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Abstract

Chronic rhinosinusitis (CRS) is a common
disease, affecting up to 10% of the population
at some time. Symptoms alone do not define
the disease; objective evidence of inflamma-
tion by nasal endoscopy and/or sinus CT scan
is also required. In the USA alone, the esti-
mated annual direct and indirect costs exceed
$30 billion. There are two subtypes,
depending upon whether nasal polyps
(NP) are present: CRSw(with)NP and CRSs
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(without)NP. A variety of risk factors and
comorbidities have been described; in most
cases, an aeroallergen evaluation should be
performed, and, in recalcitrant cases, an
immunodeficiency evaluation should be
considered. The pathogenesis is unclear; a
variety of factors have been implicated
as contributory. They include impaired anti-
microbial responses, ciliary abnormalities,
epithelial dysfunction, microbial dysbiosis,
autoantibodies, and S. aureus enterotoxins
acting as allergens and/or superantigens.
Maximal medical therapy, often incl-
uding corticosteroids, antibiotics, and saline
irrigations, is the initial treatment. Only
those who fail are considered for surgical
treatment.
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6.1 Introduction

Rhinosinusitis is a significant health issue
that appears to be increasing in frequency.
Rhinosinusitis is generally divided into acute or
chronic based on whether the requisite signs and
symptoms have been going on for more than
12 weeks. Chronic rhinosinusitis (CRS) is associ-
ated with poor quality of life, absenteeism, pre-
senteeism, and a large financial burden in both
direct and indirect medical expenditures. Recent
estimates of the indirect costs of CRS in the USA,
$12.8 billion, are thought to exceed direct costs
(DeConde and Soler 2016). There are two forms
of CRS, one with nasal polyps (CRSwWNP) and
one without (CRSsNP). While the focus of this
review is on CRSwNP, for contrast, information
on CRSsNP is included as well. In the past
decade, there have been several documents
published relative to CRS including practice
parameters, position papers, and guidelines
(Scadding et al. 2008, Fokkens et al. 2012, Kaplan
2013, Peters et al. 2014, Orlandi et al. 2014,
Bachert et al. 2014, Hellings et al. 2017).

The inflammation of CRSsNP can be any com-
bination of T helper type 1 (Thl), Th2, and/or
Th17 (Tan et al. 2017). The inflammation of
CRSwNP tends to be Th2, with eosinophilia.
However, the NP of some ethic groups, for exam-
ple, Asians, is less likely to be eosinophilic; in
addition the NP of certain disease states, like
cystic fibrosis (CF), is less likely to be eosino-
philic (Zhang et al. 2017).

The inflammation of CRS can last for decades;
glucocorticoids and antibiotics are the most com-
mon medical treatments. As they are unsatisfac-
tory in some patients, approximately 300,000
surgeries are performed every year in the USA
for CRS; the most common procedure is func-
tional endoscopic sinus surgery (FESS), but
other procedures such as balloon sinuplasty
(BSP) are also performed. BSP catheters were
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approved by the FDA more than a decade ago.
While there is literature that BSP can be a
useful technique (Chandra et al. 2016), there are
reports of failure rates as high as 66% (Tomazic
etal. 2013).

The nasal and sinus microbiomes of CRS
patients are different than normals. Whether that
is causal or an epiphenomenon is unknown. There
are a variety of other alterations in CRS, including
decreased epithelial barrier integrity, altered levels
of cytokines, decreased antimicrobial peptides
produced in the sinonasal mucosa, changes of
the epithelium toward mesenchymal transition,
and mucociliary dysfunction. What role those
and other described alterations play in the patho-
genesis of CRS is unclear (Schleimer 2017).

