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The nose and OSA: variable nasal obstruction
may be more important in pathophysiology

than fixed obstruction

W.T. McNicholas

and serves important physiological functions, which

include heating, humidification and filtration of the
inspired air [1, 2]. As a consequence, humans naturally breathe
through the nose, particularly during sleep, during which
breathing is under automatic control and devoid of conscious
influences. In normal subjects, the nasal airway accounts for
>50% of total airway resistance, with most of this contribution
arising from the anterior part of the nose, including the nasal
valve [3]. The cross-sectional area of the nasal valve is controlled
by several dilator muscles. In pathological conditions, nasal
resistance may be considerably increased, with the extreme
being total obstruction. Nasal resistance typically varies from
one side to the other as a consequence of cyclical mucosal
changes in the nasal turbinates, and with a cycle frequency of
2—4 h [4]. This nasal cycle may play a role in respiratory defence
by the generation of plasma exudates [5]. Furthermore, nasal
resistance diminishes during exercise as a consequence of
sympathetically mediated mucosal vasoconstriction [6]. In
contrast, nasal resistance increases in the supine position as a
consequence of mucosal congestion [7]. These considerations
indicate that the nose is a reactive organ with considerable
potential to vary airflow resistance, which may have important
implications for breathing, particularly during sleep.

T he nose is the primary route of breathing in mammals

Sleep represents a state of naturally increased nasal resistance
caused by the supine position and decreased skeletal muscle
tone, which may increase the component of nasal resistance
that relates to the nasal valve. Nasal breathing has a stimulant
effect on breathing and has been reported to be associated with
a higher minute ventilation and flow rate compared with
mouth breathing [8, 9]. This effect appears to be mediated by
local nasal reflexes. Ventilatory responses to hypoxia and
hypercapnia are lower when nose breathing as compared to
mouth breathing, and the difference is abolished by surface
anaesthesia of the upper airway [9]. Upper airway dilating
muscle activity has been reported to be higher during nasal
compared to oral breathing, even under conditions in which an
added resistance is applied to the oral route [10].
Diaphragmatic activity was not different and the effect was
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eradicated by nasal surface anaesthesia, indicating a local
reflex mechanism. SHi ef al. [11] found no difference in
genioglossus electromyogram activity breathing through the
nose or mouth during exercise.

Interactions between nasal and oral resistance also occur that
may have implications for the pathophysiology of obstructive
sleep apnoea (OSA). For example, tongue protrusion has been
reported to lower nasal airflow resistance in patients with OSA
syndrome (OSAS) but not in normal subjects, and it is likely
that the effect in OSAS reflects a lowering of resistance in the
posterior nasal airway [12].

THE UPPER AIRWAY AS A FORM OF STARLING
RESISTOR

The primary determinant of upper airway patency is the
balance of forces between the negative pressure within the
pharynx during inspiration and the counteracting force of
upper airway dilator muscles, principally the genioglossus
[13]. The upper airway has also been described as behaving
like a Starling resistor [14]. This model views the upper airway
as a hollow tube with a partial obstruction at the inlet,
corresponding to the nose, and a collapsible section down-
stream, corresponding to the oropharynx. According to this
model, when air is drawn through the narrowed inlet, greater
suction forces are generated downstream and may contribute
to the collapsing forces that affect the collapsible segment
(fig. 1). Thus, when nasal obstruction develops, the down-
stream collapsibility of the oropharynx may be increased.
However, there are a number of factors that reduce the
significance of this upstream resistance on oropharyngeal
collapsibility, not least the fact that the mouth represents an
alternative route of breathing that can come into play when
nasal resistance exceeds a critical point. Other forces, such as
hysteresis and local surface tension forces within the pharynx,
can also limit the effect of nasal resistance on oropharyngeal
collapsibility.

