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Abstract

Unilateral sinus disease (USD) can sometimes be difficult to accurately diagnose before sur-
gery. The application of nasal nitric oxide (hnNO) for USD diagnosis and its surgical outcome in
USD has not been reported in the literature. We prospectively enrolled sixty-six USD patients
who underwent endoscopic sinus surgery for fungal rhinosinusitis (n = 19), chronic rhinosinusi-
tis (CRS) without nasal polyps (n = 13), CRS with nasal polyps (n = 12) and sinonasal mass
lesions (n = 22). nNO levels were measured preoperatively and at three and six months post-
operatively. Correlations between nNO levels and potential clinical parameters, type of dis-
ease, disease severity, and disease-related quality of life (QOL) were assessed. Unlike
bilateral CRS, in USD, nNO levels did not correlate with disease severity or postoperative QOL
improvements. Except for fungus group, there were no differences in nNO levels between
lesion and non-lesion sides in all the other groups. nNO levels on both sides were significantly
elevated six months postoperatively in all groups. Fungal rhinosinusitis patients had the lowest
preoperative nNO levels, and a cutoff of 239.3 ppb had the best sensitivity (79.0%) and speci-
ficity (87.2%) for preoperative diagnosis. While preoperative nNO levels cannot serve as an
alternative marker for disease severity of USD, they were lower in fungal rhinosinusitis patients
than in other USD patients and may be useful for more accurate diagnosis prior to surgery.

Introduction

Unilateral sinus disease (USD) is not a rare condition among paranasal sinus diseases encoun-
tered in daily practice. Common presentations include unilateral nasal obstruction, purulent
nasal discharge, nasal bleeding and facial swelling/painful fullness. Specific diagnosis among
the different pathologies of USD made solely by endoscopy or computed tomography (CT)
scan can be very difficult, and neoplasms should be considered even if CT scans shows no
bony destruction [1]. Although biopsies are frequently necessary before initiating a complete
surgical plan [2], a recent review suggested that routine in-office biopsies would not affect clin-
ical management [3].

Nasal nitric oxide (nNO), synthesized from L-arginine by inducible NO synthase (iNOS), is
mainly produced in the upper airway, particularly in the paranasal sinus mucosa. Nitric oxide
(NO) has been used to monitor local immunity and inflammation, and it contributes to non-
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specific local host defences against airway pathogens [4]. nNO levels are thought to be affected
by rhinosinusitis status and have been implicated in the modulation of cilia beating [5-6].
Thus, nNO has been used to screen for primary ciliary dyskinesia [7] and as a potential postop-
erative biomarker after sinus surgery for chronic rhinosinusitis (CRS) because nNO levels are
well correlated with radiographic staging [8] and symptom severity [9]. In our previous inves-
tigation of bilateral CRS with and without polyps, nNO levels were significantly inversely cor-
related with endoscopy scores and CT scores, elevated significantly after surgery and related to
postoperative quality of life (QOL) improvements in both groups [10].

Nasal NO levels can be measured quickly, easily, and non-invasively, and measurements
are feasible for following treatment outcomes of bilateral CRS. However, to our knowledge,
nNO levels in USD have never been reported. More accurate diagnosis and predicting surgical
outcomes preoperatively would benefit USD patients. Regardless of their disease severity,
patients are concerned about their prognosis. Thus, the study aimed to assess the merits of
nNO for an accurate preoperative diagnosis of USD in patients without bony destruction on
CT scans and to determine correlations between nNO levels, surgical outcomes and QOL
changes.

Materials and methods
Study group

We prospectively recruited patients who underwent unilateral endoscopic sinus surgery (ESS)
for USD and were refractory to medication therapy for more than 12 weeks unless a solitary
tumor mass was confirmed by endoscopy and biopsy. All study patients were recruited from
the Department of Otolaryngology-Head and Neck Surgery and followed for six months or
more postoperatively. All patients had paranasal sinus CT scans assessed according to the
Lund-Mackay scoring system and met the criteria of the European Position Paper on Rhinosi-
nusitis and Nasal Polyps [11]. We defined the operation side as the lesion side and the contra-
lateral side as the non-lesion side. Patients with the following conditions were excluded: < 18
years of age, prominent contralateral sinus diseases (CT score > 1), obvious bony destruction
on CT, previous sinonasal traumas/surgeries/radiotherapies and currently pregnant. Institu-
tional Review Board approval was obtained from Chang Gung Memorial Hospital, Taoyuan,
Taiwan. The study was conducted in accordance with the principles of Helsinki Declaration. A
written informed consent was obtained from all the subjects.

