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Summary

Title: Prevalence of septal deformities in patients with chronic rhinosinusitis
Author: Petar Males

Objectives: The aim of this study was to assess the prevalence of septal deviations in CRS
patients who underwent ESS treatment for sinonasal disease at the Department of ORL and
HNS, Sisters of Charity University Hospital in Zagreb and compare the results to other studies.

Methods: 108 CRS patients who underwent endoscopic sinus surgery in 2018 were
retrospectively reviewed. We analyzed demographics, CRS phenotypes, septal deviation and
types of surgical procedures.

Results: From the 108 reviewed patients, 85 were diagnosed with chronic rhinosinusitis with
nasal polyposis (CRSWNP) and 21 were diagnosed with chronic rhinosinusitis without nasal
polyposis (CRSsNP). 38% (41) of patients had a diagnosed septal deviation at the time of
surgery. No difference was found when comparing the prevalence of nasal septal deviations
NSD in patients with CRSWNP and the general population; however a statistically significant
result was shown for patients with CRSSNP (52.38% as opposed to 32.70%).

Conclusion: We concluded that NSD could represent an etiological factor in a subset of CRS.

Key words: Chronic rhinosinusitis, nasal septal deviations, endoscopic sinus surgery



Sazetak

Naslov: Prevalencija septalnih deformacija u pacijenata s kroni¢nim rinosinusitisom
Autor: Petar Males

Cilj: Cilj ovog istrazivanja bio je utvrditi prevalenciju devijacija nosne pregrade u bolesnika
koji su podvrgnuti endoskopskoj operaciji sinusa kao dio lije¢enja sinonazalne bolesti na Klinici
za otorinolarigologiju i kirurgiju glave i vrata, KBC Sestre milosrdnice, i usporediti rezultate s
drugim studijama.

Metode: Retrospektivno smo analizirali 108 pacijenata operiranih metodom endoskopske
sinusne Kirurgije u 2018. Analizirali smo demografiju, fenotipove KRS-a, devijaciju nosne
pregrade i tipove operacije.

Rezultati: Od 108 pacijenata, 85 je imalo dijagnozu kroni¢nog rinosinusitisa s nosnom
polipozom (KRSsNP), 21 je imalo kroni¢ni rinosinuitis bez nosne polipoze (KRSbNP).

38% (41) pacijenata je imalo devijaciju nasne pregrade u vrijeme operacije. Nije pronadena
razlika u prevalenciji DNP-a u pacijenata s KRSsNP i opce populacije. Utvrdili smo statisti¢ki
znacajnu u prevalenciji DNP-a u pacijenata s KRSbNP (52,38% nasuprot 32,70%)

Zakljuéak: Zakljucujemo da bi devijacija nosne pregrade mogli predstavljati etioloski ¢imbenik
u podgrupi pacijenata s KRS-om.

Kljuéne rije€i: Kroni¢ni rinosinuitis, devijacija nosne pregrade, endoskopska sinusna kirurgija



1. Introduction

Rhinosinusitis represents a very common problem that is encounterered by a broad range of
different specialties including, but not limited to primary care physicians, allergologists and
otorhinolaryngologists. In the adult population, it is defined as an inflammation of the nose and
the paranasal sinuses characterized by two or more symptoms, one of which should be either
nasal blockage/obstruction/congestion or nasal discharge (anterior/posterior nasal drip)
accompanied by:

o facial pain/pressure

e reduction or loss of smell

e endoscopic signs of: nasal polyps, and/or mucopurulent discharge primarily from

middle meatus and/or oedema/mucosal obstruction primarily in middle meatus

e CT changes: mucosal changes within the ostiomeatal complex and/ or sinuses (1)

The definition of rhinosinusitis in children substitutes the reduction or loss of smell for
cough, all other criteria being equivalent. Rhinosinusitis is divided into acute and chronic forms
of the disease, a cutoff value of 12 weeks is used to distinguish between the two. ARS is further
subdivided into the common cold, post-viral rhinosinusitis and acute bacterial rhinosinusitis.
The common cold is caused by rhinoviruses and is diagnosed when symptoms and signs of
acute rhinosinusitis are present for <10 days without an increase in severity. Acute post-viral
rhinosinusitis is defined as an increase of symptoms after 5 days or persistent symptoms after
10 days with less than 12 weeks duration. Acute bacterial rhinosinusitis, the least common of
the three entities, is suggested by unilateral pain, purulent discharge, fever (>38°C), elevated
ESR/CRP, ‘double sickening’ (i.e. a deterioration after an initial milder phase of illness).
Chronic rhinusinusitis is defined by having a duration that exceeds 12 weeks and is further
subdivided into forms with and without nasal polyposis. It's a complex disease with
multifactorial pathogenesis which is incompletely understood. Through the years, various
theories have been proposed to explain its natural history some of which will be discussed later
on. This paper deals with the possible role of septal deviation in the pathogenesis of chronic
rhinosinusitis. Deviations of the nasal septum due to developmental abnormalities or trauma
are common but often are asymptomatic and require no treatment. Symptomatic septal
deviation causes nasal obstruction and epistaxis due to drying air currents. Other symptoms

may include facial pain, headaches, and snoring.
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2. Epidemiology of chronic rhinosinusitis and septal deformities

