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Effect of treating severe nasal obstruction
on the severity of obstructive sleep apnoea
H.A. McLean*, A.M. Urton*, H.S. Driver#, A.K.W. Tan", A.G. Day+, P.W. Munt* and M.F. Fitzpatrick*

ABSTRACT: An association between mouth breathing during sleep and increased propensity for
upper airway collapse is well documented, but the effect of treatment for nasal obstruction on
mouth breathing during sleep and simultaneous obstructive sleep apnoea (OSA) severity has not
been described previously.
A randomised single blind placebo- and sham-controlled crossover study of treatment (topical
decongestant and external dilator strip) for nasal obstruction was carried out in 10 patients (nine
males; mean¡SEM 46¡5 yrs) with nasal obstruction and OSA. All patients had normal acoustic
pharyngometry. The effect of treatment on nasal resistance, mouth breathing during sleep and
OSA severity was quantified.
Treatment of nasal obstruction was associated with a dramatic and sustained reduction in nasal
resistance and the oral fraction of ventilation during sleep (mean (95% confidence interval)
absolute reduction in oral fraction 30% (12–49)). Improvements in sleep architecture were
observed during active treatment, and there was a modest reduction in OSA severity (change in
apnoea–hypopnoea index 12 (3–22)).
In conclusion, treating nasal obstruction reduced mouth breathing during sleep and obstructive
sleep apnoea severity, but did not effectively alleviate obstructive sleep apnoea.
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nder normal circumstances, breathing
during sleep is primarily nasal rather
than oral [1], and considerable evidence
has accumulated that nasal obstruction predisposes to obstructive sleep apnoea (OSA).
Individuals describing nasal congestion due to
allergy have shown a higher prevalence of OSA
than those who do not [2]. Nasal resistance is an
independent predictor of snoring severity [3],
and is higher among snorers with OSA than
among snorers without OSA [4]. Experimental
occlusion of the nasal airway has been shown to
induce sleep apnoea among normal subjects [5–
8]. Similarly, seasonal allergic rhinitis is associated with an increased number of obstructive
apnoeas during sleep [9].

U

However, despite this well-documented association, the effect of treating nasal obstruction
on OSA severity has been highly variable.
Mechanical nasal valvar splints have been
studied in snoring [10], upper airway resistance
syndrome [11] and OSA [12–18]. Although nasal
splints were associated with a reduction in
snoring frequency and/or intensity in three of
these studies [10, 13, 16], the effect on sleep
apnoea severity was variable and generally disappointing. Similarly, topical nasal decongestants
EUROPEAN RESPIRATORY JOURNAL

did not reduce OSA severity in patients with
nasal obstruction [19, 20], but the use of topical
nasal steroids in patients with allergic rhinitis
was associated with improved subjective sleep
quality in adults [21] and with an improvement
in apnoea–hypopnoea index (AHI) from 10.7 to
5.8 in children [22]. Nasal surgeries have also
been used to treat OSA, but the results have been
inconsistent and often lacked adequate objective
outcome measurements [23–25]. However,
SERIES et al. [26] demonstrated that the absence
of pharyngeal narrowing (as measured by the
posterior airway space) in patients with OSA
delineated a group with a better response to nasal
surgery.
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In this study, the hypothesis was that relief of
nasal obstruction in patients with OSA and a
normal retroglossal airway would lead to a
reduction in mouth breathing during sleep, and,
hence, provide effective treatment for OSA
syndrome.
METHODS
Design
A randomised placebo-controlled single blind
crossover design was employed. Patients underwent two overnight polysomnograms separated
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Statistical analysis
Sleep apnoea severity (AHI) was analysed using the standard
method for the two-period crossover study as described by
FLEISS [30]. In addition to the primary test of treatment effect,
tests were performed for period and ordering (differential
carry-over) effects. The analysis of oral fraction during quiet
sleep and during obstructive events was performed using a
mixed model with random effects for subject and subject night.
This method allowed the use of multiple measurements per
522
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Patients
In total, 10 patients were studied (nine males; mean¡SD
(range) 46¡5 yrs (18–63); body mass index 27¡1.5 kg?m-2
(23–37)). The inclusion criteria were as follows: 1) OSA
syndrome [27] not yet receiving treatment; 2) clinically
significant nasal obstruction (on the basis of clinical examination by M.F. Fitzpatrick) caused by turbinate mucosal
enlargement with or without dynamic inspiratory collapse at
the nasal valve; and 3) a normal retroglossal airway dimension
at physical examination and acoustic pharyngometry [29].
Exclusion criteria included the presence of lung disease, or the
use of medications known to alter nasal resistance.

