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Abstract
Purpose of Review Chronic rhinosinusitis (CRS) is a heterogenous disease process affecting a significant proportion of the
population and impacting quality of life and productivity. Historically, CRS has been classified broadly into CRS with nasal
polyps (CRSwNP) and CRS without nasal polyps (CRSsNP). Increased understanding regarding unique presentations of CRS
subsets and their underlying inflammatory profiles has led to a new system for classifying CRS phenotypes.
Recent Findings Consideration of CRS phenotypes has traditionally been a key factor in determining treatment paradigms. Under
a new phenotype classification system, physical findings will continue to drive treatment decisions, but with more precision.
Summary Recent rapidly accumulated knowledge indicates that the broad categorization of CRSwNP or CRSsNP is no longer
clinically useful. Reorganization of CRS phenotypes and their underlying endotypes will lead to more targeted and efficacious
therapy.
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Introduction

Chronic rhinosinusitis (CRS) is a heterogeneous disease char-
acterized by facial pain and pressure, nasal obstruction, and
rhinorrhea concurrent with signs of inflammation on endosco-
py or imaging [1••]. Efforts to elucidate the pathophysiology
of this underlying inflammatory pathway in CRS continue to
be an area of active research. Historically, CRS has been phe-
notypically classified into CRS with nasal polyps (CRSwNP)
and CRS without nasal polyps (CRSsNP), based upon the
appearance of the sinus cavities on endoscopy [2]. Prior work
has suggested that CRSwNP is related to underlying T helper
2 (Th2)-driven inflammation, while CRSsNP is precipitated
by T helper 1 (Th1)-driven inflammation [3]. This general
categorization has been disputed recently with Wang et al.
[4] reporting geographic differences in the cytokine profiles

of CRSwNP patients, with Asian countries having a higher
incidence of non-Th2-mediated polyposis. Similarly, Stevens
et al. [5] investigated the prevalence of different endotypes
between CRSwNP and CRSsNP. While the main endotype
of CRSwNP in this study was Th2-mediated inflammation,
approximately one-third of patients with CRSsNP also dem-
onstrated a predominance of Th2 inflammation. These results
indicate that the inflammatory profiles in CRS are not as sim-
ple as the endoscopic determination of polyps vs. no polyps.

As knowledge regarding CRS continues to expand, these
broad categorizations may no longer be precise, and as such,
attempts at defining more clinically relevant phenotypes in
CRS have commenced [1••, 6]. In the European Position
Paper on Rhinosinusitis and Nasal Polyps 2020 (EPOS
2020), a new categorization of phenotypes has been proposed
[7••]. The basis of the proposed phenotype classification is
heralded on dividing CRS into primary and secondary, with
further subdivisions being dependent on diffuse or localized
disease, and Th2- or non-Th2-mediated inflammation.
Secondary CRS is defined as being the consequence of anoth-
er systemic disease or local pathology.

This review will focus on defining the features of primary
CRS phenotypes, review recent research on inflammatory
endotypes, and discuss the goals of treatment.
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Primary Chronic Rhinosinusitis Phenotypes (Fig. 1)

Allergic Fungal Rhinosinusitis

Characteristics of Disease Allergic fungal rhinosinusitis
(AFRS) is a unique subset of CRS that is found almost exclu-
sively in areas of high humidity and mold counts. AFRS typ-
ically presents in the 3rd–4th decade of life and is more com-
mon in African American males [8, 9]. It has a unilateral
predominance in up to 50% of cases, and interestingly, in
contrast to other Th2-driven phenotypes of CRS, comorbid
asthma is found in less than 25% of patients with AFRS [10].

The diagnosis of AFRS is based clinically on the criteria
outlined by Bent and Kuhn in 1994 [11]: type I hypersensitiv-
ity, nasal polyposis, characteristic computed tomography (CT)
scan findings, eosinophilic mucin, and the presence of fungal
hyphae in sinus contents. On magnetic resonance imaging
(MRI), T1W1 and T2W1 these have characteristic
hypodensity. Sinus opacification with central hyperdense se-
cretions and bony remodeling/expansion are characteristic
findings in AFRS [12].