ORAL VERSUS NASAL BREATHING DURING SLEEP

In normal subjects, upper airway resistance is lower during
sleep when breathing through the nose as opposed to the
mouth; this contrasts with the awake state, in which the
resistance has been found to be equal in a study that compared
resistance between sleep and wake in the same subjects [15].
Thus, individuals can be expected to make subconscious
(automatic) efforts to breathe through the nose unless the
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FIGURE 1. The Starling resistor model of upper airway collapsibility. The upper
airway behaves like a Starling resistor in that obstruction at the inlet (i.e. the nasal
airway) produces collapsing forces that are manifest downstream in the collapsible
segment, the pharynx.

degree of obstruction is high enough to result in an
unacceptably high work of breathing. In that situation, an
adaptive response may result in an automatic switch to oral
breathing once a particular threshold of nasal airflow
resistance is exceeded. The mechanisms regulating the transi-
tion from nasal to oral breathing and the partitioning of
breathing between the nasal and oral routes have not been
extensively studied, in normal subjects or in patients with
nasal disorders. However, combined recording of oral and
nasal breathing, which can be performed with some commer-
cial polysomnography (PSG) systems, indicates that subjects
typically partition flow between nasal and oral routes, with the
majority of airflow occurring through the nasal route. This has
been quantified in a report by FITZPATRICK et al. [16] who found
that the oral fraction of breathing averaged 7.6% in awake
subjects, and fell to 4.3% during sleep.

ROLE OF NASAL OBSTRUCTION IN THE
PATHOPHYSIOLOGY OF OSA

The pathophysiological mechanisms involved in OSA are
complex and not fully understood. Critical upper airway
narrowing/collapse usually occurs in the oropharynx, between
the nasal choanae and epiglottis, an area that lacks rigid
support [17]. Patency of this vulnerable segment is dependent
on the action of the pharyngeal dilator and abductor muscles,
which are usually activated in a rhythmic fashion during each
inspiration [18]. Collapse of the upper airway occurs if the
negative upper airway pressure generated by inspiratory
pump muscles exceeds the dilating force of these upper
airway muscles [18, 19]. Such upper airway narrowing
requires an increase in pharyngeal dilator muscle contraction
to maintain airway patency, and there is evidence that patients
with OSAS have more forceful contraction of these muscles
during wakefulness than normal subjects but show a larger
decrement in contraction during sleep, thus contributing to the
development of obstructive apnoea [20]. Studies that use nasal
and oral flow—volume loops have indicated flow limitation via
the nasal route in OSAS patients compared to normal subjects,
particularly during expiration; it has also been shown that the
degree of nasal flow limitation correlated with the apnoea/
hypopnoea index (AHI) [21]. Positional influences may also be
important, as there is evidence that supine nasal resistance is
more closely related to OSA [21, 22].

There is evidence of an interaction between nasal obstruction
and pharyngeal narrowing in the pathophysiology of OSA. In a
study of snorers, VIRKKULA et al. [23] found an independent
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relationship between nasal resistance, pharyngeal airspace and
AHI. LustrO et al. [24] also reported a relationship between
nasal obstruction, pharyngeal narrowing and AHI in 202
subjects referred with clinical suspicion of sleep-disordered
breathing (SDB); pharyngeal narrowing was significantly
related to AHI only in patients with nasal obstruction.
MORRS et al. [25] reported that measurements of nasal volume
using acoustic rhinometry only correlated with respiratory
disturbance index measurements in nonobese subjects. These
findings suggest that obesity may mask a possible independent
effect of nasal obstruction in the pathophysiology of OSA.

VARIABLE OR FIXED NASAL OBSTRUCTION AND OSA
The relationship between nasal obstruction and OSA has been
a topic of considerable debate for many years. While the
Starling resistor model of upper airway mechanics favours an
important role for nasal obstruction in the pathophysiology of
OSA, the available literature provides inconsistent evidence to
support this relationship. Although there are relatively few
well-designed studies of the relationship between nasal
obstruction and OSA, I believe there is sufficient evidence to
suggest that conditions associated with variable nasal obstruc-
tion play a greater role in the pathophysiology of OSA than
conditions associated with fixed obstruction. This view is at
least partly based on the hypothesis that the putative adaptive
response which facilitates the transition from nasal to oral
breathing in conditions associated with high nasal resistance,
may be more prominent in conditions associated with fixed
obstruction, as the intermittent period of low nasal airflow
resistance which occurs with variable nasal obstruction is
likely to maintain a closer link with automatic nasal breathing.
It is my hypothesis that an adaptive response associated with a
switch to oral breathing limits the impact of nasal obstruction
in the pathogenesis of OSA in subjects with severe fixed
obstruction and may also account for the low success rate
reported in surgical management of such patients.