6.2 Epidemiology and Risk Factors

CRS is estimated to affect 5-15% of the popula-
tion in Europe and North America; however, doc-
tor diagnosed CRS estimates are in the 2—4%
range (Fokkens et al. 2012; Orlandi et al. 2014).
A systematic review of 2014 costs associated with
adult CRS in the USA estimated the direct costs to
be $6.9-$9.9 billion and the indirect costs to be
$13 billion (Smith et al. 2015). In that same study,
annual medication costs prior to FESS ranged
from $1547 to $2700 per patient; costs of medi-
cations were reduced after outpatient FESS which
ranged in price from $8200 to $10,500. A study of
insurance claims data also concluded that the
costs of CRS were reduced after FESS
(Bhattacharyya et al. 2011); in this study the
reduction was approximately $885 in year 1 and
$1331 in year 2. Another study of claims data also
reported that costs of CRS were reduced after
FESS (Purcell et al. 2015); the reported reduction
averaged $600/year for each of the 3 years of
follow-up. In addition, they found that disease-
specific costs for conditions often associated
with CRS such as depression, allergy, and asthma
also decreased as did antibiotic use (28.2 days
vs. 15.9 days per year). A retrospective database
analysis of 35.5 million covered lives has reported
that FESS within 1 year of diagnosis of CRS
reduces both cost and healthcare utilization as
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compared to FESS which occurred after >5 years
of medical management (Benninger et al. 2015).
There are no long-term follow-up studies to deter-
mine whether the cost of surgery is eventually
paid for by reduction of postoperative costs
of CRS.

CRSsNP is more prevalent than CRSwNP.
Men are more likely to have CRSwWNP than
women. The most common age of onset is in the
third or fourth decade of life. A number of dis-
eases are associated with CRS. As those diseases
often predate the CRS, it is generally accepted that
they are predisposing or risk factors. Details can
be found in a recent practice parameter publica-
tion (Peters et al. 2014).

Multiple studies of allergic rhinitis (AR) and
CRS report association in both children and
adults. In adults with CRS, 40-84% have AR
(Van Lancker et al. 2005). One study reported
that there is a correlation between extensive
sinus disease on CT and AR (Ramadan et al.
1999). Surgical outcomes, corticosteroid use,
and symptomatology, in those with CRSwNP, do
not seem to be influenced by AR (Bonfils and
Malinvaud 2008). There are also multiple studies
of nasal lavage that implicate allergic responses in
CRS; specifically, CRS patients have higher levels
than normal individuals of allergic mediators such
as leukotrienes, histamine, and Th2 cytokines
(Peters et al. 2014).

Immunodeficiency can contribute to CRS and
should especially be considered and evaluated in
CRS patients that are resistant to medical and/or
surgical treatments. Just as patients with recurrent
acute sinusitis or recurrent pneumonia should be
evaluated for immunodeficiency, so should recalci-
trant CRS patients, in whom the prevalence of
immunodeficiency has been reported to be about
15% (Carr et al. 2011). The American Red Cross
and the Jeffery Modell Foundation both consider at
least two serious sinus infections per year as a
warning sign of primary immunodeficiency (PID)
(Jeffery Modell Foundation 2012). While humoral
PID is the most likely cause of recalcitrant CRS,
other deficiencies including complement and cellu-
lar may play a role (Cunningham-Rundles and
Bodian 1999). Prior to highly active antiretroviral
therapy (HAART), the prevalence of CRS was
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significant in the HIV-infected population. How-
ever, the prevalence of CRS in that population
receiving HAART is only 3-6%, similar to the
general population (Campanini et al. 2005).

In a study of 446,480 electronic health records
of individuals with and without CRS, several
associations were reported. Compared to CRSsNP
and control subjects, those with CRSwWNP were
more likely to be older and male. Prior to CRS
diagnosis, those with CRS had a higher preva-
lence of a number of diseases including AR,
asthma, gastroesophageal reflux, sleep apnea,
anxiety, and headaches (Tan et al. 2013). Other
risk factors reportedly associated with CRS
include bronchiectasis (Bose et al. 2016), ciliary
impairment, aspirin sensitivity, biofilms (layers of
bacteria and their extruded polysaccharide matrix
adherent to a biologic or non-biologic surface),
and cigarette smoking (Fokkens et al. 2012;
Bachert et al. 2014). Smoking cessation reduces
corticosteroid use and improves CRS symptoms
as well as quality of life scores (Phillips et al.
2017). A recent systematic review of the environ-
mental and occupational literature related to CRS
was unable to identify occupational or environ-
mental exposures that play a role in CRS
(Sundaresan et al. 2015). Table 1 enumerates fac-
tors associated with CRS as well as the references
for those associations.