a)

n

Oral and nasal ventilation were simultaneously measured
using a mask (7900 series; Hans Rudolph, Kansas City, MO,
USA; dead space 31.3 mL) with independent nasal and oral
compartments, which was customised, as described previously
[28], to eliminate any restriction to mouth opening. Identical
pneumotachs (3700 series; Hans Rudolph; dead space
13.87 mL) were inserted into the oral and nasal ports of the
face mask. Each pneumotach was attached to a separate
research pneumotach system (HSS100HR; Hans Rudolph)
that provided a digital output (40 Hz sampling frequency) of
nasal/oral breath-by-breath tidal volume, interfaced with
the computerised polysomnographic montage. Air leaks, and
communication between the oral and nasal compartments of
the face mask were meticulously excluded as per the usual
routine [1].

Sleep apnoea severity
Statistical analysis revealed no significant order or period
effects. The AHI fell by 12 on average (95% confidence interval
(CI) 3–22) on the active treatment night as compared with the
placebo/sham night (p,0.02; fig. 2). However, only one
patient (whose AHI with placebo was 17 and with treatment

n

Full polysomnography was conducted from 00:00 h until
07:00 h, or until the subject requested that the study be
terminated. Respiratory events were scored using standard
criteria [27].

RESULTS
All 10 patients completed the protocol; six were randomised
to receive placebo/sham treatment first, followed by active
treatment on the second night, and four patients to the reverse
order. Baseline nasal resistance values (prior to administration
of active or placebo/sham treatment) were markedly elevated
prior to treatment on both study nights, but were not different
between the placebo and active treatment nights in either the
seated (p50.40) or supine (p50.30) positions (fig. 1a and b).
Nasal resistance decreased profoundly with active treatment
(p,0.01), and was maintained at or below 3 cmH2O?L-1?s-1
overnight, but did not change (p50.24) during the placebo
night. Pre-treatment Modified Stanford Sleepiness Scale [31]
scores were similar (active 2.1¡0.5, placebo/sham 2.9¡0.5;
p50.2) on both nights.

Nasal resistance cmH2O·L-1·s-1

Nasal resistance (posterior active rhinometry [1]) was measured in erect and supine positions at the start and end of each
overnight study.

subject night, while testing for the within-subject effects of
body position, sleep stage and treatment.

Nasal resistance cmH2O·L-1·s-1

by 1 night at home. On the active treatment night, patients
received both a topical nasal decongestant (0.4 mL oxymetazoline 0.05% in each nostril 1 h before lights out and again after
4 h) and an external nasal-valve dilator strip (Breathe Right;
CNS, Minneapolis, MN, USA). On the placebo night, patients
received 0.4 mL sodium chloride 0.9% and a sham dilator strip
(identical tape to the Breathe Right strip, but without the
plastic core). Randomisation was conducted using a computergenerated table of random numbers. The technologist scoring
the overnight sleep study was blinded to the treatment
administered (the protocol included blinding of patients, but
most became aware of the active treatment through an obvious
reduction in nasal obstruction).
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FIGURE 1.

Pre

Post

n

Morning

Nasal resistance values (mean¡SEM) measured before treatment

(pre), 30 min post-treatment (post) and at the end of the overnight recording
(morning) in the seated position (a) and the supine (b) position. % : sham/placebo;
&: active treatment.
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Effect of treatment for nasal obstruction on obstructive sleep

apnoea severity. ––: mean values. p,0.02.

was 6) experienced a fall in AHI to ,15 on the active treatment
night. There was no significant correlation between the change
in AHI from placebo/sham to active night, and the change in
nasal resistance post-treatment from placebo/sham to active
night measured in either the seated (r250.153; p50.26) or
supine (r250.001; p50.92) positions. There were few respiratory events without associated arousals: the respiratory
disturbance index (apnoeas or hypopnoeas terminating in
arousal) on the placebo/sham night was 40¡9, and 30¡4 on
the active treatment night (p50.02).
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FIGURE 3.

The duration of obstructive events was not significantly
different between the two treatment nights (placebo/sham
night minus active treatment night 1.2 s (-2.5–4.8); p50.49).
Sleep stage architecture
Table 2 demonstrates the change in sleep-stage architecture
with treatment. Despite the encumbrance of the oronasal mask
and pneumotach system, significant improvements in sleep
architecture (reduced stage 1 sleep, increased sleep efficiency,
increased REM and slow-wave sleep) were observed with
relief of nasal obstruction.
Modified Stanford Sleepiness Scale scores measured on the
morning after each overnight sleep study were similar (active
2.7¡0.1; placebo/sham 3.2¡0.01; p50.2).

