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Background: Central compartment atopic disease (CCAD)
is arecently described variant of chronic rhinosinusitis with
nasal polyp (CRSwWNP) associated with inhalant allergy. An
association with asthma was noted to be uncommon within
our clinical practice. The purpose of this study was to de-
termine allergy and asthma prevalence in CCAD and other

CRSwWNP subtypes.

Methods: A retrospective analysis at a tertiary care institu-
tion was performed over the period from 2015 to 2019. CR-
SwNP was grouped into the following subtypes: allergic fun-
gal rhinosinusitis (AFRS); aspirin-exacerbated respiratory
disease (AERD); CCAD; and CRSwWNP not otherwise spec-
ified (CRSWNP NOS). Patients with sinonasal polyps and
concomitant polypoid disease in the central compartment
(CRSWNP/CC) were analyzed as a separate cohort for the
purpose of this study. Prevalence of allergy and asthma was
compared between groups.

Results: Three hundred fifty-six patients were included.
CRSwNP NOS was the most common subtype (37.1%) and
CRSWNP/CC was the least common (3.7%), with other
CRS subtypes ranging between 11.5% and 24.2%. Asthma
prevalence was highest in AERD (100%) and CRSWNP NOS
(371%), but substantially lower in AFRS (19.0%) and CCAD

(171%). Asthma was significantly more common in AERD and
CRSwNP NOS when compared with CCAD (p < 0.001 and
p = 0.039, respectively). Prevalence of allergy was signifi-
cantly higher in AFRS (100%), CCAD (97.6%), CRSWNP/CC
(84.6%), and AERD (82.6%) when compared with CRSWNP
NOS (56.1%) (p < 0.001).

Conclusion: CCAD represents a clinically distinct pheno-
type of CRSwWNP with a high prevalence of allergy and low
prevalence of asthma. Patients with both CCAD and dif-
fuse sinonasal polyps had an allergy prevalence approach-
ing that of CCAD and an asthma prevalence approaching
CRSwNP NOS. © 2019 ARS-AAOA, LLC.
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hronic rhinosinusitis (CRS) is an inflammatory con-

dition that affects 4% to 16% of the United States
population.! It is commonly divided into 2 major enti-
ties based on the presence or absence of nasal polyposis,
chronic rhinosinusitis with nasal polyposis (CRSWNP), and
chronic rhinosinusitis without nasal polyposis (CRSsNP).
CRSwNP is of particular interest because within this
broad category there are several different variants or clin-
ically relevant phenotypes,” including allergic fungal rhi-
nosinusitis (AFRS), aspirin-exacerbated respiratory disease
(AERD), cystic fibrosis (CF), eosinophilic granulomato-
sis with polyangitis (formerly Churg-Strauss syndrome),
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CRSwNP not otherwise specified (CRSWNP NOS), and the
more recently described central compartment atopic disease
(CCAD).?

An association between edematous/polypoid changes of
the middle turbinate (MT) and positive allergy status was
first described in 2014.* This association was further sup-
ported by 2 additional studies.”® CCAD, described in
2017, is a nasal inflammatory polypoid condition strongly
associated with inhalant allergy, involving the superior
nasal septum (NS) with or without the MT and/or supe-
rior turbinate (ST).”-® Inhalant allergen deposition in these
central compartment structures is related to the course of
normal nasal airflow. Our group and others have previ-
ously reported a strong association between CCAD and
allergy.”® In our clinical practice, we have also noted a low
association of CCAD with asthma.

Knowledge of associated comorbidities, including allergy
and asthma, aid in distinguishing between CRSWNP sub-
types. For example, diagnostic criteria for AFRS and AERD
include allergy and asthma, respectively. Studies have eval-
uated allergy and asthma prevalence in CRSwNP patients.
However, most of those studies included all CRSwNP
subtypes within a single “RSwNP cohort,” thus limiting
conclusions.”>!? This has been particularly true when at-
tempting to elucidate allergy prevalence, which has been es-
timated to range from 50% to 84%.'""13 A recent prospec-
tive, cohort study reported on asthma prevalence within
specific CRSwNP subtypes, but CCAD was not included in
the analysis.'*

As CCAD is increasingly recognized as a distinct
sinonasal inflammatory subtype, further knowledge regard-
ing its associated comorbidities will aid in the understand-
ing, diagnosis, and management of this entity. The objec-
tive of this study was to determine the prevalence of allergy
and asthma in CCAD, as compared with other CRSwNP
subtypes.

