Although the SNP in the PYHINI/IFI16 region did not reach
genome-wide significance in the primary GWAS (P=3.19x1077),
a recent meta-analysis of GWASs of asthma has identified a SNP
in PYHINI in populations of African descent [40]. PYHINT and
IFI16 have recently emerged as sensors of microbial DNA [41],
and the innate immune response relies on the ability of immune
cells to detect the presence of infection through these germline-
encoded pattern recognition receptors. Given that environments
with a wide range of microbial exposures are associated with
protection from childhood asthma and atopy in proportion to their
level of exposure to bacterial and fungal microbes [42], PYHINI
and [FI]6 deserve further attention as candidate genes for
association with asthma and atopy.

We have here tried to validate previously reported gene
associations with IgE regulation. Among 32 autosomal genes,
which were previously identified mainly in European populations,
we found that 9 (28.1%) were replicated in a Japanese population
after correction for multiple testing, indicating that some of the
candidate genes for association with total serum IgE levels are
effective across ethnic groups. Heterogeneity seems to exist in the
genetic factors for total serum IgE levels among different ethnic
groups [13,43]. For SNPs that were not replicated in our study,
causal SNPs for IgE regulation or SNPs tightly in LD with the
causal SNPs may not exist in the regions analyzed in the Japanese
population. Alternatively, our study sample size may have not
have provided a significant power to detect the associations due to
low minor allele frequencies of the true causal SNPs.

In terms of the limitations of this study, because we chose only
1 SNP for each region to replicate the original findings in the
discovery cohort, we cannot exclude the possibility that we have
missed true functional genetic variants in the replication cohorts.
In addition, we observed many differences in the population
characteristics of the discovery cohort and of the replication
cohorts, including in the proportion of asthmatic patients and
levels of total serum IgE. These differences might have affected our
results, especially because the genetic background for increased
levels of total IgE may differ in nonasthmatic healthy individuals
and in asthmatic patients [44]. Nevertheless, analyses excluding
asthmatic patients produced similar results with genome-wide
significance for the HLA-C region, indicating the robustness of our
findings.

As the mechanisms mediating the risk conferred by the HLA-C
region remains to be found, future studies will identify the causal
genes/variants within the susceptibility loci associated with levels
of total serum IgE by fine-mapping and by investigating the
biological link between rs3130941/HLA-C and regulation of IgE
production.

In summary, we performed a GWAS showing positive results
for total serum IgE levels for the first time in an Asian population.
Association of a SNP in the HLA-C region with total serum IgE
levels reached genome-wide significance in our meta-analysis
involving a total of 3654 Japanese adults. We also demonstrated
that some of the previously reported genetic associations with total
serum IgE levels were replicated across ethnicities.

Materials and Methods

Ethical Statement

This study was approved by the Human Genome Analysis and
Epidemiology Research Ethics Committee of the University of
Tsukuba and by the Human Genome/Gene Analysis Research
Ethics Review Committees of the Tsukuba Medical Center,
RIKEN, the Hokkaido University School of Medicine, and the

University of Fukui. Written informed consent was obtained from
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each participant in accordance with institutional requirements and
the principles of the Declaration of Helsinki.

Study Participants

The discovery cohort (Tsukuba cohort) consisted of 1180
individuals of Japanese ethnicity (967 healthy volunteers and 213
patients with asthma). The healthy volunteers without pulmonary
diseases such as asthma and COPD were originally recruited for a
genetic study of pulmonary function from the general population
who visited the Tsukuba Medical Center for an annual health
checkup [45]. All the participants were asked about their
respiratory health, medical history, lifestyle, and exposure to
environmental irritants (eg, cigarette smoke, allergens, and air
pollution) and underwent heart and lung auscultation. The
patients with asthma were recruited for genetic analysis of asthma
from the Tsukuba University Hospital and its affiliated hospitals
[46]. Asthma was diagnosed by pulmonary physicians according to
the American Thoracic Society criteria as previously described
[47]. Specific serum IgE antibody was measured for both the
healthy and the asthmatic groups with the multple allergen
simultaneous test (MAST)-26 chemiluminescent assay systems
(Hitachi Chemical Company, Tokyo, Japan) [48]. Atopy was
assessed by measurement of specific IgE responsiveness to 14
common inhaled allergens including Dermatophagoides farinae, grass
pollens, animal dander, and molds. We defined atopy as a positive
response (>4.40 lumicount) to at least 1 of the 14 allergens.

To replicate our findings in the discovery cohort, we analyzed 2
independent Japanese cohorts. The first replication cohort
(Hokkaido cohort) comprised 619 healthy volunteers and 491
asthmatic patients from the Hokkaido University Hospital and its
affiliated hospitals. This population was originally recruited for a
case-control genetic association study searching for susceptibility
genes to asthma and atopy [49]. Serum-specific IgE to Denmatoph-
agoides species, molds, pollen, and animal dander was measured by a
radioallergosorbent test (RAST). Atopy was defined as a positive
response (>0.70 UA/mL) to at least 1 of these allergens.

The second replication cohort (Fukui cohort) comprised 1275
healthy volunteers and 89 asthmatic patients. This population was
originally recruited from workers and students of the University of
Fukui for a study of the genetic epidemiology of allergic rhinitis
[50]. Serum IgE antibody specific to Japanese cedar, house dust,
orchard grass, ragweed mix, Candida species, or Aspergillus species was
measured by RAST. Atopy was defined as a positive response
(>0.70 UA/mL) to at least 1 of these allergens.

Genotyping

Genomic DNA was extracted from peripheral blood samples of
all participants by an automated DNA extraction system
(QuickGene-610L; Fujifilm, Tokyo, Japan). Genotyping of the
Tsukuba cohort was carried out using the IHlumina Human-
Hap550v3 BeadChip (Illumina, San Diego, CA, USA) for the
healthy volunteers and the HumanHap610-Quad BeadChip for
the asthmatic patients. The concordance rate between the
genotypes determined by the Illumina HumanHap550v3 Bead-
Chip and the Illumina HumanHap610-Quad BeadChip among
182 duplicated samples was 0.99998 [46]. Quality control checks
for the SNPs were performed separately using PLINK version 1.07
software [51]. None of the healthy volunteers or the asthmatic
patients were removed owing to a call rate for autosomal SNPs of
<0.02. SNPs with a missing genotype rate >0.01, minor allele
frequency <0.01, or Hardy-Weinberg equilibrium P value
<1.0x107% were excluded, leaving 479,940 SNPs that were
common to the 2 arrays for analysis. Raw data is available upon
request.
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Genotyping accuracy on the X chromosome is often lower than
that on other chromosomes because of difficulties involving
clustering algorithms, higher frequencies of chromosome anoma-
lies, and more missing data on X chromosome variants [52].
Genotyping of the pseudoautosomal region shared with the Y
chromosome and hemizygous males can also be problematic.
These analytic complexities could reduce the power of X
chromosome analyses, making detection of reliable associations
difficult. Therefore, in the current study, we decided to exclude the
X chromosome from the analysis.