25

n

Oral fraction of inhaled ventilation %

Mouth breathing during quiet sleep
The oral fraction of inhaled ventilation during quiet breathing
without obstructive events (fig. 3) was higher on the placebo
night (39¡7%) than on the active treatment night (8¡6%). The
95% CI for the difference in oral fraction during quiet sleep
between placebo/sham and active treatments was 12–49%
(p50.0043). No significant effect was observed between sleep
stage (wake, rapid eye movement (REM), non-REM; p50.23) or
body position (supine, lateral; p50.70) and the oral fraction
during quiet sleep.

Mouth breathing during obstructive events
In order to assess the effect of active versus placebo/sham
treatment on oronasal partitioning of ventilation during
obstructive apnoeas and hypopnoeas, a random sample of 10
obstructive events that were standardised for position and
sleep stage were analysed for each patient on each night, i.e.
200 events. The oral and nasal fractions were calculated breath
by breath from the start of the event until the tidal volume
(nasal and oral combined) fell below 50 mL or arousal
occurred, and for the first three breaths after onset of the
arousal (figs 4 and 5; table 1). When an obstructive event
included an odd number of breaths, the first half of the event
was extended to include the extra breath. Arousals in
association with obstructive events were scored according to
standard criteria [32]. For the purpose of the analysis, the
arousal was considered to include the first three breaths
occurring after an obstructive event and accompanied by
electroencephalogram
changes
denoting
wakefulness.
Obstructive events were divided into four parts for analysis:
‘‘pre-event’’, ‘‘first half of event’’, ‘‘second half of event’’, and
‘‘arousal’’. The difference in the oral fraction of inhaled
ventilation during the ‘‘pre-event’’ phase between the placebo/sham and active nights was mean (95% CI) 2% (10– -7;
p50.66). The oral fraction during the first half of the
obstructive events was higher on the placebo/sham night than
on the active treatment night (mean difference (95% CI) 14%
(2–27); p50.03). The difference in oral fraction during the
second half of obstructive events between placebo/sham and
active nights was highly variable and not statistically significant (21% (-5–46); p50.1). Overall, combining both halves
of the obstructive event, there was no significant difference in
oral fraction between the two nights (12% (-3–28); p50.10). The
oral fraction at the time of arousal from obstructive events was
significantly greater in the placebo/sham condition than in the
active treatment condition (19% (9–30); p50.003).

Placebo/sham

Active

Effect of treatment for nasal obstruction on the oral fraction of

DISCUSSION
This study demonstrates that relief of severe nasal obstruction
in patients with a normal retroglossal airway is associated with
a significant reduction in mouth breathing during sleep,
improved sleep architecture and a modest improvement in
OSA severity. The current study provides several new pieces
of information, as follows.

as mean¡SEM. p50.004.

1) This study included objective measurement of nasal
resistance in the recumbent position, the usual sleeping
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FIGURE 4.

Active treatment night. An obstructive hypopnoea during 57 s of stage 2 sleep in the lateral position, demonstrating predominant nasal breathing (oral and

nasal volume tracings) during the obstructive event. C3-A2, C4-A1, O1-A2: electroencephalogram electrode positions; L-EOG: left electro-oculogram; R-EOG: right electrooculogram; EMG: electromyogram; R/LAT: right and left anterior tibialis EMG; ECG: electrocardiogram; Sa,O2: arterial oxygen saturation; Micro: snore vibration sensor; THOR:
thoracic; ABD: abdominal.
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FIGURE 5.

Placebo/sham night. Two obstructive events during 2 min of stage 2 sleep in the lateral position in the same patient as figure 4. There is variability in oronasal

ventilation between events (oral and nasal volume tracings). The first event demonstrates predominant nasal breathing with minimal oral breathing during the event, while the
second event demonstrates predominance of oral breathing during the event. C3-A2, C4-A1, O1-A2: electroencephalogram electrode positions; L-EOG: left electrooculogram; R-EOG: right electro-oculogram; EMG: electromyogram; R/LAT: right and left anterior tibialis EMG; ECG: electrocardiogram; Sa,O2: arterial oxygen saturation;
Micro: snore vibration sensor; THOR: thoracic; ABD: abdominal.
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TABLE 1
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Effect of treatment for nasal obstruction on the oral
fraction of ventilation during different stages of
obstructive respiratory events
Placebo/sham %

Pre-event

Active %

p-value

0.66

8.8¡4

7.2¡4

First half of event

48.7¡12

34.6¡12

0.03

Second half of event

49.3¡13

27.5¡13

0.08

Arousal

41.7¡7

22.4¡7

0.003

Data are presented as mean¡SD, unless otherwise stated.

