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ABSTRACT

Background: Chronic rhinosinusitis (CRS) is one of the most common chronic medical conditions, with a significant impact on patient quality of life. CRS
is broadly classified into two groups: CRS with nasal polyposis (CRSwNP) and CRS without NP (CRSsNP). Clinically, the major subtypes of CRSwNP may
be divided into eosinophilic chronic rhinosinusitis (e.g., allergic fungal rhinosinusitis and aspirin-exacerbated respiratory disease [AERD]) and nasal polyps
associated with neutrophilic inflammation (e.g., cystic fibrosis [CF]). CF is characterized by mutation of the gene encoding the CF transmembrane conductance
regulator. Functional endoscopic sinus surgery is usually required for most NP patients with increased frequency in patients with AERD. This study provides

a review of the epidemiology and major classification of CRSwNP.

Methods: A review was performed of the literature regarding different subtypes of CRSwNP.
Results: Many definitions of CRSwNP exist and estimates of prevalence vary.
Conclusion: CRSwNP is a clinical syndrome with a heterogeneous inflammatory profile. Of the subtypes associated with eosinophilic inflammation, AERD

remains the most recalcitrant to medical and surgical therapeutic interventions.
(Am J Rhinol Allergy 27, 473-478, 2013; doi: 10.2500/ajra.2013.27.3981)

hronic rhinosinusitis (CRS) is a clinical syndrome characterized
by mucosal inflammation of the nose and paranasal sinuses. It
has been suggested that CRS occurs as the result of an inappropriate
or exaggerated response to external environmental triggers.! The
original criteria for diagnosis were first established in 1997 by the
Task Force on Rhinosinusitis, which required the presence of either
two major or one major and two minor criteria for a period of >12
weeks.2 Major criteria include facial pressure, nasal obstruction or
blockage, hyposmia or anosmia, and purulent nasal drainage. Minor
criteria include headache, fever, halitosis, cough, dental pain, fatigue,
and ear pain or pressure. The diagnostic criteria for CRS were further
updated by the American Academy of Otolaryngology in 2007° and
again with the update of the European Position Statement in 2012,45
which required radiological or endoscopic documentation of inflam-
mation in addition to two major criteria.

Clinically, CRS is generally divided into two broad categories—
CRS with nasal polyposis (CRSWNP) and CRS without nasal NP
(CRSsNP)—with the understanding that there is often significant
overlap within a broad spectrum of inflammatory disease. CRSwNP is
typically associated with other respiratory diseases such as asthma,®
aspirin sensitivity,” and idiopathic bronchiectasis.® In this article, the
epidemiology of CRSwNP and its major subtypes are discussed.

EPIDEMIOLOGY

CRS is one of the most prevalent chronic diseases worldwide.?
Affecting one in seven American adults, it is the second most com-
mon chronic condition in the United States.”'? In Europe, the Global
Allergy and Asthma Network of Excellence study reported the prev-
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alence of CRS, as defined by European Position Statement criteria, as
10.9%.1 CRS also has a significant impact on quality of life, with
symptom severity comparable with classically debilitating diseases
such as congestive heart failure, chronic back pain, and chronic ob-
structive pulmonary disease.3# Despite these data, the prevalence of
CRS formally diagnosed by physicians is only 2%.1?> Potential causes
of this variability in estimated prevalence include the use of different
diagnostic criteria, diagnosis and management by variously trained
medical professionals, and inconsistent diagnostic definitions. NP, in
particular, can be clinically silent,'® and epidemiological studies use a
mix of subjective and objective metrics of polyposis. Objective evi-
dence of NP includes evaluation by anterior rhinoscopy or nasal
endoscopy, and subjective measures rely on self-report surveys—
leading to concerns that these measures may overestimate the actual
prevalence. Overall, the literature suggests that CRSWNP increases
with age, with a mean onset across all ethnic groups of 42 years.14-1¢
In most studies, NP is uncommon under the age of 20 years and
occurs more frequently in men than in women'7-1%; aspirin-sensitive
patients, however, are more likely to be women.420

PATHOPHYSIOLOGY

Despite growing evidence that bacteria, fungi, allergens, and supe-
rantigens play a prominent role in the pathophysiology of CRSWNP,
the exact cause of polyposis is still unknown. The etiology of CRS is
considered multifactorial.# CRS is a clinical diagnosis characterized
by a heterogeneous pattern of inflammation that may be initiated by
any number of factors, with the result being a dysregulated interac-
tion between the sinus epithelium and the lymphoid system.