We imputed the genotypes of missing SNPs by using MACH
version 1.0 software [53] to improve the resolution of candidate
regions identified as associated with total IgE levels at P values
<1x107°. MACH employs a Markov chain algorithm and
imputes missing genotypes by taking phased haplotypes as
templates. We used 1000 Genomes Project data of Asian origin
(JPT+CHB) (http://www.sph.umich.edu/csg/abecasis/ MACH/
download/1000G-2010-06.html) as the reference panel. To
evaluate missing genotypes, we used 50 iterations of the Markov
sampler to ensure reliable results.

To obtain the genomic inflation factor, we performed the
multidimensional scaling (MDS) method using PLINK version
1.07 software. The MDS method is widely used in stratification
methods, matching cases to controls based on genotype informa-
tion (identity-by-state), resulting in discrete strata of individuals
that can be analyzed using the Cochran-Mantel-Haenszel test
[517.

For replication analyses of the original GWAS data, to obtain
high-confidence results, we selected SNPs that are available in the
ready-to-use predesigned TagMan® SNP Genotyping assays
(Applied Biosystems, Foster City, CA, USA) in each candidate
region that satisfied the following conditions in the discovery
Tsukuba cohort: (1) in strongest LD with the SNP most
significantly associated with total IgE levels and (2) minor allele
frequency =0.15. All assays are quality control tested using a mass
spectrophotometer to verify sequence and yield. All assays have
1 VIC® and 1 FAM™ dye-labeled probe and 2 target-specific
primers and undergo bioinformatics evaluation of target SNP
sequences.

Validation of Association of Previously Reported Genes

A literature search was conducted in PubMed of publications up
to June 1, 2013 on genetic association studies of total serum IgE
levels. Keywvords in the search strategy were (“IgE level” or “IgE
concentration” or “serum IgE”) and (“polymorphism” or “SNP”
or “genetics”) and (“association”). The search was restricted to
human studies written in English. We reviewed the titles, abstracts,
and texts of the publications to identify positive genetic association
studies. Review articles and studies analyzing antigen-specific Igk
production were excluded, as were studies using linkage analysis
and transmission disequilibrium tests. We selected only genetic
association studies. The references of the collected articles were
also screened to find additional matching studies. From the
retrieved publications, we selected eligible genes that were
reported ir1 3 or more independent association studies or
demonstrated by at least 1| GWAS so that we could as far as
possible exclude potentially false-positive findings.

Because LD structures may be quite different between Japanese
and Caucasian populations, we attempted gene-level replication
instead of SNP-level replication. From the primary GWAS data,
we chose the SNP with the strongest statistical evidence in a region
extending +/—10 kilobases (kb) from each literature-selected
candidate gene. The significance level was corrected for multiple
testing using the SNPSpD program [16], which corrects for
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multiple testing of SNPs in LD with each other on the basis of the
spectral decomposition of matrices of pairwise LD between SNPs.
This method provides a useful alternative to more computationally
intensive permutation tests.

Statistical Analysis

In the primary GWAS cohort, associations of genotypes of all
the SNPs with log-transformed (base 10) levels of total serum IgE
were analyzed by multiple linear regression models in PLINK
version 1.07. Because total serum IgE levels are influenced by age,
sex, smoking status, and asthma affection status [8,54], the original
GWAS of the total serum IgE levels in the current study was
adjusted according to these variables. Quantile-quantile plots and
genomic inflation factors were calculated in PLINK version 1.07.
In the replication studies, the associations were examined by the
same methods in the Hokkaido cohort. As smoking behavior was
not available in the Fukui cohort, the associations were adjusted
only for age, sex, and asthma affection status in this cohort.
Replication was declared only if P<0.05 and the direction of the
effect was the same as in the primary GWAS. Combined analysis
of the primary GWAS with the replication studies was performed
by the basic meta-analysis function in PLINK version 1.07.
Random-effect meta-analysis P values were estimated. We used
the Haploview 4.2 program [55] to analyze the LD values between
SNPs.

Supporting Information

Figure S1 Study flow chart. GWAS for total IgE levels was
performed, followed by replication studies and meta-analysis.
Validation of previously reported genes for IgE was also conducted
using the GWAS data.

(TIFF)

Figure 82 Fine-mapping association plots on chromo-
some 6p21. Three peaks are identified: the MHC class I, MHC
class II, and LEMD?Z regions.

(TIFF)

Figure S3 Fine-mapping association plots in the MHC
class I region. The color of each circle reflects the LD (r2)
between a particular SNP and rs3130941 indicated as a purple
diamond.

(TIFF)

Table S1 Results of meta-analysis for nonasthmatic healthy
individuals only.

DOCX)

Table 82 Results of meta-analysis after inclusion of atopic status
as a covariate.

(DOCX)

Table $3 Previously reported polymorphisms
associated with total serum IgE.
(DOCX)

Table S4 Genetic influences of SNPs in the MHC class I/1L
regions on the association between rs3130941 and total IgE levels.
DOCX)
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Lung Functions of Japanese Patients
with Chronic Rhinosinusitis Who
Underwent Endoscopic Sinus Surgery
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ABSTRACT

Background: Chronic rhinosinusitis (CRS), which is clinically classified into CRS without nasal polyps
(CRSsNP) and CRS with nasal polyps (CRSwNP), shows considerable geographic differences and heteroge-
neity. Eosinophilic (E) CRS with nasal polyps (ECRSwWNP) has a higher degree of disease severity and higher
frequency of comorbid asthma. Epidemiologic studies in different ethnic populations have improved under-
standing of the pathophysiology of the disease. Here we report the clinical characteristics of Japanese patients
with medically refractory CRS undergoing endoscopic sinus surgery (ESS).

Methods: We recruited a total of 210 CRS patients and assessed them by nasal endoscopy, the Lund-Mackay
score using computed tomography (CT), peripheral eosinophilia and smoking status. We also examined the
comorbidity of asthma, effects of age and lung functions in the patients.

Results: In this study, 13% of CRSwNP patients and 20% of CRSwNP patients with peripheral blood eosino-
philia exhibited obstructive lung dysfunction (FEV1/FVC <70%) despite the absence of an asthma diagnosis.
Among elderly nonsmoker patients (= 60 years) who had never been diagnosed with asthma, 50% of CRSwWNP
patients with peripheral blood eosinophilia showed decreased FEV1/FVC <70%.

Conclusions: Our findings suggest that asthma is under-diagnosed in CRS patients who undergo ESS, espe-
cially the elderly. Although the association between CRS and asthma has been recognized, increased attention

to the comorbidity of obstructive airway diseases such as asthma is still needed for management of medically

refractory CRS. ‘
KEY WORDS

asthma, chronic rhinosinusitis, eosinophils, lung functions, nasal polyps

INTRODUCTION

Chronic rhinosinusitis (CRS), a common disease as-
sociated with persistent inflammation of the nasal and
paranasal sinuses, is a public health problem result-
ing in a socioeconomic burden throughout the
world.1-2 CRS is commonly classified into two groups,
CRSsNP and CRSwNP. Considerable heterogeneity
within CRSwWNP has been recognized and there are
geographic differences in the condition.34 Tissue
from Caucasian patients with CRSwINP is character-

ized by eosinophilic inflammation, whereas samples
from Asian patients are biased toward neutrophilic in-
flammation.34 Eosinophilic (E) CRSwNP has been
found in 65-90% of subjects with CRSwNP in Cauca-
sians and in 50% of them in East Asian populations.l3
ECRSwNP represents a higher degree of disease se-
verity, with an impaired sense of smell, higher recur-
rence rate after surgery and higher frequency of
comorbid asthma.? The association of ECRSwNP and
asthma is well recognized in western countries; 56
however, asthma comorbidity in CRSwNP patients in
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Table 1 Clinical characteristics of patients with chronic rhinosinusitis

