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Abstract

Objective: The study aimed to evaluate symptoms described by patients with chronic rhinosinusitis with polypoid changes/
nasal polyps and their correlation with computed tomography (CT), nasal endoscopy, and intranasal biomarkers.

Study Design: Prospective multicenter study symptom data from postsurgical adult chronic rhinosinusitis study
participants with recurrent disease refractory to medical therapy were analyzed in comparison with objective data.
Methods: Using logistic regression analysis, participant-rated |6-question surveys from 258 participants were assessed for
correlation with nasal endoscopy scores, CT percentage of sinus occlusion, and intranasal biomarkers of fungal antigens
(Alternaria and Aspergillus), eosinophilic inflammation (eosinophil-derived neurotoxin [EDN] and major basic protein
[MBP]), and inflammatory cytokines (interleukins 5 and 13).

Results: Study participant assessments revealed increased CT occlusion in participants presenting with greater inability
to smell (P < .019). Mucosal inflammation identified on nasal endoscopy was positively correlated with congestion (P <
.028), runny nose (P <.002), and ear pain (P < .007). Elevated EDN was positively correlated in patients with bothersome
congestion (P <.031) and runny nose (P < .01 1). Sneezing was positively correlated with multiple markers: Alternaria (P <
.024), interleukin-13 (P < .027), MBP (P < .034), and interleukin-5 (P <.019).

Conclusion: Nasal endoscopy, not CT imaging, has the strongest correlation with the 2 cardinal symptoms of congestion
and runny nose in CRS patients; these correlate with biomarkers of eosinophilic inflammation.
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Introduction The use of NE provides direct visualization of the nasal
cavities and paranasal sinus ostia while CT scans provide a

Chronic rhinosinusitis (CRS) is a condition diagnosed by comprehensive view of the opacification within the paranasal

clinical symptoms that arise as a result of inflammation of
the nasal and paranasal sinus mucosae. It was the primary
diagnosis at approximately 11.5 million office visits through-
out the US in 2009 and for which universally effective treat-
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sinuses as well as the nasal cavities. Computed tomography
scans in particular have been referred to by the Joint Council
of Allergy, Asthma, and Immunology as the ideal technique
in which to evaluate the nasal cavity and paranasal sinuses.”
Recently, the use of a coronal 2D single slice image through
the osteo-meatal complex (OMC) has been shown to be a
valid representation of mucosal thickening in patients with
CRS as this slice correlates well to 3D CT scans representing
all the sinuses of the same patients.*

Mucosal inflammation, which characterizes CRS and is
behind much of the clinical symptomatology, has been pre-
viously associated with the release and deposition of eosin-
ophil-derived major basic protein (MBP) in the nasal
mucus.’ The presence of toxic levels of MBP may contrib-
ute to damage of the mucosa from the luminal side and be a
factor in the continuous nature of CRS symptoms. In fact,
MBP in the nasal mucus was suggested as a potential bio-
marker of CRS, and subsequent validation for its use has
been demonstrated.™® The catalyst of eosinophil migration
and degranulation has been suggested to be the presence of
nonpathogenic fungus within the sinus mucus.””

In the current literature, there is a paucity of information
regarding the correlation of biomarker presence or objec-
tive inflammation with patient symptomatology.'*"?

Due to the paucity of biomarkers for CRS, in this study,
we evaluated which objective measure of inflammation,
among CT scans and NE, exhibited greater correlative abil-
ity to clinically experienced symptomatology and biomark-
ers in recurrent postsurgical CRS patients.

Methods

This study analyzed prospectively collected multicenter
data on postsurgical chronic rhinosinusitis patients in 59
centers in the US who previously failed traditional medical
and surgical therapy and were subsequently enrolled in a
phase 3 clinical trial. Participants included adults over age
18 who were able to speak English and had provided
informed consent. Institutional Review Board (IRB)
approval was obtained from either the participating center’s
IRB or a central IRB.

The minimum enrollment criteria defined subjects as
females and males between ages 18 and 85 with the diagno-
sis of recurrent postsurgical CRS after sinus surgery for
CRS greater than 6 months prior. Enrollees had to meet
diagnostic criteria for CRS via international criteria with
objective measurements of a minimum 5 mm mucosal
thickening in at least 1 maxillary sinus assessed via CT and
polyps or polypoid mucosal thickening identified via NE.?

