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Background and Objectives Central compartment atopic disease (CCAD) has been stud-
ied with increasingly more importance as a distinct subtype of chronic rhinosinusitis with na-
sal polyp (CRSwNP). Studies have shown that CCAD in Western populations show a strong
association with allergy and typical features of medial nasal structure and sinus involvement.
The purpose of this study was to evaluate the clinical characteristics of CCAD and compare
them to those of other subtypes of CRS in Korea.
Subjects and Method A chart review was performed retrospectively at two tertiary rhino-
logic centers for patients who were treated with bilateral endoscopic sinus surgery for CRS
with or without nasal polyp from January 2019 to December 2021. Patients were divided into
Recf’ived July 19,2023 three groups, namely CCAD, CRSwWNP, and CRS without nasal polyps (CRSsNP), and demo-
i::;si‘:d ig%‘ézt Zz ;gi; graphics, clinical characteristics, and imaging data were compared among the three groups.
Add rI:, s for cor&; espon’ dence Results A total of 150 patients were included in this study (50 patients in each group).
CCAD showed similar nasal symptoms with CRSwNP, but higher rates of olfactory impair-
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148 Gurodong-ro, Guro-gu, Conclusion CCAD has characteristic endoscopic and imaging findings, showing a high
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prevalence of allergy and a strong association with the markers of type 2 inflammation.
Therefore, CCAD is a distinct disease of CRSWNP and its allergic etiology should be consid-
ered in the management of patients with CCAD phenotype.
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Introduction

Chronic rhinosinusitis (CRS) is a complex inflammatory
disease affecting the nose and paranasal sinuses (PNS), per-
sisting 12 weeks or more. Classically, primary CRS has been
separated into two major subtypes based upon phenotypic
appearance; CRS with nasal polyps (CRSWNP) and CRS
without nasal polyps (CRSsNP).” Recently, central compart-
ment atopic disease (CCAD) has been defined as a variant
CRSwNP which involves inflammation or polypoid changes
within the central structures of the nasal cavity including
middle turbinate (MT), superior turbinate (ST) and the pos-
terosuperior nasal septum (PSNS).”” White, et al.” first pro-
posed the concept of the association between edema of MT

and atopic disease. DelGaudio, et al.”

reported that the atopic
process involved not only the M T, but also other structures of
central compartment in nasal cavity.

The clinical characteristics of CCAD and its association
with allergy have been mainly studied, mostly led by West-
erns. The radiologic pattern on CT of PNS demonstrates cen-
tral nasal soft tissue thickening, with more significant disease
progressing to secondary obstruction of the sinuses. A typical
pattern is opacification of medial nasal cavity and sinuses,
along with peripheral clearing along the lamina papyracea,
ethmoid skull base, and lateral aspects of the maxillary si-
nuses. Hamizan, et al.” described that these central radiologic
patterns on sinus PNS CT are associated with allergy status.
An association between CCAD and allergy was further sup-
ported by additional studies in which almost all CCAD pa-
tients had a positive allergy status.”>” The rationale is that
inhalant allergen deposit in the central compartment struc-
tures related to the course of normal nasal airflow and the
allergy induced mucosal inflammation may lead to sinus os-
tial obstruction, and thus, secondary infection.

Although CCAD has been increasingly studied as a distinct
subtype of CRS, there has been few reports on the study of
CCAD in East Asia. Therefore, the objective of the present
study was to determine the clinical and radiologic characteris-
tics of CCAD compared to other phenotypes of CRS in Korea.

Subjects and Methods

Study design and patients

We performed a retrospective chart review on all patients
who had been operated under the diagnosis of CRS on both
sides at two tertiary academic centers from January 2019 to
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December 2021. Diagnosis of CRS was made based on na-
tional guidelines established by American Academy of Oto-
laryngology and European Position Paper on Rhinosinusitis
and Nasal Polyps (EPOS).”® Patients over 18 years old who
underwent bilateral endoscopic sinus surgery under general
anesthesia were included in the study, and exclusion criteria
are as follows: tumorous condition (e.g. malignancy, inverted
papilloma, vascular tumor), systemic immune disorder (Im-
munodeficiency, autoimmune disease), cystic fibrosis, We-
gener’s or other autoimmune disease, revision surgery, or
patients with incomplete data. This study was approved by
the Institutional Research Board of our hospital and was con-
ducted in compliance with the Declaration of Helsinki.