TABLE 2

Effect of treatment for nasal obstruction on sleep
architecture
Placebo

Active

p-value

Subjects n

10

10

Stage 1 %

24¡4

17¡4

0.02

Stage 2 %

60¡2

53¡2

0.028

Stage 3 or 4 %

8¡2

13¡2

0.028

REM %

9¡2

16¡2

0.001

78¡4

82¡3

0.001

Total sleep time min

272¡9

294¡14

0.11

Spontaneous arousal index

7.2¡2

6.6¡2

0.48

Supine min

132¡36

112¡34

0.60

Sleep efficiency %

Data are presented as n and mean¡SD, unless otherwise stated.

position, pre- and post-treatment of nasal obstruction in
patients with OSA. This is important because nasal resistance
increases significantly on moving from the erect to the
recumbent position even in normal subjects, and the postural
effect is further amplified in patients with pre-existing nasal
obstruction [33, 34]. This aspect addresses a possible confounding factor in previous studies, i.e. that the increase in
nasal resistance associated with recumbency could have offset
the benefit of the treatment given to relieve nasal obstruction.
2) A single post-intervention measurement of nasal resistance
has usually been reported as the evidence for efficacy of
treatment for nasal obstruction in studies examining the effect
of treatment of nasal obstruction on OSA severity. As OSA
severity tends to increase over time during the night,
independent of sleep stage or position, it was important to
verify continuing efficacy of the active treatment for the
duration of the overnight sleep study. In the current study,
nasal resistance remained markedly elevated through the
placebo night, but was reduced to within normal limits from
20 min post-treatment until the end of the overnight recording
during the active treatment night. Hence, the modest nature of
the improvement in OSA severity on active treatment could
not be attributed to loss of the treatment effect over time on the
active night.

obstruction. The current study demonstrates that nasal
obstruction is associated with a greater proportion of mouth
breathing at night, a finding that might seem intuitively
obvious. However, it is remarkable that, even in the presence
of very severe nasal obstruction in the current study,
ventilation remained predominantly nasal in this group of
patients; that is, patients continued to inspire through the high
nasal resistance rather than bypassing it by switching to pure
mouth breathing! This finding implies a major mechanical
disadvantage of the oral breathing route in these patients and
is consistent with the recent finding of a ,2.5-fold increase in
upper airway resistance during sleep while mouth breathing
as compared with nasal breathing in normal subjects [28].
Hence, in order to confer a mechanical advantage to pure
mouth breathing during sleep, very severe (subtotal) nasal
obstruction may be necessary.
4) The inclusion criteria in the current study were designed to
select a patient group that the present authors, and others [26],
felt might reasonably respond to relief of nasal obstruction as a
treatment for OSA: these patients each had clinically important
nasal obstruction, but did not have any evidence of anatomical
compromise at the retroglossal level. The relatively poor
response of OSA to normalising nasal resistance in this
selected patient group is disappointing and provides powerful
evidence against simple mechanical relief of nasal obstruction
as a sole treatment for moderate or severe OSA, in the short
term at least.
5) In the current study, the oral fraction fell from mean 39%
during sleep in the placebo/sham condition to mean 8% (a
level that is within normal limits [1]) with effective relief of
nasal obstruction. This abrupt change in the oral fraction
during sleep, in association with a fall in nasal resistance
during a single night, implies that the degree of mouth
breathing during sleep is determined primarily by the nasal
resistance and not by behavioural factors. The patients in this
study considered themselves to be predominantly mouth
breathers during sleep, but on objective testing were actually
predominantly nose breathers, despite having a higher than
normal nasal resistance. This subjective judgment is notoriously inaccurate, even during wakefulness [35]. Hence, selfreports of mouth breathing during sleep are not a reliable
indication of predominant mouth breathing.
Given the profound reduction in oral fraction observed with
treatment, a greater reduction in OSA severity than that
observed in the current study might have been expected.
Interestingly, no trend towards a greater treatment effect in
mild OSA was evident. The reduction in mouth breathing
during sleep into the normal range in the current study,
without a clinically important improvement in sleep apnoea
severity, implies that mouth breathing per se may not be a
critical factor in the presence or absence of OSA, but may
simply be a surrogate marker for increased propensity to OSA.

