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resistance, was objectively demonstrated in OSAS patients 
using CPAP. In addition, the nasal congestion developing at 
the first month was shown to disappear over time, support-
ing the opinion that patient compliance in CPAP treatment 
is expected to increase after regular device usage.
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Introduction

The role of nose in obstructive sleep apnea syndrome 
(OSAS) pathophysiology is still controversial. In many stud-
ies, differences in nasal passage have been shown in OSAS 
patients compared to control groups [1–3].

Continuous positive airway pressure (CPAP) is the most 
preferred treatment modality for moderate-to-severe OSAS 
for a long time. CPAP treatment has been shown to effec-
tively reduce sleep-related respiratory disturbances and pos-
sible complications of OSAS [4]. However, the upper airway 
occlusion, which is important in determining the critical 
titration pressure, is still a challenging problem [5].

Nasal airway is also an important factor in the efficacy 
of CPAP therapy. The cause of sub-clinical nasal inflam-
mation has not yet been fully explained [2, 3]. In addition, 
nasal congestion is thought to be one of the main causes of 
CPAP treatment resistance [1]. Consequently, some patients 
discontinue the CPAP therapy at the beginning of the treat-
ment [3]. The duration of this nasal congestion has not yet 
been shown.

The aim of this study is to demonstrate nasal congestion 
with acoustic rhinometry (AR) test in OSAS patients using 
CPAP and to identify alterations in nasal congestion with the 
use of long-term effective CPAP therapy.

Abstract  Nasal obstruction is known to cause resistance 
to continuous positive airway pressure (CPAP) therapy in 
obstructive sleep apnea syndrome (OSAS). In this paper, 
short- and long-term nasal congestion in OSAS patients 
receiving CPAP treatment were evaluated with acoustic 
rhinometry (AR). A total of 36 patients with moderate-
to-severe OSAS, diagnosed with polysomnography were 
included in the study. Ten healthy subjects without OSAS 
constituted the control group. Pre-treatment nasal patency 
were measured with AR in all participants. 26 patients used 
the recommended CPAP treatment. Ten patients did not 
accept CPAP treatment. The AR test was repeated for all the 
subjects after 1 and 3 months except the 3rd month’s meas-
urements of the control group. There was no statistically sig-
nificant difference between the initial minimum cross-sec-
tional area (MCA) measurements of OSAS patients, using or 
not using CPAP, and the control group (P > 0.05). However, 
the first month MCA measurements of patients receiving 
CPAP were found to be significantly decreased compared 
with the initial values (P < 0.001). There was no significant 
change in the first and third months MCA values in the con-
trol group and patients who did not use CPAP (P > 0.05). 
No significant difference revealed in the 3rd month MCA 
measurements of the patients using CPAP compared with 
the initial values (P > 0.05). In this study, the increased 
nasal congestion, which is thought to be the cause of CPAP 
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Materials and methods

Study design

The study was conducted at the departments of Otorhinolar-
yngology and Chest Diseases of Gazi University Faculty of 
Medicine. The approval was taken from local ethics commit-
tee. All patients were selected from the subjects undergoing 
PSG testing after anamnesis and clinical examination. The 
study group consisted of 36 patients with moderate-to-severe 
OSAS. Ten healthy individuals without OSAS constituted 
the control group. CPAP therapy was offered for all patients 
with OSAS, but only 26 patients accepted. The remaining 
ten patients were included in the study by providing con-
servative treatment options. A complete otolaryngologic 
examination, flexible endoscopic examination and Mul-
ler test were performed on the patients and control group. 
Patients with marked nasal pathology and/or rhinosinusitis 
were excluded. Epworth sleepiness scale questionnaire was 
applied to all patients. The demographic and the polysomno-
graphic data of the subjects including, age, sex, body mass 
index (BMI), apnea–hypopnea index (AHI), mean oxygen 
scores and hypoxia percentages were recorded.

Polysomnography

Subjects underwent all-night polysomnography and optimal 
CPAP-level titration. All-night polysomnography was per-
formed by trained professionals using the Grass Technolo-
gies Twin Copyright 1995–2017 version 4.5–3.23 (Natus 
Medical Incorporated Fabrica, Ontario/Canada, made in 
USA) Biological variables were measured by electroen-
cephalography (C3/A2, C4/A1, O1/A2, O2/A1), bilateral 
electrooculography, submentonian and anterior tibial elec-
tromyography, and electrocardiography (V2 modified). Oral 
and nasal flows were measured with a thermistor and nasal 
cannula with a pressure transducer, respectively. Thoracic 
and abdominal movements were monitored by non-cali-
brated inductance plethysmography, snoring was recorded 
using a microphone, oxyhemoglobin was measured by pulse 
oximetry, and body position was monitored by a sensor. The 
AHI was calculated, and we also obtained other polysom-
nographic data such as Apnea Index (AI), lowest satura-
tion, percentage in non-rapid eye movement (NREM) versus 
REM states, and central apnea.