6.3 Pathogenesis

While the pathogenesis of CRS remains unclear, a
variety of factors may be contributory; all
described factors occur locally in the sinonasal
tissue. Among them are epithelial dysfunction,
epithelial to mesenchymal transition (EMT),
mucociliary impairment, decreased innate antimi-
crobial responses, increased innate type 2 lym-
phoid cells (ILC2s), increased B cells and
plasmablasts, increase in type 2 cytokines, alter-
ations of the clotting pathway, autoantibodies, and
staphylococcus enterotoxins acting as allergens or
superantigens. Table 2 is a partial compilation
of factors reported to be different in CRS com-
pared to normal, healthy individuals without
sinonasal disease.



176

Table 1 Clinical factors associated with CRS subtypes
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Factor associated CRS type Reference

Aeroallergen sensitization CRSsNP and CRSWNP Van Lancker et al. 2005
Asthma CRSsNP and CRSWNP Tan et al. 2013

Primary immunodeficiency, especially humoral CRSsNP and CRSwNP Carr et al. 2011
Gastroesophageal reflux CRSwNP and CRSsNP Tan et al. 2013
Bronchiectasis CRSsNP more than CRSWNP Bose et al. 2016
HIV-related immunodeficiency CRSsNP only if not on HAART Campanini et al. 2005
Cystic fibrosis CRSwNP Marshak et al. 2011
Aspirin respiratory reactions CRSwNP Lee etal. 2010

CRS chronic rhinosinusitis, CRSWNP CRS with nasal polyps, CRSsNP CRS without nasal polyps, HAART highly active

retroviral therapy

Table 2 Possible pathogenic molecules and processes contributing to CRS

Molecule or process CRSsNP CRSwNP Reference
S100 proteins: Calprotectin, psoriasin, | Lower in tissue than Lower in tissue than normal Tieu et al.
normal controls controls 2010
Autoantibodies Similar to control Elevated anti-dsDNA in polyp Tan et al.
tissue but not in peripheral 2011
blood
SETs?, IgE against SETs Similar to normal Present in approximately halfof | Gevaert et al.
control CRSwNP 2005
Vbeta skewing of T cell receptors Similar to normal Present in approximately 1/3 of | Seiberling
associated with SETs acting as control CRSwNP et al. 2005
superantigens
Group 2 innate lymphoid cells Similar to control Elevated compared to CRSsNP | Miljkovic
etal. 2014
Fibrin, tissue plasminogen activator Similar to control Increased fibrin that is cross- Takabayashi
(tPA), fibrin split products (FSP) linked, decreased tPA and FSP | et al. 2013
Epithelial to mesenchymal transition Increased in tissue Increased in tissue compared to | Zhang et al.
(EMT) compared to normal normal controls 2016
controls
Ciliary function Decreased Decreased Chen et al.
2006

ASET staphylococcus enterotoxins

Potential contributing epithelial dysfunctions
in CRS include acantholysis (loss of intercellular
connections), acanthosis (diffuse epidermal
hyperplasia), and EMT (Schleimer 2017). In addi-
tion, proteins such as periostin, laminin, and
vimentin, known to be associated with EMT, are
increased in the sinonasal tissue (Zhang et al.
2016). Mucociliary dysfunction in CRS has been
reported for many years; the severity of CRS
likely correlates with the amount of dysfunction
(Chen et al. 2006). Some bacteria produce
toxins that cause ciliary damage; among them
are bacteria that are associated with CRS: Strep-
tococcus pneumoniae, Haemophilus influenzae,

and Pseudomonas aeruginosa (Brook 2016).
Numerous studies have reported that microbial
dysbiosis, particularly a decrease in diversity
compared to normal subjects, occurs in CRS
(Psaltis and Wormald 2017). However, whether
microbial dysbiosis is a cause, an association or an
epiphenomenon of CRS is not clear.