Materials and methods
Study design and population

Approval of the institutional review board at Emory Uni-
versity was obtained before initiating this retrospective
study. All patients were treated at a single, tertiary aca-
demic center between 2015 and 2019. CRSwNP diagno-
sis was made based on criteria established by the Inter-
national Consensus Statement in Allergy and Rhinology:
Rhinosinusitis'* and the European Position Paper on Rhi-
nosinusitis and Nasal Polyps.'®

CRSwWNP patients were categorized into the following
subtypes: AFRS; AERD; CRSwNP NOS; and CCAD. The
patients were diagnosed with AFRS if there was evidence of
nasal polyposis, characteristic radiographic findings, hyper-
sensitivity to fungi, and documented history of eosinophilic
mucin with noninvasive fungal hyphae.!” AERD was diag-
nosed based on presence of asthma and nasal polyposis, as
well as a history of positive aspirin challenge or respira-
tory reaction to aspirin or nonsteroidal anti-inflammatory

drugs.'® CCAD was diagnosed based on endoscopic find-
ings of inflammation/polypoid changes located within the
central compartment (NS, MT, ST).® For this study, iso-
lated MT polyp patients were included in the CCAD cohort.
Patients who met the diagnostic criteria for AERD or AFRS
and who also demonstrated central compartment findings
on nasal endoscopy were included only in the AERD and
AFRS groups, respectively, as this was their primary and
predominant pathology. Central compartment involvement
in AERD patients is common, but it is uncommon in AFRS.
CRSwNP NOS included all other sinonasal polyp patients
that did not meet criteria for one of the other phenotypes.
Patients within the CRSWNP NOS cohort did not meet
criteria for AERD or AFRS and did not exhibit polypoid
changes within the central compartment. A small group
of patients with both sinonasal polyps and concomitant
polypoid disease in the central compartment (here termed
CRSwWNP/CC) were analyzed as a separate cohort for the
purpose of this study (Fig. 1). To ensure that CRSwWNP
subtypes were classified correctly, extensive review of the
electronic medical record (EMR) (including operative re-
ports and logs, office notes, pathology/laboratory reports,
computed tomography [CT] imaging data, outside records)
was performed. Other CRSwNP subtypes, including CF
and eosinophilic granulomatosis with polyangiitis, were
not included in this analysis. Patients with comorbid im-
munodeficiency or systemic autoimmune disease were also
excluded.

The following patient data were collected: (1) demo-
graphics (age, sex, race); (2) documented asthma diagnosis
by a pulmonologist or allergist (strong clinical history with
confirmation by pulmonary function testing [PFT])!"; (3)
clinical history of allergic rhinitis (AR); and (4) results of
allergy testing. Clinical AR was diagnosed based on crite-
ria established by the International Consensus Statement
in Allergy and Rhinology: Allergic Rhinitis.?’ In patients
who underwent allergy testing, aeroallergen sensitization
was defined by either serologic assessment or skin testing.
Confirmation of allergy testing results was obtained for
patients tested before presentation to our institution. For
those tested at our institution, the protocol was performed
as described elsewhere.?

Statistical analyses
Demographics and clinical characteristics of CRSWNP pa-
tients were tabulated. Nonparametric one-way analyses of
variance were performed with Bonferroni-corrected post-
hoc analyses to examine specific group differences. Statis-
tical tests were performed using SPSS version 24 (IBM,
Armonk, NY). Statistical significance was set at p < 0.035.

Results

Study population and demographics

A total of 356 patients were included for analysis.
Mean age was 48.4 (range, 18-85) years. One hundred
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FIGURE 1. CT scans demonstrating: (A) isolated CCAD and (B) CRSWNP/CC. CCAD = isolated central compartment atopic disease; CRSWNP = chronic
rhinosinusitis with nasal polyposis; CRSWNP/CC = chronic rhinosinusitus with sinonasal polyps and central compartment involvement; CT = computed

tomography.

ninety-five patients (54.7%) were male. One hundred
eighty-three patients (51.4%) were Caucasian. CRS
subtype classification was as follows: CRSwWNP NOS, 132
(37.1%); AERD, 86 (24.2%); AFRS, 84 (23.6%); CCAD,
41 (11.5%); and CRSwNP/CC, 13 (3.7%). CRSwNP
subtypes differed significantly with respect to age (p <
0.001). Average age of patients with CRSwNP NOS was
greater compared with all other subtypes (p = 0.004).
CRSwNP groups did not differ by gender (Table 1).