This study was approved by the Korea University Medical
Center Institutional Review Board (2021GR0611).

Measures

For all enrolled patients, gender, age, smoking history, un-
derlying disease, previous nasal operation history, allergy test
results, asthma, serum total immunoglobulin E (IgE), serum
eosinophil (percentages and counts), and initial nasal symp-
toms were reviewed.

Preoperative nasal endoscopic images were analyzed and
used to classify the patients. Preoperative PNS CT scans were
also reviewed to evaluate severity of sinusitis, ethmoid/max-
illary score (E/M) ratio and mucosal involvement. The sever-
ity of sinusitis was evaluated with the Lund-Mackay (L-M)
score and we checked the haziness for 6 sites (anterior eth-
miod sinus, posterior ethmiod sinus, frontal sinus, sphenoid si-
nus, maxillary sinus and ostiomeatal complex) and then ranked
from 0 to 2 (normal state: 0, partial hazziness: 1, total hazzi-
ness: 2) for each site. Using to the haziness scores of each si-
nus in L-M score, E/M ratio was calculated. We also deter-
mined whether mucosal involvement on CT scans was seen
in the following four parts: MT, NS, nasal cavity, and olfacto-
ry cleft. Analysis of nasal endoscopy and PNS CT were con-
ducted by two independent rhinologists.

Group classification

All enrolled patients were classified into three study groups
according to the initial nasal endoscopic findings; CCAD
group, CRSWNP group and CRSsNP group. CCAD was di-
agnosed based on nasal endoscopic findings of inflammation
or polypoid changes located within the central compartment
(MT, PSNS, and/or ST). Patients with nasal polyps without
these findings of CCAD were classified into the CRSwNP,



and the remaining patients (no findings of CCAD or nasal
polyps) were classified into CRSsNP. Patients whose nasal pol-
yps were so large or many that the site of origin could not be
identified by initial nasal endoscopic images, or whose cen-
tral compartments could not be definitely evaluated due to
structural problems were excluded. We also excluded the pa-
tients who met the diagnostic criteria for aspirin-exacerbated
respiratory disease (AERD) or allergic fungal rhinosinusitis
(AFRS), because these were discrete subtypes of CRSWNP
and known to be a very small percentage for Asians.

A total of 50 patients were classified into the CCAD group
according to the above diagnostic procedure. Age and gen-
der matched samples were extracted from the CRSWNP and
CRSsNP (50 patients in each group), and we compared the
measure among the three groups.

Statistical analyses

Statistical analyses were performed using IBM SPSS ver-
sion 22.0 program (IBM Corp., Armonk, NY, USA). The
numerical data were expressed as mean+standard deviation.
One-way analyses of variance were performed followed by
post-hoc test (Tukey, Duncan) for comparison of numerical
data with normality between groups. Kruskal-Wallis test and
Mann-Whitney U test were used to compare numerical data
without normality between groups. For categorial data, the
chi-square test and Fisher’s exact test were performed to com-
pare groups. Statistical significance was set at p<0.05.

Results

Demographic characteristics and nasal symptoms

A total of 150 patients were included in this study (50 pa-
tients each in the CCAD, CRSWNP, and CRSsNP). Table 1
shows the demographic characteristics and initial nasal symp-
toms of patients. There were no significant differences in age,
gender, smoking history and asthma among the three groups.
As for the initial nasal symptoms, we determined whether the
patients complained about the following 5 symptoms; nasal
obstruction, rhinorrhea, sneezing, postnasal drip, and olfac-
tory impairment. The most common nasal symptom was na-
sal obstruction in all study groups (90%, 86% and 74% re-
spectively). Olfactory impairment was significantly more
prevalent in the CCAD and CRSwWNP than in the CRSsNP,
and the other 4 nasal symptoms were not significantly differ-
ent among three groups. Overall, CCAD and CRSwWNP showed
similar features of nasal symptoms.
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Allergy prevalence and serologic results
Allergy-sensitization was determined by either skin prick
test or serologic assessment, in which serum allergen specific
IgE greater than 0.35 kU/L was considered a positive result.
The prevalence of allergy-sensitization was 90% in CCAD,
32% in CRSwWNP, and 30% in CRSsNP respectively, which was
significantly higher in CCAD than in the other two groups. In
serologic test, all three results of total IgE (kU/L), eosinophil
percentage (%) and eosinophil count (/L) were significantly
higher in CCAD than in CRSwWNP or CRSsNP (Fig. 1).