Those candidates with an acute upper or lower respira-
tory infection or systemic antibiotic use within the prior
month were excluded. Further exclusion criteria included:
immunosuppressed patients receiving disease-modifying
agents, participants who began use or had a dose change of

nasal corticosteroids within 3 months, or individuals receiv-
ing oral or intravenous steroids to treat any condition other
than asthma within the previous month. Candidates who
used intranasal and/or systemic antifungal therapy within 3
months as well as those who had an acute asthma exacerba-
tion within 3 days were not enrolled. Patients with anatomic
abnormalities blocking access to the sinuses and preventing
specimen collection, including a clinically significant devi-
ated nasal septum not remedied by surgery, nasal passage
obstruction (ie, concha bullosa), or nasal cavities with stage
4 nasal polyposis, were excluded. Candidates were not
enrolled if found to have cystic fibrosis or a cancer history
other than treated squamous cell or basal cell carcinoma of
the skin in full remission for at least 5 years. Lastly, candi-
dates who had a positive pregnancy test or used any inves-
tigational products within the past 30 days were also
excluded.

Patient symptom data were analyzed from participant-
completed 16-symptom questionnaires that were developed
with CRS patients prior to the study. The terms asked
focused on congestion, cough, facial pain, facial pressure,
dry mouth, ear pain, ear pressure, fever, headache(s), inabil-
ity to smell, postnasal drip, runny nose, sneezing, sore
throat, fatigue, and watery eyes. These were scored on a
6-point Likert scale from 0 (absent) to 5 (most bothersome
possible).

The questionnaires used in this study were developed
using patient-described symptoms and included symptoms
in “layman’s language” from the Rhinosinusitis Disability
Index and SNOT-20. These questionnaires were not used
exclusively as the goal was to include symptoms from both
tools as well as ask patients about symptoms in a way they
would describe their symptoms. For example, the SNOT-20
does not include congestion. Figure 2 (in the Results sec-
tion) illustrates the response rate to the questionnaire, and
the high overall prevalence of each symptom was expected.
The goal was to identify the most commonly reported
symptoms that could be considered the “cardinal symp-
toms” of CRS. These cardinal symptoms were then corre-
lated to the objective measurements of inflammation and
the measurement of nasal mucus biomarkers.

Computed tomography of the paranasal sinuses was
judged by a local radiologist, for inclusion purposes, to
determine whether a minimum of 5 mm mucosal thickening
was present in at least 1 of the maxillary sinus cavities.
Images from candidates meeting this criterion were trans-
mitted to Perceptive Informatics (Waltham, Massachusetts,
USA) for centralized and independent review. The CT
images were standardized by using a single 2D coronal
plane view demonstrating the maxillary and ethmoid
sinuses with distinctive bony landmarks for the middle
meatus (Figure 1). Perceptive Informatics’ image analysis
software, ALICE, was used to measure the area of mucosal
thickening (MT) and air (A). The mucosal thickening
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Figure 1. An example of the single slice 2D computed tomography (CT) scan used to assess mucosal thickening is shown to illustrate
the process of measuring mucosal thickening (MT) and air (A). (a) Original CT scan of patient with signs of thickening in ethmoidal and
maxillary sinuses. (b) Based on the density pattern in the scan, the area that A occupies was measured. (c) The area between the ones
of the sinuses and the air was identified and measured as MT. The percentage of MT was calculated using MT/(MT + A).*

percentage of the whole area (MT + A) defined the opaci-
fied area (Figure 1).

A staff physician at each center blinded to responses on
symptom questionnaires at the time of evaluation performed
nasal endoscopy and subsequent scoring. Nasal endoscopy
of each nasal cavity was graded between 0 and 4 based on
modified Rasp classification system: '

Stage 0: No evidence of disease.

Stage 1: Inflammatory mucosal changes confined to the
middle meatus superior to the lower edge of middle
turbinate.

Stage 2: Inflammatory mucosal changes between the
lower edge of middle turbinate and the root of inferior
turbinate.

Stage 3: Inflammatory mucosal changes between the
root of inferior turbinate and the lower edge of inferior
turbinate.

Stage 4: Inflammatory changes below the lower edge of
inferior turbinate or in anterior nasal cavity.