It is difficult to ascertain the exact prevalence of CRS because of different definitions
being used in the literature and varying technical possibilities for diagnosis in different
specialties. it was estimated that CRS, defined as having ‘sinus trouble’ for more than 3 months
in the year before the interview, affects 15.5% of the total population in the United
States(2).However, the prevalence of doctor-diagnosed CRS is much lower reaching 2%. The
majority of primary care physicians do not have the equipment necessary to properly diagnose
CRS, which leads to overdiagnosis. The prevalence rate is higher in female with a female/male
ratio of 6/4. In a postal questionnaire sent to a random sample of adults aged 15-75 years in 19
centers in Europe, The Global Allergy and Asthma Network of Excellence (GA2LEN)
concluded that the overall prevalence of CRS was 10.9% (range 6.9-27.1)(3). Septal
deformities are extremely common. In an international multi-centre study Mladina et al.
showed through examination by anterior rhinoscopy that almost 90% of the ENT patients in the

various geographic regions of the world had 1 of the 7 types of septal deformities(4).

3. Factors associated with CRS

3.1. Ciliary impairment

The cilia play an important role in the clearance of foreign matter in the respiratory
tract, they help keep the sinuses clean and curb chronic inflammation. The connection
between ciliary function and CRS is readily illustrated in patients with Kartagener
syndrome and primary ciliary diskinesia who often have problems with respiratory
infections and CRS. Similar problems occur in CF patients, due to the increased
viscosity of mucous secretions the cilia are unable to perform their function adequately,
and consequently CRS develops. Nasal polyposis is present in 40% of patients with
CF(5). Thus, ciliary malfunction likely plays a role in the development of CRS.

3.2. Allergy

Both allergy and CRS share an increase in prevalence. The swelling of the nasal mucosa
in atopic patients may compromise ventilation and even obstruct the sinus ostia, leading
to mucus retention and infection. A number of studies report the atopic markers are
more prevalent in CRS patients; 54% of outpatients with CRS had a positive skin test

(6). Among CRS patients undergoing sinus surgery, the prevalence of positive skin
4



testing ranges from 50% to 84%, of which the majority (60%) has multiple

sensitivities.

3.3. Aspirin sensitivity

CRSwWNP is common in patients with aspirin sensitivity, the prevalence is reported to be

36-96% (7). 96% of patients have radiographic changes affecting their sinuses (8) .Patients

with aspirin sensitivity, asthma and NP are usually non-atopic and the prevalence increases

over the age of 40 years. The children of patients with asthma, NP, and aspirin sensitivity

had NP and rhinosinusitis more often than the children of controls (9). Bearing this in

mind it seems there is a connection between the two entities; however, the mechanism

remains to be elucidated.

3.4.Immunocompromised state

There is some evidence linking the development of CRS with immunodeficient states
of both the acquired and congenital variety. A retrospective review of refractory
sinusitis patients found an unexpectedly high incidence of immune dysfunction. Of the
60 patients with in vitro T-lymphocyte function testing, 55% showed abnormal
proliferation in response to recall antigens. Low immunoglobulin (Ig), IgA and IgM
titers were found in 18%, 17%, and 5%, respectively, of patients with refractory
sinusitis. Common variable immunodeficiency was diagnosed in 10% and selective IgA
deficiency in 6% of patients(10). The prevalence of CRS in AIDS patients is higher
than in the general population (36%) and is correlated with the CD4+ count (11). It is
possible that atypical organisms (e.g. P. Aureginosa, Aspergillus sp.) isolated from the
nasal mucosa of AIDS patients contribute to the development of their sinonasal
pathology (12). Immunological testing should be an integral part of the diagnostic
pathway of patients with CRS.

3.5. Biofilms

The polyps in CRSWNP are colonized with different strains of bacteria which form biofilms

rendering them more adapted to the environment of the nasal cavity. Although they are not

thought to be the main etiologic factors in the development of CRSwWNP, but their presence is

correlated with a more severe clinical picture and worse surgical outcomes(13). Mucosal

inflammation in nasal polyps is orchestrated by Th2 cytokines amplified by S. aureus
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enterotoxins is characterized by an increased eosinophilic inflammation and the formation of
IgE antibodies(14). It is likely that biofilms modulate the immune environment and have a role

to play in the development of CRS.