Over the past 10 years, research has revealed unique cytokine and
cellular inflammatory profiles that contribute to CRS. Approximately
80% of CRSWNP in western countries are characterized by a robust
T-helper 2 (Th2) response, eosinophilic infiltration'>?! decreased T-
regulatory function,'> and an abundance of IL-5 cytokine.'®?? This
pattern is in contrast to nasal polyps found in Chinese patients where
the majority of nasal polyps present with Thl and Th17 (Th1l/Th17)
inflammatory profiles.?! This pattern has also been found in other
Asian countries such as Thailand and Korea. Eosinophilic polyps
were identified in 33.3% of patients (1 = 30) in Korea?* and only 11.7%
of patients (1 = 145) in Thailand.?* Allergic inflammation in the upper
and lower airways is common in CRSwNP,”# with 60% of patients
suffering from comorbid asthma.?> The pattern of inflammation
shown in CRS is seen in asthma as well, and asthmatic patients have
increased IL-5 and Th2 activity.?62” Of note, a recent pan-European
sinusitis cohort within the Global Allergy and Asthma Network of
Excellence study found the relationship between asthma and sinusitis
to be of even greater magnitude in polyposis patients.” The relation-
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ship between upper and lower airway pathology is further corrobo-
rated by the improvement in lower airway disease that is observed
when CRSwWNP is effectively treated.2s

DIFFERENTIAL DIAGNOSIS

Eosinophilic Chronic Rhinosinusitis

In western countries, eosinophilic CRS (ECRS) is the most common
general category of CRSwNP. ECRS encompasses allergic fungal rhi-
nosinusitis (AFRS), eosinophilic mucin rhinosinusitis (EMRS), eosin-
ophilic fungal rhinosinusitis (EFRS), and even aspirin-exacerbated
respiratory disease (AERD). The main distinction between the first
three subtypes is with regard to the presence of allergy to molds
and/or the presence of fungus in the sinuses. In AFRS, there is
allergic mucin and local eosinophilia, as well as mold allergy. There
is no specific IgE to mold allergens in EMRS and EFRS, but there is
absence of fungus in EMRS. In both subtypes, polyps appear similar
to AFRS but are typically bilateral without characteristic hyperdense
secretions and less bony erosion into the orbit or skull base.?%-3

Several studies point to fungus as a possible inflammatory trigger
for CRS independent of a type I IgE allergic mechanism as seen in
AFRS.26 Observations that eosinophils cluster around fungi intimate
that eosinophils might target the fungi and trigger the inflammation
in CRS patients. Furthermore, peripheral lymphocytes from CRS
patients will produce large quantities of the cytokines IL-5 and IL-13
when they are exposed to certain fungal antigens.?! Thus, the fungi in
the nasal and sinus mucus may activate and induce Th2-type cytokine
production independent from allergy. This has added to the contro-
versy regarding the diagnosis of EMRS because of the advent of more
sensitive techniques such as the use of chitin staining.>?

Polymerase chain reaction amplification®*-% used to detect fungi
indicates EMRS may also be related to a fungal inflammatory re-
sponse. Ponikau et al.3¢ in 1999 suggested that fungi are present in
almost all patients with CRS (96%) with <25% of these exhibiting a
type I hypersensitivity to fungal antigens. Subsequent studies indi-
cated the presence of Thl and Th2 cellular responses in peripheral
blood mononuclear cells from patients with CRS when exposed to
common airborne fungi,! lending further support to the premise that
fungi may elicit eosinophilic inflammation in the absence of a type I
hypersensitivity.3637

The presence of multiclonal IgE in nasal polyps associated with
local IgE against Alternaria or Staphylococcus provides another poten-
tial role of fungi in NP.3-40 Importantly, local IgE hypersensitivity to
Alternaria and Aspergillus were also noted to contribute to local tissue
eosinophilia in the adenoids of both atopic as well as nonatopic
children (more so in atopic) who did not show systemic sensitiza-
tion.#t AFRS and AERD will be discussed in more detail later in this
article.