Outcome parameters

Patients in this cohort received regular follow-up for approximately six months or more after
ESS because QOL is not thought to improve over much longer periods [12]. Subjective evalua-
tion of QOL for patients was performed using the SinoNasal Outcome Test-22 (SNOT-22) on
the day before surgery and postoperatively at three and six months as the primary outcome
assessment. This instrument was administered by an experienced research assistant blinded

to the radiographic staging and the diagnosis. Demographic information on patient age, gen-
der, asthma, or current smoking status was recorded as potential medical variables, and preop-
erative CT scans were evaluated by a senior surgeon in a blinded fashion to record sinusitis
severity using the Lund-Mackay system. For each patient, we also recorded Lund-Kennedy
endoscopy score, total nasal resistance by rhinomanometry, allergy test results, and a routine
peripheral blood test (eosinophil count, total IgE level) before ESS was performed. The final
diagnosis was confirmed by pathology and recorded by physicians postoperatively. The en-
doscopy score was recorded three and six months postoperatively as an objective outcome
measurement.
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Nasal nitric oxide measurements

Measurements were made using an electrochemical analyzer (NIOX MINO®™; Phadia AB/
Aerocrine AB, Sweden) following American Thoracic Society/European Respiratory Society
recommendations [13], which we also followed in our previous nNO study of bilateral CRS
patients [10]. Briefly, an automatic measurement was set to 45 seconds, and the flow rate of
aspiration was set to 5 mL/s. The subject was asked to exhale to tidal volume and a filtered
mouthpiece was inserted into his/her mouth and a NIOX nasal olive was inserted into one
nostril. The subject then gently inhaled orally to total lung capacity through the mouthpiece
while nNO levels were continuously measured. After 45 seconds, the olive was removed from
the subject’s nostril, and the nNO values were analyzed within two minutes. The other side
was measured in the same manner, and postoperative nNO levels were followed at three and
six months postoperatively.

Statistical analyses

Data were presented as mean * standard error of mean (SEM) or count with percentage. We
used Kruskal-Wallis test and Fisher’s exact test to compare four different diagnostic groups.
For each group, nNO levels on the lesion and non-lesion side, pre- and postoperative status of
nNO levels, endoscopy scores and QOL scores were compared using the Wilcoxon signed-
rank test. Correlation and linear regression analysis were performed to study the relationship
between the nNO levels and other variables at the time of pre-operation. Furthermore, by
means of ROC curve, we could find the best cutoff value of nNO level to predict fungal rhino-
sinusitis according to Youden’s index. The endoscopy scores, QOL score, and nNO levels were
illustrated by repeated analysis of variance (ANOVA) to show the change by time. Statistical
analyses were performed using IBM SPSS (version 20.0) (Armonk, NY: IBM Corp) and
GraphPad Prism (version 5) (GraphPad Prism Software, Inc., San Diego, CA). All the p-values
were 2-tailed, whereas P < 0.05 was considered statistically significant and P < 0.01 indicated
a more marked significance.

Results

Demographics and preoperative parameters presented similarly in all
groups

Sixty-six consecutive USD patients receiving unilateral ESS for 19 fungal rhinosinusitis (myce-
toma), 13 chronic rhinosinusitis without nasal polyps (CRSsNP), 12 chronic rhinosinusitis with
nasal polyps (CRSWNP), and 22 sinonasal mass lesions, were enrolled. The sinonasal mass
group included nine patients with inflammatory polyps without sinusitis, six with antrochoanal
polyps, and seven with inverted papillomas. We excluded all sinonasal malignancies because
adjuvant therapy may have interfered with nNO levels. Demographic data and clinical factors
are shown in Table 1. There were no significant differences in the basic background parameters,
including age, smoking status, allergy status and preoperative QOL scores, between the groups.
Potentially related medical variables were analyzed, and endoscopy scores (P = 0.008) and CT
scores (P = 0.002) were significantly higher on the lesion side in the CRSWNP group than in the
other groups, as generally expected. The three other groups had similar CT scores.

Fungal rhinosinusitis exerted the lower preoperative nNO levels which
unrelated to disease severity

We first compared preoperative nNO levels between the lesion and non-lesion sides in each
group. In our previous study, we demonstrated that preoperative nNO levels are inversely
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Table 1. Demographic data and clinical parameters.