Inflammatory Profile The etiology behind the inflammation in
AFRS has been extensively investigated and is likely related
to factors in both the adaptive and innate immune systems.
Tyler et al. [13] identified unique gene expression profiles in
AFRS that were not present in idiopathic CRS. These unique
gene expression profiles were linked with Th2 inflammation,
co-stimulatory signaling, and T cell receptor signaling.
Additionally, increased levels of antigen-specific IgE have
been found in the sinonasal submucosa in AFRS patients
when compared with other subtypes of CRS [14].
Additionally, the innate immune system has been implicated
in the propagation of AFRS. Interleukin-33 receptors, a key
promoter of Th2-related inflammation, are known to be

upregulated in AFRS patients [15]. The innate immune sys-
tem proteins, lactoferrin, surfactant protein-D, and histatins
demonstrated lower expression levels in AFRS when com-
pared with other CRS subtypes [9].

Management Management of AFRS typically begins with
upfront surgery to clear the sinuses of eosinophilic mucin
and fungal debris in order to prevent early recurrence. In ad-
dition to surgery, post-operative medical management is par-
amount in controlling the disease. Suppression of the inflam-
matory response with topical and systemic corticosteroids is
the mainstay of medical therapy. A recent review by Gan et al.
[16] described the utility of systemic steroids in reducing post-
operative mucosal disease, improving endoscopic appearance,
and decreasing inflammatory markers. The efficacy of topical
nasal steroids in CRSwNP has been established [17].
However, trials of topical nasal steroids specifically in
AFRS are limited. Extrapolating from the benefits of topical
steroids in CRS, many AFRS patients are managed with ste-
roid sprays and irrigations [9, 16]. Several studies have inves-
tigated the role of antifungal therapy in the management of
AFRS with some improvements noted in symptoms and en-
doscopic appearance, though there are design flaws in several
of these studies limiting the evidence for, and the widespread
use of antifungals in the management of AFRS [18–21].
Immunotherapy has also been explored as a therapeutic option
in AFRS. In the systematic review by Gan et al. [16], 5 studies
were identified that showed modest improvement in polyp
burden and reduced need for additional steroid in patients
undergoing immunotherapy. Thus, immunotherapy was rec-
ommended as an option for use in refractory cases of AFRS.
Recently, biologic therapies targeting the Th2 inflammatory
pathway have been incorporated in the treatment algorithm of
CRSwNP. Omalizumab [22, 23], mepolizumab [24, 25], and
dupilumab [26] are the most widely studied biologics in CRS;

Fig. 1 Primary CRS phenotypes
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however, these studies did not focus on patients meeting di-
agnostic criteria for AFRS. Gan et al. [27] retrospectively
reviewed 7 AFRS patients receiving omalizumab and found
improvement in quality of life and endoscopy scores. Further
prospective trials are needed to identify outcomes of biologic
therapy on AFRS.

Eosinophilic Chronic Rhinosinusitis

Characteristics of Disease Eosinophilic CRS is a subset of
CRS that usually presents with extensive sinus disease [28].
Patients with eosinophilic chronic rhinosinusitis (eCRS) typi-
cally develop symptoms in the 4th–6th decade of life, usually
without a history of significant allergic disease [29]. The pres-
ence of high tissue eosinophilia is known to confer worse
post-operative outcomes, higher symptoms scores, less quali-
ty of life improvement, and higher risk of polyp recurrence
[30–32]. These patients almost always present with comorbid
lower airway disease including asthma, chronic cough, or
wheezing [29]. Smell loss is also a common feature due to
the extensive nature of sinus disease. Some patients will pres-
ent with a subtype of CRS, aspirin exacerbation respiratory
disease (AERD) that includes exacerbations related to nonste-
roidal anti-inflammatory use due to blocking of the cycloox-
ygenase pathway and shunting of arachidonic acid metabo-
lism toward leukotriene synthesis.