Allergic Fungal Rhinosinusitis

The pathogenesis of AFRS is an area of active research and deserves
further mention. Studies indicate that a type I and, to a lesser extent,
type III hypersensitivity to fungal allergens is responsible for the
pathological findings and clinical symptoms.#243> AFRS has been de-
scribed as the nasal analog of allergic bronchopulmonary aspergillo-
sis, because both are associated with specific type II major histocom-
patibility complexes.4*

Historically, the diagnosis of AFRS was established by Kuhn's
criteria,*> which include: (1) presence of nasal polyps, (2) type I
hypersensitivity, (3) characteristic computed tomography (CT) find-
ings, (4) presence of allergic mucin without tissue invasion (Fig. 1),
and (5) microscopic evidence of fungi. Characteristic CT scan findings
include unilateral (up to 50%) or bilateral opacification of the sinuses
with areas of hyperattenuation representing allergic mucin (Fig. 2).
Significant bony erosion of the skull base can be seen (Fig. 3). Because
the diagnostic criteria require histopathology, AFRS is typically diag-
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Figure 2. Coronal computed tomography (CT) scan of the paranasal sinuses
with soft tissue windows showing unilateral opacification of the maxillary
and ethmoid sinuses with bony erosion into the skull base (black arrow) as
well as expansion into the left orbit. Note the characteristic hyperattenuated
areas in the maxillary sinus suggestive of allergic fungal rhinosinusitis
(AFRS; white arrow).

nosed only after endoscopic sinus surgery. Fungal cultures obtained
in these patients often yield dematiaceous fungi such as Bipolaris
spicifera, Curvularia lunata, and Aspergillus species including Aspergil-
lus fumigatus, Aspergillus flavus, and Aspergillus niger.*64” Elevated
serum IgE suggests AFRS, and IgE levels tend to fluctuate with
disease activity.*® Shubert in 19984% developed another set of criteria
for AFRS that excluded the presence of type I allergy to the fungus. In
these criteria, the surgically obtained mucin must be positive for
fungus with no tissue invasion and exclusion of other causes of fungal
rhinosinusitis. The diagnosis of AFRS has been further modified
according to the guidelines for clinical research in CRS.#* Criteria
according to this classification require the presence of more than one
clinical symptom of CRS with endoscopic documentation of allergic
mucin and inflammation that includes either edema or polyposis,
radiological evidence of CRS, and histological documentation of al-
lergic mucin as well as type I hypersensitivity to fungi. These criteria
were put forth because of the problems in culturing fungus postop-
eratively and the difficulty in fulfilling all Bent and Kuhn criteria. The
presence of fungus culture, which has a yield of 64-100%, does not
establish or eliminate the diagnosis of AFRS.5°
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Figure 3. Intraoperative triplanar imag-
ing and endoscopic view after removal of
fungal mucin shows widespread skull base
erosion typical for allergic fungal rhinosi-
nusitis (AFRS).

A strong association between Staphylococcus aureus superantigens
and AFRS was found among patients with CRSWNP. S. aureus colo-
nization was significantly more prevalent in AFRS when compared
with other subtypes of CRSWNP.5! S. aureus superantigen—specific IgE
levels correlate with total serum IgE levels in patients with AFRS,
intimating a relationship between bacterial colonization and allergic
hypersensitivity.5? It has been postulated that superantigens may
have an activating role, promoting the immune dysregulation that
contributes to AFRS.535¢ These concepts underscore the likelihood of
related and overlapping mechanisms contributing to eosinophilia in
ECRS.

Aspirin-Exacerbated Respiratory Disease

In 1922, Widal et al.55> were the first to describe the association
between nasal polyps, asthma, and aspirin hypersensitivity. After
further characterization by Samter, the association became known as
“Samter’s triad.”> AERD is a clinical syndrome consisting of chronic
sinusitis, NP, bronchoconstriction, and angioedema or urticaria asso-
ciated with the ingestion of nonsteroidal anti-inflammatory drugs
(NSAIDs). Estimates of prevalence vary; research suggests AERD
affects between 0.3 and 2.5% of the general population.’-> Some
studies, however, report up to a 33% prevalence in patients under-
going endoscopic sinus surgery for CRS.% The prevalence of AERD is
likely underestimated in the literature, partly because of the difficulty
in establishing the diagnosis when relying on patient history alone.
One study reported a 23% prevalence of AERD when patients with
NP with or without asthma were evaluated with the oral aspirin
provocation test.®! Of these patients who tested positive, 25% had no
history of aspirin hypersensitivity. In a large study from Poland that
included 12,971 randomly selected adults, the prevalence of AERD
was 0.6% in the general population, 4.3% in asthmatic patients, 0.7
2.6% in CRS, and as high as 14-22% in NP patients.®?
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AERD is typically seen in the third decade of life with a female/
male ratio of 3:2.1420 There are no clear ethnic associations,%3-67 but
individuals expressing the HLA A1/B8 phenotype have a higher
incidence of AERD.% The pathogenesis of AERD is related to dys-
regulation of eicosanoid synthesis. Eicosanoids are molecules that are
derived from arachidonic acid through a series of enzymic modifica-
tions via the cyclooxygenase and lipoxygenase pathways. Aspirin
competes with arachidonic acid by irreversibly binding to the cyclo-
oxygenase active site, shifting substrates to the lipoxygenase pathway
with a resultant increase in leukotrienes and reduction in prostaglan-
dins.57:59.69,70

