentional air leak, to
ensure similar device response. Pressure data were recorded
during the second scenario.

For hypopnea, the syringe of Starling resistor was used to
increase pressure into the hermetic tube and reduce air flow.
The injected air volume was adapted to ensure = 50% air
flow diminution as measured by the ASL 5000 simulator. For
OSA, the injected air volume was adapted to ensure the
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collapse of the simulated upper airways. For CSA, respiratory
pauses (ie, no breathing) were set on ASL 5000 program, and
no manipulations were needed during the scenario.

Analysis

Pressure results were obtained via the ASL 5000 soft-
ware and compared with data of the 3 devices. Pressure
variations were analyzed with the ASL 5000 software
(version 3.6). Pressure data were reported once every mi-
nute from the third minute to the 15th (ie, every 60 s
from the 180-900 s) for each scenario.

Results are expressed as mean values. As values were
obtained using a validated bench test, they were considered
stable, and the SD was considered negligible.

To compare the effects of added unintentional air leak,
the pressure bias was calculated between the scenario with-
out and with added unintentional air leak for each device;
the limits of agreement were presented as 95% CI for the
difference between measurements (ie, 1.96 x SD) as pro-
posed by Bland-Altman,” and an intraclass correlation
coefficient (ICC) analysis was performed.

Results

A total of 24 different scenarios were recorded. Detailed
results can be found in Table 2.

During simulated obstructive apnea events, Dream-
Station maintained a similar pressurization with uninten-
tional air leak, with a variation of 0.5 cm H,O. Maximal
pressurization reached for AirSense 10 was 6.5 cm H,O
(AP = 2.5 cm H,0) with unintentional air leak compared to
19.8 cm H,O (AP = 15.8 cm H,0) without unintentional
air leak. Pressurization of Prisma 20A was greater with

33



UNINTENTIONAL AIR LEAK IN APAP

Table 2.  Intra-device Pressure Comparison Per Events With and Without Unintentional Air Leaks
T180  T240  T300  T360  T420 T480  T540  T600  T660  T720  T780 T840  T900 AP
Obstructive apneas
AirSense 10
A 4.0 7.0 9.0 10.0 12.0 12.8 13.8 16.0 16.0 17.5 18.0 19.0 19.8 15.8
B 4.0 7.0 7.0 7.0 7.0 6.9 6.9 6.8 6.7 6.7 6.6 6.5 6.5 2.5
DreamStation
A 4.0 4.0 5.0 5.0 6.0 6.0 7.0 7.0 8.0 8.0 9.0 9.0 9.5 5.5
B 3.7 3.7 4.5 4.5 5.5 55 6.5 6.5 7.5 7.5 8.5 8.5 9.0 5.5
Prisma 20A
A 4.0 4.0 4.0 4.0 4.0 4.0 4.0 5.8 7.2 8.7 9.5 11.0 12.0 8.0
B 4.0 4.0 6.0 6.0 6.0 7.2 8.7 10.0 10.0 11.0 12.0 12.9 14.2 10.2
Central apneas
AirSense 10
A 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 0
B 39 39 39 39 39 39 39 39 39 3.9 39 39 39 0
DreamStation
A 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 0
B 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 0
Prisma 20A
A 4.2 4.2 4.2 4.2 4.2 42 4.2 4.2 4.2 4.2 4.2 4.2 4.2 0
B 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 0
Hypopneas
AirSense 10
A 4.0 55 8.6 114 13.1 154 17.0 18.7 20.0 20.3 20.0 20.2 20.0 16.0
B 4.0 54 7.6 8.2 8.2 8.2 8.0 8.2 8.0 8.0 7.8 8.1 8.1 4.1
DreamStation
A 4.0 4.0 5.0 5.0 6.0 6.0 7.0 7.0 8.0 8.0 9.0 9.0 10.0 6.0
B 3.6 3.6 3.6 3.6 4.5 4.5 5.5 5.5 6.5 6.5 7.5 7.5 8.5 49
Prisma 20A
A 4.0 4.0 6.0 7.3 8.9 8.9 8.9 10.0 11.0 11.0 12.0 12.0 12.0 8.0
B 4.0 4.0 6.0 6.3 6.3 6.3 7.7 9.5 10.5 11.5 125 13.5 15.0 11.0

T = time in seconds from the start of each scenario
AP = pressure variation between T180 and T900

A = pressure without unintentional air leaks (cm H,O)
B = pressure with unintentional air leaks (cm H,O)

unintentional air leak (AP = 10.2 cm H,0) than without
(AP = 8.0 cm H,0). Without unintentional air leak, that
APAP started to increase its pressurization only between
the seventh and the eighth event (T540-T600). Graphic
details of pressure variation during simulated obstructive
apnea events are presented in Figure 2.

During simulated hypopnea events, pressure increased
with and without unintentional air leak for DreamStation but
was greater by 1.1 cm H,O without unintentional air leak.
Similar performance as for OSA was observed for AirSense
10. AP was 16.0 cm H,O without unintentional air leak and
4.1 cm H,O with unintentional air leak. Prisma 20A pressur-
ization was greater with unintentional air leak (AP = 11.0
cm H,0) than without (AP = 8.0 cm H,0). Graphic details
of pressure variation during simulated hypopnea events are
presented in Figure 3.

