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Background: This study compared the efficacy of three different masks, nasal pillows, nasal masks and
full face (oronasal) masks, during a single night of titration with continuous positive airway pressure
(CPAP).

Methods: Fifty five subjects that included men (n =33) and women (n =22) were randomly assigned to
one of three masks and underwent a routine titration with incremental CPAP applied through the differ-
ent masks.

g;ﬁ:ords" Results: CPAP applied through the nasal pillows and nasal mask was equally effective in treating mild,
Mask style moderate, and severe sleep apnea. However, CPAP applied through the oronasal mask required a signif-
Oronasal icantly higher pressure compared to nasal masks to treat moderately severe (2.8 cm of H,0 + 2.1 SD) and

Nasal severe (6.0 cm of H,0 + 3.2 SD) obstructive sleep apnea.

Nasal pillow Conclusion: CPAP applied with either nasal mask was effective in treating mild, moderate, and severe
Titration sleep apnea. The oronasal mask required significantly higher pressures in subjects with moderate to
Polysomnogram severe disease. Therefore, when changing from a nasal to an oronasal mask, a repeat titration is
Efficacy required to ensure effective treatment of sleep apnea, especially in patients with moderate to severe

disease.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Positive airway pressure (PAP) continues to be the most effec-
tive treatment for obstructive sleep apnea (OSA) [1]. PAP treatment
is essentially a pneumatic splint that maintains patency of the
upper airway, thereby preventing obstructive respiratory events
[2]. A number of studies have shown the benefits of PAP treatment
on measures of daytime function for patients treated for OSA [3-6].
Conditions such as congestive heart failure [7-9], stroke [10,11],
pulmonary [12-14] and systemic [15-18] hypertension, and mor-
tality [19] have been associated with untreated OSA. Despite the
dangers of OSA, patient compliance with PAP treatment continues
to be surprisingly low [20,21]. Often, patients complain that their
reason for discontinuing treatment is the discomfort of the PAP
mask. Therefore, sleep laboratories often try different mask styles
until one is found that makes the patient reasonably comfortable
during a PAP titration study. Based on anecdotal reports, oronasal
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masks are used frequently because of excessive mouth leak while
using nasal masks.

A few studies have looked at compliance with different types of
PAP masks [22]. However, little attention has been paid to the ef-
fect of different styles of masks on the effectiveness of PAP titra-
tion. One study showed significant improvement in the apnea/
hypopnea index (AHI) with the application of CPAP through an
oronasal mask compared to the baseline condition [23]. However,
in a small sample of patients with severe sleep apnea, CPAP was
not effective in treating sleep apnea when applied through a full
face mask [24]. Another more recent study found no difference
in final AHI between nasal masks and nasal pillows, but did not
investigate oronasal interfaces [25]. Two studies comparing orona-
sal vs. nasal masks on auto-titrating PAP trials found no difference
in final PAP between the two mask styles [26,27]. However, both
studies found that the number of residual respiratory events was
significantly greater in the oronasal compared to the nasal mask
groups.

In contrast, in a pilot study that assessed the efficacy of the
three types of masks, we found significant differences in the treat-
ment levels of CPAP between the various masks [28]. Therefore, the
goal of the current study was to compare the efficacy of oronasal
masks, nasal masks, and nasal pillows during a PAP titration study
on CPAP-naive patients. Unlike the previous studies using auto-
titrating PAP, an attempt was made in this study to reduce the
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number of respiratory events equally in all groups by manually
titrating PAP.

2. Methods

Approval for this study was granted by the Institutional Review
Board at Weill Cornell Medical College. Informed consent was ob-
tained for each participant in this study.

2.1. Subject

Fifty-five subjects that included men (n=33) and women
(n=22) with mild, moderate, and severe obstructive sleep apnea
were recruited (see Table 1). Each subject demonstrated obstruc-
tive sleep apnea based on the American Academy of Sleep
Medicine (AASM) definition of an Apnea Hypopnea Index (AHI) of
>5/h on an all-night sleep recording. All patients were evaluated
and sleep recordings were performed at the Weill Cornell Center
for Sleep Medicine.