Radiologic assessment

Table 2 shows L-M score and haziness for each site ana-
lyzed by PNS CT scans among three groups. L-M score was
the highest in CRSwNP (15.84+4.77). followed by CCAD
(12.26+4.43) and CRSsNP (9.42+4.45). CRSWNP showed the
highest L-M score for all six sites among three groups. In
CCAD, the score of maxillary sinuses was significantly lower
than that of CRSWNP or CRSsNP. However, the score of eth-
moid sinuses was not significantly different from CRSwNP
and significantly higher than CRSsNP.

E/M ratio was calculated as using an algorithm ([sum of
both anterior ethmoid sinuses+sum of both posterior ethmoid
sinuses]/sum of both maxillary sinuses), and 6 cases with a

summarized maxillary sinus score of 0 were converted to of

Table 1. Demographic characteristics and nasal symptoms of the
three groups

CCAD  CRSWNP  CRSsNP
(n=50) (n=50) (n=50)
Age (years) 47.7+13.2 43.4+140 465+17.7 ns
Sex ns
Male 37 (74.0) 33(66.0) 30 (60.0)
Female 13(26.0) 17(34.0) 20 (40.0)
Smoking 13(26.00 10(20.0) 12(240 ns
Asthma 13 (26.0) 9(18.0) 5(10.0) ns
Nasal symptoms
Nasal obstruction 45 (90.0) 43 (86.0) 37 (74.0) ns
Rhinorrhea 25(50.0) 31(62.0) 36 (72.0) ns
Sneezing 17 (34.00 13 (26.0) 9(18.00 ns
Postnasal drip 24 (48.0) 28(56.0) 35(70.0) ns
Olfactory 30(60.0) 33(66.0) 18(36.0) 0.006*
impairment

Data are presented as mean + standard deviation or n (%).
*CCAD and CRSWNP showed significantly higher rates of ol-
factory impairment than CRSsNP, and there was no significant
difference between CCAD and CRSWNP. CCAD, central com-
partment atopic disease; CRSWNP, chronic rhinosinusitis with
nasal polyp; CRSsNP, chronic rhinosinusitis without nasal polyp;
ns, not significant
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Fig. 1. Prevalence of allergy-sensitization and results of serologic tests in the three groups. A: Allergen-sensitization. B: Serum total im-
munoglobulin E level. C: Serum eosinophil percentage. D: Serum eosinophil count. *p<0.05. CCAD, central compartment atopic disease;
CRSWwNP, chronic rhinosinusitis with nasal polyp; CRSsNP, chronic rhinosinusitis without nasal polyp.

Table 2. Comparison of imaging findings on PNS CT scans among the three groups

PNS CT findings CCAD (n=50) CRSWNP (n=50) CRSsNP (n=50) P p2 ps
Lund-Mackay score 12.26+4.43 15.84+4.77 9.42+4.45 0.001 0.002 0.001
Sum of both sides

Frontal sinus 1.66+1.33 2.72+1.07 1.46+1.29 0.001 ns 0.001
Maxillary sinus 1.80+0.53 2.76+0.85 2.36+1.06 0.001 0.001 ns
Ethmoid sinus 4.88+1.86 5.40+1.95 3.44+1.59 ns 0.001 0.001
Anterior 2.66+1.06 2.96+0.90 2.00+0.86 ns 0.004 0.001
Posterior 2.22+1.09 2.44+1.29 1.44+0.99 ns 0.001 0.001
Sphenoid sinus 0.88+1.04 1.80+1.37 0.64£0.94 0.001 ns 0.001
Ostiomeatal complex 3.04+1.52 3.16+1.28 1.52+£1.69 ns 0.001 0.001

Pair wise comparison of three groups was performed using the Mann-Whitney U test: p1, CCAD vs. CRSWNP; p2, CCAD vs. CRSsNP;
ps, CRSWNP vs. CRSsNP. PNS, paranasal sinuses; CCAD, central compartment atopic disease; CRSWNP, chronic rhinosinusitis with
nasal polyp; CRSsNP, chronic rhinosinusitis without nasal polyp; ns, not significant

1 point. The E/M ratio in the CCAD group was significantly
higher than in the other CRSWNP or CRSsNP (Fig. 2).