Nasal Mucosal Biomarkers

Middle meatus nasal secretion specimens were concur-
rently obtained during NE using a sinus secretion collector
(Xomed Surgical Products, Jacksonville, Florida, USA). No
nasal decongestants or anesthetics were permitted prior to
examination or collection of specimens to avoid dilution.
There were instances in which insufficient mucus was
obtained. In this setting, specific biomarker testing was pri-
oritized (MBP, Aspergillus, and Alternaria).

Symptom questionnaires were evaluated for potential
correlation with objective NE scores, MT percentage from
facial CT imaging, and nasal mucus concentrations of
Aspergillus (ASP) and Alternaria (ALT) antigens, eosino-
phil major basic protein, eosinophilic-derived neurotoxin

(EDN), and interleukin-5 (IL-5) and -13 (IL-13).
Concentrations of MBP in the specimen supernatants were
quantitated by ELISA (IMMCO Diagnostics, Inc, Buffalo,
New York, USA), and nasal mucus concentrations of EDN,
Aspergillus and Alternaria antigens, along with IL-5 and
IL-13 were measured by a microarray (IMMCO Diagnostics,
Inc) developed and verified for this study.

Statistical Analysis

Statistical Package for Social Sciences (SPSS) Version 13.0
(SPSS, Chicago, Illinois, USA) was used to analyze the
association between specific clinical symptoms and CT
scores and NE scores. A P value of <.05 was considered to
be statistically significant for all analyses. The symptom
severity scores were grouped as none to mild (0-2) or mod-
erate to severe (3-5). The CT scores were categorized based
on the area of occlusion as 0% to 25%, 25% to 50%, 50% to
75%, and greater than or equal to 75%. The efficacy of CT
imaging in illustrating patient symptoms was evaluated by
calculating the sensitivity, specificity, and predictive values
across all symptoms and CT occlusion areas. Further, logis-
tic regression analysis (with 95% confidence intervals) was
used to evaluate the association between the categorized CT
scores and the patient symptom severity categories.
Similarly, endoscopy score was graded as mild (less than 3
unilaterally or 4 total for both sides) versus moderate to
severe (greater than or equal to 3 unilaterally or 4 total) for
comparison with patient symptom severity survey scores.
The categorized CT scores were compared to endoscopy
scores by the chi-square test. Due to the large amount of data
within this trial, it was decided to transfer continuous vari-
ables into categorical data to facilitate statistical testing.
The biomarker values were categorized based on their
percentile distribution (25th, 50th, 75th, or greater than 75th
percentile) based on standard deviation from the mean.
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Table 1. Study Participant Demographics (n = 258).

Age,y
Mean (SD) 50.9 (12.3)
Median 51.0
Range 23-83

Ethnicity n %
Asian 4 2
Black I8 7
White 228 89
Other 7 3

Female gender 143 56

Logistic regression analysis was used to evaluate the rela-
tionship of nasal biomarkers and symptom scores.

Results

Study Participants

Two hundred ninety-nine study volunteers were enrolled in
the multicenter study during a period of 12 months; how-
ever, 39 individuals were excluded who had less than 5 mm
mucosal thickness on independent CT review. Two addi-
tional study volunteers were excluded due to the absence of
more than 1 symptom score, thus limiting our analysis to
258 study participants (Table 1). Participant data were
retrieved from a secure database housed at the Gromo Sinus
Institute (Buffalo, New York, USA).

Subjective Questionnaires

Symptom questionnaires demonstrated prevalence of
greater than 50% for 15 of 16 complaints, as illustrated in
Figure 2. The most common symptoms reported are con-
gestion (100%), being tired (96.5%), headache (95.8%),
postnasal drip (94.9%), facial pressure (92.2%), and runny
nose (90.7%). These symptoms were all reported as pre-
dominantly moderate-severe.

Computed Tomography and Nasal Endoscopy

Opacified MT percentages from CT imaging indicated that
nearly one-half of CRS study participants experienced
greater than 50% occlusion of the nasal cavity and parana-
sal sinuses. The NE scores also demonstrated moderate
mucosal inflammation with an average unilateral NE score
of 2 and bilateral (total) NE score of 4 (Table 2).

