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Impact of nasal obstruction
!

Obstructive sleep apnea syndrome (OSAS) is a
common condition with a prevalence of 2–4% of
men and 1–2% of women. A variety of risk factors
have been reported for OSAS, including obesity,
male gender, craniofacial abnormalities, and/or
nasal obstruction. The latter has been supported
by a number of observational and cross-sectional
studies that have demonstrated a relationship
between nasal obstruction and obstructive sleep
apnea [1]. Nasal obstruction may result from
allergic and non-allergic rhinitis, anatomic ab-
normalities, postoperative nasal packing, and/or
experimental nasal occlusion. In a population-
based study, Young et al. [2] previously suggested
a relationship between frequent symptoms of
nasal obstruction (5 or more nights a month) and
reports of habitual snoring, chronic excessive
daytime sleepiness, or chronic nonrestorative
sleep. Subsequently, improving nasal patency via

surgical or non-surgical means is expected to re-
lieve sleep disordered breathing. We will discuss
and review some of the literature related to the
pathophysiological interaction of the human
nose on sleep and sleep disordered breathing
and provide a summary of the effects of related
intervention trials. Some of the therapeutic inter-
vention trials presented in this review have been
summarized in a 2011 Task Force Report of the
European Respiratory Society [3].

Nasal airflow and breathing
Breathing through the human nose appears to
have an effect on both ventilation and upper air-
waymuscle tone. In an experimental study, McNi-
cholas and co-workers [4] previously demonstrat-
ed increased ventilation during nasal ventilation
compared to mouth breathing. Using a different
approach to this question, White et al [5] investi-
gated the effects of local nasal anesthesia on ven-
tilation in 10 normal men during sleep.Each sub-
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Abstract
!

Avariety of causes may result in nasal obstruction
including allergic and non-allergic rhinitis, ana-
tomic abnormalities, and postoperative nasal
packing. There is both an epidemiological and
clinical relationship between nasal obstruction
and sleep disordered breathing. Subsequently,
improving nasal patency via surgical or non-sur-
gical means is expected to relieve sleep disor-
dered breathing. The present review will discuss
and review some of the literature related to the
pathophysiological interaction of the human
nose and sleep disordered breathing and provide
a summary of the effects of related intervention
trials.

Zusammenfassung
!

