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Evaluation of airway hyperresponsiveness in chronic rhinosinusitis:
values of sinus computed tomography
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ackground: Chronic rhinosinusitis (CRS) is tightly linked to airway hyperresponsiveness (AHR) and
sthma. However, the practical surrogate parameters for evaluating AHR in patients with CRS remain
nclear.
bjectives: To evaluate the diagnostic values of sinus computed tomography for AHR in patients with CRS.

Methods: We performed a prospective, single-blinded study of 125 consecutive patients with CRS. These
patients were subdivided into AHR and non-AHR (NAHR) groups based on histamine provocation test re-
sults. The following parameters were compared between 2 groups of CRS patients: Lund-Mackay scores,
olfactory cleft (OC) scores, and serum eosinophil counts.
Results: Fifty-seven patients (45.4%) presented with AHR. The OC scores, the ratio of OC scores to total
scores, and the eosinophil counts in the AHR group were significantly higher than those in the NAHR group
(P < .001). Multivariate logistic regression revealed that OC scores and eosinophil counts were independent
risk factors for asymptomatic AHR (OC scores P < .001 and eosinophil counts P ¼ .010). The OC score had a
higher predictive value for AHR (area under curve, 0.800) than eosinophil counts (area under the curve,
0.637). When the OC score was 3 or higher, the sensitivity was 75.0%, specificity was 77.9%, and positive
predictive value was 68.8%.
Conclusion: The findings validate a prospective assessment of sinus computed tomography as a screening
tool for AHR in patients with CRS.
� 2014 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction Studies focusing on how to detect AHR in patients with CRS are
Chronic rhinosinusitis (CRS) is a chronic inflammatory disease of
the upper airway that is tightly linked to lower respiratory tract
disorders, such as asthma. Airway hyperresponsiveness (AHR), the
main feature of asthma, stems from an ongoing inflammatory and
remodeling process of an undetermined origin. Epidemiologic data
indicate that patients with asymptomatic AHR (AAHR) are at a high
risk of developing asthma.1,2 The proportion of asthma and AAHR
increases in patients with CRS when compared with a general
Western population.3,4 However, data on the proportion of AAHR in
Asian patients with CRS are limited.
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limited. Only blood eosinophil counts and nasal symptoms have
been used to predict AHR in patients with nasal polyps (NPs) with
moderate sensitivity and specificity.5 Although the use of sinus
computed tomography (CT) in patients with CRS and coexisting
asthma has been well described in the literature,6e8 the sinus CT
findings in AAHR patients have not been delineated yet. On the
other hand, the olfactory cleft (OC) score is a predictor of eosinophil
CRS (ECRS), and asthma comorbidity is a risk factor for ECRS.9

However, it is unclear whether sinus CT score and OC scores can
predict AHR in CRS. The aims of this study were to evaluate the
sinus CT features of patients with CRS and AHR and the diagnostic
values of sinus CT scores for predicting AHR in patients with CRS.
We theorized that patients with CRS and AHR had specific sinus CT
features that could identify their AHR.

Methods

Study Participants

This study enrolled 125 consecutive CRS patients (�18 years old)
undergoing functional endoscopic sinus surgery inOtorhinolaryngology
lsevier Inc. All rights reserved.
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Figure 1. Olfactory cleft (OC) scorewas observed on the posterior ethmoid sinus and superior turbinate level. A, Each OC scorewas 0. B, Left OC scorewas 0, right OC scorewas
2, and total OC score was 2. C, Each OC score was 1, and total OC score was 2. C, Each OC score was 2, and total OC score was 4.
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Hospital, First Affiliated Hospital of Sun Yat-sen University, between
September 2012 and August 2013. The diagnosis of CRSwas based on a
European position paper on rhinosinusitis and NPs.10 Patients were
excluded if they had any respiratory disease except asthma (eg, chronic
obstructive pulmonary disease); had acute respiratory infection in 4
weeks; or had taken any corticosteroids (systemic and local), antihista-
mines(systemicandlocal), leukotrienereceptorantagonists,b2-receptor
agonists, or anticholinergic agents within the 2 weeks before the bron-
chial provocation test. Patients avoided smoking, cold air, and strenuous
exercise. The study had ethical approval from the institutional review
board of the First Affiliated Hospital of Sun Yat-sen University. All par-
ticipants providedwritten informed consent to participate in this study.
Study Design

This prospective, single-blinded study collected information on
asthma history. All patients except those diagnosed as having
asthma were subjected to lung expiratory volume tests and bron-
chial provocation and dilation tests and then divided into AHR and
non-AHR (NAHR) groups according to the test results. AHR were
defined as a 20% or greater reduction in the forced expiratory
volume in 1 second after serial administration of histamine up to a
concentration of 8 mg/mL or less. The patients with diagnosed
asthma were enrolled in the AHR group. The patients without
diagnosed asthma were carefully questioned about the presence of
recurrent symptoms of asthma, including wheezing, coughing,
chest tightness, and shortness of breath. The patients without these
symptoms but with positive provocation test results were enrolled
in the AAHR. The following parameters between groups were
compared: sinus CT, blood eosinophil number and ratio, and con-
current allergic rhinitis and NPs.

