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1 INTRODUCTION: NASAL SURGERY AND
OBSTRUCTIVE SLEEP APNEA

The location of obstruction in the obstructive sleep apnea/
hypopnea syndrome (OSAHS) is variable and can often be
localized to several levels in the upper airway. In fact, the level
of obstruction can vary in the same patient among consecu-
tive episodes of apnea.' In normal circumstances, the normal
nose contributes to 50% of upper airway resistance, adding
to the resistance provided by both oropharyngeal tissues and
the tongue.? In fact, resistance at the level of the nose is more
constant in both sleep and awake states, due to the more rigid
frame provided by the septum and the lower and upper lat-
eral cartilages. If, however, the upper or lower lateral carti-
lages are weak, damaged, resected, or otherwise structurally
affected, this stability is lost. Patients in such cases are sub-
ject to an increased tendency towards collapse during sleep,
even with a normal nasal airway in the awake state. The
association between nasal obstruction and sleep disturbances
was probably what first led to the description of sleep-related
breathing disorders,? or sleep-disordered breathing (SDB),
the group of disorders that includes snoring, the upper air-
way resistance syndrome, and OSAHS. It is currently recog-
nized that nasal obstruction interferes with pressure titration
in nasal continuous positive airway pressure (nCPAP) for
the management of OSAHS, and that treatment of such
obstruction improves patient compliance with nCPAP.*’ The
cause—effect relationship of nasal obstruction and OSAHS,
however, remains unclear. While surgical correction of
obstructed nasal airways is, without a doubt, an important
component of the surgical management of OSAHS,** the
expectations of improvement after performing nasal proce-
dures alone are still, at best, unclear. Another important fac-
tor in the relationship between nasal obstruction and SDB is
the tendency that patients with obstructed nasal airways have
to mouth breathe, which decreases the hypopharyngeal space
by moving the mandible posteriorly and, most importantly,
by pushing the base of the tongue back'wards_

The primary sites of nasal obstruction are the nasal vesti-
bule, the nasal valves, and the turbinates.” The nasal septum,
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when deviated, also has a significant impact on these are

of obstruction. Of these three sites, the nasal valve jg the si?:
of major resistance.” Many authors have shown that, in fy
nasal valve incompetence may equal, or even exceed, sepy
deviation or turbinate hypertrophy as the prime cause of nasa|
airway obstruction.'? The internal nasal valve is defined 4
the area between the caudal end of the upper lateral cartilages
and the cartilaginous septum, and the entire nasal valve com-
plex is bounded superiorly by the reflection between the upper
lateral cartilages and the septum, posteriorly by the heaq
of the inferior turbinate, inferiorly by the floor of the nose.
and laterally by the bony piriform aperture.'" During insp.
ration, particularly during the forced inspiration that occurs
during an apneic episode, the negative nasopharyngeal and
intranasal pressures increase to generate more flow, creating
a transmural pressure gradient, which, when a critical value
is reached, causes collapse of the upper lateral cartilages.”
Thus, the flow-limiting segment constituted by the nasal
site of obstruction acts as a Starling resistor, not only at the
level of the nose (in the case of inspiratory nasal valve cok
lapse), but also for further ‘downstream’ structures like the
soft palate and the oro- and hypopharynx.”'? Nasal obstruc-
tion leads to mouth opening and transition to oral breath-
ing, which contributes to airway flow limitation and collapst.
mainly due to inferior movement of the mandible, a ba_Ck'
ward fall of the base of the tongue, resulting in a reduction
of the posterior pharyngeal space and diameter'” and a0
increased respiratory effort that causes collapse of the phe-
ryngeal tissues due to greater negative pressures.