Eine Reihe von Ursachen können zu einer nasalen
Obstruktion führen, beispielsweise die allergische
und nicht-allergische Rhinitis, anatomische Ab-
normitäten und postoperative Nasentampona-
den. Es existiert ein epidemiologischer wie auch
klinischer Zusammenhang zwischen nasaler Ob-
struktion und schlafbezogenen Atmungsstörun-
gen. Folglich kann man erwarten, dass eine Ver-
besserung der nasalen Atmung mittels chirurgi-
scher oder nicht-chirurgischer Maßnahmen zu
einer Normalisierung der schlafbezogenen At-
mungsstörungen führt. In dieser Übersicht wird
die Literatur zu den pathophysiologischen Zu-
sammenhängen zwischen der menschlichen
Nase und den schlafbezogenen Atmungsstörun-
gen diskutiert und eine Zusammenfassung der
klinischen Evidenz therapeutischer Interventio-
nen präsentiert.
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ject underwent polysomnographic monitoring of sleep stages,
breathing patterns, respiratory effort, and arterial oxygen satura-
tion. The application of lidocaine (plus a decongestant) resulted in
a fourfold increase in the number of both central and obstructive
apneas in the study population compared to the placebo night.
These findings suggest a stimulating effect of nasal airflow on
central respiratory drive and upper airway stability (●" Table1).
The latter has been supported by a study from Basner RC et al. [6].
The authors investigated eight healthy males (age range 21–38
yrs) during successive trials of voluntary nose breathing, mouth
breathing, and mouth breathing with the nose occluded. They
measured genioglossus electromyographic activity, alae nasi and
diaphragm EMG activity, and minute ventilation. While they ob-
served no effect of breathing route on minute ventilation or dia-
phragm activity, nasal ventilation was associated with higher
upper airway dilator muscle activity than breathing through the
mouth. Fitzpatrick et al. [7] confirmed these observations by de-
monstrating evidence of increased upper airway resistance dur-
ing sleep while breathing through the mouth when compared to
nasal breathing. The authors performed a randomised, crossover
study to compare upper airway resistance during sleep of nasal
and oral breathing in 12 healthy non-obese subjects (age 30±4
yrs) with normal nasal resistance. During wakefulness upper air-
way resistance values were similar between nasal and oral
breathing in both lateral and supine position. In contrast, there
was evidence of increased upper airway resistance, an increased
number of apneas and hypopneas, and lower total sleep time
with mouth breathing during sleep. In order to investigate
whether these findings may also be applicable to patients with
obstructive sleep apnea, Kotsourelakis et al. [8] investigated the
breathing route of 28 patients with OSAS (AHI 26±5/hr) and 13
snorers (AHI 1.3±0.3/hr) without sleep apnea during overnight
polysomnography using both a nasal cannula/pressure transduc-
er and an oral thermistor. Subjects were free from nasal patholo-
gy and had normal nasal resistance on rhinomanometric meas-
urements in seated and supine position while awake. During
sleep, nasal breathing epochs were more frequently observed in
snorers than in apneics, whereas the inversewas true for oral and
oro-nasal breathing epochs. Oral breathing epochs were further-
more positively related with AHI, mean and maximum duration
of apnea/hypopnea, and were inversely related to average and
minimum oxygen saturation. Thus, in summary these findings
suggest a protective effect of nasal breathing on upper airway
stability. The current literature furthermore indicates that pa-
tients with OSAS are more likely to breath through the high
resistance pathway of the mouth, thereby promoting more nega-
tive intraluminal pressure in the pharynx predisposing to phar-
yngeal occlusion and thus obstructive apnea events.