Mucosal involvement in PNS CT of the three groups was
shown in Fig. 3. The CCAD showed a significantly higher
rate of involvement than CRSwWNP group in the MT and nasal
septum on PNS CT scans. Compared with the CRSsNP, in-
volvement of all 4 sites on CT scans were significantly higher
in the CCAD.
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Discussion

CCAD has recently been reported as a distinct phenotype
of CRSWNP in various studies. White, et al.” first proposed
polypoid change of the MT as an indicator of atopic disease,
caused by inflammatory reaction between the allergens in-
haled via nasal flow and the anterior aspects of MT. DelGau-
dio, et al.” revealed that other central nasal structures of eth-

moid origin, including the posterior-superior nasal septum



and the ST, are involved. If not treated in time, CCAD can
lead to secondary involvement of the sinuses due to displace-
ment of MT or extension of lateral polyposis of MT with me-
dial-to-lateral progression.

Hamizan, et al.” described radiologic characteristics of
CCAD. On PNS CT scans, there is a central focus of mucosal
disease, and if the sinuses are involved, the roof or lateral wall
tends to be relatively normal. They reported that these central

radiologic patterns of mucosal disease are significantly asso-

E/M ratio

CCAD CRSWNP CRSsNP

Fig. 2. E/M ratio in the three groups. *p<0.05. E/M, ethmoid/maxil-
lary score; CCAD, central compartment atopic disease; CRSWNP,
chronic rhinosinusitis with nasal polyp; CRSsNP, chronic rhinosi-
nusitis without nasal polyp.
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ciated with allergic etiology. Like this, previous studies have
shown the unique clinical and radiological features of CCAD
and its strong association with allergy. In EPOS 2020, CCAD
was classified as a distinct disease in diffuse type 2 pheno-
type of primary CRS.”

To the best of our knowledge, this study is the first report
demonstrating the clinical and radiologic features of CCAD in
Asia countries, compared to other phenotypes of CRS. The
representative findings of three patients in this study are shown
in Fig. 4. In a CCAD, nasal endoscope revealed polypoid
change of MT and nasal septum. On PNS CT scan, the char-
acteristic findings of total opacification in ethmoids and pe-
ripheral clearing in maxillary sinuses definitely observed. In
the nasal endoscopic image of CRSwWNP, multiple nasal pol-
yps originating from the middle meatus were observed, and
both ethmoids and maxillary sinuses had similar haziness on
PNS CT scans. In CRSsNP, maxillary sinuses were more af-
fected than ethmoids with no specific findings of nasal en-
doscopic images.

In the present study, we conducted a comparison of clinical
and radiologic features among three groups, CCAD, CRSWNP,
and CRSsNP, excluding AFRS and AERD. Although the spe-
cific prevalence of AFRS has not been reported, it is relative-
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Fig. 3. Mucosal involvement on paranasal sinuses CT scans for the following 4 sites. A: Middle turbinate. B: Nasal septum. C: Nasal
cavity. D: Olfactory cleft. *p<0.05. CCAD, central compartment atopic disease; CRSwWNP, chronic rhinosinusitis with nasal polyp; CRSs-

NP, chronic rhinosinusitis without nasal polyp.
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s

Fig. 4. Representative nasal endoscopic and radiologic features of three groups: CCAD (A and D), CRSwWNP (B and E), and CRSsNP (C

and F). CCAD, central compartment atopic disease; CRSWNP, chronic rhinosinusitis with nasal polyp; CRSsNP, chronic rhinosinusitis

without nasal polyp; S, nasal septum; M, middle turbinate.

ly low in East Asia compared to the West.” AERD is also a
rare disease in East Asia, accounting for 0.57% of all CSR
patients in China.'” Therefore, we excluded AFRS and AERD
because the significantly comparable number of the patients
was not available, but instead included CRSsNP, which has
not been included in previous studies as a comparison group
of CRS patients.

The prevalence of allergy in CRS may vary by phenotype,
with CCAD and AFRS having a stronger association than
CRSwWNP and CRSsNP.>'" In a previous study to analyze the
allergy prevalence of each CRS phenotype, about 97.6% of
CCAD patients were accompanied by allergy, showing the
second highest association with allergy after AFRS (100%).”
Also in a study analyzing the clinical features of 15 CCAD
patients, all 15 patients were allergy-sensitized.”