2.2. Polysomnography

Previously described standard techniques were employed to
diagnose obstructive sleep apnea on all-night sleep recordings
using Medcare Rembrandt digital polysomnographs with an inte-
grated Nonin clip oximetry. Standard polysomnogram montage
and digital filter settings recommended by the AASM were em-
ployed [29]. Respiratory effort was measured by Pro-Tech Crystal
Trace® piezo crystal belts placed around the rib cage and abdo-
men. Airflow was determined by a Pro-Tech PTAF lite® pressure
transducer on the baseline study, and was taken from the Respir-
onics® Synchrony PAP machines during the titration study. Mask
leak was also taken from the Respironics® Synchrony PAP ma-
chines used to titrate patients. The nasal cannula for the pressure
transducter was placed at the level of the upper lip in midline po-
sition. A continuous electrocardiogram recorded heart rate and
rhythm. Respiratory events were classified according to AASM cri-
teria: an apnea was defined as a decrease in peak nasal pressure
of >90% of baseline, lasting at least 10 s. Hypopnea was defined by
a decrease of >30% of the baseline nasal pressure, lasting at least
10s and associated with a >4% drop in the oxyhemoglobin
saturation.

2.3. Masks

Three types of Phillips-Respironics® masks were used: A Com-
fort Classic nasal mask, Optilife nasal pillows, and a Comfort Full,
which is an oronasal mask that covers both the nose and mouth.
The masks were randomly assigned to the subjects on the night
of the titration.

2.4. Protocol

The sleep technicians were instructed to increase the mask
pressure in 1 cm of H,0 increments until the AHI was <5/h. They
were required to wait at least 10 min between pressure changes.

2.5. Data analysis

Data analyses were performed using SPSS 19 (IBM, Corp., Ar-
monk, New York). Final AHI was analyzed using a one-way analysis
of covariance (ANCOVA). A preliminary analysis to evaluate homo-
geneity of slopes between the covariate and the dependent vari-
able across groups, an assumption underlying ANCOVA, found a
significant interaction for the analyses of final PAP and mask leak-
age. Therefore, simple main effects tests were conducted instead of
ANCOVA to assess differences among these groups at low (1 SD be-
low the mean), medium (mean), and high (1 SD above the mean)
values of the covariates. A p-value of 0.017 (0.05/3) was required
for significance for each of these tests (see Fig. 2). If any one simple
main effect was significant, pair wise comparisons were evaluated
at the same level (i.e.,, 0.017) as the simple main effects test,
following the LSD procedure. Baseline AHI was the covariate used
for the ANCOVA on final AHI and for the simple main effects test
on final PAP. Final PAP was the covariate for the simple main
effects test of mask leakage.

Table 1
Demographic information by mask style.
Mask style
Nasal Nasal pillows Oronasal
Age 58.5 (+14.7) 57.5 (£14.9) 51.75 (+13.5)
Gender 5W, 16M 7W, 11M 10W, 6M
BMI 31.1 (¢6.6) 35.6 (£7.9) 32.10 (£6.7)

Mean with standard deviation in brackets is listed for both age and BMI. No sig-
nificant difference was found (p < 0.05) between the mask groups for the variables
listed. BMI - Body mass index; W - women; M - men.
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was: oronasal M = 3.62 (3.18 SD), nasal M =2.71 (2.26SD), and na-

3. Results
sal pillows M =2.84 (2.08SD). An AHI <5/h was not achieved in
3.1. Efficacy of PAP masks three patients with oronasal masks, two with nasal pillows, and
one with a standard nasal mask (see Fig. 1).
Final AHI was not significant between groups, F(2,46) = 0.143, The low baseline AHI group on final PAP was not significant

p =0.87, n*> = 0.006, indicating that the AHI for the oronasal, nasal, F(2,46) = 0.058, p = 0.944, > = 0.003. In contrast, final PAP was sig-
and nasal pillows did not differ. The mean final AHI for each group nificant for a medium value on the covariate, F(2,46)=8.89,

