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Oronasal masks require higher levels of positive airway pressure
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Abstract
Purpose The purpose of this study was to compare the thera-
peutic pressure determined by an automated CPAP device
(AutoCPAP) during the titration period, between nasal and
oronasal mask and the residual apnea-hypopnea index (AHI)
on a subsequent poligraphy performed with the established
therapeutic CPAP.
Methods As a retrospective study, 109 subjects with moderate
and severe obstructive sleep apnea-hypopnea (apnea-hypopnea
index≥15 events/h) were studied. CPAP titrationwas performed
using an auto-titrating device.
Results There was significant difference in the mean pressure
delivered with autoCPAP between the group of patients using
the nasal mask (mean 10.0 cmH2O±2.0 SD) and the group

which used the oronasal mask (mean 11.2 cmH2O±2.1)
(p<0.05). Residual apneas were lower when using a nasal
mask: average AHI of 2.6±2.5 compared to 4.5±4.0 using
an oronasal mask (p<0.05). On multivariate analysis, the
only independent predictor of the level of therapeutic
pressure of CPAP was the type of mask used (r=0.245,
p 0.008).
Conclusions Therapeutic CPAP level for OSAH is higher
when administered via oronasal mask, leaving more residual
events. These findings suggest that nasal mask should be the
first choice for OSAH treatment.
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Abbreviations
SD Standard deviation
OSAH Obstructive Sleep Apnea-Hypopnea
AHI Apnea–Hypopnoea Index
AutoCPAP automated CPAP device
BMI Body Mass Index
ESS Epworth Sleepiness scale
CPAP Continuous Positive Airway Pressure

Introduction

Obstructive Sleep Apnea-Hypopnea (OSAH) is a sleep-
related breathing disorder characterized by full or partial
occlusion of upper airways during sleep that can lead to
repeated oxyhemoglobin desaturations, inspiratory efforts,
and sleep fragmentation.

Many studies have shown that untreated OSAH is associ-
ated with an increased risk of cardiovascular and cerebrovas-
cular diseases [1–6].
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Presently, the main treatment for moderate-to-severe
OSAH is continuous positive airway pressure (CPAP), which
acts as a pneumatic splint by raising the intraluminal
(transmural) pressure above a critical pressure of the upper
airway (Pcrit) [7], keeping the upper airway open and
preventing obstructive respiratory events [8].

CPAP is delivered to the patient via a hose and a mask.
There are many different mask models, generally classified as
the ones which only cover nose (nasal mask), nose and mouth
(oronasal mask), or entire face [9].

CPAP is virtually always effective in OSAH treatment, but
its primary limitation is the low compliance rate [10–12].
Yaggi et al. found that only 58 % of patients with OSAH
met minimum criteria for required compliance with CPAP (at
least 4 h per night for at least five nights a week) [1].

The reasons for poor compliance are mask discomfort;
concomitant pathologic condition such as depression or claus-
trophobia; side effects due to CPAP therapy such as mucosal
dryness, air leaks, nasal congestion, or obstruction; and skin
irritation. Mask discomfort plays an important role in poor
compliance which is related to the type of mask that the
patient (or the physician) chooses on initial CPAP titration
session [13]. Although clinicians generally consider that
the choice of the interface is crucial for the success of
CPAP treatment, so far, only very few studies have
specifically looked at the impact of different mask types
on CPAP efficacy, and a 2006 Cochrane meta-analysis [14]
was not able to establish the optimum form of CPAP delivery
interface due to lack of data about use of different masks in
OSAH patients.

The aim of this study was to evaluate, in a subgroup of
moderate-to-severe OSAH patients, the possible effect of
nasal and oronasal masks on the therapeutic pressure deter-
mined by an automated CPAP device [15] (AutoCPAP) during
the titration period and the residual apnea-hypopnea index
(AHI) on a subsequent poligraphy performed with the
established therapeutic CPAP.

Materials and methods

This retrospective study was conducted in the Sleep Laborato-
ries of the Respiratory Medicine Department at Spedali Civili
Hospital, Brescia, Italy and M. Mellini Hospital, Chiari, Italy.