Allergy prevalence

Allergy prevalence, as determined by documented clinical
history of AR, was 78.7% across all patients in this series.
Allergy breakdown by subtype was 100% in AFRS, 97.6%
in CCAD, 84.6% in CRSWNP/CC, 82.6% in AERD, and
56.1% in CRSwNP NOS. Allergy prevalence was signifi-
cantly higher in CCAD, AERD, and AFRS compared with
CRSwWNP NOS (p < 0.001). There was also a significant
difference in allergy prevalence between AFRS and AERD
(p = 0.022) (Fig. 2).

Two hundred fifty-two patients (70.8%) underwent for-
mal allergy testing, including 75 (87.2%) with AERD, 70
(83.3%) with AFRS, 27 (65.9%) with CCAD, 75 (56.8%)
with CRSwNP NOS, and 5 (38.5%) with CRSwNP/CC.
Positive allergy testing was present in 100% of AFRS pa-
tients, 92.6% of CCAD patients, 88% of CRSWNP NOS
patients, 80% of CRSwNP/CC patients, and 77.3% of
AERD patients (Table 2).

Asthma prevalence

Asthma prevalence was 45.5% among all CRSwNP
patients. When analyzed by subtype, prevalence of asthma
was as follows: 100% in AERD; 37.1% in CRSwNP
NOS; 30.8% in CRSwNP/CC; 19% in AFRS; and 17.1%
in CCAD. There was a significant difference in asthma
prevalence across subtypes. The AERD group had a signif-
icantly higher prevalence of asthma than all other groups
(p < 0.001). CCAD and AFRS had a significantly lower
prevalence of asthma than CRSwWNP NOS (p = 0.039 and
p = 0.009, respectively). There were no other significant

TABLE 1. Demographics of patients included in the study

CRSwWNP NOS AERD AFRS CCAD CRSwNP/CC p Value

Patients [n (%)] 132 (37.1%) 86 (24.2%) 84 (23.6%) 41 (11.5%) 13 (3.7%)
Age, mean (years) 56.1 48.9 36 46.5 50.9 p < 0.0012
Female [n (%)] 57 (43.2%) 48 (55.8%) 34 (40.5%) 17 (41.5%) 5 (38.5%) p=0.462
Race [n (%)]

Caucasian 87 (66%) 44 (51.2%) 30 (35.7%) 17 (41.5%) 5 (38.5%)

African American 36 (27.2%) 34 (40%) 44 (52.3%) 20 (48.8%) 6 (46.1%)

Other 8 (6%) 3 (3%) 1(1.2%) 3(7.3%) 1(7.7%)

Unknown 1(0.8%) 5 (5.8%) 9(10.8%) 1(2.4%) 1(7.7%)

aStatistically significant difference between groups.
AERD = aspirin-exacerbated respiratory disease; AFRS = allergic fungal rhinosinusitis; CCAD = isolated central compartment atopic disease; CRSWNP NOS = chronic

rhinosinusitis with nasal polyposis, not otherwise specified; CRSWNP/CC = patients with central compartment and sinonasal polyps.
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FIGURE 2. Prevalence of allergy in the CRSWNP subtypes. AERD =
aspirin-exacerbated respiratory disease; AFRS = allergic fungal rhinosinusi-
tis; CCAD = isolated central compartment atopic disease; CRSWNP NOS
= chronic rhinosinusitis with nasal polyposis, not otherwise specified; CR-
SwWNP/CC denotes those with sinonasal polyps and central compartment
involvement. Connecting lines represent statistically significant differences
between groups (p < 0.05).

differences in asthma prevalence across groups (Fig. 3).
These associations remained significant even after an
adjustment for race (p = 0.016).

Discussion

CCAD represents a distinct nasal inflammatory process re-
lated to inhalant allergy. This can be considered a sepa-
rate CRSWNP subtype, although it primarily involves the

central compartment nasal mucosa, with the sinuses becom-
ing involved by obstruction in advanced disease. Although
previous studies have demonstrated a strong association
with allergy, an association between CCAD and asthma
has not been studied but has been noted to be uncommon
within our clinical practice. This is the first study to evaluate
allergy and asthma prevalence in CCAD with comparison
to other CRSwNP subtypes, including AERD, AFRS, and
CRSwNP NOS.