T e
Age (median, range) 57 (35-64) 54.5 (44-63) NS
Sex (male/female) (female %) 31/9 (23) 109/61 (36) NS
Smoker, no. (%) 21 (53) 56 (33) <0.05
Current smoker, no. (%) 21 (53) 46 (27) <0.01
Brinkman index of smokers 430 (290-728) 560 (300-854) NS
Asthma, no. (%) 2 (5) 44 (26) <0.01
Aspirin-induced asthma, no. (%) 0 (0) 10 (6) NS
Allergic rhinitis, no. (%) 8 (20) 48 (28) NS
Rhinorrhea, no. (%) 34 (85) 124 (73) NS
Nasal congestion, no. (%) 23 (58) 138 (81) <0.01
Headache, no. (%) 17 (43) 38 (22) <0.05

Olfactory dysfunction, no. (%) 11 (28) 112 (66) <0.0001

P values were determined using the Mann-Whitney U test, or Fisher's exact test as appropriate. CRSWNP, chronic rhinosinusitis with
nasal polyps; CRSsNP, chronic rhinosinusitis without nasal polyps; NS, not significant.

Asian countries has not been fully studied. Nor are
the clinical features of CRS such as sinus scores
evaluated by CT scanning and lung functions in Asian
populations well investigated.

Epidemiologic studies have shown that asthma and
rhinitis often coexist in the same patients and suggest
the ‘united airways’ concept.4711 Underdiagnosis and
undertreatment of asthma is a significant public prob-
lem all over the world, especially in the elderly.12 The
awareness of asthma is frequent in those with comor-
bid rhinitis,!3 and it has also been suggested that
symptoms may predominate in one organ and be un-
recognized in other organs even though they exist.8
A higher CT score and more nasal polyp formation
are observed in elderly patients with CRS.14 However,
the influence of aging on the clinical features of CRS
in Japanese patients has not been examined.

ESS is the treatment choice for medically refrac-
tory CRS with or without nasal polyposis.15 To clarify
the clinical features of refractory CRS in Japanese pa-
tients, we conducted a cross-sectional study with a to-
tal of 210 CRS patients who underwent ESS. We as-
sessed their clinical phenotypes through the use of
nasal endoscopy, considering peripheral eosinophilia,
CT scores based on the Lund-Mackay system, smok-
ing status, comorbidity of asthma, effects of age and
lung functions.

METHODS

SUBJECTS

CRS was defined as a condition with at least two of
the following symptoms: anterior and/or posterior
rhinorrhea, nasal obstruction, decreased sense of
smell, and nasal pressure existing for 12 weeks de-
spite medical management.1.2 We recruited all pa-
tients with CRS who underwent ESS at the University
of Yamanashi Hospital from January 2002 to October
2011. All individuals were Japanese, and we excluded
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patients with autoimmune disease, cancer, papilloma,
fungal infection, postoperative maxillary cysts, cho-
anal polyps, and nasal foreign bodies before enroll-
ment. We excluded patients with allergic fungal rhi-
nosinusitis based on CT and/or histopathological
findings from the start. We included patients with uni-
lateral CRS and those with nasal polyps. The pres-
ence or absence of nasal polyps was confirmed by en-
doscopy. Finally, a total of 210 subjects were analyzed
(Table 1). CRS patients were classified into CRSwNP
and CRSsNP groups based on the criteria of the
American Academy of Otolaryngology-Head and
Neck Surgery Chronic Rhinosinusitis Task Force.l
Comorbidity of asthma was determined from the pa-
tients’ medical histories based on doctors’ interviews.
We defined individuals who had asthma diagnosed by
a doctor at any point in their lifetime as having bron-
chial asthma. This study was approved by the ethics
committee of the University of Yamanashi Hospital.
We informed patients that any clinical data would be
used for research analyses by placing a notice on
walls in the medical examination room and hospital
lobby in the University of Yamanashi Hospital. We in-
dividually responded to patients who dissented from
such use. In this study, we recruited subjects who did
not dissent from use of the clinical data. This process
of obtaining informed consent was approved by the eth-
ics committee of the University of Yamanashi Hospital.

PERIPHERAL EOSINOPHIL COUNT

A total of 19 patients (9%) were treated with systemic
corticosteroids in the two months before the opera-
tion, and 91 patients (43%) were treated with intrana-
sal steroids in the month before the operation. Since
the eosinophil count is sensitive to steroid treatment,
we recorded the highest peripheral blood eosinophil
percentage among all the blood tests done before op-
eration.
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LUNG FUNCTION AND COMPUTED TOMOGRA-
PHY

Spirometry was performed for all patients using a
DISCOM 21 FXII spirometer (CHEST MI., Inc., To-
kyo, Japan). Forced expired volume in one second
(FEV1) /forced vital capacity (FVC) (FEV1%) was cal-
culated. Maximum expiratory flow rates at 50% and
25% of the FVC (V50 and V25) were obtained from
flow/volume curves. FEF25-75 and lung functions af-
ter application of a bronchodilator were not available
for this study. CT scans of the sinuses were available
for 54 patients with CRSwNP and were graded based
on the Lund-Mackay staging system.1®6 We used the
average of the right and left side scores in the follow-
ing analyses.

HISTOLOGICAL ANALYSIS

It is well known that infiltration of eosinophils in nasal
polyps is a characteristic of ECRSwNP. However, it
remains unclear whether eosinophilic infiltration ex-
ists in nasal mucosal tissue of CRS without nasal
polyp involvement. To assess eosinophil infiltration in
sinonasal mucosal tissues without polyps, we exam-
ined the maxillary mucosa histologically. Among the
210 CRS patients enrolled in this study, non-polyp
mucosal tissues from the maxillary sinuses were ob-
tained from 46 CRSwNP patients. Paraffin-embedded
sections were stained with hematoxylin and eosin,
and the number of infiltrating eosinophils were
counted in four randomly selected high power (x400)
magnification fields.

STATISTICAL ANALYSIS

Demographic data, lung functions, and CT scores
were compared using the Mann-Whitney U test or
Fisher’s exact test. The correlational validity of the
peripheral blood eosinophil percentage with the mu-
cosal eosinophil count was assessed using Spearman
rank correlations. Statistical significance was set at P
< 0.05. All statistical analyses were performed using R
(R Development Core Team, http://www.r-project.or
g/).