3.6.Environmental factors

Cigarette smoking was associated with a higher prevalence of CRS in Canada (15) and
exposure to secondhand smoke is common and significantly independently associated
with CRS. The GA(2)LEN study demonstrated that smoking was associated with having
CRS in all parts of Europe(16). One study found that a significantly smaller proportion of
the population with polyps were smokers compared to an unselected population (15% vs.
35%) (17), whereas this was not confirmed by others (18). One study reports on the
association between the use of a woodstove as a primary source of heating and the
development of NP (19). There are many contradictions and failures of replication within
the literature dealing with the association of environmental factors and CRS, it is not yet

clear to which extent the environment is involved in its pathogenesis.

4. Pathogenesis of CRS

CRS can be described as a dysfunctional host-environment interaction occurring in the
nose and paranasal sinuses. Many hypotheses have been put forward as an attempt to
unravel its pathogenesis and open the doors to more successful clinical management,
although the true pathophysiological underpinnings of CRS continue to be elusive, we will
discuss some of the current thinking in the field in the hope of providing a more complete
picture. Namely: the fungal hypothesis, the staphylococcal superantigen hypothesis, the

immune barrier hypothesis and lastly the biofilm hypothesis.

4.1 The fungal hypothesis

One of the first theories to address CRS hypothesized that its development is related to an
excessive immune response to Alternaria antigens through a non IgE mediated mechanism
(20).The use of sensitive detection techniques has indicated that fungi are a ubiquitous
intranasal presence, identified in close to 100% of both CRS patients and controls (21). As
opposed to controls however, patients with CRS also exhibited eosinophils in the nasal

tissues and lumen, with no increase in IgE mediated mould allergy (22). Interest in fungi
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spawned a series of drug trials. An extensive, multi-centre, blinded, randomized trial using
intra nasal amphotericin failed to show any evidence of efficacy, however (23). More
significantly, a follow up study indicated that amphotericin had no significant effect on
any pro-inflammatory chemokine, cytokine or growth factor in the CRS lavage samples.

Thus, reducing the initial enthusiasm for the fungal hypothesis.

4.2.The staphylococcal superantigen hypothesis

It is thought that S. aureus contributes to the development of CRS. The purported mechanism
for this effect begins with epithelial damage i.e. barrier dysfunction which results in
colonization. Thereafter, S.aureus alters the functioning of the immune system through
superantigens in order to survive in the nasal cavity. The effects on the host include Th2
skewing (24), changes in eicosanoid metabolism (25) and generation of IgE auto-antibodies
locally. All these effects are thought to modulate disease severity, especially in CRSwWNP
(26).

4.3.The immune barrier hypothesis

One other idea about the pathogenesis of CRS approached the problem from the standpoint
congenital deficiencies in immune barrier function. The hypothesized defect would cause
inadequate function of the sinonasal mucosa resulting in colonization with various microbial
species and a compensatory adaptive immune response which would manifest as CRS. One
potential molecular mechanism for this hypothesis would include local defects in the STAT 3
pathway, which has been identified in some forms of CRS (27). Systemic defects in STAT 3
have been identified in Job’s disease, a disorder with some striking similarities to CRSwNP
(28).



4.4. Diagnosis and symptomatology of CRS

Assessment of rhinosinusitis is based on symptoms:

- Nasal blockage, congestion, or stuffiness;

- Nasal discharge or postnasal drip, often mucopurulent;
- Facial pain or pressure, headache, and

- Reduction or loss of smell.

The symptomatology can be further subdivided into local, distant and systemic manifestations
of the disease. The local signs and symptoms are the ones previously discussed and form the
backbone of CRS diagnosis. Distant symptoms occur within the head and neck region e.g.
tracheal and pharyngeal irritation causing sore throat and cough. Systemic symptoms are those
of malaise, fever and drowsiness. We can see that the presentation is similar to the acute form
of the disease; however the picture in ARS is usually clearer and more severe, in CRS there is
a broad variation in the symptoms that present in individual patients and the symptoms are

commonly of lesser intensity.

Most commonly the diagnosis is reached in the primary care setting based on symptoms alone,
however there are additional tests and procedures that are helpful in assessing disease severity
and should be applied in order to be objective, notably these include CT scans and nasal
endoscopy. These methods can be used to stratify the disease and provide guidance in the
context of therapeutic response.

The assessment of symptom severity can be guided by the visual analog scale or generally by
using a grading system such as 0 to 10, it is best to use one of the validated questionnaires to

assess the quality of life.

4.5. Complications of CRS

Complications of CRS occur mostly in the surrounding bone. They are generally a result of
disordered resorption, remodeling and regeneration and are far less common than those arising
from acute infection. Some of these processes may be considered elements of the natural history

of the disease. Complications include:



1. Mucocele formation

2. Osteitis

3. Bone erosion and expansion
4. Metaplastic bone formation
5. Optic neuropathy

If compression of adjacent structures is an issue complications can be managed surgically. CRS
IS not associated with and increased risk of malignant or benign neoplasia.