2 CAUSES OF NASAL OBSTRUCTION

. - nto

The causes for nasal obstruction can be broadly dit i 111565

structural, mucosal, or neuromuscular.!* Structur! C_ar of
ferol

may include septal deviation, hypertrophy of the 1! o
middle turbinates and fixed and inspiratory nasal ‘ja]ve ;sa
lapse, which may or may not be secondary to priof n[ioﬂ
surgery or trauma. Of these causes, nasal valve dysfun®

. ults
may contribute to Ssymptoms in as many as 13% of ad
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(hat report chrgnic nasal obstruction.!! Although no data are
available, 1t is likely t.hat the increased respiratory efforts by
OSAHS patients during episodes of apnea caused by palatal
or tongue base obstruction make these patients more prone
1o nasal valve collapse. In children, in addition to develop-
mental abnormalit'ies like choanal atresia and craniofacial
syndromes (e.g. Pierre Robin sequence), adenoidal and —
10 a lesser degree — tonsillar hypertrophy also constitute an
jmportant cause for nasal obstruction,'® both of which have
an important correlation with OSAHS in this patient popu-
Jation. Chronic mouth breathing in these patients actually
leads to acquired craniofacial abnormalities (e.g. the ‘adenoid
face’), which further compromise the stability of the upper
airway.'” The consequences of these alterations in cephalo-
metric measurements that may originate during infancy may
actually constitute the origin of the relationship between SDB
and nasal obstruction. Earlier studies by Series® established
that sleep apneic patients with septal deviation that had sub-
jective symptoms of nasal obstruction and subjectively dis-
turbed sleep (mostly in the form of arousals) were more likely
to improve both subjectively and objectively after correction
of nasal obstruction if their cephalometric measurements
were within normal ranges.

Nasal symptoms, findings, and even anatomical abnor-
malities (e.g. nasal septal deviation) are common in patients
with sleep apnea.'® and data suggest that increased nasal
resistance is more prevalent in patients who snore.!®

Alterations in the nasal mucosa lead to nasal conges-
tion, which involves the cavernous tissues of the turbinates.
Common causes of nasal congestion include allergic rhinitis,
vasomotor rhinitis, chronic sinusitis, and upper respiratory
tract viral infections.”® These conditions are often associ-
ated with structural abnormalities, like septal deviation,
which may also cause alterations in the nasal cycle. Chronic
inflammation, as well as conditions like asthma, aspirin
sensitivity or cystic fibrosis, lead to the development of
nasal or nasopharyngeal polyps, which cause obstruction.?
Medical management of these conditions is an essential
component in addressing nasal obstruction. Intranasal
corticosteroid therapy for rhinitis showed improvement of
OSAHS, but not snoring, in a randomized, placebo-
controlled, crossover trial involving a group of 24 patients with
mild to moderate sleep apnea, as reported by Kiely et al.*!

Facial muscular weakness and impaired nasal reflexes
(especially the ones involved in dilating the nose prior to
inspiration), which occur secondary to neuropathy and
facial palsy, are also important neuromuscular causes of

nasal obstruction.>!"12

3 DIAGNOSTIC EVALUATION OF NASAL

OBSTRUCTION

The evaluation of nasal obstruction in the context of sleep-
disordered breathing is based on nasal airway assessment

while the patient is awake and asleep. Elements that sho.uld
be included in the history include whether the obstruction
is uni- or bilateral, intermittent or persistent, sea_sonal or
perennial, and whether it is worse while in the. supine posi-
tion, particularly at night. A detailed medication hlstqry is
essential, in order to document the effects of med}catlons,
particularly decongestants and topical steroids. Htslor)_/ of
previous surgery is also an important aspect that guides
the therapeutic decision making. There is no simple way t_o
assess the patient’s nasal airway during sleep. A {herapeutlc
trial of topical decongestants and systemic steroids may .be
useful in assessing the effect on snoring and overall quality
of sleep in OSAHS patients.

——

3.1 NASAL AIRWAY STRUCTURE i

The physical exam must include an examination of the
internal and external nasal valves and the septum by means
of anterior rhinoscopy. The nasal valves are common sites
of obstruction in sleep apneic patients (see also Chapter 20),
even more than deviated septa.'” The Cottle maneuver still
remains an essential trial in the diagnosis of nasal valve
obstruction. Fiberoptic endoscopy enables the surgeon to
rule out the presence of any obstructing masses such as
nasal polyps or nasopharyngeal tumors. Radiologic evalu-
ation with CT scans may also have a confirmatory or stru-
tegic role for the preoperative evaluation in select cascs. but
is not essential.