What evidence is available to support the hypothesis that
variable nasal obstruction plays a greater role in the patho-
physiology of OSA than fixed obstruction? While several
studies have examined the relationship between disorders
associated with nasal obstruction and snoring and/or OSA,
and have considered the impact of relief of nasal obstruction
on OSA severity, many of these studies have taken the form of
simple subjective reports, limiting the confidence in conclu-
sions that can be drawn from them. Treatment studies of nasal
obstruction that have included both subjective and objective
reports of efficacy have generally reported more positive
subjective responses as compared to objective responses in
terms of impact on sleep-related variables. Thus, a reliable
assessment of the relationship between nasal obstruction and
sleep-related breathing disturbances should include objective
measurements of sleep and breathing, and should ideally
include objective measures of nasal obstruction and/or nasal
airflow resistance.

STUDIES OF THE ASSOCIATION BETWEEN NASAL
OBSTRUCTION AND SDB

Population-based studies

Several large population-based studies have examined
the relationship between nasal obstruction and SDB. The
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Wisconsin cohort study, which involved 911 subjects under-
going PSG, reported a 1.8 times higher level of SDB in subjects
with symptomatic allergic rhinitis compared to those without
nasal symptoms [26]. In a later study of 1,032 subjects, a
significant relationship was reported between SDB on PSG and
nasal obstruction of varying aetiologies [27]. In a study of 7,980
workers, Udaka ef al. [28] reported a significant relationship
between habitual observed apnoea and self-reported nasal
obstruction of unspecified aetiology. While the initial
Wisconsin report [26] involved subjects with variable nasal
obstruction, it is likely that the later report [27] included
patients with both fixed and reversible nasal obstruction. Thus,
the available evidence from population studies supports a role
for nasal obstruction in the pathophysiology of OSA, irrespec-
tive of aetiology.

Disorders associated with reversible nasal obstruction
Studies of nasal airflow resistance in patients with seasonal
rhinitis have shown a relationship between the level of
resistance and SDB severity [29]. Micro-arousals associated
with SDB are also more frequent in subjects with seasonal
rhinitis than controls [30]. In a case—control study, CANOVA et
al. [31] reported a significantly higher prevalence of allergic
rhinitis in OSAS patients compared with chronic obstructive
pulmonary disease patients. These data support a relationship
between reversible nasal obstruction and SDB.

Disorders associated with fixed nasal obstruction

Objective studies of patients with fixed nasal obstruction offer
little information about the relationship between such obstruc-
tion and SDB. ATKINS et al. [32] found no relationship between
nasal resistance and SDB in OSAS patients and nonapnoeic
snorers, but only a minority of their patients had significant
nasal obstruction. These observations, taken in the context of
other studies showing significant relationships of variable
nasal obstruction with SDB, provide indirect support for the
notion that fixed nasal obstruction is less important than
variable obstruction in the pathophysiology of OSA.

Atrtificially induced nasal obstruction

Iatrogenic nasal obstruction is a particular form of reversible
nasal obstruction in which obstruction is induced by nasal
packing or external compression. Studies assessing the impact
of artificially induced nasal obstruction during sleep in normal
subjects and of nasal packing after nasal surgery, have
consistently reported higher levels of SDB during the period
of obstruction. Three early reports of normal subjects during
overnight sleep found a higher rate of SDB during nasal
obstruction compared with a control unobstructed night [33—
35]. AHI was also found to be significantly higher during post-
operative nasal packing after nasal septum surgery in both
OSAS and non-OSAS patients when compared to pre-
operative values [36]. These data provide further support for
a significant relationship between variable nasal obstruction
and SDB.