Another epithelial abnormality that commonly
occurs in CRS is changes in local, sinonasal anti-
microbial responses. For example, multiple pro-
teins of the innate immune system that are
important for pathogen recognition and destruc-
tion tend to be increased in CRS. However, some
innate molecules are reduced in CRS. In some
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cases, such as with toll-like receptors (TLRs), it is
unclear which ligands and receptors are increased,
decreased, or unchanged compared to controls
(Hamilos 2014). A genetic polymorphism in the
bitter taste receptors, e.g., T2R38, can contribute
to CRSsNP (Lee and Cohen 2015). In normal
people, when those receptors are engaged by mol-
ecules produced by bacteria, the epithelial cells
respond by producing antimicrobial molecules to
kill the bacteria. This response is abrogated in
those with certain polymorphisms. A group of
antimicrobial peptides, the S100 proteins, includ-
ing psoriasin and calprotectin, may be reduced in
CRS (Tieu et al. 2010). Enzymatic antimicrobial
molecules such as lactoferrin and lysozyme also
may be reduced in CRS (Psaltis et al. 2008).
Complement deficiency, specifically, mannose-
binding lectin deficiency, has been reported in
some CRS patients. There are multiple studies
that conclude that humoral immunodeficiency,
both specific antibody deficiency (SAD) and com-
mon variable immunodeficiency (CVID), contrib-
utes to CRS in some patients (Chiarella and
Grammer 2017).

Injured respiratory epithelium is likely to pro-
duce Th2-promoting cytokines such as thymic
stromal lymphopoietin (TSLP). TSLP is ele-
vated in CRSwNP (Miljkovic et al. 2014). That
is likely contributing to the TH2 cytokines found
in most European CRSwNP (Hulse et al. 2015).
In addition, large numbers of B cells, plasma
cells, and plasmablasts occur in mucosal tissue
(Gevaert et al. 2005). There are also reports of
autoantibodies, both against double-stranded
DNA and the bullous pemphigoid 180 antigen,
in the CRS tissue but not systemically in patients
with CRSwWNP (Tan et al. 2011). Enterotoxins
such as staphylococcal enterotoxins A and B
(SEA and SEB), from staphylococcus may
drive inflammation of CRSWNP by acting as
both allergens and superantigens (Seiberling
et al. 2005; Bachert and Zhang 2012). Finally,
macrophages and IL-13 are higher in CRSwNP
than in CRSsNP or in controls. IL-13 suppresses
tissue plasminogen activator (tPA) and macro-
phages produce factor XIIIA, resulting in cross-
linked fibrin with very little fibrinolysis
(Takabayashi et al. 2013).
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In some diseases such as cystic fibrosis and in
some populations such as CRSwNP in Asians,
eosinophilic mucosal inflammation is less likely.
The reasons for greater neutrophil predominance
in certain diseases and populations are an area of
active investigation (Zhang et al. 2017).

6.3.1 Genetics

There are several publications that suggest that
CRS occurs more commonly in families (Fokkens
et al. 2012; Rugina et al. 2002). However, when a
search of the literature was performed in 2013,
except for mutations in the cystic fibrosis trans-
membrane conductance regulator gene (CFTR),
no other genetic polymorphisms were confirmed
in reference populations (Hsu et al. 2013). Subse-
quently, a bitter taste receptor gene polymorphism
(e.g., T2R38) has been associated with CRS in
one US study (Lee and Cohen 2015). This finding
was replicated in two Canadian populations
(Mfuna Endam et al. 2014). However, the associ-
ation was not replicated in an Italian population
(Gallo et al. 2016). In a 2017 review of the liter-
ature, familial clustering was again confirmed.
The authors concluded that there are reports of a
number of discovery cohorts in which polymor-
phisms were associated with CRS (Cohen 2017).
Information about selected genes studied in CRS
can be found in Table 3. However, in attempted
replication cohorts, except for CFTR and the
bitter taste receptors, genetic polymorphisms
associated with CRS are unconfirmed (Halderman
and Lane 2017).