Based on mean CT opacification, analysis of the pres-
ence of each symptom with the corresponding CT opacifi-
cation score failed to demonstrate reliable positive
predictive value (PPV). “Inability to smell” or anosmia
yielded the largest PPV of only 48.37% (95% CI,

42.26%-54.48%), with all remaining symptoms reflecting
poorer results when correlated with CT imaging (P > .05).
Further subgroup analysis of none to mild (0-2) versus
moderate to severe (3-5) symptom scores also had poor
PPV of 50.6% (95% CI, 44.50%-56.72%). Analysis by
logistic regression curves, however, indicated an increased
likelihood of CT opacification above the mean for CRS
patients presenting with moderate to severe anosmia (P <
.019; OR =1.86; 95% CI, 1.10-3.15).

Nasal endoscopy scores consistently paralleled CT imag-
ing assessment of opacification at the maxillary sinus ostium
(Figure 3). Logistic regression modeling was used to evalu-
ate the association between symptom severity scores and
corresponding unilateral and total NE scores. Our results
demonstrated advanced inflammatory changes found on NE
were associated with an increased likelihood of reported
congestion (P <.028; OR =2.33; 95% CI, 1.08-5.02), runny
nose (P <.002; OR =2.23; 95% CI, 1.34-), and ear pain (P
<.007; OR =2.08; 95% CI, 1.21-3.56) (Figure 4).

Nasal Mucus Biomarker Quantification

Laboratory quantification of nasal mucus markers yielded
wide-ranging values with significant deviation from statistical
means (Table 3). Logistic regression analysis to evaluate the
association between stratified biomarker data and study par-
ticipant symptoms demonstrated that higher nasal mucus
EDN was associated with a statistically significant increased
likelihood of reporting bothersome congestion (P <.031; OR
=4.09; 95% CI, 1.21-13.79) and runny nose (P <.011; OR =
3.614; 95% CI, 1.44-9.09). Sneezing was significantly associ-
ated with moderate ALT (P <.024; OR = 2.86; 95% CI, 1.29-
6.32) and IL-13 (P <.027; OR = 2.63; 95% CI,1.17-5.91) in
addition to high MBP (P < .034; OR = 2.71; 95% CI, 1.18-
6.22) and IL-5 (P <.019; OR = 2.82; 95% ClI, 1.19-6.70).

Discussion

Patients who suffer from CRS with or without nasal polyps
present to physicians with a wide variety of symptoms.
Optimally, for diagnostic purposes, having an objective
measure that closely correlates with clinical severity would
be advantageous in improving the management of patients
based on disease severity. The 2 objective modalities
assessed in this study included NE and previously validated
2D CT scan slices including the OMC. The described CT
scan provides a convenient and noninvasive objective
inquiry, but unsurprisingly, our study reveals that nasal
endoscopy results more closely parallel cardinal patient
symptoms. Additionally, our results show the most fre-
quently reported symptoms at this time and in previous
reports were found to be associated with an increased likeli-
hood in testing positive for nasal mucus biomarkers of
eosinophilic inflammation."
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Figure 2. Percentage of patients responding regarding disease severity for 16 complaints via survey. Eight symptoms were significant
in that greater than 50% of those surveyed rated symptoms as moderate to severe. Conversely, fever stood out for being the only

symptom with over 50% of patients reporting no severity.

Table 2. Computed Tomography (CT) Occlusion Area
Percentage and Total Nasal Endoscopy (NE) Scores.

Mean SD Median Mode Range
CT occlusion (%), n =258 49.3 20.I 466 31.4 13.1-945
Total NE score, n = 256 4 | 4 2 -6

The pivotal role of CT imaging of the paranasal sinuses
was recognized during the 1970s; further advancement in
imaging modalities and the introduction of endoscopic sinus
surgery has led to a compelling role for CT in the preopera-
tive assessment of patients with CRS.'*!” Advancements in
CT during the past 4 decades have continued to improve the
multidimensional imaging of the anatomy of the paranasal
sinuses, including 3D CT images. Our study utilized a spe-
cific 2D anatomical slice obtained via CT, which has shown
significantly greater correlation with 3D volumetric evalua-
tion as well as significantly greater sensitivity to change
compared to the Lund-Mackay system.*'®

These CT images demonstrated a PPV with only 1
symptom, anosmia, assessed via questionnaire. As anosmia
was associated with mucosal thickening, it would be perti-
nent in the future to investigate whether this symptom may
be predictive of mucosal thickening. This appears to indi-
cate a limitation in the use of CT image results to accu-
rately reflect the subjective nature of the severity of CRS.