Fungus
Factors n=19
Age (years) 54.1+1.9
Gender (male: female) 7:12
AR, n (%) 4(21.0)
Asthma, n (%) 1(5.2)
Smoker, n (%) 2(10.5)
CT score 6.8+0.6
Endoscopy score 3.4+0.3
Nasal resistance (Pa) 0.69+0.12
Total IgE (kU/L) 84.3+23.8
Eosinophil count (%) 1.4+0.3
SNOT-22 score 37.9+5.2

Mass
n=22
46.8+2.8
13:9
11 (50)
2(9.1)
6(27.2)
5.9+0.6
43104
1.18+0.25
87.3+255
26+05
36.1+3.8

CRSsNP
n=13
52.6+3.4
7:6
4(30.7)
0(0)
4(30.7)
6.5+0.6
34+05
0.87 +0.21
110.7£52.3
24+0.8
37.6+4.2

CRSwNP
n=12
459+ 3.1
6:6
5(41.7)
0(0)
4(33.3)
9.810.6
51+0.3
0.56+ 0.04
159.0 £ 56.6
2.9+1.0
39.3+5.7

Pvalue

0.060
0.548
0.260
0.520
0.408
0.008*
0.002*
0.217
0.919
0.252
0.977

AR, Allergic rhinitis; CT, computed tomography; n, number of patients; CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic
rhinosinusitis with nasal polyps; SNOT-22, SinoNasal Outcome Test-22.

* Plevel was statistically significant by Kruskal-Wallis test.

doi:10.1371/journal.pone.0171965.t1001

correlated with CT scores in bilateral CRS patients (CRSsNP and CRSwNP), which indicates
that more advanced sinusitis status had lower nNO levels [10]. In this USD cohort, however,
the lesion side had a significantly higher endoscopy / CT score, demonstrating nNO levels sim-
ilar to those on the non-lesion side in all but the fungus group (Table 2). nNO levels on the
lesion side were significantly lower than those of the non-lesion side in fungal rhinosinusitis
(P =0.028). However, in the fungus group, the correlation between nNO levels and CT scores
did not reach a significant level (P = 0.258). Indeed, unlike bilateral CRS patients, nNO level
did not correlate with disease severity (endoscopy score and CT scores, P = 0.074 and 0.486,
respectively) or SNOT-22 scores (P = 0.159) in this USD cohort.
The preoperative nNO level was significantly lower on the lesion side (Fig 1A) and non-
lesion side in the fungus group (Fig 1B) than in the other groups (by Kruskal-Wallis test,
P < 0.001 and 0.002, respectively). The other three groups had similar and higher preoperative
nNO levels than those of the fungus group, but the latter did not present a more advanced CT
score, which indicates that the nNO level in USD could not reflect the status of sinusitis.
Finally, we performed univariate analysis to identify medical factors potentially related to
mean nNO level (Table 3), and age and the diagnosis were found to involve nNO levels. Multi-
ple linear regression analysis was conducted subsequently to adjust for age and revealed the
diagnosis was the only independent factor that significantly correlated with preoperative mean
nNO levels (P < 0.001).

Table 2. Levels of preoperative nasal nitric oxide in every group.

Lesion side

Fungus 151.3+18.1
Mass 365.3+35.5
CRSsNP 400.5+59.4
CRSwNP 404.4 +45.2

Non-lesion side
228.5+26.9
410.0 £43.2
394.5+58.2
446.2+54.3

CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps.

*Plevel was statistically significant by Wilcoxon signed-rank test.

doi:10.1371/journal.pone.0171965.1002

Pvalue

0.013*
0.270
0.893
0.530
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Fig 1. The differences of preoperative nasal nitric oxide (nNO) levels between study groups. Comparison of preoperative nNO on
the (A) lesion side and (B) non-lesion side among the groups was analyzed. Data were expressed as the mean + standard error of mean
(SEM). CRSsNP = chronic rhinosinusitis without nasal polyps; CRSWNP = chronic rhinosinusitis with nasal polyps. “P < 0.05, *"P < 0.01,
Mann-Whitney U test.

doi:10.1371/journal.pone.0171965.9001

Cutoff value of preoperative nNO in the diagnosis of fungal rhinosinusitis

Sometimes USD is hard to distinguish solely by endoscopy or CT scan preoperatively. How-
ever, since in this study fungal rhinosinusitis (mycetoma) had a significantly lower nNO level
than those of the other USD groups, we tried to determine a cutoff value by receiver operating

Table 3. Regression analysis for the preoperative nasal nitric oxide level.