RESULTS

SUBJECTS’ CHARACTERISTICS
Of the 210 CRS patients who underwent ESS, 40
(19%) had CRSsNP and 170 (81%) had CRSwNP.
Clinical features of each group are shown in Table 1.
Current smokers were more frequent in the CRSsNP
group (53%) than in the CRSwNP group (27%). The
comorbidity of asthma was significantly higher for
CRSWNP (26%) than for CRSsNP (6%). Among sub-
jective symptoms, olfactory dysfunction was more fre-
quent in CRSwWNP (66%) than in CRSsNP (28%).
Recent studies have shown that the blood eosino-
phil percentage is the most accurate clinical factor to
distinguish the eosinophilic type of CRSwNP from
the non-eosinophilic type;l7-18 however, precise clini-
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cal diagnostic criteria including the peripheral eosino-
phil percentage for ECRSWNP have not been deter-
mined. In this study, we divided the patients with
CRSwNP into two groups to clarify the clinical char-
acteristics of each group. Since the median value of
the eosinophil percentage of the total leukocyte count
in subjects with CRSWNP was 5%, we defined subjects
with an eosinophil percentage <5% as having
CRSwNP without peripheral blood eosinophilia and
subjects with >5% as having CRSwNP with peripheral
blood eosinophilia. A total of 87 subjects (51%) were
classified into the CRSwNP group without peripheral
blood eosinophilia, and 83 subjects (49%) were classi-
fied into the group having CRSwNP with peripheral
blood eosinophilia (Table 2). The comorbidity of
asthma was significantly higher for CRSwNP with pe-
ripheral blood eosinophilia (43%) than for CRSwNP
without peripheral blood eosinophilia (9%), and the
comorbidity of aspirin-induced asthma (AIA) or aller-
gic rhinitis was significantly higher for CRSwNP with
peripheral blood eosinophilia than for the CRSwNP
without peripheral blood eosinophilia (Table 2). Ol-
factory dysfunction was also frequently observed in
the group having CRSwNP with peripheral blood
eosinophilia (Table 2).

CT SCORES IN PATIENTS WITH CRSwNP

The Lund-Mackay score is commonly used for as-
sessment of the stage and severity of CRS.16 We ex-
amined the severity of the disease in subjects with
CRSwWNP using CT scores based on the Lund-Mackay
system. The total score for CRSWNP with peripheral
blood eosinophilia had a tendency to be higher than
that for CRSWNP without peripheral blood eosino-
philia (Fig. 1) but the difference was not statistically
significant (P = 0.051). There was no significant differ-
ence between CRSwNP without peripheral blood
eosinophilia and CRSwNP with peripheral blood
eosinophilia for the maxillary sinus score, sphenoid
sinus score, frontal sinus score, and ostiomeatal com-
plex score (data not shown). However, the anterior
ethmoid (AE) sinus score and posterior ethmoid
(PE) sinus score of CRSWNP with peripheral blood
eosinophilia were significantly higher those for
CRSwNP without peripheral blood eosinophilia (P <
0.05 and < 0.001, respectively) (Fig. 1).

CORRELATION BETWEEN EOSINOPHIL INFIL-
TRATION IN SINONASAL MUCOSA AND PE-
RIPHERAL BLOOD EOSINOPHIL COUNT IN PA-
TIENTS WITH CRSwWNP

Infiltration of eosinophils in nasal polyps is a charac-
teristic of ECRSwNP. Since whether eosinophilic infil-
tration exists in nasal mucosal tissue of CRS without
nasal polyp involvement remains unknown, we inves-
tigated the correlation between blood and mucosal
eosinophilia in a total of 46 patients with CRSwNP.
The count of mucosal eosinophils strongly correlated
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Table 2 Clinical characteristics of patients with CRSwNP

CRSwWNP (n = 170)

without peripheral with peripheral P-value
blood eosinophilia blood eosinophilia
n=287 n=2383
Age (median, range) 58 (45-66) 52 (44-61) NS
Sex (male/female) (female %) 54/33 (38) 55/28 (34) NS
Smoker, no. (%) 31 (36) 25 (31) NS
Current smoker, no. (%) 25 (29) 21 (26) NS

Brinkman Index of smokers (median, range) 730 (330-900) 460 (293-620) NS
Asthma, no. (%) 8 (9) 36 (43) <0.000001
Aspirin-intolerant asthma, no. (%) 101 9 (11) <0.01
Allergic rhinitis, no. (%) 16 (1 32 (39) <0.01
Rhinorrhea, no. (%) 64 (74 60 (72) NS
Nasal congestion, no. (%) 70 (81 68 (82) NS
Headache, no. (%) 23 (26 15 (18) NS
Olfactory dysfunction, no. (%) 49 (56) 63 (76) <0.01

P values were determined using the Mann-Whitney U test or Fisher’s exact test as appropriate. NS, not significant.

with the peripheral blood eosinophil percentage (R =
0.67, P < 0.000001) (Fig. 2).

LUNG FUNCTIONS OF THE CRS PATIENTS
The close relationship between asthma and CRS is
widely recognized. We therefore assessed lung func-
tions of the CRS patients. We first excluded nine pa-
tients whose smoking histories were unknown from
the analysis. FEV1/FVC was significantly lower in
subjects with CRSwNP than in subjects with
CRSsNP, and was also lower in the group having
CRSwNP with peripheral blood eosinophilia than in
the group having CRSwNP without peripheral blood
eosinophilia (Fig. 3a, Table 3). There were 18 pa-
tients being treated with corticosteroids among the
subjects whose lung functions were assessed. One
patient with CRSsNP (2.6%), two patients with
CRSwNP without peripheral blood eosinophilia (2.4%)
and 15 patients who had CRSwNP with peripheral
blood eosinophilia (19%) had received systemic corti-
costeroid treatment prior to surgery. Although there
were more patients receiving corticosteroids in the
group having CRSwNP with peripheral blood eosino-
philia than in the groups having CRSsNP and
CRSwNP without peripheral blood eosinophilia,
FEV1/FVC was significantly lower in the subjects
who had CRSwNP with peripheral blood eosinophilia
than in the subjects of the other two CRS groups.
Furthermore, %V25 was lower in the CRSwNP group
than in the CRSsNP group, and both %V25 and %V50
were lower for CRSwNP with peripheral blood
eosinophilia than for CRSWNP without peripheral
blood eosinophilia (Table 3).

Decreased FEV1/FVC is a clinical feature of ob-
structive lung diseases such as bronchial asthma and
chronic obstructive pulmonary disease (COPD).
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Since smoking is the leading cause of COPD, we next
examined the influence of smoking status on lung
functions of subjects with CRSsNP and CRSwNP.
There was no significant difference in lung functions
(FEV1/FVC, %V25, and %$V50) between current smok-
ers, former smokers (smokers) and never smokers
(monsmokers) among the entire group with CRS
(Fig. 3b, Table 3). After excluding current and former
smokers, FEV1/FVC was lower in the CRSwNP
group than in the CRSsNP group, and was lower in
the CRSwNP group with peripheral blood eosino-
philia than in the CRSWNP group without peripheral
blood eosinophilia (Fig. 3c). Both %V25 and %V50
were lower in patients who had CRSwNP with periph-
eral blood eosinophilia than in those who had
CRSwNP without peripheral blood eosinophilia (Ta-
ble 3).