Several studies have attempted to better understand
the relationship between allergy and CRSwNP. Allergic
diseases, especially immunoglobulin E (IgE)-mediated in-
flammatory processes such as AR, have long been consid-
ered to be an inciting factor in the development and/or pro-
gression of CRSWNP. However, recent systematic reviews
have demonstrated an equivocal relationship between al-
lergy and CRSWNP (aggregate level of evidence D).2%?!
Yet, a major limitation in the literature is that all CRSwNP
variants were often included within a single “CRSwNP co-
hort,” despite evidence of a greater association of allergy
with specific subtypes, including AFRS and CCAD.* ! In
our analysis, overall allergy prevalence was high (78.7%),
as determined by clinical history of AR in CRSwNP pa-
tients. However, when separated by subtype, allergy preva-
lence varied significantly across groups. A higher prevalence
of allergy was present in AFRS, CCAD, and AERD when
compared with CRSwNP NOS. The high prevalence of al-
lergy in AERD is consistent with a recent report by our
group, which also demonstrated a high prevalence of cen-
tral compartment involvement in AERD patients.?> That
study also showed multiple etiologies for polyps can exist
in the same patient (ie, sinonasal polyposis from AERD and
central compartment polyps from inhalant allergy).

Given the retrospective nature of this study, allergy test-
ing was not available for all patients. However, not all
patients with classic AR symptoms and inhalant triggers
will have positive allergy testing.?? Patients with CRSwNP
NOS were the least likely of the CRSwINP subtypes to have
allergy testing performed (75 of 132, 56.8%). Thus, it is
likely that only CRSwNP patients with a very strong clini-
cal suspicion for AR underwent allergy testing. Therefore,
pretest probability was higher, and testing was more likely

TABLE 2. Allergy prevalence and testing results

CRSwWNP subtype Total patients (n) Positive allergy history [n (%)] Allergy testing performed [n (%)] Positive allergy testing [n (%)]
CRSwNP NOS 132 74 (56.1%) 75 (56.8%) 66 (88%)

CCAD 41 40 (97.6%) 27 (65.9%) 25 (92.6%)
CRSwNP/CC 13 11 (84.6%) 5 (38.5%) 4 (80%)

AFRS 84 84 (100%) 70 (83.3%) 70 (100%)

AERD 86 71 (82.6%) 75 (87.2%) 58 (77.3%)

CRSWNP/CC = chronic rhinosinusitus with sinonasal polyps and central compartment involvement.
AERD = aspirin-exacerbated respiratory disease; AFRS = allergic fungal rhinosinusitis; CCAD = isolated central compartment atopic disease; CRSWNP NOS = chronic
rhinosinusitis with nasal polyposis, not otherwise specified.
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FIGURE 3. Prevalence of asthma in the CRSwNP subtypes. AERD =
aspirin-exacerbated respiratory disease; AFRS = allergic fungal rhinosinusi-
tis; CCAD = isolated central compartment atopic disease; CRSWNP/CC =
sinonasal polyps and central compartment involvement. CRSWNP NOS =
chronic rhinosinusitis with nasal polyposis, not otherwise specified. Con-
necting lines represent statistically significant differences between groups
(p < 0.05).

to be positive in these select patients, which may account
for the higher percentage of allergy test—positive patients
(88%) vs those with a clinical history of AR (56.1%). Pa-
tients diagnosed with other CRSWNP variants, including
AERD and AFRS, were more likely to undergo allergy test-
ing (87.2% and 83.3%, respectively), and thus there was
greater agreement between clinical symptoms of AR and
positive allergy testing.

In general, accurate diagnosis of allergy remains a chal-
lenge. Not all patients with positive allergy testing demon-
strate clinical symptoms consistent with AR,>* which is
consistent with allergen sensitivity being higher in the gen-
eral population than clinical AR. Furthermore, some pa-
tients with classic AR symptoms and inhalant triggers will
have negative allergy testing, but may have IgE present in
the sinonasal cavity—a condition referred to as local allergic
rhinitis (LAR).?’ LAR can be diagnosed using nasal aller-
gen provocation testing (NAPT). Ideally, combining a clin-
ical history of AR symptoms, both skin- and serum-specific
IgE testing as well as NAPT, would provide the most
comprehensive assessment of allergy prevalence. However,
four methods of allergy evaluation are not typically per-
formed in clinical practice, and therefore, were not avail-
able for this retrospective review.