Diagnosis
Fungus
Mass
CRSsNP
CRSwNP

Age

Gender

Nasal resistance

Endoscopy score

CT score

Eosinophil

Total IgE

AR

Smoking

Asthma

SNOT-22 score

Univariate analysis Multiple linear regression

Estimate (95% CI) Pvalue Estimate (95% CI) Pvalue
Baseline Baseline

189.9 | (124.210 255.6) <0.001* 177.9 | (85.4 10 270.5) <0.001*
235.4 | (129.8t0 341.0) <0.001* 204.2 | (102.0 to 306.3) <0.001*
197.8 | (108.1 to 287.5) <0.001* 215.2 | (107.3 to 323.0) <0.001*
-4.3 | (-7.810-0.8) 0.018* -2.5|(-5.7t00.8) 0.132
-24.3 | (-108.4 t0 59.9) 0.566
-37.1 | (-88.0t0 13.8) 0.150

23.5 | (-2.3t049.2) 0.074

-5.2 | (-20.0t0 9.6) 0.486

11.7 | (-5.31028.7) 0.173

0.0 | (-0.3t00.3) 0.921

69.9 | (-16.0to 155.8) 0.109

4.0 | (-94.4t0 102.3) 0.936

-6.3 | (-208.7 to 196.1) 0.951

-1.6 | (-3.8100.6) 0.159

CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps; CT, computed tomography; AR, Allergic rhinitis;
SNOT-22, SinoNasal Outcome Test-22.
* Plevel was statistically significant.

doi:10.1371/journal.pone.0171965.t003
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characteristic (ROC) curve analysis. According to the Youden’s index, the optimal cutoff of
239.3 ppb nNO to predict fungal rhinosinusitis obtained 79.0% in sensitivity and 87.2% in
specificity (area under the ROC curve = 0.892; Fig 2), and the estimated odds ratio was 25.6
(95% CI, 6.34-103.56; P < 0.001). The sensitivity was much higher than that for intrasinus cal-
cification on CT which was detected in 11 (57.9%) of the 19 fungus group patients.

We then screened patients by using the preoperative mean nNO level < 239.3 ppb and
intrasinus calcification on CT scans. By combining these screening conditions, sensitivity and
specificity for the detection of fungal rhinosinusitis in USD increased to 94.7% and 93.3%,
respectively. Only 1 fungal and 3 non-fungal rhinosinusitis in this USD cohort would be
missed by these screening conditions. We further discovered that in fungal rhinosinusitis
patients, those without intrasinus calcification on CT had lower mean nNO levels, but that this
difference was not significant (160.9 vs. 210.9, P = 0.231).

Endoscopy scores and QOL improvements not related to pre- and
postoperative nNO levels

All USD patients completed three and six month postoperative evaluations. For the lesion side,
nNO levels showed a continuously rising trend but only reached significance six months post-
operatively (P < 0.001) (Fig 3A). While nNO level on the non-lesion side showed a similar
trend by six months postoperatively (P = 0.001), endoscopy scores improved gradually from
three months after surgery and continued to improve until six months (both P < 0.001).
Improvements of percentage in endoscopy scores were inversely correlated with elevation of
percentage in mean nNO levels postoperatively but not reached significant levels (P = 0.116
and 0.292 for three and six months after surgery, respectively) (Fig 3B).

Results show that SNOT-22 scores improved significantly and plateaued from three months
until six months postoperatively in all patients (P < 0.001) (Fig 3C). Improvements in QOL

1.0-

0.8

nNNO = 239.3 ppb

nvi
=]
o
[l

Sens
o
'

1 - Specificity

Fig 2. ROC curve for nasal nitric oxide (nNO) in the diagnosis of fungal rhinosinusitis. The cutoff value
of nNO level was 239.3 ppb, with a sensitivity of 79.0% and specificity of 87.2% to diagnose a fungal
rhinosinusitis.

doi:10.1371/journal.pone.0171965.9002
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Fig 3. The change of endoscopy scores, QOL score, and nNO levels before and after surgical treatment. Pre- and postoperative status
of (A) nasal nitric oxide (nNO) levels on the lesion and non-lesion sides; (B) relationship between endoscopic scores and mean nNO levels; (C)
SinoNasal Outcome Test-22 (SNOT-22) total scores. Pre-op = preoperative; Post-op = postoperative; M = months. “*P < 0.05, **P< 0.01,
repeated ANOVA, with Bonferroni adjustment for multiple comparisons.

doi:10.1371/journal.pone.0171965.g003

were observed in each group, which showed that treatment with ESS provided effective symp-
tom relief for all USD patients. However, in contrast to the results in our previous series for
bilateral CRS [10], preoperative nNO level for USD patients did not correlate with postopera-
tive improvements of percentage in SNOT-22 scores (P = 0.856 and 0.465 for three and six
months after surgery, respectively). Accordingly, preoperative nNO levels were not predictors
of surgical outcomes for USD patients prior to surgery. Linear regression analysis showed that
only preoperative SNOT-22 scores were predictive of improvements in postoperative SNOT-
22 scores; indeed, worse preoperative SNOT-22 scores resulted in greater improvements (both
P < 0.001 for the three and six months postoperative periods), as generally expected.