6.3.2 Diagnosis

The definition of CRS has evolved over the past
several decades. In more recent publications, there
is a consensus about the definition (Fokkens et al.
2012; Peters et al. 2014). Table 4 shows the diag-
nostic criteria for CRS. First, the duration of signs
and symptoms should be at least 12 weeks. Sec-
ond, nasal and sinus inflammation should be pre-
sent resulting in at least two symptoms, one of
which must be nasal obstruction/congestion or
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Table 3 Seclected genes reported to be associated with CRS
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Gene function Gene Chromosome location | Replication
Chloride ion transport CFTR 7931 Yes
Human leukocyte antigens (HLA) | MHC class I, HLA-A, HLA-B HLA-C | 6p21 No
MHC class I HLA-DR, HLA-DQ 6p21 No
Innate immunity CD14 5q31 No
IRAK4 12q12 No
Bitter taste receptor T2R38 7936 Yes
TLR2 4q32 No
TH2 inflammation 1L-4 5q31 No
IL-13 5q31 No
Other inflammation IL-1 2ql4 No
IL-6 7p21 No
TNF 6923 No
Arachidonic acid metabolism LTC4 5q35 No
PTGDR 14922 No

CFTR cystic fibrosis transmembrane conductance regulator, MHC major histocompatibility complex, /RAK4 IL-1
receptor-associated kinase 4, TLR2 toll-like receptor 2, IL interleukin, TNF' tumor necrosis factor, LTC4 leukotriene

C4, PTGDR prostanoid DP receptor

Table 4 Diagnostic criteria for CRS
1. Symptoms must be continuously present for at least
12 weeks

2. Inflammation of sinonasal tissues resulting in two or
more symptoms, one of which should be nasal
congestion/blockage/obstruction or nasal discharge
which can be anterior, posterior, or both. Other symptoms
are facial pain/pressure or reduction in olfaction; in
children the latter can be replaced by cough

3. Endoscopic findings compatible with CRS: nasal
polyps, mucopurulent discharge, edema mucosal
obstruction and/or

4. Sinus CT findings of mucosal inflammation/thickening
of sinuses and/or ostiomeatal complex

nasal discharge (posterior or anterior rhinorrhea).
Other symptoms are facial pain/pressure and
reduction or loss of olfaction. In children, loss
of olfaction can be replaced by cough. In
addition, the sinonasal inflammation must be
supported by endoscopic findings of nasal polyps,
mucopurulent discharge, or edema and/or CT
(computed tomography) findings compatible
with CRS. Figure 1 is a sinus CT showing normal
anatomy. Figure 2 is a CT scan of CRSwNP.

The timing and cost-effectiveness of imaging,
in particular, sinus CT scan without contrast, has
been studied. There are not studies of the cost-
effectiveness of anterior rhinoscopy or nasal
endoscopy. In patients with compatible symptoms

for at least 12 weeks, sinus CT scans are cost
effective, mostly due to reduction in antibiotic
use (Leung et al. 2014; Lobo et al. 2015). In
these studies, more than half of sinus CT scans
were normal even though the patients had symp-
toms compatible with CRS for more than
12 weeks. The most common diagnoses subse-
quent to a normal sinus CT scan were perennial
allergic rhinitis, non-allergic rhinitis, headache
syndromes, and facial pain syndromes. It has
been recognized for more than a decade that
most patients with self-diagnosed or physician-
diagnosed sinus headaches actually have
migraines (Tepper 2004). Rhinorrhea and nasal
congestion, two of the cardinal CRS symptoms,
occur in more than half of the subjects when they
experience migraines.

6.3.3 Prognosis

The prognosis of CRS depends upon a variety of
factors including severity, treatment, and
comorbidities. The initial treatment for CRS is
generally medical which is covered in the next
section. Prior to consideration of surgery for
CRS, most would give a course of maximal med-
ical therapy (MMT) that includes corticosteroids
and antibiotics (Patel et al. 2017). There are no



6 Chronic Rhinosinusitis and Nasal Polyposis

179

Fig. 1 Coronal CT scan view showing normal sinus anat-
omy. Normally sinuses should be black as they are
air-filled; bone is white and soft tissue or fluid is gray

studies that describe the long-term outcomes of
such MMT, i.e., the number and proportion of
individuals who are able to maintain sufficient
improvement that they do not seek a surgical
option, which is generally FESS.