7. Therapeutic modalities in CRS

The goal of therapy in CRS is control of the disease by reducing inflammation and mucosal
swelling and ensuring adequate mucociliary clearance. Management of acute infections also
plays an important role. Since there are broad individual differences in the natural history of
the disease there is no all-encompassing treatment algorithm which would be adequate for
every case. Treatment of CRS must be individually tailored for each patient. The therapeutic
options can be divided into pharmacological and surgical modalities. Generally, therapy is
initiated pharmacologically whereas sinus surgery is reserved for patients who show no
improvement in symptoms despite maximal medical management. Lastly, in patients in whom
mould exposure, pollution and allergy influence the course of disease, environmental

measures offer another therapeutic possibility.

7.1.  Pharmacological therapies

7.1.1. Corticosteroids

The use of glucocorticoids has led to improvements in the treatment of upper and lower airway
disease. The clinical efficacy of glucocorticoids may depend in part on their ability to reduce
airway eosinophil infiltration by preventing their increased viability and activation(29).Both
topical and systemic glucocorticoids may affect the eosinophil function by both directly
reducing eosinophil viability and activation or indirectly reducing the secretion of chemotactic
cytokines by nasal mucosa and polyp epithelial cells(30). Intranasal corticosteroids constitute
the first line therapy in CRS. It is interesting to note the relationship of ESS to the
bioavailability, and therefore efficacy of INCS. Pre-surgery, the distribution to the sinuses is

extremely limited regardless of device. Post-surgery distribution is superior with high
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volume positive pressure devices. Simple low volume sprays and drops have very poor
distribution and should be considered a nasal cavity treatment only, especially prior to ESS
(31). Several studies have demonstrated that topical steroids are beneficial in the treatment of
CRS, especially when small to medium-sized polyps are involved and for rhinitis symptoms
(32).In addition, corticosteroids have been shown to delay recurrence of polyps after surgery
(33). Common side effects with intranasal steroid use include nasal irritation, mucosal
bleeding, and crusting (34). Oral steroids have been effective in treating allergic rhinitis,
providing rapid relief of facial pain or pressure, nasal blockage by reducing mucosal edema,
especially in patients with CRSWNP (35). In a study of 25 patients with CRSWNP with
massive polyps, treatment with high-dose oral prednisolone was associated with both
subjective and objective improvement and involution of nasal polyps (36). Daily usage of
topical nasal steroids appears to be associated with minimal risks, however, long-term
systemic steroids is associated with significant side effects (37). Therefore, a tapered regimen
of oral steroid is given during severe flare-ups of CRS or in the postoperative period after

sinus surgery.

7.1.2. Antibiotics

Antibiotics have been used with varying success in CRS. They may be applied systemically
and topically, short term (less than 4 weeks) or long term (more than 4 weeks). Short term
antibiotics should be used for the management of acute exacerbations of CRS with positive
culture. Most experts agree the antimicrobials for the treatment of CRS should provide broad-
spectrum coverage. Commonly used antibiotics include amoxicillin-clavulanate, ciprofloxacin
or levofloxacin, clindamycin, and trimethoprim/sulfamethoxazole. There has been success in
the use of low-dose, long-term macrolides for the treatment of airway inflammatory disease.
Long term erythromycin treatment changed the 10 years survival rate from 25% to over 90 %
and simultaneously cleared the CRS in diffuse panbronchilitis (38). From the available studies
on macrolides in CRSAII studies show a response rate (reduction in symptoms) that varies
between 60 and 80 %. Most studies also show a reduction of inflammatory markers and some
an increased ciliary beat frequency indicating less sticky secretions (39, 40). One study
compared surgery with 12 weeks of erythromycin. Both treatment modalities improved

symptoms significantly, except for nasal volume, which was better in the surgery group (41).
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If medical treatments have not been successful in improving sinus symptoms, endoscopic sinus
surgery may be helpful. The main goal of sinus surgery is to improve the drainage pathway of
the sinuses. By widening the natural drainage pathway of the unhealthy sinuses, sinus infections
should be reduced. Patients with obstruction or blockage of their sinuses due to their sinus
anatomy do very well with sinus surgery. Many patients who also have a problem with
inflammation of the sinus lining (mucous membrane usually improve with sinus surgery
because creating the larger sinus opening will allow better sinus drainage and more
rinses/medication to get into the sinuses and help treat the diseased lining. One of the most
important benefits of surgery is the ability to deliver medications (sprays, rinses, nebulizers)
to the lining of the sinuses after they have been opened. Therefore, sinus surgery is done in
addition to, and is not a replacement for, proper medical treatment of the sinuses. It is
important to note that the patients who have diseased mucous membranes or a form of nasal
polyps, no amount of surgery can change this fact. For many patients, surgery may not be a

cure for sinusitis, but it is one of the many critical steps in managing sinus disease.