IMPACT ON SDB SEVERITY OF MEDICAL OR SURGICAL
MANAGEMENT TO RELIEVE NASAL OBSTRUCTION

Another way to assess the relationship of variable and fixed
nasal obstruction with OSA is to assess the impact of relief of
such obstruction on SDB severity. This topic has been
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addressed in recent systematic reviews [37, 38]. While there
are a large number of reports that have evaluated various
forms of medical and surgical interventions to alleviate nasal
obstruction in patients with snoring and/or OSA, relatively
few have employed an adequate study design that includes
consecutive patient selection and objective assessment of
treatment efficacy. Fewer still have included measures of nasal
resistance and/or a randomised, placebo-controlled study
design. Nevertheless, the available evidence suggest that
studies of medical management of disorders associated with
variable nasal obstruction, such as rhinitis, have reported a
more consistent reduction in measures of OSA severity than
studies of surgical correction of fixed deformities, such as
deviated nasal septum.

Studies of medical management of nasal obstruction

A number of studies evaluating the impact of medical
management of nasal obstruction on OSA severity have
employed a randomised, placebo-controlled study design.
Interventions include intranasal corticosteroids, decongestants
and mechanical nasal dilators, and patient populations have
included subjects with clinical OSAS coexisting with rhinitis,
upper airway resistance syndrome (UARS) patients and
rhinitis patients without objective evidence of SDB. Two
randomised, placebo-controlled studies of the use of intranasal
steroids in OSAS patients have demonstrated a significant fall
in AHI with active therapy (table 1) [39, 40]; the report by
KIELY et al. [39] indicated a good relationship between nasal
airflow resistance measured using posterior rhinomanometry
and AHI (fig. 2). Another study of rhinitis patients without
OSAS found no difference in AHI between those using steroids
and those given a placebo [44]. Two randomised, controlled
trials have demonstrated the objective benefit of mechanical
nasal dilators in patients with coexisting chronic rhinitis, one in
nonapnoeic snorers [41] and the other in patients with OSAS
[45]. Another randomised, controlled trial of nasal dilators in
patients with UARS without clinical nasal obstruction found
no difference in AHI, although desaturation time was reduced
[41]. However, KERR et al. [46] reported no improvement in
AHI or sleep quality following 1 night’s reduction in nasal
airflow resistance using a combination of nasal decongestant
and vestibular stenting when compared to a placebo saline
night. Overall, the evidence favours a significant objective
benefit of the medical management of nasal obstruction, with
the greatest benefits being observed in patients with coexisting
OSAS and variable nasal obstruction. However, the benefit is
generally limited and few patients gain complete resolution of
OSAS.

Studies of surgical management of nasal obstruction in
patients with fixed nasal obstruction

Only one study into surgical correction of fixed nasal
obstruction as a means of treating SDB employed a rando-
mised, controlled design. In a recent report that appeared in
the European Respiratory Journal, KOUTSOURELAKIS et al. [43]
performed a randomised, controlled trial of nasal surgery in
patients with OSAS and found only a 15% success rate, with a
positive outcome only occurring in patients exhibiting a high
level of oral breathing during sleep in pre-operative sleep
studies and a significant increase in post-operative nasal
breathing in responders. These findings suggest that the ability
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TABLE 1

First author [ref.] Patient details Intervention

W.T. McNICHOLAS

Randomised, placebo-controlled trials of medical and surgical therapies in sleep-disordered breathing

Details of intervention Outcomes™

KIELY [39] 23 subjects, 10 snorers and 13
OSA patients, all with chronic
rhinitis
25 children with OSA and

Drug therapy

BROUILLETTE [40] Drug therapy

AHI and NAR decreased on
fluticasone; no difference in sleep
architecture, snoring and Sp,0,
AHI, Sp,0, and arousal frequency

Intranasal fluticasone versus
saline placebo; double-blind,
crossover design
Intranasal fluticasone versus

PEVERNAGIE [41]

BAHAMMAM [42]

adenotonsillar hypertrophy

12 snorers with mean AHI 6
and chronic rhinitis with nasal
obstruction
18 snorers with UARS, mean
AHI 8.9

Mechanical device

Mechanical device

placebo; triple-blind, parallel
design
Breathe Right1™ versus placebo
strips; double-blind, crossover
design
Breathe Right1™ versus placebo
strips; double-blind, crossover

improved on fluticasone; no
change in symptoms
Decrease in snoring events, no
change in AHI, arousal index or
sleep architecture
Improved desaturation time and
sleep architecture; no change in