The surgical prognosis is influenced by several
factors. It should be noted that most follow-up
studies are 12-24 months, with the longest
follow-up being 6 years. In CRSsNP, the T2R38
genotype that codes for a nonfunctional bitter
taste receptor may have worse outcomes than
other genotypes (Adappa et al. 2016). Recurrence
of nasal polyps (NPs) after FESS is 35%, 38%,
and 40% at 6, 12, and 18 months, respectively
(DeConde et al. 2017). In a Portuguese study of
CRSwNP, nonatopic asthma and exposure to
occupational dust were associated with recurrence
of NPs (Veloso-Teles and Cerejeira 2017). Ostei-
tis (inflammation of the bone without invasion of
bacteria or neutrophils) and biofilm formation are
bad prognostic comorbidities that almost always
require surgical treatment (Zhao and Wormald
2017). There are short-term (6-month follow-up)
studies post FESS that report improvement of
quality of life in children, even if they have CF
as a comorbidity (Fetta et al. 2017).

Fig.2 Coronal CT scan view showing CRSWNP. Most of
the sinuses are gray as they are filled with polypoid, eosin-
ophilic inflammation

The amount of improvement in the Sinonasal
Outcome Test (SNOT-22) after FESS is variable.
In a study from the UK, 66% achieved clinically
relevant improvement, whereas in studies in the
USA and Canada, the proportion tends to be
above 80% (Hopkins et al. 2015). Outcomes
such as olfaction, cognitive function, and sleep
quality have also been evaluated after FESS. A
meta-analysis reported that olfaction improved
after FESS; this improvement was more pro-
nounced in those with CRSwWNP (Kohli et al.
2016). In another study of FESS, there was
improvement in cognitive function as measured
by the Cognitive Failures Questionnaire (CFQ) in
CRSwNP patients; no significant improvement
was found for those with CRSsNP (Alt et al.
2016). In a study in which patients chose medical
or surgical treatment for CRS, those who opted for
FESS had significant improvement in the Pitts-
burgh Sleep Quality Index (PSQI). Those who
chose medical management did not improve and
had PSQI scores that were worse than the control
population (Alt et al. 2017).

While it is beyond the scope of this article to
cover, it should be noted that there is a significant
body of literature that suggests that CRS outcome
has an impact on asthma; specifically, in patients
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who have CRS and asthma, CRS exacerbations
are likely to be significantly associated with wors-
ening asthma (Lee et al. 2017). Therefore, the
CRS prognosis also affects the asthma prognosis.
With an emphasis on personalized medicine,
there is investigation into the endotypes of CRS.
The objective is to understand the various
endotypes which should allow for individualized
treatment, the subject of the next section (Kim and
Cho 2017).

6.4 Management

Recent guideline and practice parameter publi-
cations include several management scheme dia-
grams that illustrate an algorithmic approach to
patients with CRS (Fokkens et al. 2012; Peters
et al. 2014). Once the diagnosis of CRS is
established, consideration should be given to
determining if aeroallergens might be contribut-
ing to the inflammation. This is especially impor-
tant with aeroallergens such as dust mite and
animal dander for which avoidance measures
could be helpful. If patients are having frequent
exacerbations of CRS requiring antibiotics or if
the CRS is recalcitrant to therapy, consideration
of an immunodeficiency evaluation is in order.
Specifically, laboratory tests that could be useful
include quantitative immunoglobulins and spe-
cific antibody responses to vaccines. In those
patients with CVID, immunoglobulin replace-
ment may be useful in reducing CRS inflamma-
tion (Walsh et al. 2017). In those patients who
have normal immunoglobulins but low levels of
antibody against Streptococcus pneumoniae
serotypes, a 23 valent pneumococcal vaccine
may result in the patient developing normal
amounts of protective antibody and fewer exac-
erbations of CRS requiring antibiotics (Kashani
et al. 2015; Keswani et al. 2017). In those
patients who do not respond to vaccination with
increased S. pneumoniae antibody, a diagnosis of
specific antibody deficiency (SAD) would be
appropriate. The mainstay of therapy for patients
with SAD is prophylactic antibiotics; however,
there are no standardized protocols and no con-
trolled studies of efficacy (Perez et al. 2017).
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Published guidelines recommend immunoglob-
ulin therapy for SAD patients, based on retro-
spective studies (Perez et al. 2017). In patients
with CRS and antibody deficiency, either SAD or
CVID, immunoglobulin replacement may
reduce Lund-Mackay CT sinus scores and fre-
quency of CRS exacerbations (Walsh et al.
2017).