3.2 THERAPEUTICTRIALS

Therapeutic trials help confirm the causes and sites o
obstruction, and also help in determining the potcntig
cess of both medical and surgical interventions.

Medication trials include the administration of topicu
nasal steroids, sympathomimetic agents, and antihistamines.
as well as allergic management in the form or desensitizii-
tion. Patients that show significant improvement may choosc
not to undergo surgery. However, an underlying anatomi-
cal cause for obstruction needs to be addressed if a patient
is unwilling to take medications permanently. The impact
of decongestants such as oxymetazoline during nighttime
sleep is valuable in assessing the impact of nasal obstruction
in symptoms like snoring and overall in sleep-disordered
breathing. The role of nasal valve collapse in nasal obstruc-
tion can also be confirmed with a trial of Breathe Right™
nasal strips (CNS Inc., Whippany, NJ), which help maintain
the valves open through external dilatation, and prevent
collapse during deep inspiration. Patients that have an ade-
quate response in the form of reduced snoring and improved
breathing are likely to benefit from nasal valve suspension
procedures. Sleep partners may report decrease in snoring
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levels and observe how the patient is able to breathe through
the nose alone, withouyt opening the mouth.

3.3 NASAL AIRFLOW EVALUATION

Even a thorough clinical evaluation can oftentimes be
unreliable and evep contradictory. Patients are often not
completely aware of the magnitude of nasal obstruction
they might be experiencing, particularly during sleep. In
the awake state, patients with atrophic rhinitis second-
ary 1o extensive turbinate resection have a persistent feel-
ng of obstruction in spite of objective evidence of patency,
Whereas patients with deviated septa or nasal polyposis
report no obstruction symptoms, despite evidence against
4 patent nasal airway.” The objective evaluation of the
nose can be divided into static or dynamic, depending on
whether the structure of the nose or the airflow as a meas-
ure of the nasal function is being evaluated. In general, the
evaluation of nasal airflow is a key element in the evaluation
of improvement after surgical intervention. Measurements
are performed at baseline and after procedures, in order to
compare values and confirm improvement. Nasal airflow
tests show a wide variety of normal values, which limits
their use as stand-alone diagnostic tests.?2

3.4 RHINOMANOMETRY AND ACOUSTIC
RHINOMETRY

Nasal resistance can be calculated on the basis of the pres-
sure gradients formed in the nose during inspiration.
Rhinomanometry (RM) measures nasal airway resistance
and airflow. It has two phases, passive and active, and it
can be divided into anterior and posterior. Active RM
requires the patient to generate airflow through inspiration.
Passive RM utilizes external generation of airflow through
the nose at a constant pressure. Anterior RM may reflect
the status of the nares, nasal valves, and nasal cycling, and
utilizes a device inserted into the nares. Posterior RM, in
turn, utilizes a sensor inserted into the mouth which meas-
ures the nasopharynx, hence requiring substantia] patient
co-operation. These tests are also usually performed before
and after the administration of nasal decongestants 23
Acoustic rhinometry evaluates nasal obstruction by ana-
lyzing reflected sound waves introduce:d through the nares,
It is not invasive, is easily reproducible and i does not
require patient co-operation. The results are expressed as
cross-sectional dimensions of the ne.lsal cavity, which closely
approximate the smallest cross-sectional area and volume,
The cross-sectional area (CSA) is measured at differ.
ent points from the nares to the closest area of narrowing,
which corresponds to the nasal‘valve area. Since a ‘norma’
CSA varies so much from patient to patient, an absolute
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value is not very useful for_ diagnosis or
of nasal valve area obstruction. Prey; ously putc,?nﬁmlan@,
by the authors,‘howeve'r, has demonStrated : s 5
of the CSA during inspiration to the Cg A reat [ e%f
diagnostic of nasal valve collapse.2 NOrma” St highﬁ:

O

ration should not decrease the CSA_ If it doe, ‘esgp l'mpj
of nasal valve collapse. Vit i

4 IMPACT OF NASAL SURGERY o
AND 0SAHS

The most direct way to study the impact of an ohy;
nasal airway is to examine the effect surgica] COrreC[ir”CIC{
obstruction has on patients with SDB, A numbey Ofonol
ies have been published that studied the effects o SU;)[Fd.
tive (daytime somnolence, snoring) and Objective Parang, :
(Polysomnography) by addressing obstruction Canged bn
the nasal valve, the septum, and the turbinates, A smaé
study showed improvement in both subjective anq obj
tive parameters,”® but it only involved a total of siy Patien
without controls. A bigger, non-controlled  styqy ,
Fairbanks®” showed improvement in snoring in 47 oyt of
enrolled subjects. Perhaps the only study to show consig
improvement of the Apnea/Hypopnea Index (AHI) w5 e
study performed by Series et al.!” In this study, patients yi
mild OSAHS underwent lateral radiographs, from whit
cephalometric measurements were taken. Patients the
showed an improvement on the AHI were those that ha
normal cephalometric measurements preoperatively (s
cifically mandibular plane to hyoid, decreased posterior ai-
space, or length of the soft palate). Patients with abnom:
measurements did not improve with nasal surgery alore.
Contradicting these earlier findings, more recent repors
show that less than 20% of patients achieve a 50% redi |
tion in AHI with nasal surgery alone.”® A recent report!!
Virkkula et al. also failed to show improvement in I
ing intensity or daytime sleepiness symptoms in a gm"'?
of 40 patients after nasal surgery for an obstructed %
airway, in spite of decreased nasal resistance as r.neasu ‘
by rhinomanometry 2 Data on patients undcrgoing ﬂ}ﬂ]‘?
surgery alone for the treatment of OSAHS showed l;:
despite subjective Improvement in patients un‘;‘:rgolﬂ% Soll!
mucous resection (SMR) of the septum witl or w1nlin
SMR of the inferior turbinates, an overall im proveri¢
OSAHS on the basis of polysomnographic da 2 CO;](?' o
be demonstrated i most patients. In fact, \fhen.]% o
Postnasal surgery AHT have been compared i1 M to!wari
crate, and severe OSAHS patients, a tendeﬂC)’a (hous!
worsening of this parameter has been observe - Al
statistical significance for the postoperative incre4 i
was only observed in mild OSAHS cases® (T4 i
This paradoxical effect has been previolls]y deosedf""‘
and the numerous hypotheses that have been P rOpfort W
this phenomenon are based on the increased €0
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Table 191 Respiratory Disturbance Index and 0SAHS
Procedure

Gg;ﬁ;l:ssiﬁcatiunltype of procedure Mean RDI
Pre-op Post-op
p—
Mild/nasal 869 187
Mildfnasal + PIT 129 93
Moderate/nasal 194 289
Moderate/nasal + PIT 303 262
Severe 558 56
L__"_____—

patients experiegce .by being able to breathe through the
nose. Better subjective sleep quality due to a patent nasal
airway is achieved, which leads to deeper and more com-
fortable sleep, resulting in increased apneic episodes due
to increased collapsibility of the upper airway. Sleep frag-
mentation results, particularly in moderate to severe sleep
apnea patients. The experimental and clinical evidence
of less sleep fragmentation and disturbance, thus, applies
only to non-OSAHS patients in whom nasal breathing is
improved after surgery.”*! Another possible explanation
for worsening of the AHI from the first to the second night
of study might occur because the patients experience what
is also known as the ‘first night effect’,” where they become
adapted to the test environment after the second or third
night of study, and thus are able to sleep better.

Finally, the increased airflow in a patient’s nasal air-
way creates more turbulence by the Bernoulli effect, thus
promoting the collapse of the airway at the site of greatest
pressure, which corresponds to the narrowest point.