We next stratified the CRS patients who had never
been diagnosed with asthma prior to ESS by the
comorbidity of asthma, and focused on their lung
functions. Since obstruction has been traditionally de-
fined by an FEV1/FVC ratio of less than a certain per-
centage, usually 70 to 75%,1° we divided subjects into
three classes according to their lung function: FEV1/
FVC <70%, 70%< FEVi/FVC <75% and FEVi/FVC
>75% (Fig. 4). In 13% of patients with CRSwNP who
had never been diagnosed as having asthma, FEV1/
FVC was less than 70% (Fig. 4a). Furthermore, 20% of
patients having CRSwNP with peripheral blood
eosinophilia had FEV1/FVC of less than 70% despite
the absence of a previous asthma diagnosis (Fig. 4a).
The same tendency was observed even after exclud-
ing current and former smokers, and smoking status
did not influence the obstructive lung dysfunction in
subjects who had CRSWNP and CRSwNP with periph-
eral blood eosinophilia (Fig. 4b).
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Fig. 1 Comparison of CT scores for CRSWNP with and without peripheral blood eosino-
philia. CT scores based on the Lund-Mackay staging system were compared between sub-
jects who had CRSwNP without peripheral blood eosinophilia (n = 28) and CRSwWNP with
peripheral blood eosinophilia P (n = 26). P values were determined using the Mann-Whitney
U test. AE score, anterior ethmoid sinus score; PE score, posterior ethmoid sinus score.
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Fig. 2 Correlation between percentage of eosinophils in
peripheral blood and the tissue eosinophil count in the mu-
cosa of the maxillary sinus. The tissue eosinophils of pa-
tients with CRSWNP (n = 46) were counted at high power
maginification (x400). Correlation validity was assessed by
using Spearman rank correlations.

Underdiagnosis of asthma is an important problem,
especially in the elderly.1?2 Therefore we further ex-
amined whether there were age-related differences in
the prevalence of each subgroup or in FEVi/FVC.
‘We divided nonsmoker patients who had never been
diagnosed with asthma into nonelderly (<60 years)
and elderly groups (=60 years). In the elderly group,
obstructive lung dysfunction (FEV1/FVC <70%) was
more frequently seen in those with CRSwNP (28%)
than in those with CRSsNP (0%), and for CRSwNP
with peripheral blood eosinophilia (50%) than for
CRSwNP without peripheral blood eosinophilia (18%)
(Fig. 40).

DISCUSSION

There is considerable heterogeneity within the
CRSwNP subgroup,34 and importance of understand-
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ing CRS within the context of racial and ethnic popu-
lations has been suggested.20 This study revealed the
clinical characteristics of Japanese patients with medi-
cally refractory CRS who underwent ESS. Epidemi-
ologic studies have reported that rhinitis and asthma
often coexist in the same patients.1,5.68 The ‘united
airways’ concept implies that there is a link between
upper and lower airway inflammation.8921 A recent
study reported the asthma comorbidity in patients
with CRSWNP who underwent ESS (z = 19) to be 32%
in Japanese patients.?2 In the United States, the fre-
quencies of comorbidity of asthma were reported to
be 11% in those with CRSsNP and 44% in those with
CRSwNP.23 In this study, the frequency was 26% for
CRSwNP, and it was significantly higher for CRSwNP
with peripheral blood eosinophilia (43%) than for
CRSwNP without peripheral blood eosinophilia (9%).
The frequency of comorbidity of asthma observed in
the group having CRSwNP with peripheral blood
eosinophilia (43%) in our study was similar to that in
the CRSWNP group (44%) in the United States. Fur-
thermore, it has been reported that ECRSwNP has a
higher degree of disease severity in western coun-
tries.1 AIA represents a severe phenotype of asthma
and we found significantly higher comorbidity of AIA
for CRSwNP with peripheral blood eosinophilia than
for the CRSwNP without peripheral blood eosino-
philia in this study.

A recent report has shown that CRS patients with
anosmia have a higher density of eosinophils infiltrat-
ing the olfactory epithelium, and exhibit more abnor-
malities on CT and endoscopic examination, includ-
ing being more likely to exhibit nasal polyposis than
other CRS patients.?¢ We observed olfactory dysfunc-
tion with high frequency in subjects with CRSwNP
(66%), especially in those who had CRSwNP with pe-
ripheral blood eosinophilia (76%). Our findings sup-
port previous research results. CT scanning is useful
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Fig. 3 Comparison of FEV4/FVC ratios among subgroups of CRS. a) Comparison between
CRSsNP and CRSwNP, and between CRSwWNP with and without peripheral blood eosinophilia.
b) Comparison between nonsmokers and (current and former) smokers among the entire group
with CRS. ¢) Comparison between CRSsNP and CRSwNP, and between CRSwNP with and
without peripheral blood eosinophilia after excluding current and former smokers. Rectangles in-
clude the range from the 25th to 75th percentiles, horizontal lines indicate the median and verti-
cal lines indicate the 10th to 90th percentiles. P values were determined using the Mann-Whitney

U test. FVC, forced vital capacity; FEV+, forced expired volume in one second.

Table 3 Lung functions of subgroups of CRS

CRS Nonsmokers with CRS
P-value P-value
CRSsNP (n =39) CRSwWNP (n = 162) CRSsNP (n=19) CRSwWNP (n = 112)
%FVC 105.0 (93.5-111.8)  106.7 (95.2-118.3) NS 102.0 (88.2-110.9)  107.8 (95.3-118.5) <0.05
%FEV4 102.5 (95.7-109.7)  101.5 (89.6-110.8) NS 106.5 (94.0-111.2)  103.3 (88.5-112.1) NS
FEV4/FVC 82.3 (77.4-85.6) 78.4 (72.5-82.6) <0.01 83.9 (80.2-86.3) 78.1 (72.4-81.4) <0.001
%V50 68.5 (61.4-85.7) 67.3 (45.7-83.9) NS 68.4 (60.7-76.1) 64 (43.8-81.9) NS
%V25 58.8 (44.2-66.2) 42.7 (29.3-55.3) <0.001 60.8 (52.7-66.2) 42.7 (27.7-54.5) <0.001
CRSwNP Nonsmokers with CRSwNP
without peripheral with peripheral P-value without peripheral with peripheral P-value
blood eosinophilia blood eosinophilia blood eosinophilia blood eosinophilia
P (n =83) (n=79) (n=55) (n=57)
%FVC 106.4 (94.7-113.2)  108.2 (97.5-121.0) NS 106.7 (95.1-113.2)  110.3 (97.6-121.6) NS
%FEV4 101.8 (91.9-112.9)  101.5 (80.1-108.5) NS 105.1 (92.6-114.4) 98.2 (78.1-108.8) NS
FEV4/FVC 79.5 (74.7-83.3) 75.3 (67.8-81.2) <0.01 79.4 (75.1-83.2) 74.4 (66.7-80.1) <0.01
%V50 69.6 (55.2-85.7) 58.5 (37.7-81.7) <0.01 68.3 (57.3-84.7) 53.5 (36.8-74.0) <0.01
%V25 45.6 (36.8-59.5) 40.9 (25.8-51.4) <0.01 45.1 (37.5-56.3) 38.7 (22.4-48.4) <0.01

Lung functions are expressed as percentages of predicted values and are presented as medians (interquartile ranges). P values were
determined using the Mann-Whitney U test. FVC, forced vital capacity; FEV, forced expired volume in one second; V50 and V25 of FVC,
maximum expiratory flow rates at 50% and 25%; FEV1%, FEV1/FVC %.
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Fig. 4 Obstructive lung dysfunctions of CRS patients who had never been diag-
nosed with asthma prior to ESS. a-¢) Comparison between CRSsNP and CRSwNP,
and between CRSwWNP with and without peripheral blood eosinophilia. a) In total
subjects. b) In subjects excluding current and former smokers. ¢) In elderly non-
smoker subjects (>60 years) who had never been diagnosed with asthma.

for the visualization of disease and enables us to de-
termine the extent of rhinosinusitis accurately. The
Lund-Mackay score evaluated on CT scans is widely
used in assessment of CRS.16 A recent study has
shown that an increased blood eosinophil percentage
and the CT image scores for the PE sinus and the ol-
factory cleft are good predictors of ECRSwNP.18 In
this study, although the total score for CRSwWNP with
peripheral blood eosinophilia did not significantly dif-
fer from that for CRSwWNP without peripheral blood
eosinophilia, the AE sinus and PE sinus scores of
CRSwNP with peripheral blood eosinophilia were sig-
nificantly higher than those for CRSWNP without pe-
ripheral blood eosinophilia. Thus, our results support
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previous findings on involvement of the posterior eth-
moid sinus in ECRSwNP.