The overall prevalence of asthma in CRSwNP patients
was 45.5%, but also differed when separated by CRSwINP
subtype. The prevalence of asthma in AERD was 100%, as
expected by diagnostic criteria, and was significantly higher
than in AFRS, CCAD, and CRSwNP NOS. The prevalence
of asthma in isolated CCAD was low (17.1%), similar to
asthma prevalence seen in patients with AFRS (19%). Of
note, 13 patients with diffuse sinonasal polyposis also had
central compartment polypoid findings (CRSwWNP/CC). Be-
cause it would be arbitrary to determine which disease pro-
cess was primary, we chose to report this cohort separately.
Some of these patients may have primary CCAD with sec-
ondary sinus involvement, and others may have primary
sinonasal polyposis and secondary involvement of one or
more of the central compartment structures, or they may
have 2 equal coexisting processes. These patients had a
higher prevalence of asthma (30.8%) when compared to
patients with isolated CCAD (17.1%). This higher asthma
prevalence of 30.8 %, which more closely approximates the
37.1% seen in the CRSwINP NOS group, may be associated
with greater sinonasal inflammatory disease burden. The
CRSwNP/CC group also had a clinical AR prevalence of
84.6%, which is much closer to the 97.6% seen in isolated
CCAD than the 56.1% in CRSwNP NOS. This group of
patients shows that multiple diagnoses can be present in the
same patient, which may help to explain why the allergy
and asthma prevalence in this hybrid group is between the
CCAD and CRSwNP NOS groups.

As demonstrated by our analysis, CCAD represents a dis-
tinct CRSWNP subtype associated with a high prevalence
of allergy and low prevalence of asthma. The prevalence of
allergy in CCAD patients was high but did not reach 100%
in our study population. As inhalant allergens are thought
to contribute to the inflammatory/polypoid changes seen
in CCAD, we expected all CCAD patients to demonstrate
a clinical history of AR. However, even patients without
overt clinical allergy symptoms may demonstrate subclin-
ical sinonasal inflammation. In subjects with seasonal and
perennial allergic rhinitis, subthreshold doses of allergen
have been shown to cause inflammatory cell infiltration
in the nasal mucosa, but this did not result in overt allergy
symptoms.”® Long-term exposure to inhaled allergens, even
at low or subclinical levels, is likely adequate to cause cen-
tral compartment inflammation.

This study is the first to evaluate the prevalence of asthma
in CCAD. The low prevalence of asthma in CCAD patients
was expected based on our clinical experience, but this is
difficult to explain. Asthma is often sustained by allergic
sensitization, and allergic asthma is the most frequently di-
agnosed asthma endotype, representing >60% of cases.?’
Both allergy and allergic asthma are characterized by type 2
inflammation and may be driven by IgE-mediated triggers.>
Thus, it may be expected that CCAD, given its strong as-
sociation with allergy, would have a higher prevalence of
asthma. However, this was not seen in our analysis. Of
note, our study population consisted entirely of adults. Al-
though allergic sensitization is considered a strong risk
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factor in the development of childhood-onset asthma,
adult-onset asthma is often nonallergic.’® Given the ret-
rospective nature of this study, the average age of asthma
onset in our patient population could not be determined.
Our theory for the combination of findings identified in
this analysis is that the central compartment of the nasal
cavity acts as a filter for inhalant allergens, thus reducing
contamination of the lower airways. The central compart-
ment receives the greatest airflow, and therefore the most
allergen deposition. This is the reason for the involvement
of the superior NS, MT, and ST in CCAD, a manifestation
of longstanding allergic nasal disease. Therefore, the low
asthma prevalence seen in CCAD patients may result from
the body’s attempt to filter inhalant allergens to minimize
their access to the lower airway. When the filtering capac-
ity of the central compartment structures is overloaded, the
protective mechanism is overcome and the lower airway re-
ceives more allergen exposure. This could account for the
higher asthma prevalence in patients with CRSWNP/CC
compared with CCAD. Exceeding the filtering threshold of
the central compartment could also help explain the pro-
gression of the sinonasal polyposis in this group, possibly
due to altered airflow and increased exposure of the middle
and superior meatus to inhaled allergens. It remains unclear
why some patients with AR develop CCAD and others do
not. Possible genetic variations could contribute to the dif-
ferences in manifestation of inflammatory changes.
Knowledge of associated comorbidities, including allergy
and asthma, are helpful to distinguish between different
CRSwNP subtypes. For example, AERD is a challenging
diagnosis often made at a late stage, and patients may have
undergone several sinonasal surgeries before the diagnosis
is considered. Although asthma in AERD patients tends to
segregate in the severe persistent category, patients with
AERD can have mild or moderate persistent asthma or
even intermittent asthma,”” which may be missed if not
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