Intervention at other levels of obstruction, without a
doubt, increase the impact that relieving nasal obstruc-
tion has on the overall picture of OSAHS, and even on
nasal obstruction by itself. Correction of nasal airway
obstruction has been shown to have a significant impact
on OSAHS when performed as a part of a multilevel
approach to treat patients with OSAHS. Friedman et al.
have shown that patients with nasal obstruction and
OSAHS achieved significantly better objective and subjec-
tive success rates when soft palate implant insertion for
the treatment of snoring and mild to moderate OSAHS
was performed together with nasal surgery®? (Table 19.1).
A more rigid palate is probably less prone (o collapsing
(requiring an increased pharyngeal closing pressure) and
thus the increased flow of air through the operated nose,
which actually counteracts a normal effect of increased
nasal resistance in the recumbent position,* does not have
the negative effect on the patient’s OSAHS.

5 IMPACT OF NASAL SURGERY ON BLOOD

OXYGEN SATURATION

Olsen and Kern, in an excellent review of nasal influences
on OSAHS,* documented the importance of the nasal

cycle and the nasopulmonary reflex in maintaming ade-

quate blood oxygenation. The lowest oxygen saturation
levels (LSa0,) are directly affected by the patency of lhe
nasal airway, with or without persistent OSAHS. While
the increase in LSaO, might be discrete, nasal interven-
tions might at least maintain adequate blood oxygena-
tion levels.’® This supports the necessity of correcting an
obstructed nasal airway as part of the overall strategy of
surgical intervention for OSAHS.

6 IMPACT OF NASAL SURGERY ON NASAL

CONTINUOUS AIRWAY PRESSURE (NCPAP)
THERAPY

Continuous positive airway pressure (CPAP) is currently
the mainstay for the management of OSAHS. Poor com-
pliance (sometimes less than 50%) with this management
strategy®® - particularly of nCPAP - has been attributed
to the discomfort of the high-pressure air being delivered
through partially obstructed nasal airways. Surgical cor-
rection of nasal obstruction can have a significant Impact
on the nCPAP pressure needed to decrease the Respiratory
Disturbance Index as much as possible without disrupt-
ing the patient’s sleep. This makes it more tolerable, which
results in an increase in compliance in some patients. ™
Friedman et al. confirmed a significant decrease in C'PAD
titration levels after nasal surgery alone® (Table 19.2). aftc:
Series et al. initially described this finding in a small scrices
of patients.* Powell showed that patients actually 1cport
subjective improvement in nasal obstruction. whicli -

to be in direct relationship with the degree of adhcicn.
CPAP therapy.’ In fact, it has been proposed thuat ¢ I’

in itself might promote the development of nasul 11111

tion, and in some patients even vasomotor rhinitis. |
larly when using CPAP machines that do not control 1))
temperature of the delivered air nor humidify it. It 1s likcl:
that this effect might be even more pronounced in paticnis
with an underlying cause for nasal obstruction.

7 CONCLUSION

Although nasal obstruction may be a major contributing
factor of OSAHS in some patients, this is certainly not the
case in the majority. Selected patients who respond to a
diagnostic trial of artificial nasal airway improvement with
topical and systemic decongestants and steroids, along with
external nasal dilators (e.g. Breathe Right™ strips), may
also benefit from definitive correction of the nasal airway
with elimination of snoring and improvement in OSAHS?
The majority of patients with nasal obstruction and OSAHS
will likely benefit from a multilevel surgical approach
If nasal surgery is undertaken alone, it is importani
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Table 19.2 CPAP titration levels before and after nasal
Surgery for 0SA

NASAL SURGERY FOR TREATMENT OF 0SA/HS

OSAHS patients Mean CPAP (cm H,0) J
PI'E-OP Post-op J

Total (n = 27) 93 sl

Severe (n = 13) 1007 742

Moderate (n = 4) 95 65
Mild (n = 5) 72 5

to inform patients that it may not only fail to cure, but may
€ven aggravate snoring and OSAHS in certain cases. Nasal
surgery also has g significant impact in improving patients’
subjective symptoms, like daytime sleepiness and quality of
sleep. It also constitutes a valuable intervention in patients
that need nCPAP management for their OSAHS.
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