CT and Sinus Score

Study participants underwent sinus CT examination in a supine
position. The CT examination collected 1-mm axial images, which
were reconstructed offline and reformatted to 3-mm coronal im-
ages for analysis (Toshiba Aquilion, Tokyo, Japan). Sinus CTs were
reviewed by an investigator masked to the patients’ clinical con-
dition. CT scoring was based on the Lund-Mackay scoring system,11

supplemented with the OC score. In the Lund-Mackay staging
system, which is based on a simple numeric score derived from the
CT, each sinus group is assigned a numeric grade: 0, no abnor-
mality; 1, partial opacification; and 2, total opacification. The sinus
groups include the maxillary sinus, frontal sinus, sphenoid sinus,
anterior ethmoid sinus, and posterior ethmoid sinuses. The ostio-
meatal complex is scored as 0 (not obstructed) or 2 (obstructed).
The OC score was observed on the posterior ethmoid sinus and
superior turbinate level. Each OC was awarded 0 to 2 points: 0, no
abnormality; 1, partial opacification; and 2, total opacification
(Fig 1).9 The total score was the Lund-Mackay total scores supple-
mented with the OC scores, producing a maximum of 28 points.

Statistical Analysis

SPSS statistical software, version 16.0 (SPSS Inc, Chicago, Illi-
nois), was used for statistical analyses. Continuous variables are



Table 1
Demographic data and serum eosinophil counts of patients with AHR and NAHR

Variable AHR (n ¼ 57) NAHR (n ¼ 68) P valuea

Female, No. (%) 22 (38.6) 15 (22.1) .04
Age, mean (SD), y 44.61 (12.92) 40.75 (12.68) .10
Nasal polyps, No. (%) 50 (87.7) 53 (77.9) .15
AR, No. (%) 27 (47.4) 21 (30.9) .06
Eosinophil count, mean (SD), cells/mL 351.40 (205.75) 194.61 (154.81) <.001
Eosinophil ratio, mean (SD) 2.03 (2.82) 1.65 (2.35) .48
ASA sensitivity, No.(%) 3 (5.26) 1 (1.47) .22

Abbreviations: AHR, airway hyperresponsiveness; AR, allergy rhinitis; ASA,
acetylsalicylic acid; NAHR, noneairway hyperresponsiveness.
aP value by the unpaired t test for continuous variables and c2 test by categorical
variables.

Table 2
Mean (SD) sinus computed tomography scores for the AHR and NAHR groups

Variable AHR NAHR P valuea

Total score 19.84 (5.01) 15.08 (5.45) <.001b

Individual region
Olfactory cleft 3.25 (1.32) 0.76 (1.47) <.001
Ostiomeatal complex 3.73 (0.77) 3.36 (0.74) .005
Maxillary sinuses 2.49 (0.69) 2.36 (0.89) .84
Anterior ethmoid sinus 2.98 (0.89) 2.53 (0.93) .01
Posterior ethmoid sinus 2.70 (0.88) 2.14 (1.04) .003
Sphenoid sinuses 2.01 (1.44) 1.39 (1.23) .01b

Frontal sinuses. 2.66 (1.45) 2.50 (1.45) .53
Ratio of region to total score
Olfactory cleft 0.16 (0.07) 0.04 (0.08) <.001
Ostiomeatal complex 0.20 (0.06) 0.23 (0.08) .01b

Maxillary sinuses 0.12 (0.03) 0.16 (0.07) .003b

Anterior ethmoid sinus 0.15 (0.04) 0.16 (0.06) .11
Posterior ethmoid sinus 0.13 (0.03) 0.13 (0.05) .52b

Sphenoid sinuses 0.09 (0.06) 0.07 (0.06) .19b

Frontal sinuses. 0.13 (0.07) 0.14 (0.07) .16

Abbreviations: AHR, airway hyperresponsiveness; NAHR, noneairway
hyperresponsiveness.
aP value of Mann-Whitney test except where indicated otherwise.
bP value of the unpaired t test.