7.2.  Surgical Modalities

Surgical interventions used for CRS used to involve open approaches; such surgery has
almost completely been replaced by endoscopic sinus surgery (ESS). ESS is associated with
significantly lower morbidity and higher success rates than previous surgical approaches (42)
ESS may be done under local or general anesthesia it involves the use of nasal endoscope that
is inserted through the nostril to view the nose and sinuses. The goal of the surgery is to
improve the drainage from the sinuses into the nose. Most people have four sinuses on each
side of their face, for a total of eight sinuses. These are the maxillary, ethmoid, sphenoid, and
frontal sinuses. The maxillary sinuses are in the cheek, the ethmoid sinuses are between the
eyes, thesphenoid sinuses are almost exactly in the center of the head, and the frontal sinuses
are in the forehead. It is possible that one may not have all of these sinuses due to differences
from person to person, or one’s sinus may have already been opened by previous surgery.

Sinusitis may affect some or all of the sinuses.

7.2.1. Surgery for CRSWNP

From a clinical, radiological, and histological point of view the mucosal inflammatory response
is more florid in CRS patients with nasal polyps than in those without, and the relapse rate after

surgery for nasal polyps is much higher (43). Surgical intervention in the treatment of nasal

polyps
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is preserved for patients who fail to improve after a trial of maximal medical therapy. Functional
Endoscopic Sinus Surgery (FESS) involves the clearance of polyps and polypoid mucosa and
opening of the sinus ostia. Removal of the inflammatory tissue and the reduction in load of
antigens mediating this inflammation, as well as the improvement of the sinus ventilation and
mucociliary clearance, are the probable mechanisms whereby FESS improves symptoms in
CRSwWNP. The outcome of sinus polypoid surgery is influenced by whether the polyps are
idiopathic or related to an underlying mucosal condition such as aspirin-induced respiratory
disease, cystic fibrosis, or primary ciliary dyskinesia. However, in both idiopathic and
secondary cases, the long-term efficacy of ESS is dependent on the regimen of medical

treatment prescribed postoperatively and the subsequent compliance to this regimen.

7.2.2. Efficacy of surgery for nasal polyps

Endoscopic sinus surgery for nasal polyposis has been generally reported to be a safe and
effective procedure. A number of series have demonstrated that sinus surgery in patients with
nasal polyps can result in a prolonged reduction of nasal symptoms and an improvement in
quality of life. Dalziel et al. evaluated 33 articles published between 1978 and 2001 (42).
Seven studies included only patients with polyps and 26 had CRS with and without polyps.
Patients judged their symptoms to be 'improved' or ‘greatly improved' in 75 to 95% of cases.
The percentage of overall complications was low (1.4% for FESS compared to 0.8% for
traditional procedures). The implications of this review are that FESS is safe and effective
treatment for the great majority of patients. Even though there is some evidence that a
significantly higher rate of recurrent surgery is required in patients with nasal polyposis than
those without polyps, patients with polyps may have more improvement following sinus
surgery than CRSsNP patients (44, 45).

7.2.3. Complications of sinus surgery

The list of the complications in this paragraph is not intended to be all-inclusive, but rather to

highlight some of the more common complications that are worth mentioning;

- Bleeding: It is normal to have some degree of bleeding after surgery on the nasal septum or
turbinate. Rarely does this require additional intervention and extremely rarely does it require
blood transfusion. Postoperative bleeding most commonly occurs within the first 24 hours of

the procedure, but can be delayed days or even weeks. In case of septal hematoma removal of
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the hematoma is necessary, and the development of scar tissue or even nasal collapse could

occur.

- Infection: The most common reason to undergo sinus surgery is a chronic sinus infection that
does not resolve with medications. The patient with sinusitis is therefore at risk of developing
certain other infections in this area (abscesses, meningitis, etc.) from sinus surgery, although it
important to recognize that this is also a complication of not undergoing surgery for a refractory

chronic sinus infection.

- Impaired sense of taste or smell: The sense of smell usually improves after the procedure
because airflow is restored, although in sporadic cases it could worsen depending on the extent
of swelling, infection, or allergy. This impairment is often temporary, but can be prolonged.

- Voice changes: One of the functions of the sinuses is to affect resonance, so vocal

professionals should be aware of potential changes in their voice after sinus surgery.

- Nasal obstruction: Surgery typically improves airflow, but in some patients, it may not
improve or rarely may worsen. Small scar bands may occur in the nose and require removal by

the surgeon at postoperative visits.

- Numbness: Numbness of the front upper teeth, lip or nose may occur after surgery, but it is

usually self-limiting and does not require further treatment.

- Pain and dryness: turbinates are “swell bodies” that are present along the sidewall of the nasal
cavity. They often become too enlarged and their size is physically reduced during nasal
surgeries, and this often improves symptoms such as nasal congestion of obstruction. However,
in some patients this may leave them with the sensation of being overly dry or even cause

chronic pain; a very rare, but severe form of this is referred to as “empty nose syndrome.”