3) This is the first time that oronasal partitioning of ventilation
has been described during sleep, before and after relief of nasal

Explanations for this relative disparity between improvement
in the nasal airway and improvement in OSA severity, in the
absence of corresponding objective data, are speculative.
Certainly, in the current study, there was no clear systematic
shift from mouth breathing to pure nasal breathing during
obstructive events and, as figure 2 demonstrates, there was
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considerable within-patient variation in the breathing route
from time to time, even within a given sleep stage and position.
The current study did not measure jaw opening during sleep.
It is possible that patients with chronic nasal obstruction could
have greater habitual jaw opening during sleep, thus rendering
the upper airway more collapsible [36], and that this habitual
jaw posture during sleep might not revert to normal
immediately after treatment of nasal obstruction. A disparity
between mouth opening and mouth breathing has long been
described, such that subjects with an open mouth may
habitually breathe predominantly via the nose [35]. In such a
scenario, it would be possible for individuals with nasal
obstruction to reduce their oral ventilatory fraction in response
to a reduction in nasal resistance, yet still suffer increased
susceptibility to upper airway obstruction during sleep
through persistent jaw opening. Indeed, patients with OSA
have been shown to have greater jaw opening during sleep
than normal subjects [37], and progressively greater jaw
opening during obstructive sleep apnoeic events [38].
Another possible explanation for the disparity between
reduction in mouth breathing and reduction in sleep apnoea
severity is impaired function of nasal mucosal afferents in
association with rhinitis, which might not recover immediately
after simple relief of mucosal hyperaemia and oedema.
Although nasal breathing consistently increases activation of
the alae nasi, it is uncertain whether nasal afferents have
any specific role in activation of the genioglossus or other
pharyngeal dilator muscles [39, 40].
Patients in the current study experienced significant improvements in sleep architecture (improved sleep efficiency, less
stage 1 sleep and more stage 2 sleep, slow-wave sleep and
REM sleep) during the active treatment night as compared
with the placebo/sham night, despite a relatively modest
improvement in sleep apnoea severity with the active treatment. Others have also demonstrated a reduction in sleep
fragmentation with treatment of nasal obstruction, even in the
absence of any significant improvement in sleep apnoea
severity [20, 25, 41]. Hence, the improvement in sleep
architecture observed in the current study may relate more
to a reduction in nasal discomfort with the active treatment
rather than to improvement in sleep apnoea severity alone. An
improvement in subjective sleep quality with relief of nasal
obstruction, similar to that observed in the current study, has
also been reported previously by other authors [21].
The current study has certain deficiencies. In particular, it is a
short-term study: the effect of relieving nasal obstruction for
a single night. It is possible that the longer-term effect of
relieving nasal obstruction on OSA severity might be different.
Having said that, it is difficult to discern any such trend in
treatment effect with time, based on existing literature. VERSA
and PIRSIG [42] have recently reviewed the outcome of nasal
surgery as a treatment for OSA in nine studies (102 patients in
total) that included pre-operative and post-operative measurement of AHI. The follow-up periods varied from 1 month to 44
months, and there was no evident trend to improved outcomes
with longer follow-up.
As mentioned earlier, the current study did not include
measurement of jaw position. Technically, jaw position could
526
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not have been measured in the current study using either of
the previously published methods because of concern that
an oral appliance [38] might alter oronasal distribution of
ventilation and, specifically, that a strain gauge [37] might
impose a restriction on mouth opening.
The inclusion criterion included a normal retroglossal airway
dimension on acoustic pharyngometry. While this is a
reproducible test [43] with available normative data [29], the
measurements are made during wakefulness and in the erect
seated position, and, therefore, do not reflect the physiological
change observed with recumbency and sleep. Hence, individuals with a normal retroglossal dimension while awake may
not be protected from retroglossal compromise while asleep.
The total sleep time in the current study was quite short,
averaging only 4.5–5 h. This was undoubtedly due to the
rather cumbersome recording apparatus required to measure
oral and nasal partitioning of ventilation during sleep, in
addition to all of the other routine polysomnographic data.
However, despite the relative brevity of sleep duration, it was
fortunate that each patient had stages 1, 2, slow-wave sleep
and REM sleep during both study nights, so that a valid
comparison could be made between active treatment and the
placebo/sham condition.
In conclusion, this study demonstrated that relief of nasal
obstruction is associated with normalisation of mouth breathing during sleep, improved sleep architecture and a modest
improvement in obstructive sleep apnoea severity. However,
the improvement in obstructive sleep apnoea severity
with relief of nasal obstruction was not sufficient to provide
clinically effective treatment.
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