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Introduction

Nasal continuous positive airway

pressure (CPAP) therapy is one of

the most efficient therapies for

obstructive sleep apnea syndrome

(OSAS).1 CPAP therapy provides

continuous positive airway pres-

sure generated by a turbine and

administered by means of a nasal

mask, usually at night as the user

sleeps. However, long-term use of

nCPAP can cause several ENT

complications such as dryness of

the nasal and pharyngeal mucosa,

rhinitis, sinusitis, and infections of

the lower airways.2 In one rare

case, a pneumocephalus was

reported due to nCPAP use; this

occurred after recent augmenta-

tion of the pressure set on the

CPAP device from 5 cm H2O or

49 decapascals (daPa) to 7 cm H2O

or 68.6 daPa (conversion formula

1 cm H2O = 9.80 daPa).3

Nose blowing can generate

high pressures in the nasal cavities

and in the sinuses, especially

when the maneuver is performed

with both nostrils closed. These

pressures can induce compli -

cations such as chronic rhino -

sinusitis, pneumosinusitis, orbital

emphysema, pneumosinus fron -

talis dilatans, and orbital floor

fracture.4-7

Like nose blowing, CPAP ther-

apy can generate high pressures in

the nose and sinuses. Although

nose blowing generates higher

pressures than nCPAP therapy, the

duration of nCPAP therapy is

considerably  longer; thus, nCPAP

could cause bone deformation.

The aims of the current study were

to document the potential effect of

the pressure generated by nCPAP

therapy on the structure and

dimensions of the participants’

sinuses and on their nose-blowing

patterns.

Materials and methods

The study included eight men and

one woman who were recently

diagnosed with OSAS and had not

received any previous treatment

for OSAS. Before nCPAP therapy

commenced, they underwent com-
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puter tomography (CT) in the

prone position with sequential

coronal slices, followed by pres-

sure measurements during nose

blowing. 

The coronal CT slices were

used to document the presence or

absence of a frontal sinus on the

right side, a frontal sinus on the

left side, agger nasi, septal devia-

tion, lamina cribrosa, and sinusitis.

In addition, we described the air

cells in the frontal recess and the

type of septal deviation if present,

and we quantified the width of

the frontal (horizontal slices) and

maxillary sinuses (frontal slices)

on the left and right sides.

Pressure measurements were

obtained by placing a Politzer

nasal olive tightly in one of the

nasal vestibulums, thus sealing the

nasal cavity. The patients were

then asked to increase the pressure

in the nasal cavity and imitate a

valsalva or nose blowing maneu-

ver while closing the other nostril.

The metal olive was connected

via a plastic tube to a pressure

transducer (Siemens Pressure

Transducer 74) and linked to a

mingograph 43 (Siemens-Elema)

that recorded the pressure changes

in time. In this way, the rhino -

pharyngeal pressure could be

measured in decapascals. The

maximum positive nasopharyn-

geal pressure was measured in

both the occluded and non -

occluded nostrils during nose

blowing. The occlusion was then

switched to the other nostril and

the measurement was repeated for

both nostrils. 

After these initial measure-

ments, nCPAP therapy was started.

All of the patients were treated

with a fixed pressure device and

nasal mask for 6 mo. The mean

pressure of the CPAP treatment

was 9 cm H2O or 88.2 daPa

(ranging  between 6 cm H2O or

68.6 daPa and 12 cm H2O or

117.6 daPa). nCPAP therapy com-

pliance was checked after 6 mo. 

At the end of the 6 mo treat-

ment with nCPAP, coronal CT

scans of the sinuses and pressure

measurements during nose

blowing  were repeated. Nose-

blowing pressures were measured

by the same examiner before and

after the treatment period. 

The initial analyses were

exploratory and descriptive, with

characteristics presented as num-

ber of cases and percentages for

categorical data, and as means

with standard deviations (SD) for

continuous data. Categorical data

were compared using McNemar’s

test (binary data) or the Wilcoxon

signed-rank sum test (data with

more than two levels). For con -

tinuous data, between-group dif-

ferences were presented as the

difference  between the mean

values  before and after CPAP

treatment, with a 95% confidence

interval (CI) for each comparison

made. General linear model analy-

sis of variance (GLM ANOVA)

with repeated measures was used

to analyze data regarding sinus

dimensions and maximum posi-

tive nasopharyngeal pressure. For

sinus dimensions, the within-

subject  factors were sinus location

(maxillary/frontal sinus), time

(before/after CPAP treatment),

and sidedness (right/left side).