The effects of nasal occlusion on sleep and breathing
Olsen et al. [9] studied the effects of experimental nasal obstruc-
tion on sleep and breathing in eight male volunteers (30 to 50
years of age). None of the subjects was obese; furthermore none
of the subjects reported sleep problems or difficulties in breath-
ing through the nose. The subjects were randomised into two
groups. One night subjects were studied with the nose open and
a second night with the nose obstructed using a small amount of
cotton and Vaseline placed inside the nasal vestibule and covered
with an adhesive tape. The authors demonstrated an increased
number of arousals, more frequent sleep stage changes, and a sig-
nificant increase in the number of obstructive apneas and hypo-
pneas during sleep associatedwith nasal occlusion. Furthermore,
the subjects complained about dry mouth, sore throat, frequent
awakenings, and restlessness following the night of experimental
nasal obstruction. Using a similar study design, Zwillich et al. [10]
investigated the effects of nasal obstruction on polysomnogra-
phically derived parameters in ten normal men between the age
of 25 and 45. Nasal occlusion was accomplished using an inflata-
ble balloon that was placed into each nostril. The subjects slept
during 3 consecutive nights with all instruments in place, includ-
ing one standard acclimatisation night, one night with the bal-
loon inflated and another night with the balloon deflated. The
order of the obstructed and non-obstructed night was rando-
mised. Consistent with the findings above, the authors observed
more frequent arousals, decreased slow wave sleep, and a signif-
icantly increased number of (predominantly central) apneas per
night during obstructed sleep (total number of apneas 88±34)
than non-obstructed sleep (total number of apneas 34±19). Lavie
and colleagues [11] extended these findings, as they used an ex-
perimental design that included unilateral or bilateral nasal oc-
clusion. They studied 5 men and 5 women between 20 and 27
years of age on four nights (no occlusion, either left or right, or
bilateral occlusion of the nostrils with an adhesive tape). Both
partial and complete nasal occlusion was associated with an in-
creased number of apneas and hypopneas, as well as disturbed
sleep architecture, with the respective study findings being
more pronounced with bilateral nasal occlusion. In a subsequent
report, Lavie [12] studied the effects of nasal obstruction in 6
sons of sleep apnea patients (mean age 21 yrs, BMI not reported).
Nasal occlusion resulted in a marked increase in the total number
of apneas from 18 to 303 per night in this group, an observation
that was much weaker in matched controls. This report provided
early evidence of potential inheritability of upper airway obstruc-
tion during sleep.
Nasal obstruction may also be a result of bilateral nasal packing
followig nasal surgery. Results from earlier studies monitoring
peri- and postoperative oxygen saturation in patients who re-
ceived total nasal packs after septoplasty, revealed evidence of
significant postoperative nocturnal hypoxemia. Regli et al. [13]
performed a case-control trial using polygraphy prior to and after
nasal packing in a group of 15 patients with OSAS (median AHI
14/hr, 80% male, median age 50 yrs, median ESS 13, median BMI
31kg/m2) and another group of 25 individuals without OSAS
(median AHI 11/hr, 76% male, median age 46 yrs, median ESS 5,
median BMI 26kg/m2). The authors observed a significant in-
crease in postoperative AHI in both groups (median AHI 37/hr in
non-OSAS and 39/hr in OSAS-group) and an increase in the oxy-
gen desaturation index in patients without sleep apnea. Most
recently, Friedman et al. [14] tested the effect of postoperative
nasal packing on sleep parameters between patients with mild
obstructive sleep apnea and those with moderate to severe ob-