Table 3
Multivariate logistic regression analysis of the predictive factors for AAHR

Predicting factor OR (95% CI) P value

Sex (female) 3.690 (1.231e11.055) .02
Allergy rhinitis 0.899 (0.330e2.451) .83
Nasal polyps 1.582 (0.410e6.112) .51
Eosinophil count 14.575 (0.811e261.778) .07
Total score 0.818 (0.813e1.177) .98
Olfactory cleft 2.055 (1.541e2.740) <.001
Anterior ethmoid sinus 1.002 (0.479e2.097) >.99
Posterior ethmoid sinus 1.148 (0.474e2.782) .76
Ostiomeatal complex 1.381 (0.733e2.604) .32

Abbreviations: AAHR, asymptomatic airway hyperresponsiveness; CI, confidence
interval; OR, odds ratio.
Binary logistic regression analysis was used for statistical analysis.
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given as mean � SD, and categorical variables are given as number
(percentage) of the total population. The unpaired t test was used to
compare mean values of the items with standard normal distri-
butions between the AHR and NAHR groups. Categorical variables
were analyzed with the c2 test. Because values of items were not
normally distributed, the Mann-Whitney test for unpaired com-
parisons was used. Binary logistic regression analysis was per-
formed for multivariate analysis of predictive factors of AAHR and
odds ratio calculation, and asthma was excluded. The receiver
operating characteristic curve analyzed the predict ability of OC
scores and eosinophil counts. P < .05 was considered statistically
significant.

Sample Size Calculation

The OC score and serum eosinophil count were major indexes in
this study. Sample size estimation was based on these 2 indexes in
the AHR and NAHR group. With a ¼ .05 and power ¼ .80, the
sample size of each group was calculated by the following formula:
n¼ [(Za/2 þ Zb)2 � {2(ó)2}]/(m1� m2)2, with n indicating the sample
size required in each group; m, mean; and ó, SD.12 In the results of a
preliminary study, we found a mean (SD) OC score of 3.02 (1.47) in
the AHR group and 1.14 (0.98) in the NAHR group; the sample size
of each group must be at least 17 as calculated. The mean (SD)
eosinophil count was 324.31 (222.10) in the AHR group and 203.58
(174.66) in the NAHR group; the sample size of each group must at
least be 42 as calculated. We finally enrolled 57 patients in the AHR
group and 68 patients in the NAHR group in the same period.

Results

Therewere 57 patients (45.4%) in the AHR group and 68 patients
(54.4%) in the NAHR group. In the AHR group, 13 of the 57 patients
(22.8%) had asthma, 2 of whom had been newly diagnosed as
having asthma; 44 of 57 patients (77.2%) had AAHR. The proportion
of female patients was higher in the AHR group than in the NAHR
group (38.6% vs 22.1%, P ¼ .04). Meanwhile, no significant differ-
ence was found between the 2 groups or age, concurrency of NPs,
allergic rhinitis, and acetylsalicylic acid sensitivity. The mean value
of the blood eosinophil counts was significantly higher in the AHR
group than that in the NAHR group (P < .001) (Table 1).

For sinus Lund-Mackay scoring, the total score, OC score, pos-
terior ethmoid sinuses score, anterior ethmoid sinuses scores,
sphenoid sinus score, and osteomeatal complex score in the AHR
groupwere significantly higher than in the NAHR group (total score
and OC score: P < .001; posterior ethmoid sinuses score: P ¼ .003;
anterior ethmoid sinuses score: P ¼ .01; sphenoid sinus score: P ¼
.01; osteomeatal complex score: P ¼ .005) (Table 2). The ratio of OC
score was higher in the AHR group than in the NAHR group (P <

.001). Conversely, the ratio of maxillary sinus scores to osteomeatal
complex scores was higher in the NAHR group (maxillary sinus
scores: P ¼ .003; osteomeatal complex scores: P ¼ .01). (Table 3).
Multivariate logistic regression revealed that OC score and fe-
male sex were risk factors for AAHR (Table 3). Figure 2 displays the
receiver operating characteristic curves for the OC scores and
eosinophil counts. The OC score had a higher predictive value for
AHR (area under the curve, 0.80) than the eosinophil counts (area
under the curve, 0.637). Several cutoff points for these 2 predictors
were selected. When the OC score was 3 or higher, the sensitivity
was 75.0%, specificity was 77.9%, and positive predictive value was
68.8%. At the cutoff level of 255 cells/mL, the sensitivity and speci-
ficity of the eosinophil count were 63.6% and 67.6%, respectively,
and positive predictive value was 56.0%.
Discussion

In the present work, as expected, we found that the OC score
could be a predictor of AAHR in CRS patients. At an OC score of 3 or
higher, the specificity reached 75.0% and the sensitivity was 77.9%.
The sensitivity and specificity of the eosinophil count were 63.6%
and 67.6%, respectively, at the cutoff level of 255 cells/mL. Han et al5

used an eosinophil count of 300 cells/mL as a cutoff value in patient
with NPs to predict the AAHR; the sensitivity and specificity were
both 70%. Although eosinophil counts had a moderate predictive
value, the OC score was superior to the eosinophil count in the
present study. In fact, this is the first study, to our knowledge, to
reveal OC area opacification as a main feature of CRS with AHR and
AAHR using sinus CT to detect AAHR.