70004 p-value: <0.01

60,00+
50100+
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20,00+
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10004
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w2 3 4 5 6
Total endoscopy score
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Figure 3. Correlation between mean area of occlusion
measured on computed tomography (CT) scans and total
endoscopy score based on the Rasp classification system. The
results indicate a positive correlation: When the mean areas of
mucosal thickening increase, the total endoscopy scores for the
same patients increase as well.

Our patient survey results indicate that the local complaints
of “congestion” and “runny nose” are the most common
complaints found in patients with CRS (Figure 2). This is
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Figure 4. Laboratory quantification of nasal mucus markers
yielded wide-ranging values with significant deviation from
statistical means (Table 3). Logistic regression analysis to
evaluate the association between stratified biomarker data and
study participant symptoms demonstrated that higher nasal
mucus eosinophil-derived neurotoxin (EDN) was associated
with a statistically significant increased likelihood of reporting
bothersome congestion (P < .031; OR = 4.09; 95% ClI, 1.21-
13.79) and runny nose (P < .01 1l; OR =3.614; 95% Cl, 1.44-
9.09). Sneezing was significantly associated with moderate
Alternaria antigen (ALT) (P <.024; OR = 2.86; 95% ClI, 1.29-
6.32) and interleukin-13 (IL-13) (P <.027; OR = 2.63; 95% Cl,
1.17-5.91) in addition to high major basic protein (MBP) (P <
.034; OR =2.71; 95% Cl, 1.18-6.22) and IL-5 (P < .019; OR =
2.82; 95% Cl, 1.19-6.70).

similar to previous surveys that have also identified “con-
gestion” and “nasal discharge” as being the most frequent
complaints of patients with CRS with nasal polyps.'*"* In
particular, Thompson et al'> reported an association
between ECF (eosinophilic chemotactic factor) and the
symptoms of nasal congestion, anosmia, and sneezing.
These are similar to our results and indicate a continued
trend that eosinophilic markers are associated with the car-
dinal symptoms of CRS.

The symptoms of congestion and nasal discharge are
descriptive issues associated with overall airflow obstruc-
tion and consistent drainage of the nasal passages specifi-
cally. This is despite the positive correlation observed
between thickening of the nasal mucosa on CT scans and
the NE score in similar patients (Figure 3). It remains pos-
sible that in CRS it is not how much inflammation is present
but where that inflammation is localized that matters more
in regards to quality of life. The NE score provides a good
assessment of disease severity within the nasal passage
where the majority of reported symptoms originate from.

This result is retrospectively unsurprising as the NE
classification system assesses nasal inflammation on a
continuum with a higher number indicating a higher

degree of involvement of the nasal cavity. Congestion
caused in part by nasal polyp obstruction would be an
expected finding within severely affected patients. This
provides reasoning for the greater symptom specificity for
NE over CT imaging in regards to objective measurement
of inflammation in CRS. Further, nasal endoscopy allows
the examiner the ability to visualize nasal mucosa, assess
stage and extent of inflammatory mucosal thickening, and
obtain nasal mucus for evaluation of cellular and various
biomarker content. However, given our result and the pos-
itive features associated with NE, the limited view of NE
does not provide detailed information about the extent of
disease within the paranasal sinuses as afforded by CT
imaging. This potentially allows CT imaging to remain the
primary assessment modality of the state of the paranasal
sinuses in the management and preoperative evaluation of
a CRS patient refractory to medical therapy.

The discovery that eosinophils degranulate and release
MBP into the mucus as opposed to the tissue revealed the
importance of the nasal mucus in establishment and pro-
gression of the disease process. These studies identified
toxic MBP deposition in the nasal mucus as a potential cata-
lyst of nasal mucosa damage, and further work validated
that MBP as a biomarker within the nasal mucus be stream-
lined as a diagnostic tool for CRS.*"

Our study demonstrated correlation of several eosino-
philic inflammatory biomarkers with the most common
symptoms of CRS. Specifically, EDN, MBP, IL-5, IL-13,
and ALT antigen were all found to be statistically signifi-
cant with at least 1 reported symptom (Figure 4). The ALT
antigen in particular has been shown previously to be
involved in migration, activation, and degranulation of
eosinophils.”® Conceptually, this ALT-driven cascade
could be self-perpetuating as EDN has been shown to be a
stimulator of the Th-2 immune cascade resulting in the pro-
duction of cytokines including IL-5 and IL-13. IL-5 is a
potent stimulator of eosinophils, and its production may
serve to increase the eosinophils within the nasal mucus.?*!