Final AHI for CPAP Mask Styles by Baseline AHI
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Fig. 1. The final AHI for each mask type is summarized. An AHI <5/h was not achieved in three patients with oronasal masks, two with nasal pillow masks, and one with a
standard nasal mask. However, no significant differences were found between mask styles on final AHI at a p <0.05.
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Fig. 2. Final PAP required by the three PAP mask styles to reduce AHI to <5/h, grouped by three levels of the covariate (low = 12.26, medium = 36.29, high = 64.2). Covariate
groupings are denoted in the graph by vertical lines. As can be seen, final PAP was significantly higher for oronasal masks than for both nasal mask styles on medium to high
levels of the covariate. The medium level of baseline AHI is the mean value of the covariate, and high and low values were calculated by adding (high) and subtracting (low)
one standard deviation from the mean (or medium level).
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p=0.001, #*=0.28, and for a high level on the covariate,
F(2,24)=11.75, p=0.000, #?=0.34. Pairwise comparisons indi-
cated that patients titrated with oronasal masks had significantly
higher (p <0.001 for both medium and high levels of the co-vari-
ate) final PAP pressures compared to patients titrated with stan-
dard nasal masks or nasal pillows (p=0.012 for medium levels
and p = 0.003 for high levels of the co-variate). There was not a sig-
nificant difference between final PAP pressures between nasal or
nasal pillows on either medium or high levels of the covariate.

The low final pressure group on mask leakage was not signifi-
cant F(2,47) = 1.132, p = 0.331, #? = 0.046. However, significant dif-
ferences were found on both medium (F[2,47] =8.328, p=0.001,
7% =0.26) and high (F[2,47] = 11.736, p = 0.000, #* = 0.333) values
of the covariate. Pairwise comparisons showed that patients ti-
trated with oronasal masks had a significantly higher mask leakage
compared to nasal pillows (p < 0.000), but not to standard nasal
masks at both moderate and high final PAP pressures.

4. Discussion

The major finding of this study is that CPAP applied through
either a nasal mask or nasal pillow is equally effective in treating
patients with mild, moderate, and severe sleep apnea. This finding
is consistent with Ryan et al. [25], who showed comparable effi-
cacy between standard nasal masks vs. nasal pillows. However,
with oronasal masks considerably higher final pressures were
needed to treat patients with moderate and severe sleep apnea.
In fact, CPAP applied through the oronasal mask required an aver-
age of 2.8 cm of H,O (+2.1 SD) more pressure in patients with a
moderately severe baseline AHI and 6.0 cm of H,0 (+3.2 SD) more
pressure for severe obstructive sleep apnea (see Fig. 3) compared
to using a nasal mask (no significant difference in pressure require-
ment between the two styles of nasal mask were found, as de-
scribed in Section 3). These findings demonstrate that one cannot
assume that the effective final nasal CPAP pressure will result in
effective treatment with an oronasal mask, especially in patients
with moderate or severe sleep apnea.

Our findings are not necessarily inconsistent with recent stud-
ies [26,27] that have found no difference between the final PAP
of nasal vs. oronasal masks during an auto-titrating PAP trial. In

both of these studies residual respiratory events on PAP were sig-
nificantly higher in the oronasal group compared to the nasal
group. Presumably, if the PAP had been increased in the oronasal
group the respiratory disturbance index could have been reduced
to a level not significantly different from the nasal mask group,
thereby showing a similar finding to our study. Moreover, in the
Bakker et al. study [27] there was not a washout period between
treatment trials. Given Kribbs et al.’s [30] finding that chronic
PAP use can have a carryover effect, the lack of a washout period
may have blunted the differences between the masks tested.

The effect of applying PAP simultaneously through the nasal
and oral pharynx can have markedly different mechanical effects
on the collapsible portion of the upper airway compared to exclu-
sively oral or nasal pressure delivery. Kuna and Remmers originally
speculated that oronasal masks would not effectively treat OSA be-
cause the airway dynamics of pressure applied orally and nasally
simultaneously causes a posterior force against the soft tissues in
the upper airway, which would prevent the opening of the airway
[31]. Subsequently, in a study of six patients with severe sleep ap-
nea, nasal CPAP eliminated sleep apnea by raising the intraluminal
(transmural) pressure above a critical opening or collapsing pres-
sure of the upper airway (Pcrit) [24]. In fact, all apneas, hypopneas,
and inspiratory flow limitations were abolished as pressures ele-
vated to roughly 7.5 cm of H,O above the Pcrit. In contrast, when
CPAP was applied through an oronasal mask, the airway was not
opened at pressures elevated to 10 cm of H,0 above the nasal Pcrit.
It was hypothesized that the simultaneous application of nasal and
oral CPAP prevented the necessary increase in transmural pressure
needed to open the airway.