Historically, the diagnosis of eCRS has relied on the pres-
ence of elevated levels of tissue eosinophilia. There has been a
debate over what level of eosinophilia dictates a diagnosis of
eCRS; however, the majority of studies define a value of > 10
eosinophils per high power field on histopathology of sinus
mucosa to be consistent with a diagnosis of eCRS [28, 29].
Radiographically, these patients have high Lund-Mackay CT
scores, with a majority of patients presenting with pan-sinus
opacification and evidence of neo-osteogenesis related to
long-standing inflammation [29].

Inflammatory Profile Similar to other phenotypes of CRS, the
investigation of the underlying inflammatory pathway in
eCRS is an active area of research. Previous studies have
correlated the presence of eCRS with upregulation of Th2-
mediated inflammation [5, 33]. Understanding the inflamma-
tory profile, namely the role of Th2 cytokines IL-4 and IL-5,
has led to the incorporation of new biologic therapies in the
management of eCRS.

Management of eCRS The treatment of eCRS relies on con-
trolling the underlying inflammatory response, in addition to
appropriate endoscopic sinus surgery. Similar to AFRS, these
patients are typically very responsive to corticosteroids, both
systemic and topical. Intermittent short courses of systemic
steroids may be used to treat exacerbations or severed disease
[34, 35]. However, use of systemic steroids more than 2–3

times per year is associated with increased risk of
corticosteroid-related adverse effects. Topical steroids have
shown promise in managing polyp recurrence in post-
surgical cavities as well as managing milder disease. A ran-
domized controlled trial has shown that large volume cortico-
steroid irrigations improve symptom control over corticoste-
roid sprays [36].

Despite adequate surgery and appropriate post-operative
medical therapy, polyp recurrence may occur in a small per-
centage of eCRS patients. The frontal and ethmoid sinus cav-
ities are at higher risk for polyp recurrence, though there is
uncertainty whether this is related to limited access to topical
therapy or an underlying propensity for more severe disease in
these locations [34]. The advent of biologic therapies has of-
fered another treatment option for these difficult to control
patients. Omalizumab, an anti-IgE biologic, was shown to
provide modest improvement in nasal polyp and CT scores
in 2 small randomized controlled trials [22, 23]. Similarly, a
large double-blind, randomized, placebo-controlled trial in-
vestigating mepolizumab, an anti-IL5, demonstrated signifi-
cant improvement in nasal polyp scores and reduced need for
surgery in patients receiving the biologic therapy [25].
Dupilumab targets IL-4 and IL-13 and has shown promise in
treating CRSwNP, with significant improvement in Lund-
Mackay CT scores and sinonasal outcome test-22 (SNOT-
22) scores while receiving treatment which has been noted
in phase 3 trials [26].

Central Compartment Atopic Disease

Characteristics of Disease Central compartment atopic disease
(CCAD) is a newly described phenotype of CRS that is
strongly associated with inhalant allergy [37•]. CCAD is de-
scribed as the deposition of allergens (via the pathway of
normal airflow) within the central compartment of the nose:
the middle and superior turbinates and posterior-superior nasal
septum [37•]. CCAD patients generally have a strong allergy
history, with 93% of patients having positive allergy testing in
one study [38]. In contrast to eCRS, however, the prevalence
of comorbid asthma in CCAD is quite low [38]. Characteristic
radiographic findings of CCAD are that of centralized edema
and mucosal thickening. The lateral sinuses are spared unless
they become secondarily obstructed from the central disease
[39]. Similarly, endoscopy reveals inflammation and polypoid
changes along the middle and superior turbinates and nasal
septum [37•, 38].