In fact, CRS with nasal polyps has recently been shown
to be associated with Th-2 type inflammatory mediators
including IL-5 and IL-13.%* All these events could be behind
the overall deposition of MBP, which has been shown to be
detrimental to the nasal mucosal lining.” The association of
EDN with bothersome congestion and runny nose is under-
standable as the damage induced by end products of eosino-
phil degranulation to the nasal mucosae would lead to a
reduction in mucociliary clearance. In addition, the associa-
tion of IL-5, IL-13, MBP, and ALT to sneezing might lead
to the speculation that the presence of eosinophils and their
degranulation products in the nasal cavity may be related to
the symptom of sneezing.

The association of these markers with the cardinal sub-
jective symptoms gives credence to the further assessment
and incorporation of these biomarkers into a diagnostic and
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Table 3. Nasal Mucus Biomarkers.

N Mean SD Median Mode Range
ALT antigen (ng/ml) 172 65.8 259.8 10.0 5 5-2292
ASP antigen (ng/ml) 172 303.0 2325.1 59.5 20 20-30389
MBP (ng/ml) 172 1365.4 4694.8 159.5 20 20-52210
EDN (ng/ml) 171 19781.3 92939.1 2203.5 96 96-1 146505
IL-5 (pg/ml) 169 3144.4 7747.6 204.0 60 47-46471
IL-13 (pg/ml) 171 319.1 602.6 165.5 60 59-4124

Abbreviations: ASP, Aspergillus; ALT, Alternaria; EDN, eosinophilic-derived neurotoxin; IL, interleukin; MBP, major basic protein.

targeted therapeutic approach of severe and refractory
CRS.

Conclusion

While both NE and CT imaging are valid objective tools in
the evaluation of CRS patients, NE has a stronger correla-
tion with the 2 cardinal symptoms of congestion and ante-
rior rhinorrhea in CRS patients. The association of
eosinophilic and fungal (ALT) biomarkers responsible for
the recruitment and activation (IL-5, IL-13) of eosinophils,
as well as the products of eosinophil degranulation, namely,
EDN and MBP, suggest a potential for each to be clinically
useful as a panel for CRS diagnosis.

Authors’ Note

This study was awarded the third-place poster prize by the
American Academy of Otolaryngology—Head and Neck Surgery
at the Annual Meeting in October 2009 (San Diego, California,
USA).

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: The Mayo Foundation for Medical Education and
Research owns intellectual property rights, including United
States Patent No. 6416955, which lists J.U.P., D.A.S., and H.K.
as inventors who are receiving royalty payments from licensing
agreements between the Mayo Foundation and Immco Diagnostics
Inc.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
study was supported by grants from the National Institutes of
Health (NIH) RO1 AI49235 and by the Gromo Foundation for
Medical Education and Research.

References

1. National Center for Health Statistics (NCHS). National
Ambulatory Medical Care Survey (NAMCS); Table-13.
http://www.cdc.gov/nchs/data/ahcd/names_summary/2009
namcs_web_tables.pdf. Accessed March 22, 2017.

2.

10.

11.

12.

13.

14.

15.

Wallace DV, Dykewicz MS, Bernstein DI, et al. The diagno-
sis and management of rhinitis: an updated practice param-
eter. J Allergy Clin Immunol. 2008;122(2):S1-S84.

. Rosenfeld RM, Piccirillo JF, Chandrasekhar S, et al. Clinical

practice guideline (update): adult sinusitis. Otolaryngol Head
Neck Surg. 2015;152(2):S1-S39.

. Likness MM, Pallanch JF, Sherris DA, et al. Computed

tomography scans as an objective measure of disease sever-
ity in chronic rhinosinusitis. Otolaryngol Head Neck Surg
2014;150:305-311.

. Ponikau JU, Winter LA, Kephart GM, et al. An immuno-

logic test for chronic rhinosinusitis based on free intranasal
eosinophilic major basic protein. Int Forum Allergy Rhinol.
2015;5(1):28-35.