KOUTSOURELAKIS [43] 49 patient with moderate-to-
severe OSA and fixed nasal
obstruction due to

deviated septum

Surgical therapy

AHI, arousal index, or MSLT

No change in AHI overall but

pre-operative nasal breathing

positively related to changes
in AHI

design
Random assignment to
septoplasty or sham
surgery

The studies presented are limited to those involving a randomised, double-blind (for nonsurgical studies) and placebo-controlled design, with objective sleep studies and

a minimum treatment period of 1 week. Breathe Right1™

manufactured by 3M, Borken, Germany. OSA: obstructive sleep apnoea; AHI: apnoea/hypopnoea index; NAR:

nasal airflow resistance; Sp,0,: arterial oxygen saturation measured by pulse oximetry; UARS: upper airway resistance syndrome; MSLT: multiple sleep latency testing. #:

p<0.05 considered to be statistically significant.

to switch from oral to nasal breathing when nasal airflow
resistance is lowered represents an important determinant of a
positive outcome of nasal surgery. Similar negative findings
have been reported by three other nonrandomised studies,
which included consecutive patient selection and objective
assessment of SDB variables before and after surgery [47-49].
However, SERIES et al. [50] reported significant improvements
in AHI following surgical relief of nasal obstruction in a group
of mild OSAS patients who had normal pre-operative
cephalometry. This finding supports the view that nasal
obstruction is particularly important in OSA in the absence
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FIGURE 2. Correlation between mean pre- and post-sleep nasal airflow
resistance in (NAR) and apnoea/hypopnoea frequency (apnoea/hypopnoea index
(AHI)) in 13 patients with both rhinitis and obstructive sleep apnoea after 4 weeks of
intranasal fluticasone therapy. r=0.88; p<<0.0001. Data taken from [39].
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of oropharyngeal narrowing and supports other reports
demonstrating a relationship between the nose and pharynx
in the pathophysiology of OSA. Surprisingly, there is a poor
relationship between post-operative reduction in nasal resis-
tance and changes in OSA severity [46, 47]. Thus, the overall
conclusion from adequately designed studies of nasal surgery
in OSA is that it has a low success rate, although carefully
selected subgroups might benefit.

PRIORITIES FOR FUTURE RESEARCH

I agree with recent reports that nasal surgery is generally not
indicated as a therapeutic option for OSAS but I also advocate
a trial of medical therapy with intranasal corticosteroids
and/or decongestants in OSAS and/or snoring patients with
variable nasal obstruction. Further well-designed studies are
needed in order to identify specific patient populations that
may benefit from relief of nasal obstruction and to continue to
test the hypothesis that OSAS patients with variable nasal
obstruction obtain greater benefit from relief of nasal obstruc-
tion than patients with fixed nasal obstruction. In particular,
there is a need for adequately powered randomised controlled
studies of specific treatment interventions (medical or surgi-
cal), with relevant outcome measures that should include
measurement of nasal airflow resistance and objective sleep
studies before and after intervention. The choice of method for
measuring nasal airflow resistance reflects a compromise
between optimum measurements and practicality/ease of
technique. While posterior rhinomanometry offers more
complete information concerning nasal airflow resistance, the
technique is technically difficult and, as a result, anterior
rhinomanometry is more widely used. However, as the bulk of
airflow resistance orginates in the anterior part of the nasal
airway, this latter measurement is clinically useful.
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Adequately controlled studies of SDB are also required, which
compare patients with specific disorders associated with nasal
obstruction and matched normal subjects. In particular, and
given the hypothesis presented in the present article, such
studies should compare the prevalence of SDB in subjects with
disorders associated with reversible nasal obstruction to those
with fixed obstruction. A possible example would be to
compare the level of SDB in patients with rhinitis to those
with a deviated nasal septum, with each group matched in
terms of important demographic variables and level of nasal
airflow resistance.

At a more basic level, physiological studies are needed if we
are to better understand the partitioning of nasal and oral
breathing during sleep, and, in particular, the mechanisms
regulating the transition from nasal to oral breathing in health
and disease.
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