OSAS patients were randomly selected from the patients 
with AHI above 20. The control group was selected from 
the subjects with AHI below five by randomization as well.

Acoustic rhinometry

In this study, nasal patency was evaluated using Acoustic 
Rhinometry (Rhinometrics Rhinometer version SRE 2000). 

This procedure allows for measurement of the cross-sec-
tional area (cm2) and volume (cm3) of the nasal cavity. The 
measurements included in the analysis were the lowest val-
ues of at least two reproducible curves. The cross-sectional 
area (cm2) was obtained along the nasal pit in centimeters, 
indicating the main bottle neck areas, and this measurement 
was used to assess the mean minimal cross-sectional area 
(MCA) of bot nasal pits: 0 and 22 mm from the nostril, 
which seemed to correspond to the nasal valve (MCA 1), and 
22–54 mm from the nostril (MCA 2). The same parameters 
were used to determine the volume, with volume 1 (vol. 1) 
being between 0 and 22 mm and volume 2 (vol. 2) being 
between 22 and 54 mm [1].

We used the mean values of MCA 1 and MCA 2, to 
evaluate the both of OSAS groups and control cohorts in 
our study. AR measurements were taken at the beginning 
and repeated at the end of the first and third month for two 
groups of patients with moderate-to-severe OSAS who did 
and did not use CPAP. A healthy control group were tested at 
the beginning and repeated only at the end of the first month. 
Each group was compared within themselves based on the 
measurements of initial, first and third months. Additionally, 
inter-group initial measurements were compared.

Statistical analysis

Mean values of the participants were determined using the 
SPSS version 20. Age, AHI, mean pO2 values, hypoxia per-
centages, Epworth sleepiness scale outcomes and initial AR 
measurements were compared between the groups using the 
Tukey corrected one-way ANOVA test. AR measurements 
of the OSAS patients who used and did not use CPAP and 
the control group were analyzed separately using the General 
Linear Model for repeated measures. Pillai’s test was used 
to determine the P value when we obtain significant statis-
tical results at Mauchly’s Sphericity test (Table 2). When 
we found significant statistical difference in recurrent AR 
measurements, paired-samples t test was used to determine 
the actual visit time that results in significant difference in 
Group 1 patients (Table 1).

Results

Forty-six subjects, 16 females and 30 males, were included 
in the study. Of these, 26 subjects constitute the moderate-
to-severe OSAS group using CPAP with a mean age of 
52 ± 6.9 and ten subjects constitute the moderate-to-severe 
OSAS group who did not use CPAP with a mean age of 
56 ± 9.2 years. The mean age of the control group was 
40 ± 7.4 years. There was no statistically significant differ-
ence in terms of age, BMI, AHI, mean pO2 values, hypoxia 
percentages, and Epworth sleepiness scale questionnaire 
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results between two OSAS patient groups (P > 0.05). The 
age, BMI and AHI of control group without OSAS were 
significantly lower than the two OSAS groups (P < 0.05).

The initial MCA1 and MCA2 values measured by the AR 
test were compared between the three groups and no signifi-
cant difference was observed statistically (P > 0.05). The 
measurements of each groups at different visit times were 
evaluated. There was significant difference between initial, 
first month and third month’s MCA 1 and 2 values of OSAS 
patients receiving CPAP treatment (P < 0.001 for MCA 1 
and 2). However, there was no statistically significant differ-
ence between initial MCA 1 and 2 measurements compared 
with first month and third month’s MCA 1 and 2 measure-
ments in the OSAS group who did not use CPAP (P = 0.218 
for MCA 1, P = 0.368 for MCA 2). Likewise, there was no 
statistically significant difference between initial and first 
month’s MCA 1 and 2 values in the control group without 
OSAS disease (P = 0.168 for MCA 1 P = 0.108 for MCA 
2) (Table 1).

The significant difference revealed in nasal patency in 
Group 1 (OSAS patients receiving CPAP treatment) patients 
were further analyzed. After receiving CPAP treatment, a 
statistically significant decline in the MCA 1 and 2 values 
were found compared with the initial values, at the end of 
first month (P < 0.001 for MCA 1 and 2). The MCA 1 and 2 

values at the first month and MCA 1 and 2 at the third month 
were also significantly different (P < 0.001 for MCA 1 and 
2). However, no statistically significant difference revealed 
between initial and third month’s MCA 1 and 2 values in 
this group (P = 0.243 for MCA 1, P = 0.136 for MCA 2) 
(Table 2).