Discussion

Most previous studies have reported lower nNO levels in patients with diseased sinus status
and that NO level is closely associated with disease severity [5,8-9]. Indeed, in our previous
series of bilateral CRS, similar to the results of other studies, nNO levels were inversely corre-
lated with endoscopy scores and CT scores in the CRSsNP and CRSWNP groups [10]. In this
study, however, nNO level did not correlate with the endoscopy / CT score in any group of
USD patients. Except for the fungus group, nNO level on the lesion side was similar to that on
the non-lesion side in all the other groups. A balance effect of nNO was subsequently proposed
in USD that NO in lesion side decreased first and followed by the non-lesion side via the com-
munication of nasopharynx, connecting both sides of sinonasal tracts. Thus fungus group had
the lowest level of nNO not only in lesion side but also in non-lesion side in patients with
USD. In addition, unlike the results of the bilateral CRS study, preoperative nNO level was not
correlated with postoperative improvements in endoscopy / SNOT-22 scores. Consequently,
nNO level is not useful for assessing preoperative disease severity, or for predicting surgical
outcomes, in USD.

In previous study, nNO levels recovered significantly postoperatively in bilateral CRS
patients, and the CRSWNP group showed more rapid elevation as soon as three months once
the blockage in the sinonasal pathways by nasal polyps was corrected and ventilation of sinuses
restored [10]. In this study, however, for patients with USD, nNO levels for the lesion and
non-lesion sides both tended to show increases by the third month but reached a significant
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level at six months after surgery. We speculate that activity of iNOS recovered on the lesion
side and had a direct re-ventilation effect after sinus surgery. However, on the non-lesion side,
where sinus status was theoretically unchanged because surgery was on the lesion side, the pre-
operative nNO level was lower than normal [14] and elevated gradually to a significant level
concurrent with the increase on the lesion side. Thus, nNO restoration was balanced in the
bilateral sinonasal cavities in all groups of USD postoperatively.

Although nNO level was not found to be useful as a prognostic factor for surgical outcomes
of USD, it was useful for preoperative detection of fungal rhinosinusitis (mycetoma) more pre-
cisely. Intrasinus calcification found on CT images is helpful in preoperative diagnosis but has
been detected only in approximately 15-50% of fungal rhinosinusitis patients [15-17]. Because
fungal rhinosinusitis in this study was found to have a significantly lower preoperative nNO
level, we compared nNO levels with those of other USD patients rather than healthy controls
to assess its value as a preoperative diagnostic tool, and a preoperative nNO cutoff level was
determined using a ROC curve. We found that preoperative nNO levels lower than 239.3 ppb
more accurately identified fungal rhinosinusitis patients than the use of intrasinus calcification
on CT before surgery. This decreased nNO level had much better sensitivity and specificity
than typical radiologic finding. Accordingly, it could be exploited as a screening aid to make
this diagnosis preoperatively and applied in daily practice for patients with USD. A combina-
tion of a low preoperative mean nNO level and intrasinus calcification on CT provides even
better accuracy for the identification of fungal rhinosinusitis preoperatively, and once sinus
aeration has been re-established, good surgical outcomes (a recurrence rate of 6.8%) for fungal
rhinosinusitis could be expected [18]. The role of nNO in airway fungal diseases is still unclear.
Nitric oxide has been reported to be associated with fungal clearance in hypodermis [19]. On
the other hand, fungal pathogen was proved to inhibit the activity of iNOS, resulting in a dose-
dependant NO suppression in an animal model [20]. To conclude the association between sig-
nificantly lower nasal NO (nNO) and fungal rhinosinusitis needs further investigation. Con-
sidering the relatively small sample size in this investigation, more USD patient enrolment and
longer follow-up would be crucial to make a more definite conclusion.

Collectively, while preoperative nNO levels were not useful for assessing USD severity and
prognosis, they were lower in fungal rhinosinusitis patients than in other USD patients and
thus may be useful to provide the diagnosis of these patients prior to surgical treatment
conducted.
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