Infiltration and activation of eosinophils in nasal
polyps is a characteristic of eosinophilic CRSwNP,
and it has been reported that the peripheral blood
eosinophil percentage is positively correlated with
the number of eosinophils in nasal polyps.25 In this
study, we found eosinophilic infiltration in nasal mu-
cosal tissue not involving nasal polyps and a positive
correlation between blood and mucosal eosinophilia
in patients with CRSwNP. Thus, it is necessary to be
aware of the possibility of eosinophilic inflammation
not only in nasal polyps but also in nasal mucosa for
the treatment of CRSwNP patients with high blood
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eosinophil levels.

A recent report showed a high prevalence of as-
ymptomatic lower airway dysfunctions in patients
with CRSwNP in the United Kingdom.26 In this study,
28% of CRSWNP patients exhibited FEV1/FVC of less
than 75%, and 20% of patients who had CRSwNP with
peripheral blood eosinophilia had FEV1/FVC of less
than 70% despite the absence of an asthma diagnosis.
Decreased FEV1/FVC (<70%) was more frequently
observed in patients having CRSwNP with peripheral
blood eosinophilia (21%) than in those having
CRSwNP without peripheral blood eosinophilia (9%),
even after excluding current and former smokers.
Never smokers comprise a substantial proportion of
patients with COPD; however, asymptomatic de-
creased lung function suggestive of an asthmatic phe-
notype was frequently observed in CRSwNP, espe-
cially in CRSwNP with peripheral blood eosinophilia.
Most patients with asthma have symptoms of rhinitis,
but in many cases symptoms may predominate in one
organ and be unrecognized in other organs even
though they exist.® Our findings also suggest the ne-
cessity of paying increased attention to the possible
comorbidity of obstructive airway diseases such as
asthma for management of refractory CRS.

The underdiagnosis and undertreatment of asthma
are serious problems throughout the world,13.27-30 es-
pecially in the elderly.2? About half of elderly people
with asthma have not been diagnosed, and the un-
deruse of objective testing such as spirometry has
been considered to be one reason.30 In this study, af-
ter excluding patients who had ever been diagnosed
with asthma and current or former smokers, de-
creased FEVi/FVC (<70%) tended to be more preva-
lent in elderly patients in the CRSwNP and CRSwNP
groups with peripheral blood eosinophilia. Although
FEV1/FVC normally decreases with age and FEV1/
FVC lower than 70% might be a normal finding, an
FEV1/FVC ratio of less than 70% increases the prob-
ability of asthma in elderly patients with asthma
symptoms.30 Careful assessment of asthma by means
of systemic inquiries about respiratory symptoms and
objective testing by spirometry seems to be neces-
sary in subjects with refractory CRS, especially eld-
erly patients. Early diagnosis and good asthma con-
trol are important to reduce morbidity and healthcare
costs as well as minimize the development of chronic
illnesses,1® and appropriate diagnosis and manage-
ment of asthma would contribute to mitigating the se-
verity of their CRS.

In conclusion, we found that 19% of subjects with
CRS who underwent ESS had CRSsNP, and 81%
CRSwNP. We confirmed that both the AE and PE si-
nus CT scores of the Lund-Mackay staging system
were helpful for identifying CRSWNP with peripheral
blood eosinophilia. Obstructive lung dysfunctions are
frequently observed in CRSwNP with peripheral
blood eosinophilia, especially in elderly persons, de-
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spite the absence of an asthma diagnosis. Although
further studies are needed, our findings will contrib-
ute to better understanding of the pathophysiology of
CRS.
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Introduction

There are some reports of patients with intractable
otitis media with effusion or chronic otitis media
associated with bronchial asthma!“”. These patients
exhibit clinical characteristics that are markedly
different from those of patients with common otitis
media. In 1997, intractable otitis media associated with
bronchial asthma was named “eosinophilic ofitis
media” (EOM) because middle ear effusion contains
numerous eosinophils, regardless of the presence of

Corresponding address:
Hiromi Kanazawa

Department of Otolaryngology, Jichi Medical University Saitama Medical Center

Saitama / JAPAN
Tel: +81 48 647 2111, Fax: +81 48 648 5188
E-mail: hkanazawa@jichi.ac.jp

Copyright 2005 © The Mediterranean Society of Otology and Audiology

type I allergy . Diagnostic criteria of EOM were
established in 2011 and are shown in Table 1. Minor
criteria include an association with bronchial asthma
and nasal polyposis because there is a significantly
higher prevalence of these diseases in EOM patients
than in common otitis media patients. Chronic
rhinosinusitis with nasal polyps is frequently observed
in patients with bronchial asthma, with an incidence of
greater than 50% ®. In particular, most patients with
aspirin-intolerant asthma show multiple nasal
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polyposis. These conditions are called eosinophilic
chronic rhinosinusitis (ERCS) because massive

accumulation of eosinophils occurs in the polyps and

sinus mucosa . However, the cause of EOM in these
patients has not yet been clarified. Some patients with
ECRS develop EOM and others do not. lino et al. ¥
suggested that one possible factor for developing
EOM was the presence of a patulous eustachian tube
(ET). The presence of ECRS may alter ET function.

In the present study, we evaluated -clinical
characteristics, including ET function, in patients with
ECRS with bronchial asthma with and without EOM,
and identified the predominant factors leading to the
development of EOM.