Figure 2. The receiver operating characteristic (ROC) curve for olfactory cleft (OC)
score and eosinophil counts. Area under the ROC curve (AUC) of OC score was 0.80
(95% confidence interval, 0.718e0.886), and AUC of eosinophils counts was 0.637
(95% confidence interval, 0.527e0.746).
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Our findings suggest that otolaryngologists should carefully ask
about the presence of asthma symptoms in patients with increasing
OC scores and serum eosinophil counts, especially in female pa-
tients, because some asthma symptoms are not usual (eg, only
cough or chest tightness) and thereforemay be ignored by patients.
Asthma is underdiagnosed in CRS patients who undergo functional
endoscopic sinus surgery, especially elderly patients.13 This method
could help otolaryngologists screen for asthma in CRS patients.
Moreover, AHR is a risk factor for corticosteroid insensitivity in
patients with NPs.14 Evaluation AHR helps practitioners decide
therapeutic schedules for CRS patients. Furthermore, because pa-
tients with uncontrolled asthma have a high risk of intraoperation
bronchospasm,15,16 identifying asthma before surgery and inter-
vention can increase the safety of the surgery. Last, one of the
proposed mechanisms connecting asthma and CRS is that persis-
tent upper airway inflammation releases proinflammatory media-
tors, which could stimulate bronchus and initiate AHR via
nasobronchial reflex of direct aspiration pathways.17,18 Elucidating
or alleviating this stimulation from upper airway possibly reverses
this process.

This study includes a combination of CRS with NPs (n ¼ 106
[84.8%]) or without NPs (n ¼ 19 [15.2%]). Indeed, many previous
studies suggest that CRSwith NPs and CRSwithout NPs are separate
diseases with separate pathophysiologic features and responses to
therapy.19 This conclusion was driven in large part by research into
these 2 subtypes that indicated a significant association between
nasal polyposis and the presence of tissue eosinophilia. However,
recent studies report that CRS is actually a heterogeneous disease
entity composed of a spectrum of disorders.20 Many experts
claimed that although certain forms of CRS might be more likely to
produce NPs, polyposis can develop as a complication of any form of
CRS and should not be used as the exclusive basis for diagnosis or
treatment recommendations for CRS.

Most studies found asthmatic patients with severe disease ac-
cording to sinus CT. However, the involvement tendency of sinuses
was conflicting.6e8 Dhong et al6 reported that the ratios of ethmoid
sinus score to total score were higher in asthmatic patients than in
nonasthmatic patients, and the ratios of the score of maxillary sinus
to total score were lower in asthmatic patients than in non-
asthmatic patients. Conversely, Adapinar et al7 found that all in-
dividual scores of sinuses were significantly higher in asthmatic
patients, except for the frontal sinus. These inconsistent results
were possibly related to the small sample size of each study and the
different evaluation methods.

The OC score was firstly described by Sakuma et al9 They used
the OC score to detect ECRS in patients with NPs. (28.2% of whom
also had asthma). However, they did not evaluate the airway
responsiveness state. Although the Lund-Mackay scoring system is
widely applied in evaluation of disease extent and severity of CRS,
considering the role of the OC score in detecting AHR and ECRS, we
recommend the modified Lund-Mackay scoring system with an
added OC score. The mechanism of OC opacification in sinus CT is
unclear. We suppose it is related to eosinophil inflammation.
However, the details need to be further studied.

In addition, we found that the AHR increased to 45.4% in CRS
patients in southern China (36.8% were asymptomatic and 10.4%
had asthma). The incidence of asthma was only 3% in our previous
study performed in 2010.21 AHR is increasing in southern China,
and our data are consistent with data from South Korea. Han et al5

reported that 35% of NP patients had comorbid AAHR. The pro-
portion of AHR in southern China is lower than in Western coun-
tries; however, the prevalence of AAHR was up to 50% in patients
with NPs.4,14

Despite some uncontrolled variables, such as the types of al-
lergens and inflammation patterns, other unknown variables may
have contributed to this study. In addition, pathologic evaluation of
OC is needed to confirm the change in OC. Despite these limitations,
this study may provide worthwhile information because statistical
analysis evidenced striking differences of OC scores between AHR
and NAHR patients. In conclusion, CRS with concomitant AHR has
specific features on CT. Bilateral OC opacification is the most
distinctive characteristic. OC score is a powerful tool to screen for
AHR in CRS patients.
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