Medical management is the initial approach
for patients with CRS. Many references suggest
that MMT should be tried prior to consideration
of FESS. MMT protocols vary widely and
include the following interventions for variable
amounts of time: nasal corticosteroids (91% of
MMT protocols include this intervention), oral
antibiotics (89%), systemic corticosteroids
(61%), saline rinse irrigation (39%), oral antihis-
tamines (11%), oral/topical decongestants
(10%), and oral mucolytics (10%) (Dautremont
and Rudmik 2015). Intranasal corticosteroids
(INCS) are generally used on a daily basis; a
2016 Cochrane review reported that INCS
results in a moderate benefit for nasal blockage
and a small benefit for rhinorrhea (Chong et al.
2016a). Patients with CRSwNP often require
twice daily doses of INCS. Nasal saline irriga-
tion is useful if patients adhere to the regimen
(Chong et al. 2016b). The use of antibiotics
should be culture directed if possible (Fokkens
et al. 2012; Peters et al. 2014); amoxicillin-
clavulanic acid is a reasonable empiric antibi-
otic, while clindamycin would be appropriate
for the penicillin allergic individual. Antibiotics
are more likely to be useful in CRSsNP (Head
et al. 2016b). Short-course (3—7 days) oral corti-
costeroids may be useful for exacerbations, par-
ticularly of CRSwNP (Head et al. 2016a);
however, the risk/benefit ratio of prescribing
oral corticosteroids needs to be considered as
side effects can occur. A range of systemic cor-
ticosteroid prescribing options for CRS has been
reported (Scott et al. 2017). Oral prednisone is
the most commonly prescribed preparation; the
median starting dose was 50 mg (20—-80 mg), and
the average duration was 5 days (1-21 days).
Biologics, including omalizumab,
mepolizumab, benralizumab, and dupilumab,
are increasingly reported to be useful in the
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Table 5 Indications for urgent evaluation and treatment
of complications of CRS

1. Neurologic signs, e.g., ophthalmoplegia

2. Unilateral symptoms

3. Periorbital edema and/or erythema

4. Displaced globe

5. Double or impaired vision

medical management of CRS (Bachert et al.
2015; Chiarella et al. 2017); at the time this
article was written, no biologic has been
approved by the FDA to treat CRS. If medical
treatment is successful, the patient can use INCS
and saline as maintenance therapy. Occasional
use of antibiotics and/or short-course (3—7 days)
oral corticosteroids may be needed for
exacerbations.

However, if maintenance therapy with INCS
and saline is not sufficient; if the patient requires
frequent, more than twice a year, oral corticoste-
roids and/or antibiotics; or if the patients wants to
explore a surgical option, surgery, specifically
FESS in adults, should be considered. In children
with CRS, there is evidence that the adenoids may
serve as a reservoir for pathogenic bacteria; as a
result, adenoidectomy is a surgical treatment that
has been reported to be useful in the pediatric
population (Mahdavinia and Grammer 2013). A
prospective, non-randomized study comparing
medical and surgical therapy for CRS in adults
has been published (Smith et al. 2013). Patients
who elected FESS had fewer course of antibiotics,
fewer missed school/work days, and improved
quality of life during the 2-year follow-up. In
short, when aggressive medical management
fails to control CRS, surgery may result in better
outcomes. In a recent study of CRS patients, mul-
tivariate logistic regression was used to evaluate
factors that increase the likelihood of the patient
choosing FESS over continuing medical manage-
ment (Chapurin et al. 2017). Those factors were
CRSwNP as compared to CRSsNP odds ratio
(OR) =4.28, cystic fibrosis OR = 2.42, and aca-
demic site (compared to a community site)
OR = 1.86. As mentioned above, long-term fol-
low-up studies after surgery for CRS have not
been reported.
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6.5 Special Issues