- Intraorbital complications: The eye is situated directly next to several of the paranasal sinuses
and is separated from them by a thin layer of bone. Because of the close proximity, in rare cases,
bleeding may occur into the orbit, requiring treatment at the time of the initial surgery. Visual
loss and blindness have been reported, but are extremely rare. Another uncommon problem is
damage to the muscles that move the eye, leading to double vision, which can be temporary or
permanent. In certain circumstances, there may be a change in the function of the tear ducts

causing excessive tearing. Since the eye is in close proximity to the sinuses, a major orbital
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complication or blindness could possibly occur even without surgery for patients with severe

or refractory CRS.

- Intracranial complications: because of the proximity of floor of the anterior cranial fossa a
CSF leak may occur. While rare, this is likely to be identified and repaired in the operating
room at the time of the primary surgery. In rare cases, this could lead to infection of the

meninges, bleeding into the brain, or the need for further intracranial surgeries.
7.2.4. Recovery

Some nasal packing may be used during surgery, although in general, this is less common than
it was in the past. The operating surgeon will determine whether nasal packing will be used.
The recovery period will vary depending on the surgery performed and the individual patient.
Many people do not have much pain after sinus surgery, but every patient is different.
Depending on the extent of the surgery, one may be prescribed stronger pain medicine.
Generally, postoperative discomfort, congestion, and drainage should improve after the first
few days, with mild symptoms sometimes lingering several weeks after the surgery. Because
sinus surgery is just one step in treating sinus disease, the surgeon may also place you on

medications that can include saline rinses, nasal steroid sprays, and possibly antibiotics.
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8. The nasal septum
8.1.  Anatomy and development

The nasal septum (Lat. septum nasi) separates the left and right nasal cavities. It extends from
the nares anteriorly to the choanae posteriorly and is covered by squamous epithelium. The
vertical midline nasal septum is comprised primarily of a single nasal cartilage from the external
nose and two bones. Anteriorly the septal cartilage (or quadrangular cartilage) which
approximates a quadrilateral shape. Posteriorly it meets the concave anterior margins of the
ethmoid and vomer. Superoposteriorly is the perpendicular plate of the ethmoid,
inferoposteriorly is the vomer; these two bones have a diagonal articulation running in a
superoposteriorly-anteroinferiorly direction. Occasionally the nasal septal cartilage extends
more posteriorly interposing itself between the ethmoid and vomer which in some cases never
meet (46).The greater alar cartilages which form part of the cartilaginous scaffolding of the
external nose each have two crura, lateral and medial. The two medial crura are tenuously joined
in the midline and together with some intervening soft tissue forms the septum mobile nasi at
the most anteroinferior margin of the septal cartilage. Anteriorly, the columella is the visible
soft tissue portion of the nasal septum that separates the two nares (nostrils) and incorporates
the septum mobile nasi. The nasal septum is supplied is by the sphenopalatine artery and the
anterior and posterior ethmoidal arteries in addition to the superior labial artery anteriorly and
the greater palatine artery posteriorly. The posterosuperior part of the septum is innervated by
the anterior ethmoidal nerve, the posteroinferior part by the nasal branches of the greater
palatine nerve and the anterior cartilaginous septum by the nasopalatine nerve. Around the
fourth week of gestation, neural crest cells begin to migrate caudally toward the midface. These
develop into two symmetrical nasal placodes. Each placode is divided by a nasal pit into a
medial and lateral nasal process. The septum develops from the medial processes, along with

the premaxilla and philtrum.

8.2. Deviations and deformities

Deviations of the nasal septum are a common problem and may take various forms and
degrees. Some studies show that the incidence of septal deformities to increase slowly from
childhood to adulthood, finally becoming very high, reaching close to 90% of the population in
the world (47). It is useful to classify them in accordance with the plane in which the
deviation occurs. Mladina types of septal deformities (SD) are divided in two main groups: so
called “vertical” deformities (types 1, 2, 3 and 4), and “horizontal” ones (types 5 and 6)