. Schmid C, Habermann W, Braun H, et al. Released intrana-

sal eosinophilic major basic protein as a diagnostic marker
for polypoid chronic rhinosinusitis. Otolaryngol Head Neck
Surg. 2010;143(3):386-391.

. Inoue Y, Matsuwaki Y, Shin SH, et al. Nonpathogenic,

environmental fungi induce activation and degranulation of
human eosinophils. J Immunol. 2005;175:5439-5447.

. Shin SH, Lee YH, Jeon CH. Protease-dependent activation

of nasal polyp epithelial cells by airborne fungi leads to
migration of eosinophils and neutrophils. Acta Otolaryngol.
2006;126:1286-1294.

. Yoon J, Ponikau JU, Lawrence CB, et al. Innate antifungal

immunity of human eosinophils mediated by a B, integrin,
CD11b. J Immunol. 2008;181:2907-2915.

Stewart MG, Johnson RF. Chronic sinusitis: symptoms versus
CT scan findings. Curr Opin Otolaryngol Head Neck Surg.
2004;12(1):27-29.

Tahamiler R, Canakcioglu S, Ogreden S, et al. The accu-
racy of symptom-based definition of chronic rhinosinusitis.
Allergy. 2007;62(9):1029-1032.

Bhattacharyya N, Fried MP. The accuracy of computed
tomography in the diagnosis of chronic rhinosinusitis.
Laryngoscope. 2003;113(1):125-129.

Kramer MF, Rasp G. Nasal polyposis: eosinophils and inter-
leukin-5. Allergy. 1999;54(7):669-680.

Bhattacharyya T, Piccirillo J, Wippold FJ. Relationship
between patient-based descriptions of sinusitis and parana-
sal sinus computed tomographic findings. Arch Otolaryngol.
1997;123:1189-1192.

Thompson CF, Price CP, Huang JH, et al. A pilot study of
symptom profiles from a polyp vs an eosinophilic-based clas-
sification of chronic rhinosinusitis. /nt Forum Allergy Rhinol.
2016;6(5):500-507.


http://www.cdc.gov/nchs/data/ahcd/namcs_summary/2009_namcs_web_tables.pdf
http://www.cdc.gov/nchs/data/ahcd/namcs_summary/2009_namcs_web_tables.pdf

462

Annals of Otology, Rhinology & Laryngology 126(6)

16.

17.

18.

19.

Wortzman G, Holgate RC. Computerized tomography (CT)
in otolaryngology. Laryngoscope. 1976;86(10):1552-1562.
Zinreich SJ, Kennedy DW, Rosenbaum AE, et al. Paranasal
sinuses: CT imaging requirements for endoscopic surgery.
Radiology. 1987;163(3):769-775.

Pallanch J, Yu L, Delone D, et al. 3-D volumetric com-
puted tomographic scoring as an objective outcome mea-
sure for chronic rhinosinusitis: clinical correlations and
comparison to Lund-Mackay scoring. Int Forum Allergy
Rhinol. 2013;3(12):963-972.

Ponikau JU, Sherris DA, Kephart GM, et al. Striking deposi-
tion of toxic eosinophil major basic protein in mucus: impli-
cations for chronic rhinosinusitis. J Allergy Clin Immunol.
2005;116(2):362-369.

20.

21.

22.

23.

Yang D, Chen Q, Su SB, et al. Eosinophil-derived neurotoxin
acts as an alarmin to activate the TLR2-MyD88 signal path-
way in dendritic cells and enhances Th2 immune responses. J
Exp Med. 2008;205(1):79-90.

Bachert C, Holtappels G. Pathophysiology of chronic rhi-
nosinusitis, pharmaceutical therapy options. GMS Curr Top
Otorhinolaryngol Head Neck Surg. 2015;14.

Stevens WW, Ocampo CJ, Berdnikovs S, et al. Cytokines
in chronic rhinosinusitis. Role in eosinophilia and aspirin-
exacerbated respiratory disease. Am J Respir Crit Care Med.
2015;192(6):682-694.

Harlin SL, Ansel DG, Lane SR, et al. A clinical and patho-
logic study of chronic sinusitis: the role of the eosinophil. J
Allergy Clin Immunol. 1988;81(5 Pt 1):867-875.