Discussion

There are many studies in the literature based on the rela-
tionship between OSAS and nasal obstruction, but the rela-
tionship between them is not fully understood. A number of 
pathophysiological mechanisms can potentially explain the 
role of nasal pathology in OSAS. These include the Starling 
resistor model, the unstable oral airway, the nasal ventilatory 
reflex and the role of nitric oxide (NO) [6–8]. In our study, 
there was no significant difference between initial cross-
sectional nasal cavity areas of two study groups consisted 
of CPAP user and non-CPAP user OSAS patients and control 
group based on AR measurements.

The main treatment modalities of OSAS include surgi-
cal treatments and PAP therapy. CPAP therapy is the main 
treatment modality, especially for moderate to severe OSAS. 
As the diagnosis rate of the disease increases, the number of 
patients treated with CPAP is also increasing [4]. The rate 
of adherence to CPAP therapy is less than 70% [9]. Over 
50% of CPAP users complain of significant nasal symptoms. 
One of the main problems that make treatment adjustment 
difficult in CPAP treatment is thought to be nasal mucosal 
edema and inflammation [6, 10, 11]. Numerous physiologi-
cal and pathological studies have been carried out in the 
literature evaluating nasal resistance in CPAP users. For this 
purpose, acoustic rhinometry and rhinomanometry measure-
ments and pathological examinations are commonly used 
methods [5, 12, 13]. Many studies have shown an increase 
in nasal resistance, nasal mucosal narrowing, and increased 
mucosal inflammation in patients using CPAP [1–3]. In most 
of the studies, patients with moderate-severe OSAS who 
used CPAP were compared with the control group with mild 
OSAS who did not use CPAP. In our study, nasal mucosal 
reactions of patients with moderate-to-severe OSAS group 

Table 1   Evaluation of repeated Acoustic Rhinometry measurements (MCA1 and MCA2) within groups

P values = repeated measures multivariate analisies − Pillai’s test are expressed as mean ± standard deviation
MCA minimum cross-sectional area

Group MCA1 MCA2

0 month 1 month 3 months P value 0 month 1 month 3 months P value

1. OSAS + CPAP 1.06 ± 0.04 0.9 ± 0.11 1.05 ± 0.03 < 0.001 0.76 ± 0.17 0.61 ± 0.18 0.79 ± 0.16 < 0.001
2. OSAS 1.03 ± 0.03 1.02 ± 0.03 1.03 ± 0.03 0.218 0.63 ± 0.1 0.63 ± 0.05 0.63 ± 0.04 0.368
3. Control 1.03 ± 0.18 1.03 ± 0.17 – 0.168 0.68 ± 0.1 0.67 ± 0.1 – 0.108

Table 2   Monthly comparison of repeated acoustic rhinometry 
measurements in Group 1 (OSAS patients receiving CPAP therapy) 
patients

P values = paired-samples t test are expressed as mean ± std. devia-
tion
MCA (cm2) minimal cross-sectional area

Mean ± SD Mean ± SD P value

MCA 1 (cm2)
 0–1 month 1.06 ± 0.06 0.9 ± 0.11 < 0.001
 0–3 months 1.06 ± 0.06 1.05 ± 0.03 0.243
 1–3 months 0.9 ± 0.11 1.05 ± 0.03 < 0.001

MCA 2 (cm2)
 0–1 month 0.76 ± 0.17 0.61 ± 0.18 < 0.001
 0–3 months 0.76 ± 0.17 0.79 ± 0.16 0.136
 1–3 months 0.61 ± 0.18 0.79 ± 0.16 < 0.001
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using CPAP were compared with moderate-to-severe OSAS 
patients who did not want to use CPAP and with the healthy 
control group who did not suffer OSAS. Thus, the possible 
effect of the disease and all other factors were excluded and 
the effect of PAP treatment could be demonstrated directly.

Acoustic rhinometry is an objective test method that 
measures nasal passage area and volume with proven effi-
cacy. This test was used in previous studies to measure 
nasal congestion in patients using CPAP [4]. In our study, 
26 patients who used CPAP and 10 patients who did not use 
CPAP therapy were compared in terms of AHI, mean oxygen 
saturation and hypoxia percentage. All the patients in these 
two groups were suffering moderate-to-severe OSAS who 
did not have a significant difference in terms of age, sex and 
BMI. No statistically significant difference was observed 
between them.