and an
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additional type 7 which is a combination of the aforementioned types (48). One should
distinguish between deviations and deformities, deviations signify a declination in a certain
plane whereas a deformity signifies a more general change in shape. Type 1 means a mild
unilateral vertical ridge in a valve area which slightly interferes with the function of the nasal
valve; thus, in most cases, this has mild clinical importance. Type 2 means a unilateral vertical
ridge, which is much more emphasized, i.e. it stays in close contact with the anterior nasal
valve and thus, from the physical point of view, remarkably narrows or even totally blocks the
air passage on the related nasal side. Type 3 means unilateral vertical deformity, i.e. unilateral
convexity next to the anterior edge of the head of the middle turbinate. The nasal cavity is very
narrow on this side and very wide on the opposite one. From a clinical point of view, it must be
stressed that type 3 is the most frequent septal deformity in the general population and very
frequently found in all cases of chronic rhinosinusitis (CRS). Type 4 is a bilateral vertical
deformity, consisting of previously mentioned types, i.e. type 2 on one side, and type 3 on the
other (so called “S- shaped” septum, or “reverse S-shaped” septum). Clinically, it summarizes
all clinical implications of both types. Type 5 is a unilateral deformity, which is known in the
literature as a “septal spur”. It causes a unilateral horizontal deformity, discretely ascending
from anterior to posterior, appearing as a crest which juts out more laterally than deeper in the
nose, resulting in most cases in the impaction of its tip to the region of the sphenopalatine
foramen. Type 6 is also a so-called horizontal deformity, consisting of two separate
components: an anteriorly positioned basal septal crest on one side and more or less massive
wing of the inter-maxillary bone on the opposite side. Between the intermaxillary bone wing
and the septum there is a horizontal groove. The groove is a strict characteristic which
determines type 6. Type 7 (“crumpled septum”) is very variable and presents a combination of
previously mentioned types with all of their clinical implications. In fact, it always involves a
combination of one of two horizontal deformities (type 5 and/or type 6) with one of those

belonging to so-called vertical deformities (types 1, 2, 3 or 4).

8.3.  Nasal septal deviations as a possible etiologic factor in CRS

In light of the current understanding of the multifactorial pathogenesis of CRS, it is appropriate
to reconsider anatomical deviations as contributing factors. Historically, it has been thought
that nasal septal deviations play a role in the development of CRS by either causing
ostiomeatal obstruction or by dysregulating the flow of air trough the nasal cavity. The
literature on this topic is conflicted and burdened by varying definitions of both CRS and

NSD. A systematic analysis of 13 articles found that septal deviation is associated with an
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Increased prevalence of rhinosinusitis, although the impact is limited (49). In a correlational
study of 120 cases it was found that there is no correlation between NSD and sinusitis in
general, however when taking into account the type of NSD it was shown that horizontal
deviations (type V) are more prone to sinusitis and vertical deviations (type | and type Il)
predispose to sinusitis due to involvement of nasal valve area (50).The incidence of type 3
NSD in CRS patients was 21.63% (51). It seems that the morphology of NSD impacts its
association with CRS.

9. Hypothesis

We hypothesized that there is an association of nasal septal deformities with the development
of CRS. The aim of this study was to investigate the prevalence of NSD in patients who were
operated for CRS and to see how many of them had a correction of the NSD simultaneously
with ESS.

10. Materials and methods

This study is a randomized retrospective study done on the Department of Otorhinolaryngology
& Head and Neck Surgery, University Hospital Center Sestre milosrdnice. Characteristics of
108 patients who were diagnosed with CRS and who underwent ESS were taken from the
medical data. The patient medical record collected also included disease phenotype, age, sex,
septal deformation and type of surgery. For views and statistical calculations, Microsoft Excel
Office was used. We looked at age and sex distributions, analyzed how many patients with
CRSWNP and CRSsNP had concomitant NSD, and how many underwent FESS only or FESS
with septoplasty.

17



11.Results

A total of 108 patients records were analyzed

Sex distribution

mF

M

Figure 1. Sex distribution of patients

72 (66.66%) were male, 36 (33.33%) were female, male to female ratio was 1.5:1.
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Figure 2. Age distribution of patients

The age distribution approximately follows a bell curve with only 5 (4.62%) in the second and
4 (3.7%) in the seventh decade of life. The bulk of patients is concentrated in the thirty and
forty year olds, 26 (24.07%) and 27 (25%), respectively. 11 (10.18%) were in their twenties,
16 (14.81%) in their fifties and lastly 19 (17.59%) in their sixties.
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Figure 3. Disease phenotypes

The preceding figure shows the distribution of disease phenotypes, 80% of the analyzed
patients had CRSWNP, 20% had CRSsSNP.
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Figure 4. Distribution of nasal septal deviations

This figure shows the number and percentage of patients who had a diagnosed septal deformity

regardless of disease phenotype, 38% (41) of patients had deviations at the time of surgery.
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Figure 5. Comparison of FESS only and FESS together with septoplasty

19



70 (65.42%) patients had FESS only, whereas 37 (34.57%) had concomitant correction of
septal deviations; one patient was not included in this graph since he had a maxillectomy due

to comorbid cancer. The following figures show this comparison by disease phenotype.

CRSWNP/FESS+Septoplasty
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Figure 6. Types of procedures in patients with CRSWNP
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Figure 7. Types of procedures in patients with CRSsSNP

Out of 85 patients with CRSWNP 59 (67.81%) had FESS without septoplasty, the remaining
26 (32.18%) had a concomitant septoplasty. In patients with CRSSNP 11 (52.38%) had
septoplastay the remaining 10 (47.62%) had only FESS.
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Figure 8. NSD in relation to disease phenotype

This graph shows all the patients together according to the presence of NSD in relation to the
phenotype of the disease. All of the patients with CRSsNP and with a NSD had a concomitant
septoplasty, whereas 4 of the patients with nasal polyposis and deviation did not have their

septum repaired at the same time as FESS.