Subjects suspected for having OSAH were referred to
our laboratories from May 2012 to June 2013 and were
evaluated with all-night sleep study (Siesta Compumedics
Polysomnographs) at baseline. For all patients, the following
data were recorded: age, sex, Body Mass Index (BMI), neck
and abdominal circumference, Epworth Sleepiness Scale
(ESS) [16], Apnea-Hypopnea Index (AHI), and average and
minimum oxyhemoglobin saturation (SaO2 %).

Respiratory events were classified according to the AASM
criteria [17]: an apnea was defined as a >90 % decrease in
peak nasal pressure than baseline, lasting at least 10 s.
Hypopnea was defined by a >30 % decrease than baseline
nasal pressure, lasting at least 10 s and associated with a
≥4 % oxyhemoglobin saturation drop. Arterial oxygen satura-
tion was continuously measured by a finger tip infrared
pulsoximetry and one ECG derivation was also monitored.

On the basis of clinical history and symptoms, patients with
an AHI≥15 were considered eligible for CPAP treatment and
were enrolled in the study. Exclusion criteria were the pres-
ence of comorbidities such as heart failure, COPD, obesity
hypoventilation syndrome, history of nasal or paranasal dis-
ease, and anatomical problems precluding the use of a nasal or
oronasal mask.

All patients included in the study underwent a home titra-
tion period of three to four nights using Philips-Respironics
System One REMstar AutoCPAP with heated humidification.
Before the first titration night, patients wore different masks
models, choosing the more comfortable ones.

Patients were divided into two groups according to their
choice between nasal (Philips-Respironics ComfortGel and
EasyLife, Fisher & Paykel FlexiFit) and oronasal (Philips-
Respironics ComfortGel Full and ComfortFull, ResMed

Table 1 Demographic and de-
scriptive data of the patients All patients

(n=109)
Nasal mask
(n=67)

Oronasal mask
(n=42)

Two-tailed
p value

Male (n) 85 50 35 ns

Age (years) 58.3±12.9 57±12.8 60±13.1 ns

BMI (Kg/m2) 33.9±6.3 33.7±6.9 34.3±5.2 ns

ESS 10±4.9 10±4.6 10±5.2 ns

Baseline AHI (events/h) 41.1±20.5 45.3±18.5 50.1±23.3 ns

Residual AHI (events/h) 3.3±3.3 2.6±2.5 4.5±4.0 <0.05

Baseline mean SaO2 91±3.9 91 ±3.5 90±4.3 ns

Baseline minimum SaO2 % 74±10.5 75±10.5 72±10.5 ns

Mean SaO2 % on CPAP 94±1.8 94±1.6 94±2.0 ns

Minimum SaO2 % on CPAP 87±5.2 87±5.1 85.4±5.4 ns

CPAP pressure 10.5±2.1 10.0±2.0 11.2±2.1 <0.05
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Mirage Quattro) masks. The most appropriate mask size was
applied in each case to minimize leakage. The patients wore
the mask connected with AutoCPAP for 2 h in the afternoon
adaptation session.

After the home titration period, 90th percentile (therapeutic)
AutoCPAP pressure and average unintentional leak were
downloaded from AutoCPAP.

Patients underwent a second polisomnographic study on
therapeutic CPAP pressure and residual AHI was calculated.

The study was approved by the local Ethic Committee
(Spedali Civili, Brescia, Italy; no number available).

Statistical analysis

Continuous variables were compared using two-tailed, un-
paired t tests for variables with normally distributed data and
Mann–Whitney test for variables with non-normally distrib-
uted data. Fisher’s exact test was used to compare categorical
data between different groups of subjects. Relationships
among variables were analyzed using linear regression where
appropriate. A two-tailed p value of <0.05 was considered
statistically significant. The variables for which p was less
than 0.05 according to univariate analysis were entered into
a multivariate model to identify the independent variables
that influence the CPAP pressure. Data are expressed as
mean±SD. Statistical analysis was performed using SPSS
18.0 (SPSS; Chicago, IL) and Graph Pad Prism 5.0 (MacKiev
Software, Boston, MA).