The MCA (cm2) was measured at two different levels 
from the right and left nasal cavity at the beginning of the 
study and at the end of the 1st and 3rd months with AR test. 
No statistically significant difference was found between 
all three groups at initial nasal passage measurements. 
This result has shown that there is no significant difference 
between nasal passages of OSAS patients and non-OSAS 
control group (Table 1). In addition, at the end of the first 
month, a statistically significant reduction revealed in nasal 
cavity cross-sectional areas of the patients with severe OSAS 
using CPAP. At the end of the 3rd month, narrowing of the 
nasal passages was regressed and no statistically significant 
difference revealed between the 3rd month measurements 
and the initial measurements of CPAP patients. No sig-
nificant differences were found between the first and third 
month results of the other groups (Table 2).

Gelardi et al. [2] cytologically demonstrated that regular 
CPAP use reduces inflammation in the nasal mucosa at long 
term. Likewise, in our study, the regular CPAP use has been 
shown to reduce the reactional narrowing in the nasal pas-
sage over time, by means of physiological testing with AR.

Conclusion

In this study, the diameters of nasal passage of the CPAP 
users were objectively compared with those of non-CPAP 
user OSAS patients and healthy control subjects for the first 
time in the literature. This study objectively showed the effect 
of CPAP on nasal patency by comparing OSAS patients who 
used or did not use CPAP therapy. The nasal congestion due 
to regular use of CPAP was profound in the first month, which 
supports the common opinion that resistance to CPAP therapy 
is mostly seen in the first few months. In addition, this acute 
reaction was observed to regress in long term after stable and 
regular CPAP use. These results suggest that short-term cau-
tions for nasal congestion at the onset of CPAP therapy is criti-
cal and sufficient for the continuity of treatment.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Funding  This research and work have no financial disclosure.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

References

	 1.	 Vidigal TA, Martinho Haddad FL et al (2013) Subjective, anatomi-
cal, and functional nasal evaluation of patients with obstructive sleep 
apnea syndrome. Sleep Breath 17:427–433

	 2.	 Gelardi M, Carbonara G, Maffezzoni E, Marvisi M, Quaranta N, 
Ferri R (2012) Regular CPAP utilization reduces nasal inflammation 
assessed by nasal cytology in obstructive sleep apnea syndrome. 
Sleep Med 13:859–863

	 3.	 Tokunaga T, Ninomiya T, Kato Y et al (2013) Long-term com-
pliance with nasal continuous positive airway pressure therapy for 
sleep apnea syndrome in an otorhinolaryngological office. Eur Arch 
Otorhinolaryngol 270:2267–2273

	 4.	 Kakkar RK, Berry RB (2007) Positive airway pressure treatment for 
obstructive sleep apnea. Chest 132:1057–1072

	 5.	 Kim HY, Min JY, Cho DY, Chung SK, Dhong HJ (2007) Influence 
of upper airway narrowing on the effective continuous positive air-
way pressure level. Laryngoscope 117:82–85

	 6.	 Michels Dde S, Rodrigues Ada M, Nakanishi M, Sampaio AL, 
Venosa AR (2014) Nasal involvement in obstructive sleep apnea 
syndrome. Int J Otolaryngol 2014:717419

	 7.	 Verse T, Pirsig W (2003) Impact of impaired nasal breathing on 
sleep-disordered breathing. Sleep Breath 72:63–76

	 8.	 Smith PL, Wise RA, Gold AR, Schwartz AR, Permutt S (1985) 
Upper airway pressure-flow relationships in obstructive sleep apnea. 
J Appl Physiol 1988(64):789–795

	 9.	 McArdle N, Devereux G, Heidarnejad H, Engleman HM, Mac-
kay TW, Douglas NJ (1999) Long-term use of CPAP therapy for 
sleep apnea/hypopnea syndrome. Am J Respir Crit Care Med 
159:1108–1114

	10.	 Georgalas C (2011) The role of the nose in snoring and obstructive 
sleep apnoea: an update. Eur Arch Otorhinolaryngol 268:1365–1373

	11.	 Alkhalil M, Schulman ES, Getsy J (2008) Obstructive sleep apnea 
syndrome and asthma: the role of continuous positive airway pres-
sure treatment. Ann Allergy Asthma Immunol 101:350–357

	12.	 Bossi R, Piatti G, Roma E, Ambrosetti U (2004) Effects of long-
term nasal continuous positive airway pressure therapy on mor-
phology, function, and mucociliary clearance of nasal epithelium 
in patients with obstructive sleep apnea syndrome. Laryngoscope 
114:1431–1434

	13.	 So YK, Dhong HJ, Kim HY, Chung SK, Jang JY (2009) Ini-
tial adherence to autotitrating positive airway pressure therapy: 
influence of upper airway narrowing. Clin Exp Otorhinolaryngol 
2:181–185


	Does nasal congestion have a role in decreased resistance to regular CPAP usage?
	Abstract 
	Introduction
	Materials and methods
	Study design
	Polysomnography
	Acoustic rhinometry
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