Why some patients are more sensitive to these biochemical shifts is
poorly understood, and some have theorized that viral infection in
genetically predisposed patients may be the inciting event.5®> T cells
cultured with respiratory viruses have increased release of cytokines
that attract eosinophils.** These cytokines, particularly IL-5, also con-
tribute to the overproduction of eosinophils in patients with aspirin
sensitivity.”! Other potential pathophysiological and molecular dys-
regulations have been reported to be linked with NP and particularly
with AERD. In a study by Fruth et al.,”2 an antiapoptotic cell regulator
called surviving was overexpressed in patients with AERD polyposis.
Thus, decreased apoptosis as well as cellular hyperplasia may con-
tribute to the pathophysiology of nasal polyp formation.

NP in AERD is clinically very aggressive when compared with
other forms of ECRS. Overall, between 36 and 96% of AERD patients
are afflicted with NP.5770 The early symptoms of AERD are rhinor-
rhea and nasal congestion.57.6570 Patients typically present with nasal
congestion, rhinitis, hyposmia, and chronic rhinorrhea, ultimately
progressing to pansinusitis and, eventually, polyposis. They fre-
quently undergo multiple sinus surgeries before diagnosis. The dis-
ease may evolve over time into full-blown AERD with NSAID intol-
erance and symptoms of asthma and bronchoconstriction. Individuals
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may also develop facial deformation due to the increased pressure of
polyps on the sinonasal bones.®0¢7

The gold standard for diagnosing AERD is an aspirin chal-
lenge!3:58,60,66,6873-76; however, clinical diagnosis is important in iden-
tifying individuals with the constellation of symptoms and signs that
are typical for AERD. Some patients will present before their first
reaction to NSAIDs, but aspirin challenge will be diagnostic.®®

Cystic Fibrosis

Neutrophilic CRSWNP in western countries is unusual, but the
genetic disease cystic fibrosis (CF) merits discussion. CF is an auto-
somal recessive disorder affecting around 30,000 children in the
United States.”” CF patients have thick, tenacious mucus secondary to
a mutation in the CF transmembrane conductance regulator (CFTR)
chloride channel that affects mucociliary transport.”® Absence or lack
of functional channels has deleterious effects on other organ systems,
most notably the lungs and gastrointestinal tract. The diagnosis of CF
consists of identifying one of two manifestations as well as the pres-
ence of either two CF mutations, an abnormal transepithelial nasal
potential difference, or two abnormal sweat chloride tests.” Although
the majority of CF patients do not report sinonasal symptoms, CRS is
ubiquitous.®® Nasal polyps are seen in up to 86% of patients with CF.8!
In CF CRS, inflammation is neutrophil driven where IL-8 is the
primary cytokine.®? Sinus cultures typically grow Pseudomonas aerugi-
nosa or S. aureus.$

Examination of CF patients with NP usually reveals bilateral pol-
yposis, thick anterior and posterior nasal discharge, and facial defor-
mities such as hypertelorism due to widening of the nasal bridge with
relative proptosis.® In addition to NP, CT scan findings include
hypoplasia of the frontal or sphenoid sinuses as well as demineral-
ization and medial displacement of the uncinate process.5285%8 Mu-
cocele formation is not uncommon in CF, and the presence of muco-
celes in a child should raise suspicion for CF.890 Pediatric patients
with CRS that meet criteria for CF are more likely to be heterozygous
for a CFTR mutation when compared with the general population
(12% versus 4%).°! Furthermore, acquired defects in CFTR may be
present in individuals without CF secondary to environmental local
perturbations indicating defects in mucus clearance are present in
individuals with sinus inflammation and NP.?>-%5 Further character-
ization of the link between acquired defects in CFTR and NP is
ongoing.76-%

CONCLUSIONS

The majority of polyps in patients with CRSWNP in western coun-
tries are secondary to eosinophil-driven inflammation; CF is a prom-
inent exception. The exact etiology of NP is still unknown. Multiple
factors, including allergy, superantigens, and fungal infection, con-
tribute to the pathophysiology of CRSWNP. Among the various eo-
sinophilic subtypes of CRSWNPs, AERD is the most treatment resis-
tant.
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