Results

One hundred and nine patients were included in this retro-
spective study. Table 1 shows the demographic and descrip-
tive data of patients taken as a whole group and divided
between patients who chose nasal and oronasal masks. Nasal
masks were preferred in 67 cases (61.5 % of total), oronasal
masks in 42 cases (38.5 % of total).

There were no differences between the two groups in terms of
gender distribution, age, BMI, baseline AHI, mean and mini-
mum SaO2% both at baseline, and on CPAP polisomnography.
Patients who chose oronasal masks had higher residual AHI at

polisomnoghraphy on CPAP despite a significantly higher ther-
apeutic pressure determined during titration session (Fig. 1).

Considering the therapeutic CPAP as dependent variable,
univariate analysis revealed a significant relationship with
BMI, baseline AHI, and mask type. Age, gender, ESS, and
mean or minimum SaO2 were not related to the therapeutic
CPAP (see Table 2). The multivariate analysis which included
the three significant variables described above showed that the
only significant independent correlate of the therapeutic CPAP
was the type of mask used (r=0.245, p 0.008) (see Table 3).

Discussion

Continuous positive airway pressure is the most effective
treatment for OSAH [18] but the patient’s compliance with
CPAP treatment is surprisingly low [11, 19]. Among different
reasons of discontinuation, one of the most relevant is the
mask discomfort.

Due to the limited number of studies available comparing
various interface types, there are no specific recommendations
on the initial choice of interface. The physician, however,
should evaluate both the most effective mask and patient
comfort.

Oronasal masks are frequently used because of presump-
tive excessive mouth leak while using nasal masks, but some
studies showed that the number of residual respiratory events
was significantly higher with oronasal masks than with nasal
masks [20, 21].

Fig. 1 Therapeutic CPAP pressure for each type of mask (mean±SD)

Table 2 Significant variables correlated with therapeutic CPAP pressure
on univariate analysis

Correlation
coefficient (r)

Two-tailed p value

Gender ns

Age (years) ns

BMI (Kg/m2) 0.22 <0.05

ESS ns

Baseline AHI (events/h) 0.22 <0.05

Baseline mean SaO2 ns

Baseline minimum SaO2 % ns

Type of mask 0.26 <0.05

Table 3 Significant variables correlated with therapeutic CPAP pressure
on multivariate analysis

Correlation coefficient (r) Two-tailed p value

BMI (Kg/m2) ns

Baseline AHI (events/h) ns

Type of mask 0.245 0.008
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In two studies comparing oronasal and nasal masks on
auto-titrating CPAP, Teo et al. and Bakker et al. found no
significant differences on the final pressure of CPAP between
the two types of mask [20, 21]. However, these studies were
limited by small samples size.

In contrast, we showed in this retrospective study that CPAP
delivered through a nasal mask is effective formoderate to severe
OSAH requiring significantly lower pressures than oronasal
mask. Moreover, residual apneas decrease using a nasal mask.

In previous studies [22–25], higher comfort was reported
with nasal mask. Accordingly, also in this work, nasal mask
was preferred in 61.5 % of cases.

Wearing oronasal masks is associated with an increase in
upper airway resistance [26] due to the posterior displacement
of the tongue and this might be the cause for higher residual
respiratory events than those observed during CPAP treat-
ment. In line with the increase in upper airway resistance
induced by oronasal masks, we and others found that oronasal
masks were associated with higher therapeutic pressure than
nasal ones. We speculate that a higher CPAP pressure is
required to counteract the posterior displacement of the
mandibula induced by an oronasal mask with increasing risk
of unintentional leaks. This may contribute to further reduce
CPAP compliance.

For these reasons, in patients with sleep apnea, it seems to
be useful to propose a nasal mask from the beginning to
improve adherence to CPAP and treatment efficacy.

Conclusions

In summary, the choice of the interface between the patient
and the ventilator appears crucial. Since a higher level of
therapeutic CPAP is required, on average, with the oronasal
mask, the first attempt should be always made with the patient
wearing a nasal mask. This could decrease patients’ discom-
fort and consequently increase the CPAP compliance.
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