12.Discussion
Chronic rhinosinusitis is one of the most common otorhinolaryngological problems in the

population; epidemiological studies show that it is present in 5-15% of people (52). It is
managed by a wide variety of different clinicians and has a substantial influence on the quality
of life of patients. Economically speaking, it was estimated that the direct cost of treating severe
CRS was 1861$ per year in a study done in the Netherlands (53). National health care costs
in the US remain very high for CRS, at an estimated 8.6 billion dollar per year (54). Factors
contributing to this high expenditure are: the high prevalence of the condition, chronicity with
acute exacerbations, and the use of radiological methods to aid diagnosis, often incomplete
symptom resolution and finally the lack of a universal cure (55). CRS can be further
subdivided into two phenotypes; CRSWNP and CRSsNP, the main difference being the
presence nasal polyps (CRSwWNP) defined as pedunculated lesions as opposed to cobblestoned
mucosa, endoscopically visualized in middle meatus (56). CRSsNP is frequently associated
with facial pain/pressure/fullness whereas CRSWNP is frequently characterized by hyposmia.
The etiology of CRS is varied; many factors have been described as playing a role in the
development of chronic sinusitis. These include allergy, asthma, dental disease, nasal polyps,
immunodeficiency, mucociliary disorders, trauma, medications, surgery, noxious chemicals
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and micro-organisms (viral, bacterial and fungal), anatomic abnormalities such as a septal
deviation, concha bullosa, septal spur or paradoxical turbinate (57). The pathogenesis of CRS
is still incompletely understood, there have been several theories describing the pathogenetic
mechanism in terms of a dysfunctional host-environment interaction and immune modulation
brought about by either staphylococcal superantigens, fungi or barrier dysfunction, as well as
aerodynamic changes as a consequence of posterior nasal septal deviation (Bechert's pressure
theory) (58). Anatomical variations have been suggested as a possible contributing factor in
the development of CRS. A review article of CT studies of anatomical variations showed that
there is no consistent difference in the prevalence of anatomical variations between a
symptomatic group and a control group, with the possible exception of a septal deviation (59).
Our hypothesis was that NSD is more prevalent in patients with CRS. It is problematic to
ascertain the exact prevalence of NSD in the population, one recent study has shown that the
number of cases of nasal septum deviation increases steadily with age, from 15% in children
aged 7-8 years to 39.7% in adults (60) Taking this adult data into account would provide us
with an odds ratio of 0.68-0.76 (C1=95%) for the CRSWNP group, rejecting the hypothesis.
However when the same data is applied to the CRSsNP group it strongly supports the
hypothesis with an odds ratio of 1.58-1.76 (CI=95%). The smaller number of patients in the
CRSsNP group should be taken into account when interpreting the findings. The extent and
type of the NSD could also modulate its effect on the development of CRS. Two separate
studies showed mild to moderate degree of NSD was not a risk factor for chronic sinus
disease (61.62). Only gross deviation of the nasal septum (more than 21%) was shown to be a
statistically significant risk factor for the development of CRS (p=0.035). The purported
mechanism is compression of the middle turbinate and obstruction in the normal mucus flow,
leading to secondary inflammation and infection. Our study design did not gather information
about the degree of septal deviation, but results are in line for the CRSwWNP group, showing
no correlation. There have been other studies that have analyzed the connection between CRS
and NSD. In a large Korean study of 9069 persons Min et al. found and odds ratio of 0.88-
2.21 thus refuting the association (63). However, their design did not account for disease
phenotype, making an accurate comparison with our results difficult in regards to CRSsNP. In
a high resolution CT study on variants in sinonasal anatomy Kayalioglu et al. found septal
deviation in 20 patients (22.22%) who had symptomatic sinus disease and 10 (12%) who had
gotten a CT scan for other reasons (64). These results show a lower incidence of septal
deviations in general and in patients with sinus disease (not exclusively CRS) then the one we
have observed. One other factor to consider in the interpretation of the literature is the
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variability of the populations that have been studied; genetic and environmental differences
could influence the mechanisms that lead to CRS development as well as the prevalence of
NSD. The literature at the moment leaves the question of about the precise relation between
CRSWNP, CRSsNP and NSD unclear. This problem could be circumvented by performing
studies with a standardized methodology that would include data about the degree of

deviation and the disease phenotype of CRS.

13.Conclusion
We hypothesized that nasal septal deviations are more common in patients with chronic

rhinosinusitis. The hypothesis was rejected for the CRSWNP group and proven a statistically
significant for the CRSsNP group, meaning that NSD could be an etiological factor in a
subset of CRS.
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