For nasopharyngeal pressure, the

within-subject factors were

blowing  status (open/occluded

nasal cavity), time (before/after

CPAP treatment), and sidedness

(right/left side). Full factorial

models were fitted. The alpha

level was set at 0.05. All of the

data management and statistical

analyses were performed using

SPSS version 16.0. 

Results

For the eight men and one woman

in the study, the mean values

(standard deviation) for age,

apnea/hypopnea index (AHI),

and compliance were 51 (13.2) y,

55.9 (25.1) events/h, and 6.0 (1.7)

hr/d, respectively. The results of

the descriptive statistical analyses

are summarized in the tables. No

significant changes were observed

after CPAP treatment for any of

the categorical variables listed in

Table 1.

Sinus dimensions results are

summarized in Table 2. GLM re -

peated measures ANOVA showed

a significant difference in sinus

width according to left or right

sidedness (left vs. right side, P =

0.017), but no significant differ-

ences based on sinus type (maxil-

lary vs. frontal sinus, P = 0.056)

or CPAP treatment (before vs.

after treatment, P = 0.393). There

were no significant inter actions

(all P > 0.05 in the GLM repeated

measures ANOVA model). 

The results of maximum posi-

tive nasopharyngeal pressure

measured during nose blowing are

summarized in Table 3. GLM

repeated measures ANOVA

revealed a significant difference in

pressure measured before and

after CPAP treatment (P = 0.009)

and between blowing with the

remaining nostril open or occluded

(P = 0.005). There was no sig -

nificant difference based on left

or right sidedness (P = 0.095).

Analysis of the interaction effects

revealed no significant inter -

actions between the before/after

factor and the closed/open factor

(P = 0.184), or between the before/

after factor and the left/right factor

(P = 0.184). However, GLM re -

peated measures ANOVA revealed

a significant interaction between
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the closed/open factor and the

left/right factor (P = 0.029),

although this interaction was re -

lated to a single patient who had

unchanged pressure values before

and after CPAP treatment with

either the left or the right nostril

open.

A graphical representation of

the results of GLM multivariate

ANOVA to study the effect of

CPAP on maximum positive naso -

pharyngeal pressure measured

during nose blowing with the

remaining nostril occluded or

nonoccluded is presented in

Figure 1.

Discussion

Both CPAP therapy and nose

blowing can generate high pres-

sures in the nose and sinuses.

Although CPAP therapy provides

continuous positive pressure over

several hours, the bone structure

and sinus dimensions appeared to

be unchanged after 6 mo of thera-

py. In our study, complications

associated with nose blowing

such as pneumosinusitis, orbital

emphysema, and pneumosinus

frontalis dilatans did not occur

with CPAP treatment. Only one

case of orbital fracture and one

case of pneumocephalus after

CPAP treatment has been reported

in the literature.8 A probable

Characteristics Before CPAP 
Treatment*

After CPAP 
Treatment*

Recessus frontalis right side 1/9 (11%) 1/9 (11%)

Recessus frontalis left side 0 0

Agger nasi 0 0

Recessus frontalis air cell type 1/9 (11%) 1/9 (11%)

Concha bullosa 2/9 (22%) 2/9 (22%)

Septal deviation Type 0 1/9 (11%) 1/9 (11%)

Septal deviation Type 1 3/9 (11%) 2/9 (33%)

Septal deviation Type 2 4/9 (44%) 4/9 (44%)

Septal deviation Type 3 1/9 (11%) 1/9 (11%)

Hyperinflation ethmoidal cells 2/9 (22%) 2/9 (22%)

Lamina orbitalis (papyracea) 2/9 (22%) 2/9 (22%)

Lamina cribrosa 0 0

Sinusitis 4/9 (44%) 4/9 (44%)

Table 1

Selected characteristics documented before and after 6 mo of CPAP treatment.