Table 1 Nasal obstruction and OSA. Pathophysiological impact of nasal
obstruction in the development of obstructive sleep apnea.

Breathing through the human

nose results in

Partial or complete nasal

occlusion results in

– ventilation
– upper airway dilator
– muscle activity
– upper airway stability

– oral breathing periods
– upper airway resistance
– obstructive apnea events
– arousals
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structive sleep apnea. All subjects underwent polysomnography
testing within 30 days prior to surgery. Patients underwent nasal
surgery and received postoperative nasal packing, and overnight
sleep testing was repeated on the first postoperative night with
nasal packing in place. Interestingly, postoperative nasal packing
aggravated measures of sleep apnea in patients with mild but not
in patients with moderate to severe obstructive sleep apnea. In
summary there is evidence of both inducing and worsening of
sleep disordered breathing in association with nasal occlusion.

Effects of nasal decongestion or intranasal steroids on
sleep and OSA
!

A particularly frequent cause of nasal obstruction is allergic rhini-
tis, either seasonal or perennial. A number of reports suggested
worsening of subjective sleep quality and quality of life measures
in both adults and childrenwith allergic rhinitis [15]. In fact, a re-
cent study demonstrated that perennial rhinitis was associated
with an increased probability for difficulties maintaining sleep,
early morning awakenings and daytime sleepiness [16]. Vice ver-
sa, Canova and co-workers [17] demonstrated an increased prev-
alence of perennial allergic rhinitis in patients with OSA (11%)
compared to case-controls (2,3%). At least two pathways may
contribute to the development or worsening of sleep apnea due
to allergic rhinitis. First, upper airway allergy causes oedema
and mucus secretion in the nasal mucosa, which may predispose
to the development of partial or complete upper airway obstruc-
tion during sleep via increasing upper airway resistance. Second,
inflammation of the nasal mucosamay contribute to the develop-
ment of adenotonsillar hypertrophy, one of the most frequently
observed abnormalities in children with OSA. Intranasal cortico-
steroids are commonly used to treat rhinitis. Besides their effects
on IgE mediated inflammation, topical nasal steroids may also
exert direct lympholytic and/or anti-inflammatory effects [18].
Improving nasal obstruction symptoms and reducing adenoid
size with intranasal corticosteroids may thus influence the ana-
tomic component by decreasing upper airway resistance at the
nasal, adenoidal, and/or tonsillar levels.
The scientific evidence regarding the effects of nasal steroids is
predominantly driven by studies performed in children and only
little evidence exists regarding the impact on polysomnographi-
cally diagnosed sleep parameters in adult patients with moder-
ate OSA and co-existing (perennial or seasonal) rhinitis. Most of
the children included in these reports had evidence of co-existing
rhinitis and/or adenotonsillar hypertrophy. Overall, these reports
indicate significant treatment associated improvements in the
AHI (mean pre-treatment AHI range 3.7–11 vs. treatment asso-
ciated mean AHI range 0.3–6) and some of the reports showed
significant improvements in oxygenation indices and improved
sleep quality [3]. The data are, however, inconsistent with respect
to sleep architecture and reduction in adenoidal size. The effects
of intranasal corticosteroid application on polysomnographically
diagnosed sleep parameters in adult patients with OSAS and
associated rhinitis is limited. In a 4 week, randomized, double-
blind, placebo-controlled, cross-over trial of nasal fluticasone in
13 patients with moderate OSA (mean AHI 26/hr), Kiely and co-
workers [19] demonstrated a modest but significant decrease in
AHI (median–6.5/hr AHI reduction) and an improvement in na-
sal airflow resistance, however, no significant improvements in
oxygenation indices, sleep quality or snoring noise. More recent-
ly, Kotsourelakis et al. [20] investigated the effects of a combina-

tion of a nasal decongestant with corticosteroids on the breath-
ing route pattern and sleep disordered breathing in 21 patients
with OSA andmean AHI 31/hr. Using a randomized, placebo-con-
trolled, cross-over trial the authors were able to demonstrate a
mean decrease in the AHI by 21%. The latter was predominantly
due to an increase in nasal breathing epochs.

Nasal surgery on obstructive sleep apnea
!

The majority of reports on nasal surgery as a single-intervention
in OSA have been published either as case-series or retrospective
analyses [3]. One report [21] was conducted as a prospective,
randomised, sham-controlled trial. The most frequently ob-
served pathologic finding in the preoperative ENT examination
was nasal obstruction due to deviated nasal septum. Accordingly,
septal surgery (submucosal resection with or without turbinec-
tomy) was the most frequently applied surgical technique in
these reports. All the studies that have performed rhinomano-
metry reported significant postoperative improvements in total
nasal resistance, indicating postoperative improvements in nasal
airway patency in patients.
Overall, the large majority of studies reported no significant
changes in the AHI (RDI) (mean preoperative AHI range 14–56/
hr vs. mean postoperative AHI range 15–48/hr), including the
above mentioned study [21], which was conducted as a random-
ised sham-controlled intervention trial in a matched population.
One study [22] reported a significant improvement in AHI and
sleep architecture in patients with normal preoperative cephalo-
metric measurements, but no beneficial effect in a group of pa-
tients with abnormal cephalometric measurements prior to sur-
gery, suggesting that the success of nasal surgery may be predict-
able by preoperative anatomic findings. Despite the lack of bene-
ficial effects with respect to the AHI, there have been improve-
ments in either sleepiness scales or daytime energy levels, and a
reduction in therapeutic CPAP pressure required to alleviate OSA
in some of the studies. Thus on the basis of the above mentioned
findings, nasal surgery as a single intervention cannot be recom-
mended for treatment of obstructive sleep apnea [3].

Conflict of interest
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The author has no conflict of interest.

Conclusions

The nasal breathing route is important to upper airway stabi-
lity. Studies of nasal obstruction demonstrated initiation or
worsening of sleep disordered breathing. Relief of nasal ob-
struction via intranasal decongestants and/or steroids, or via
nasal surgery have been shown to attenuate sleep disordered
breathing.
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