There are several aspects of CRS that require
special consideration: complications, cystic fibro-
sis (CF), aspirin-exacerbated respiratory disease
(AERD), and allergic fungal rhinosinusitis
(AFRS).

The complications of CRS are primarily due to
changes in the surrounding bone in response to
chronic inflammation. Among those changes are
osteitis, mucoceles, metaplastic bone, bone ero-
sion, and expansion that can damage adjacent
structures resulting, for example, in optic neurop-
athy (Fokkens et al. 2012). Another complication
is the spread of infection from the sinuses to
surrounding tissues causing cellulitis or osteomy-
elitis, invasion of the bone by bacteria, and neu-
trophils as opposed to osteitis which is bone
inflammation without invasion. Imaging studies
are necessary to define these complications which
may require urgent intervention to prevent serious
sequelae like blindness. Some indications for
urgent evaluation and treatment are found in
Table 5.

Nasal polyps in children should raise the pos-
sibility of CF (Marshak et al. 2011). CRS may be
the initial problem in those CF patients with
milder CFTR gene mutations. Almost all CF
patients have CRS, with about one third having
CRSwNP; those NPs tend to be neutrophilic, not
eosinophilic. In CF patients, the pathogens in the
upper and lower airway tend to be similar. FESS
tends to be useful in CF patients with refractory
CRS; there have been reports of improvement in
lung function after such surgery (Kovell et al.
2011). However, long-term prospective studies
of lung function after FESS are not available.

There is a subset of patients with CRSwNP
and asthma who have respiratory reactions
after ingesting aspirin or other nonsteroidal
anti-inflammatory drugs (NSAIDs); those patients
have aspirin-exacerbated respiratory disease
(AERD). In general, it is recommended that such
patients avoid NSAIDs. In these patients, FESS
has been reported to improve asthma, but long-
term prospective studies have not been reported,;
AERD patients are more likely to experience
regrowth of NP than other patients with CRSwWNP
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(Fokkens et al. 2012). Desensitization followed
by daily aspirin therapy may decrease the rate
of NP recurrence (Lee et al. 2010; Kowalski
et al. 2016). Other therapies that have been
recommended for AERD include leukotriene-
modifying drugs, saline irrigation, and nasal cor-
ticosteroids (Levy et al. 2016).

The role of fungi in the pathogenesis of CRS
has been investigated in the past decade; it is
generally agreed that fungi do not contribute to
the pathogenesis of most CRS (Zhao et al. 2017).
However, in some patients who have immediate-
type hypersensitivity to fungi, eosinophilic
mucin, and characteristic CT findings of high
attenuation, it is thought that the fungi play a
role in the CRSwNP that is termed allergic fungal
rhinosinusitis (AFRS) (Fokkens et al. 2012; Peters
et al. 2014). Patients with AFRS tend to require
surgery as well as long-term oral and/or topical
corticosteroids to maintain control. As adjunctive
therapy, oral antifungals may play a role. While
immunotherapy with fungal antigens initially was
reported to be useful, more recent studies do not
show benefit (Marple et al. 2002).

6.6 Conclusions

Chronic rhinosinusitis is a very common disease
resulting in significant morbidity. The initial
approach is medical management, but surgical
intervention may be required in those whose
response is suboptimal. A variety of comorbidities
and subtypes are recognized that need somewhat
different approaches to management: aeroallergen
sensitization, immunodeficiency, bone complica-
tions, infectious complications, CF, AERD, and
AFRS. There is a need for studies of long-term
outcome data, especially postsurgery, to enhance
clinical decision-making in CRS.
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