Inflammatory Profile The association between central com-
partment atopic disease and inhalant allergy points toward
an IgE-mediated pathway as the driver of the disease [37•].
CCAD patients will routinely demonstrate elevated and spe-
cific total IgE with a lack of serum eosinophilia [29]. IgE
production is mediated through a Th2 pathway; however,
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further research on this unique patient population is required
to fully characterize the endotype in CCAD.

Management Treatment of the underlying inhalant allergy is
key to controlling symptoms in CCAD [37•]. Surgery does
have a role in removing polyps and preventing secondary
obstruction of the lateral sinuses; however, it is not uncommon
for post-operative symptoms to remain unchanged despite
clear sinuses. Allergy-directed pharmacotherapy, including
topical steroid sprays and irrigations, is generally used first
line in these patients [37•, 38]. In patients whose symptoms
remain uncontrolled, immunotherapy should be considered,
although no studies to date have evaluated the effect of immu-
notherapy on CCAD. Omalizumab may play a role in other-
wise medically refractory CCAD, although more studies are
needed to assess its efficacy in managing symptoms and in-
flammation in this unique patient population.

Non-eosinophilic CRS

Characteristics of Non-eCRS In contrast to eCRS, patients with
non-eCRS typically present withmore facial pain and pressure
as opposed to nasal obstruction and anosmia [5]. The patient
population has been reported to be predominantly female and
middle-aged, usually with no history of significant allergy
[29]. Non-eCRS has also been associated with obesity and
history of tobacco use [40]. Historically, it was felt that non-
eCRS patients were akin to CRSsNP patients; however, non-
eCRS may still present with nasal polyps, particularly in
Asian countries [41]. Radiographically, non-eCRS patients
may be indistinguishable from those with eCRS.

Inflammatory Profile in Non-eCRS The inflammatory response
in non-eCRS tends to be driven by a non-Th2-mediated path-
way. Non-eCRS is characterized by neutrophil-predominant
inflammation and is associated with increased fibrosis and

basement membrane remodeling [41]. Tissue neutrophilia in
these patients has been correlated with the presence of non-
Th2 inflammatory cytokines, and naturally, these patients
have low eosinophil and IgE levels [42].

Management of Non-eCRS Patients with non-eCRS may be-
come frustrated as their symptoms are often not as steroid
responsive as patients with eCRS or Th2-mediated inflamma-
tion. These patients may still benefit from endoscopic sinus
surgery in an effort to resolve post-obstructive disease, al-
though they tend to have persistent symptoms after surgery.
It is the non-eCRS patients, however, that tend to have the
greatest response to low-dose long-term macrolide therapy
[43•]. Macrolides are known to have both anti-inflammatory
and immunomodulatory properties. Studies have shown re-
duced production of pro-inflammatory cytokines IL2, IL-6,
IL-8, and tumor necrosis factor-a (TNFa) with macrolide ther-
apy [44, 45]. Additionally, clinical studies have reported im-
proved quality of life and endoscopy in non-eCRS patients
after treatment with macrolides [46]. Oakley et al. [43•] re-
ported on characteristics that predicted response to macrolide
therapy, identifying that low serum and tissue eosinophilia and
absence of squamous metaplasia were positive predictors
[43•]. Some surgeons prefer to use macrolide therapy as an
adjunct after appropriate surgery and standard post-operative
therapy fails and when there is pathologically proven low
eosinophilia.

Secondary Chronic Rhinosinusitis Phenotypes (Fig. 2)

Localized Secondary CRS

Characteristics of Localized Secondary CRS Localized second-
ary CRS includes odontogenic sinusitis, fungal ball, and CRS
related to neoplasm, facial trauma, and foreign bodies.
Odontogenic sinusitis has a reported prevalence of between