All 3 APAPs did not increase their pressurization (AP stayed
at 0 cm H,O) when central apnea events were simulated.
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Opverall, the DreamStation and the Prisma 20A demon-
strated the smallest mean pressure bias and the best ICC in
both simulated obstructive apnea and hypopnea events,
ranging from —2.5 to 1.4 cm H,O and 0.708-0.964 (P <
.001). The AirSense 10 demonstrated weak performance
with a mean pressure bias of 7.4 (* 4.3) and 8.0 (* 4.6)
and an ICC of 0.021 (P = .61) and 0.059 (P = .26) for
simulated obstructive apnea and hypopnea events, respec-
tively. Detailed results are presented in Table 3. Simulated
central apnea events are not presented as none of the devi-
ces reacted to the events in both modalities (ie, with and
without unintentional air leak).

Discussion
The aim of this study was to investigate the performance

of 3 APAP devices with and without unintentional air leak.
Without unintentional air leak, results were similar to
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Fig. 2. Pressure evolution without and with unintentional air leak during simulated obstructive apnea events. The 12 events occurred between
180-900 s, which corresponds to the 12-min data.

22

20

Pressure (cm H,0)

— AirSense 10
— Prisma 20A
— DreamStation

== AirSense 10 + Unintentional air leak
- = Prisma 20A + Unintentional air leak
-—= DreamStation + Unintentional air leak

780 840 900

Fig. 3. Pressure evolution without and with unintentional air leak during simulated hypopnea events. The 12 events occurred between 180-900
s, which corresponds to the 12-min data.
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Table 3.

Evaluation of the Pressure Bias and Correlation With and Without Unintentional Air Leaks

Simulated Event .
Device

Mean Bias (SD),

Upper and Lower 1cc P

Type cm H,O Limits of Agreement, cm H,O
Obstructive apnea AirSense 10 7.4 (4.3) —1.1t0 15.9 0.021 .61
DreamStation 0.5 (0.1) 0.4t0 0.6 0.964 <.001
Prisma 20A —2.5(1.2) —4.8 to —0.1 0.708 <.001
Hypopnea AirSense 10 8.0 (4.6) —1.0t0 17.1 0.059 26
DreamStation 1.4 (0.3) 0.8 to 2.0 0.755 < .001
Prisma 20A 0.2 (1.6) —291t03.3 0.874 <.001

ICC = intraclass correlation coefficient

existing literature.'""*'” However, performance was heter-
ogeneous between the 3 devices when unintentional air
leaks were simulated. The DreamStation was the device
that demonstrated the most consistent results with and
without unintentional air leak. Surprisingly, the AirSense
10 and Prisma 20A, which both rely on forced oscillation
technique to differentiate central to obstructive events,
demonstrated opposite behavior during simulated unin-
tentional air leak. This difference might be explained by
different algorithm performance or sensor sensitivity.
Each manufacturer uses its own in-house algorithm,
which details are not publicly revealed. Unfortunately,
this limits interpretation and analysis of the results to
very subjective assumptions. More information about
algorithm could lead to a better understanding of results.
The difference in algorithm performance was also
observed without unintentional air leak between those 2
devices. During simulated OSA events without uninten-
tional air leak, the Prisma 20A only started to pressurize
between seventh and eighth event. After verifying the
data, it was noticed that the first 6 events were classified
as CSA by the algorithm. Our hypothesis is that, as flow
limitation was total, the algorithm was in the beginning
not able or not sensitive enough to differentiate CSA
from OSA and only succeeded after some events. This
confirms our thoughts that 2 devices both using forced
oscillation technique can react differently to the same
simulated events.

The AirSense 10 algorithm did not manage to identify
OSA or hypopnea events when unintentional air leaks were
simulated, and the pressure level remained similar through-
out both scenarios. Altered APAP performance can affect
treatment efficacy by not correcting apnea events. This can
also lead to reduced patient adherence to treatment.’ On the
other hand, the Prisma 20A delivered higher pressures with
the presence of unintentional air leak. One hypothesis is
that the device inaccurately estimates the level of uninten-
tional air leak, resulting in an overcompensation. Even
though it might prevent apnea events, higher pressure level
could lead to discomfort and tolerance issue. Therefore,
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unintentional air leak generates risks of non-adherence to
treatment in those 2 situations.”® However, some studies
showed that adherence and amount of unintentional air leak
did not differ between APAP versus CPAP modes, yet it
was observed that APAP performance could be altered with
unintentional air leak.'"'* This has been confirmed in our
study. It is, therefore, necessary to find strategies to avoid
unintentional air leak and ensure adequate devices function-
ing as well as a greater comfort.

An alternative is the use of an adequate interface to pre-
vent unintentional air leak.”® It has been observed that inter-
faces are the major determinant of unintentional air leak.
According to a study from 2018, the use of a nasal mask
allowed to reduce unintentional air leak risks. This also
helped to reduce residual AHI. Finally, nasal masks demon-
strated to be easier to set and handle in comparison with a
face mask. Clinicians should consider this aspect because a
well-positioned mask leads to lower unintentional air leak.
Nasal masks also offer many advantages such as a better sta-
bility, improved sleep, and a greater comfort during the
night.”” However, clinicians must ensure that no leaks escape
from the patient’s mouth for optimal treatment delivery.

Finally, it was observed that unintentional air leak
impacts the whole therapy. Inadequate responses to sleep
events inevitably lead to reduced therapeutic efficacy.
Therefore, this study raises a central problem in the man-
agement of OSA that needs to be addressed as best as possi-
ble to ensure device performance and optimal adherence to
treatment.

Conclusions

Our experimentation revealed heterogeneous responses of
the devices to unintentional air leak, which altered some of
the device performance. This could lead to a reduced thera-
peutic efficacy. Therefore, further research efforts would be
necessary to deeper investigate APAP performance in these
conditions. Thus, this would provide even more knowledge
and possibilities to practitioners.
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