In this study, although not as high as in previous studies, the
allergy prevalence of CCAD patients was very high at 90%.
Theoretically, all patients with CCAD would be expected to
be allergy-sensitized because CCAD is a disease caused by al-
lergic inhalants. The 5 cases of negative allergic result were
thought to be due to local allergic rhinitis. We used the results
of skin prick test and serologic test for allergy testing. How-
ever, there may be patients with local allergic rhinitis who
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have a localized allergic reaction in the nose without systemic
atopy."” By combining the result of nasal provocation test as
well as result of systemic atopy (skin test and serum-specific
IgE test), the most comprehensive assessment of allergy prev-

alence would be obtained.”

However, nasal provocation test
were not available for this retrospective review and local al-
lergic rhinitis was not evaluated.

The prevalence of asthma in CCAD was high compared to
other groups, although not statistically significant. Since there
have been studies showing a strong association between asth-

ma and CRS with allergic rhinitis,"*"”

it would be expected
that there a relationship between CCAD and asthma. How-
ever, in previous Western studies, the prevalence of asthma
was higher in patients with other subtypes of CRSWNP than
in patients with CCAD.>" Although CCAD is a disease in-
duced by allergic inhalants, the relationship with asthma seems
not yet clear. So further research is needed.

On the other hand, patients with CCAD showed signifi-
cantly higher levels of serum total IgE and eosinophil (both
percentage and count) than patients with other subtypes of
CRS in this study. There have been many reports demonstrat-
ing a clinical significance of measuring total IgE in the eval-
uation and diagnosis of allergic rhinitis, and blood eosinophils



are also known to be important markers of type 2 inflamma-
tion."”"” Considering that there are many cases of non-type 2
inflammation in CRSWNP in Asia and that almost all CCAD
patients are positive for allergic rhinitis test, above results of
this study were reasonable.””*” Although only children were
included, there was also a study showing that patients with
radiologic determined CCAD had higher serum total IgE
levels compared to CRS patients without CCAD.”

We classified patients with CRS into three groups based
on nasal endoscopic findings, and compared findings of PNS
CT scans. CCAD patients, endoscopic determined, had sig-
nificantly less haziness of maxillary sinuses and high E/M
ratio compared to other groups. Most of CCAD showed the
representative findings, which sinus involvement starts in
the medial parts of the ethmoid and maxillary sinuses with
peripheral clearing, on CT scans.

CT scans showed the highest mucosal involvement of MT,
nasal septum, olfactory cleft in CCAD. These results of CT
scans have two important implications. First, CCAD in Asia
also showed the imaging characteristics of CCAD patients in
previous studies leaded mostly by the West. Second, nasal
endoscopic determined CCAD reflect their representative fea-
tures on CT, such as high E/M ratio, peripheral clearing of
maxillary sinus, and mucosal involvement of central compart-
ment. It could be supposed that the nasal endoscopic findings
and PNS CT findings of CCAD are strongly associated.

Meanwhile, the nasal symptoms of CCAD were not sig-
nificantly different from those of CRSWNP. Compared with
CRSsNP, olfactory impairment were reported significantly
more, which is a major symptom of CCAD. Olfactory dysfunc-
tion of CRS is multifactorial. Conductive disorder is caused
by mechanical obstruction of odorant transmission due to mu-
cosal edema and nasal polyps. Sensorineural disorder is in-
duced by inflammatory infiltration of eosinophil and cyto-
kines within the olfactory neuroepithelium.”**® In CCAD,
mucosa of central component in nasal cavity was mainly af-
fected in nasal endoscopy and PNS CT images. In addition,
eosinophil infiltration is also thought to be severe in patients
with CCAD, a disease of type 2 inflammation. It is likely to
result in both conductive and sensorineural disorders in the
olfactory bulb in CCAD.

There are some limitations of this study. First, we classified
patients by nasal endoscopic imaging and selection bias may
be induced by subjective opinion in this process. Second, other
phenotypes of CRSWNP, such as AERD and AFRS, were not
included in this study due to low prevalence in East Asia. Fi-
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nally, our retrospective data does not contain the information
of prognosis including recurrence, revision surgery, and post-
operative management. Therefore, a study on the prognosis
and management of CCAD is needed in the future, including
other phenotypes of CRSwNP.

In conclusion, CCAD is a distinct phenotype of CRSwNP
showing characteristic nasal endoscopic and imaging findings

with a high prevalence of allergy and olfactory impairment.
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