Fig. 2 Secondary CRS phenotypes
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12 and 25% in CRS patients [47, 48]. It is typically observed
in patients older than 40 years of age with a history of previous
dental work. Symptoms include upper teeth pain, foul smell-
ing drainage, and resistance to standard therapy. Radiography
usually shows unilateral maxillary sinus opacification, though
occasionally disease can extend into the anterior ethmoid and
frontal sinus in a post-obstructive manner [47, 49]. It is im-
portant to recognize an odontogenic source in these patients as

failure to do so can result in incomplete response to medical
and surgical therapy [48]. Fungal balls are a non-invasive
form of fungal sinusitis, and similar to odontogenic sinusitis,
more commonly affect the maxillary sinus. Presenting symp-
toms of fungal balls are similar to that of other forms of CRS
with facial pain, congestion, and nasal drainage. Imaging find-
ings consistent with fungal ball include the presence of
hyperdense ferromagnetic material within the sinus secretions

Table 1 Phenotype summary of
primary CRS AFRS eCRS CCAD Non-eCRS

Clinical
presenta-
tion

• Young adults
(30s–40s)

• Hot/humid cli-
mates

• More common in
African
Americans

• Smell loss is
common

• Commonly
unilateral

• No association
with asthma

• Middle age
(30s–50s)

• Association with
lower airway
disease/asthma

• Smell loss is
common

• Exacerbations
related to
food/alcohol

• NSAID sensitivity

• Early age of
onset (~ 20)

• History of
atopic
disease

• Rhinitis
symptoms

• Smell intact

• Middle-aged female

• Obese

• Tobacco use

• No allergy history

• Steroid
non-responsive up-
per and lower airway
disease

Endoscopy • Diffuse polyposis

• Thick
“peanut-butter”--
like eosinophilic
mucin

• Diffuse polyposis

• Thick eosinophilic
mucin

• Middle
turbinate
edema

• Polyposis of
septum

• Polypoid edema

• Purulent secretions

Radiography • Commonly
unilateral
pan-sinus
opacification

• Characteristic
central
hyperdense
secretions

• Bony remodeling
and expansion

• Bilateral pan-sinus
opacification

• Bone remodeling
with
neo-osteogenesis

• Centralized
mucosal
inflamma-
tion

• Lateral
sinuses clear

• Pan-sinusitis may be
indistinguishable
from eCRS

Inflammatory
profile

• Th2 inflammation

• Eosinophilia

• Th2 inflammation

• High tissue/serum
eosinophilia

• High tissue
eosinophilia

• Elevated IgE

• Non-Th2 inflamma-
tion

• Lack eosinophilia

Treatment • Upfront surgery to
clear mucin and
debris

• Topical steroids

• Consider
immunotherapy

• Consider biologics

• Systemic and topical
(irrigation) steroids

• Endoscopic sinus
surgery

• Biologics

• Antileukotrienes &
ASA
desensitization for
AERD

• Treat inhalant
allergy

• Topical
steroid

•
Immunother-
apy

• Surgery for
secondary
obstruction

• Anti-IgE bio-
logics may
have role

• Saline/steroid irriga-
tions

• Endoscopic sinus
surgery

• Long-term macrolides
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as well as neo-osteogenesis of the sinus walls [50–52]. Benign
and malignant tumors of the sinuses or nasal cavity can also
precipitate a local inflammatory response in the sinuses usu-
ally secondary to obstruction of normal mucociliary flow.

Management of Localized Secondary CRS Treatment of local-
ized secondary cases of CRS typically involves surgical inter-
vention as first line since anatomic modifications assist in
treatment of the condition. Important in the management of
odontogenic sinusitis is addressing the underlying dental pa-
thology. Some studies have suggested that management of the
dental pathology alone may be sufficient to manage disease
and symptoms [48, 53]. Craig et al. [47] recently reported that
upfront endoscopic sinus surgery may result in quicker reso-
lution of symptoms and endoscopic improvement, particularly
in patients with greater symptom scores at baseline. Treatment
of sinus fungal balls is similar to other forms of localized
secondary CRS. Symptoms typically resolve with standard
endoscopic sinus surgery with very low reported recurrence
rate of the fungal ball (~ 1%) [52]. However, patients may
suffer from residual symptoms due to neo-osteogenesis or
failure to recover normal mucociliary clearance.