Materials and Methods
Patients

Forty-seven patients with ECRS associated with
bronchial asthma were included in this study. They
were diagnosed as having ECRS because,
histologically, they all showed nasal polyposis with
eosinophilic-dominant infiltration in the nasal polyps.
We divided them into two groups: patients with EOM
and those without EOM. The diagnosis of EOM in
each patient was made on the basis of the criteria
proposed by Iino et al. ™ as shown in Table 1. Patients
with Churg-Strauss syndrome were excluded from the
study. A total of 31 patients (62 ears) with EOM
(EOM(+) group) and 16 patients (32 ears) without
EOM (EOM(-) group) were evaluated on the basis of
the following parameters: sex, age, computed
tomography (CT) findings, peripheral blood
eosinophil count (%), and total serum IgE level. ET

Table 1. Diagnostic criteria of eosinophilic otitis media®

Major: Otitis media with effusion or chronic otitis media with
eosinophil dominant effusion

Minor: 1. Highly viscous middle ear effusion
2. Resistance to conventional treatment for otitis media
3. Association with bronchial asthma
4. Association with nasal polyposis

Definitive case: Positive for major + two or more minor criteria

Exclusion criteria: Churg-Strauss syndrome, hypereosinophilic
syndrome
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function was evaluated by sonotubometry. A
questionnaire was distributed to all of the i}atients. The
questionnaire consisted of questions regarding ear and
nasal symptoms that are associated with a patulous ET!"™,
age at onset of bronchial asthma, rhinosinusitis, and
otitis media, a history of sinus operation, and use of nasal
irrigation. All of the patients were treated with inhaled
corticosteroids with or without systemic administration
of corticosteroids for bronchial asthma, nasal
corticosteroids for ECRS, and antileukotriene agents.
Twelve healthy patients (24 ears) were also studied as
controls for sonotubometry. None of the patients had
medical histories involving significant body weight loss,
pregnancy, or other conditions that affect the loss of fluid
or adipose tissue around the peritubal lesion. Written
informed consent was obtained from all of the patients
prior to the study. The research and ethics committee of
Jichi Medical University Saitama Medical Center
approved this study.

CT image scoring

The extent of sinus disease identified by CT was
evaluated using the Lund-Mackay scoring system /1,
To evaluate the sinus content, the five major right and
left sinuses (frontal, maxillary, anterior and posterior
ethmoids, and sphenoid) and the ostiomeatal complex
were scored on a two-point scale as follows: 0, clear;
1, partial opacification; and 2, total opacification.

Sonotubometry

To evaluate ET function, sonotubometry (JK-05;
RION Co, Ltd., Tokyo, Japan) was performed in all
patients. In the EOM (+) group, we confirmed a lack
of middle ear effusion and otorrhea in the
mesotympanum by myringotomy and suctioning.
After removal of rhinorrhea by suctioning, we
measured the duration of eustachian tubal opening ™
induced by a sound pressure level change of >43 dB
produced by voluntary dry swallowing when 60 dB of
a 7-kHz bandpass sound was introduced through a
nasal olive tip into one of the nostrils.

Statistical analyses

Statistical analyses were performed using the unpaired
t-test or chi-square test. p values of less than 0.05 were
considered statistically significant. '

i
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Results
Clinical characteristics

Clinical features of the patients in the three groups are
shown in Table 2. There were no significant
differences in sex and age among the three groups.
Other parameters, such as CT score, peripheral
eosinophil percentage, and serum IgE level showed no
significant differences between the EOM(+)and the
EOM(-) groups.

Responses to the questionnaire

The average ages at onset of bronchial asthma,
rhinosinusitis, and otitis media in the EOM (+) group
are shown in Table 3. The average ages at onset of
bronchial asthma and rhinosinusitis in the EOM(+)
group were almost 10 years earlier than those in the
EOM(-) group. Most of the patients were affected by
rhinosinusitis or bronchial asthma first, and otitis
media developed more than 10 years later.

Table 2. Clinical characteristics of the three groups

The incidence of symptoms suggesting the presence of
a patulous ET (Habitual sniffing*, Autophony*, Echo
to an ambient sound**, Feeling of ear stuffiness** )
was significantly more frequent in the EOM(+) group
than in the EOM(-) group (*p<0.05, ** p<0.01) (Table
4). In addition, most of the patients had undergone
nasal irrigation, but 10 patients out of 13 in the
EOM(+) group stopped nasal irrigation because of
deterioration of their EOM after irrigation. In contrast,
all 13 patients in the EOM(-) group, except for one,
continued nasal irrigation.

ET function evaluated by sonotubometry

The duration of ET opening measured by
sonotubometry in the EOM(+) group, EOM(-) group,
and control group are shown in Fig. 1. The tubal
opening duration in patients with ECRS which was not
significantly different between the EOM (+) and EOM
(-) groups was significantly longer than that in the

ECRS with bronchial asthma Normal control
EOM(+) EOM(-)
No. of patients (ear) 31(62) 16(32) 12(24)
M/F, No. 10/21 7/9 5/7
Age a 53.0+£11.0 (32-75) 58.0+12.0 (29-72) 44.5£17.7 (30-77)
AlA 7 3 )
CT score a 18,124.0 (4-30) 14.0+6.0(1-24)

Eosinophils in PB,% a 7.0+5.2 (0-15.4)

10.4+5.2 (5-17.5)

Serum IgE a 6?5.1:849.7 {13.6-4160) 367.9+268.5
(20-921)
Past history of FESS 19 (61.3%) 14 (87.5%)
History of nasal irrigation 13 13
ECRS, eosinophilic chronic rhinosinusitis; EOM, eosinophilic otitis media;
PB, peripheral blood; AlA, aspirin intolerance asthma;
FESS, functional endoscopic sinus surgery
a Mean * standard deviation (range)
Table 3. Ages at onset of the diseases in patients
EOM(+) EOM(-) P vaiue
Bronchial asthma 34.1=11.9 43.0+13.0 P<0.05
Rhinosinusitis 35.3x12.9 44.6+12.0 P<0.05
EOM 46.3+11.9 -
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Table 4. Responses to the questionnaire for ear and nasal symptoms

No. (% of respondents)

ECRS with bronchial asthma P value
Symptom EOM(+) EOM(-) (X2 test)
Rhinorrhea 27(87.1) 11(68.8) 0.13
Habitual sniffing 20(64.5) 4(25.0) 0.01*
Echo to an ambient sound 29(61.3) 2(12.5) 0.005**
Audition of loud breathing sounds 12(38.7) 2(12.5) 0.086
Autophony 17(54.8) 3(18.8) 0.02*
Feeling of ear stuffiness 23(74.2) 5(33.3) 0.003**

ECRS, eosinophilic chronic rhinosinusitis; EOM, eosinophilic otitis media

Statistically significant (*p<0.05, ** p<0.01)

P=0.009*
4 | 1
o
n.s. P=0.035*
. I | 1
w 3
c
2 )
® o
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> o®
© 2 o ©
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{No. of ears) (62) (32) (24)

Figure 1. Tubal opening duration measured by sonotubometry in
the three groups. ECRS, eosinophilic chronic rhinosinusitis; EOM,
eosinophilic otitis media.

controls (p<0.05), suggesting that tubal closing may be
insufficient in ECRS patients, regardless of the
association with EOM. However, insufficiency of
tubal closing appeared to be more severe in the
EOM(+) group than in the EOM(-) group, as suggested
by the smaller p value of the control group compared with
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the EOM(+) group than that of the control group
compared with the EOM(-) group.

Discussion

EOM is recognized as an intractable otitis media and is
characterized by the accumulation of eosinophils in
middle ear effusion and middle ear mucosa. In 2011,
diagnostic criteria were established ™, but the mechanism
of accumulation of eosinophils in the middle ear has not
been determined yet. A patulous ET detected by
sonotubometry in patients with EOM was thought to be
a possible factor for developing EOM because it might
easily allow foreign materials to enter the middle ear and
cause eosinophilic inflammation®™, but the cause of the
patulous ET itself is unknown.