*Number of cases out of the nine total participants (percentages).
No significant before/after differences were observed for any of these characteristics (all
P values >0.05 for paired comparisons using McNemar’s or Wilcoxon signed-rank sum
test).

Sinus Sinus side Sinus width (in mm)
before CPAP*

Sinus width (in mm)
after CPAP*

Before/After difference in sinus width
(in mm) (95% confidence interval)    

Frontal Left 23.11 (6.17) 24.45 (5.83) +1.34 (−0.91 to +3.57)

Right 15.61 (11.64) 15.56 (11.94) −0.05 (−0.79 to +0.68)

Maxillary Left 24.88 (4.22) 24.94 (4.06) + 0.06 (−0.52 to +0.65)

Right 21.48 (5.38) 21.44 (4.80) −0.04 (−1.16 to +1.10)  

Table 2

Width of maxillary and frontal sinuses measured by CT scan, measured before and after 6 months CPAP Treatment

*Mean (standard deviation).
According to GLM multivariate ANOVA statistical analyses, the P values for the main factors were: before/after CPAP treatment,
P = 0.393; maxillary vs. frontal sinus, P = 0.056; and left vs. right side of sinus, P = 0.017.

Occluded or
nonoccluded

Nostril side Nasopharyngeal pres-
sure* (in daPa)
before CPAP

Nasopharyngeal
pressure  * (in daPa)
after CPAP

Before/After difference in nasopharyngeal
pressure (95% CI)* (in daPa)

Occluded Left nostril 1214 (676) 876 (464) −338 (−657 to −18)

Right nostril 1156 (640) 732 (467) −424 (−837 to −10)

Nonoccluded Left nostril 542 (234) 451 (373) −91 (−258 to +76)

Right nostril 533 (279) 382 (259) −151 (−296 to −8)

Table 3

Maximum positive nasopharyngeal pressures measured during nose blowing, measured before and after 6 months CPAP Treatment

*Mean (standard deviation).
According to GLM multivariate ANOVA statistical analyses the P values for the main factors were: before/after CPAP treatment,
P = 0.009; open vs. occluded, P = 0.005; and left side vs. right side, P = 0.095.
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explanation for this result is that

while CPAP therapy provides

continuous , lower pressure for

several hours, nose blowing

abruptly generates a great amount

of pressure, increasing the likeli-

hood of damage to bone struc-

tures.

However, CPAP therapy did

seem to affect the nose-blowing

pattern of the patients. There was

a significant difference in the

pressure  measured during nose

blowing before and after 6 mo of

CPAP treatment. Although the

exact mechanism of OSAS is not

entirely understood, inflammatory

edema and fat accumulation in the

pharyngeal walls are responsible

for a reduction in the upper airway

diameter,9,10 which can contribute

to OSAS. There are three different

theories regarding the effect of

CPAP therapy on the upper airway

diameter. First, treating OSAS

with CPAP therapy reduces

inflammation and edema of the

upper airway, resulting in a larger

upper airway diameter.11 Second,

CPAP therapy also improves

upper airway dilator muscle func-

tion12 by reducing edema in the

upper airway, allowing for better

detection of pressure change with

a corresponding increase in mus-

cle activity in the upper airway.13

Third, the upper airway muscles

of OSAS patients are fatigued by

constantly trying to maintain a

compromised airway.14-16 CPAP

therapy allows those muscles to

rest, leading to an improvement in

their function.17 Although nCPAP

therapy can initially cause local

nasal inflammation,18 long-term

CPAP treatment does not affect

the general and mucociliary func-

tions of the nose.19 It is possible

that the reduction in inflammation

and edema of the upper airway

also occurs at the level of the nasal

cavity, resulting in lower nasal

pressures during nose blowing

after CPAP treatment.

Conclusion

Although our prospective study

was limited by the low number of

patients included and the duration

of the follow up, our results

suggest  that in patients with

OSAS, 6 mo of nCPAP therapy

did not induce any change in the

shape or size of the paranasal

sinus structures, while there was

a significant decrease in nose

blowing pressure.
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