CPAP applied primarily through the oral route was effective in
two subsequent studies. In the first study the mouth of two pa-
tients was opened with an oral device and the disordered breath-
ing was adequately treated [23]. In the subsequent study seven
patients were titrated with either a nasal or an oral CPAP device
[32]. Regardless of the primary route of pressure, each patient
demonstrated an identical Pcrit and final effective pressure. These
studies imply that if CPAP is applied solely to either the nose or
mouth, the intraluminal pressure is appropriately raised above
the Pcrit and sleep apnea is eliminated. The fact that the current
study demonstrated a variable response in subjects with mild

Mean Difference of Final PAP for Each Mask Type
by Baseline AHI

10

cm of H20

O N b~ O ®

Low

Moderate High

Baseline AHI

E pillows-nasal

B oronasal-nasal

oronasal-pillows

Fig. 3. The end-titration AHI for the oronasal interface, nasal mask, and nasal pillows masks did not differ (see Fig. 1). However, a higher final PAP was required when using
the oronasal interface compared with the nasal mask and nasal pillows in those patients with a moderate and high baseline AHI. Mean difference in final PAP is shown for
nasal pillows minus nasal masks (pillows-nasal), oronasal minus nasal masks (oronasal-nasal), and oronasal minus nasal pillows (oronasal-pillows). Each difference score is
grouped by three levels of the baseline AHI (low = 12.26, moderate = 36.29, high = 64.2). The moderate level of baseline AHI is the mean value, and high and low values were
calculated by adding (high) and subtracting (low) one standard deviation from the mean (or moderate level). Error bars show standard deviation. *Significant difference at a

p <0.017 for pairwise comparisons between the variables shown in each bar.
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Table 2
Baseline sleep architecture and respiratory data by mask style.
Mask style
Nasal Nasal pillows Oronasal
TST (min) 302.38 (83.98)  333.56 (+65.17)  340.56 (+54.75)
SL (min) 1712 (#1528)  23.91 (+25.45) 17.11 (£15.74)
SE% 69.51 (£+19.92)  76.53 (¢11.11) 78.94 (+10.87)
N1% 1524 (+11.84)  12.87 (¢6.4) 12.01 (£7.93)
N2% 4554 (+15.63) 5445 (+11.12) 51.26 (+14.85)
N3% 3.35 (£5.97) 3.87 (¢5.42) 453 (£7.2)
REM% 7.93 (£6.92) 8.19 (5.37) 11.73 (£5.25)
AHI 39.80 (+21.37)  37.88 (+24.54) 30.31 (£20.26)
Mean Sa0,% 93.03 (£2.12) 93.71 (+1.41) 93.39 (+1.84)
Sa0, <90% (min)  50.94 (+88.05)  30.74 (+8.22) 51.54 (+12.88)

All data are listed as mean with standard deviation in brackets. TST - Total sleep
time; SL - Sleep latency; SE - Sleep efficiency; AHI - Apnea hypopnea index; Mean
Sa0, - Mean blood oxyhemoglobin saturation during the study night, SaO, < 90% -
The total amount of time on the study night during which the patient’s oxyhe-
moglobin saturation was below 90%. No significant difference was found (p < 0.05)
between the mask groups for the variables listed.

compared to moderate and severe disease can be best explained as
follows: (1) In the subjects with mild disease, the mouth most
likely remained closed and the pressure in the nose and upper air-
way was raised analogous to nasal CPAP. (2) In moderate to severe
OSA higher CPAP caused an opening of the patient’s mouth by forc-
ing the jaw down, which compromised the efficacy of treatment
due to the change in airway dynamics described above.

Of note, because a between-subject design was used in the
study, there remains the possibility that the differences found be-
tween masks may be due instead to differences in the patient pool
for each mask type. However, this risk was moderated by random
assignment of patients into each mask group. Moreover, no signif-
icant differences were found between mask groups on demo-
graphic variables or for baseline polysomnogram findings (see
Tables 1 and 2).

In summary, we have shown that CPAP applied through a nasal
mask or nasal pillow treats all patients with mild, moderate, and
severe sleep apnea. In contrast, CPAP applied through an oronasal
mask is not as effective and requires significantly higher pressures
than nasal CPAP in patients with moderate to severe disease. These
findings imply that when changing from a nasal to an oronasal
mask, a repeat titration is required to ensure effective treatment
of sleep apnea in patients with moderate to severe disease.
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