Sonotubometry is not routinely used to assess ET
ventilatory function because its value for clinical
practice and reproducibility has not been adequately
demonstrated. However, the technique of sonotubometry
has gradually improved and its results are currently at
least as good-as those of other function tests "*. The
occurrence of a false positive (no signal) in normal cases
was considered as a problem, but this suggests that the
ET does not necessarily open with each swallowing ",
Electromyographic activity for paratubal muscles has
been reported to be associated with peak ET opening
evaluated by sonotubometry, and we believe that it is
a simple and useful examination.

The sonotubometry of a patulous tube were classified
into three types by Virtanen in 1978 ') type I, a
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relatively sharp peak of increase (normal); type II, well
opens on swallowing and for some time afterwards,
and closes little by little; and type I, remains open for
a long time or is continuously open, and is closed by
bending the head forward, by lying down, and (or)
sniffing. We used the tubal opening duration to detect
insufficient closing, which was mostly observed for

type IL

In this study, the tubal opening duration in patients
with ECRS and bronchial asthma as evaluated by
sonotubometry was significantly longer than that in the
controls. This finding suggests that closing of the ET
may be insufficient in these patients, regardless of the
association with EOM. Although the tubal opening
duration was not significantly different between the
EOM(+) and EOM(-) groups, the insufficiency of tubal
closing appeared to be more severe in the EOM(+)
group than in the EOM(-) group. Additional factors
leading to EOM should be considered in the future.

ECRS patients with asthma who undergo functional
endoscopic sinus surgery (FESS) have a worse
postoperative condition than do chronic rhinosinusitis
patients without asthma ' and require aggressive
medical management to prevent polyp recurrence,
even after FESS. The standard medical therapy for
ECRS patients is oral or topical corticosteroids and
antileukotrienes ¥ Most of the patients in the present
study had already received such medications for long
periods of time as a treatment for asthma or ECRS.
- Some drugs may alter ventilatory function of the ET.
Application of histamine solution around the
nasopharyngeal ostium of ET-induced mucosal
swelling has been observed to deteriorate ET function
as measured by sonotubometry 7. In patients with
EOM, medications, such as corticosteroids and
antileukotrienes, may reduce mucosal swelling around
the ET, causing insufficiency of tubal closing.

Repeated nose blowing triggers the occurrence of
EOM in patients who undergo FESS U, The most
frequent episode in patients with EOM is the passing
of air into the ear when blowing the nose . An
increase in nasopharyngeal pressure by blowing the
nose might be one of the causes leading to EOM,
particularly in the post-FESS state without polyposis.

Therefore, patients with ECRS associated with asthma
might have a risk for the onset of EOM because their
ET function is unstable.

The effect of nasal irrigation is another possible factor
that leads to EOM. Our questionnaire revealed that
some patients had episodes of a feeling of ear fullness
after nasal irrigation, and therefore, stopped doing it.
Saline nasal irrigation itself is considered to be a safe
treatment and is recommended for ECRS "%, There are
many types of douches, and some of them have
difficulty in controlling water pressure. High-pressure
irrigation might be a risk factor for the onset of EOM
in the presence of insufficient tubal closing. This
insufficiency allows antigenic materials to enter
through the ET to the middle ear, causing eosinophilic-
dominant inflammation. We recommend using a low-
pressure douche and stopping nasal irrigation when the
patient complains of aural symptoms.

This study clearly showed that most patients were
affected by rhinosinusitis or bronchial asthma first, and
otitis media developed approximately 10 years later.
EOM may be the endpoint of eosinophilic
inflammation involving the upper and lower airway
tracts. In addition, the average age at onset of bronchial
asthma in the EOM(+) group was almost 10 years
earlier than that in the EOM(-) group. The early onset
of adult-type asthma is also a risk of developing EOM.
Further study is necessary to elucidate the onset of
EOM.

Conclusion

Patients with both ECRS and bronchial asthma are at
high risk of developing EOM. These patients should be
carefully monitored regarding their ear symptoms,
particularly when undergoing FESS and using nasal
irrigation.
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Objective: Monitoring of fractional concentrations of exhaled nitric oxide (FeNO) has become a reliable
marker of inflammation in human nose and paranasal sinuses. However, it is still unknown to what
extent nasal NO levels contribute to the pathology of chronic rhinosinusitis (CRS). In the present study,
we aimed to examine FeNO levels and the underlying mechanism of NO production and metabolism in
patients with eosinophilic chronic rhinosinusitis (ECRS) and non-ECRS.
Methods: Thirty-three untreated ECRS patients, 16 non-ECRS patients, and 38 normal subjects were
enrolled in this cross-sectional study of FeNO levels. Oral and nasal FeNO levels were measured before
treatment using an electrochemical NO analyzer (NObreath®) with a nose adaptor. The mRNA
expression of three nitric oxide synthase (NOS) isoforms, interleukin-5 (IL-5), and transforming growth
factor-beta (TGF-@) in the ethmoid sinus mucosa and nasal polyps were analyzed by real-time PCR.
Immunohistological localization of inducible NOS (iNOS) and nitrotyrosine (NT), a marker for oxidized
NO metabolites, was also examined.
Results: ECRS patients showed significantly higher oral FeNO levels compared to non-ECRS patients and
normal subjects (mean values, 47.6, 13.5, and 15.3 ppb, respectively). Nasal FeNO levels of the non-ECRS
patients (30.5 ppb) were significantly lower than those of the ECRS patients (53.9 ppb) and normal
subjects (45.5 ppb). Positive correlations existed between the blood eosinophil percentage and FeNO
levels in ECRS patients. Histologically, ECRS patients showed higher eosinophil accumulation in the
ethmoid mucosa than non-ECRS patients (103.1 vs. 16.3 cells/HPF). Real-time PCR analysis showed
significant upregulation of iNOS and IL-5 mRNA expression in the ethmoid mucosa of the ECRS patients
compared to those of non-ECRS patients. Positive iNOS immunoreactivity was observed in ciliated
epithelial cells, submucosal glands and associated inflammatory cells in both groups. NT immunoreac-
tivity was detected in the epithelium and around inflammatory cells. Intense NT staining was co-
localized with eosinophil accumulation and ECRS patients showed significantly higher rates of NT-
positive cells than non-ECRS patients.
Conclusion: A combination of oral and nasal FeNO measurement is a valid marker for the classification
and definition of different CRS subtypes in Japan. Higher levels of oral and nasal FeNO in ECRS patients
may reflect the persistence of eosinophilic inflammation in sinus mucosa with concomitant iNOS
upregulation and accompanying deposition of oxidized NO metabolites.

© 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction American Thoracic Society/European Respiratory Society has

opened the way for the collection of comparable airway NO data

Nitric oxide (NO) has been proposed to have a variety of roles
in the human nose and paranasal sinuses relevant to airway
defense mechanisms, as well as being an inflammatory mediator
[1,2]. The standardization of measuring techniques by the
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0385-8146/$ ~ see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.anl.2013.02.001

in normal subjects and those with disease states [3,4]. Because
the human paranasal sinuses are a major source of intrinsic NO
production, the monitoring of fractional concentrations of
exhaled NO (FeNO) in nasal airways can be a reliable marker
of sinus inflammation [5-7]. Nasal NO levels are reported to be
decreased in most patients with chronic rhinosinusitis (CRS);
however, some contradictions still remain in the findings
pertinent to classification of CRS types. In addition, it is still
unclear to what extent nasal NO levels contribute to CRS
pathology [8-10].
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