Diffuse Secondary CRS

Characteristics of Diffuse Secondary CRS Diffuse secondary
CRS is the result of systemic diseases that also affect the
sinonasal cavities. These can be broadly categorized into the
following: diseases that affect the normal mucociliary clear-
ance , au to immune in f l ammato ry d i sease s , and
immunodeficiency.

Primary ciliary dyskinesia (PCD) and cystic fibrosis (CF)
are autosomal recessive genetic diseases that impair normal
mucociliary clearance in the sinuses. Sinusitis in PCD results
from structural abnormalities of the cilia leading to down-
stream mucus stasis in the upper and lower airways.
Sinusitis in PCD is typically diffuse, associated with sinus
hypoplasia, and commonly presents with edema or frank
polyposis [54, 55]. The genetic defect in CF affects a chloride
transporter, the cystic fibrosis transmembrane conductance
regulator (CFTR). Decreased chloride transport leads to in-
creased viscosity of the airway-surface liquid, similarly
resulting in decreased mucociliary transport [56]. Patients
with the most common genetic defect, also the most severe
form of the disease, usually present early in life with symp-
toms of CRS associated with polyposis and pan-sinus
opacification. It is not uncommon for there to be hypoplasia
or aplasia of the maxillary and frontal sinuses in CF [57, 58].
CF CRS is managed similar to idiopathic CRS, although re-
cent advances in CF therapy may change this. Endoscopic
sinus surgery is generally recommended for CF patients who
fail maximal medical therapy. CFTR modulators have shown
promise in treating CF lung and sinus disease [59–62].

Systemic autoimmune diseases may also have sinonasal in-
volvement. Eosinophilic granulomatosis with polyangiitis
(EGPA), formerly Churg-Strauss, is a small vessel-necrotizing
vasculitis associated with asthma, rhinosinusitis, and evidence
of vasculitis. These patients have diffuse tissue eosinophilia and
thus present similar to patients with eCRS [63, 64].
Granulomatosis with polyangiitis (GPA), formerly Wegner’s
granulomatosis, is another small vessel vasculitis affecting pri-
marily the upper and lower airways and kidneys. Clinical man-
ifestations of GPA include severe nasal crusting, epistaxis, and
septal cartilage necrosis leading to saddle nose deformity [65,
66]. On endoscopy, polypoid nodules, white submucosal nod-
ules, and bloody submucosal patches can be identified [65].

CRS secondary to immunodeficiency is an important con-
sideration, particularly in difficult to treat patients. A meta-
analysis in 2015 found immunoglobulin deficiencies in 23%
of patients with refractory CRS [67]. Selective IgA deficiency,
common variable immunodeficiency, and IgG subclass defi-
ciencies are the most common findings in CRS [68].
Immunodeficiency-related CRS presents in a similar fashion
to idiopathic CRS; thus, diagnosis of the immunodeficiency is
often delayed. Recalcitrance to standard treatment and associ-
ated lower respiratory tract infections may direct the otolaryn-
gologist to consider immunodeficiency [7••, 67, 68]. The ex-
tent of immunodeficiency workup prior to involving an im-
munologist is a topic of debate and largely depends on the
depth of knowledge of the otolaryngologist [7••]. Specific
studies investigating the management of immunodeficiency
in CRS are limited, and further studies investigating the effect
of immunoglobulin replacement, prophylactic antibiotics, and
surgery on immunodeficiency-related CRS are needed.

Conclusion

Mounting evidence indicates that the classification of CRS
patients into patients with or without nasal polyps is outdated
and not clinically useful. Recent research has elucidated un-
derlying inflammatory profiles that may guide precise treat-
ment strategies for CRS patients. The newly described classi-
fication system provides more clinically relevant nomencla-
ture relating to the diagnosis and specific treatment strategy
for the different subgroups of CRS patients than the broad
generalizations that have been used in the past (Table 1).
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