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Measurement of Fractional Exhaled Nitric Oxide in Stable Bron-
chiectasis
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Background: Fractional exhaled nitric oxide (FeNO) can be measured easily, rapidly, and noninvasively for the
assessment of airway inflammation, particularly mediated by eosinophil, such as asthma. In bronchiectasis (BE),
the pathogenesis has been known as chronic airway inflammation and infection with abnormal airway dilatation;,
however, there are little studies to evaluate the role of FeNO in BE,

Methods: From March 2010 to February 2012, 47 patients with BE, diagnosed by high resolution computed
tomography (HRCT), performed FeNO, compared with asthma and chronic obstructive pulmonary disease (COPD).
All patients carried out a complete blood count including eosinophil count, chemistry, sputum examination, and
spirometry, if indicated. A retrospective analysis was performed to elucidate the clinical role of FeNO in BE patients.
Results: The mean FeNO levels in patients with BE was 18.8+1.5 part per billion (ppb), compared to 48.0+6.4
and 31.0+4.3 in those with asthma and COPD, respectively (p<0.001). The FeNO levels tended to increase along
with the disease severity scores by HRCT; however, it was statistically not significant. FeNO in BE with a
co-infection of nontuberculous mycobacteria was the lowest at 17.0=3.5 ppb among the study population.
Conclusion: FeNO in BE was lower than other chronic inflammatory airway diseases, particularly compared with
asthma, For clinical application of FeNO in BE, more large-scaled, prospective studies should be considered.
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Introduction

Nitric oxide (NO) is an important inflammatory medi-
ator of biological function in the airways, regulating air-
way smooth muscle contractility, mucus secretion and
vasodilation' and its measurement in the exhaled air is

one of the useful markers for airway inflammation®, It
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is well-known that NO in the exhaled air of asthmatic
patients has been elevated; additionally, it can be also
detected in various pulmonary diseases’, such as chron-
ic obstructive pulmonary disease (COPD), cystic fibrosis,
pulmonary hypertension, bronchiectasis (BE)*, and even
pulmonary tuberculosis (TB)’. The fraction of exhaled
NO (FeNO) can be measured simply, noninvasively,
highly reproducibly, and has been well established in
research and numerous studies have provided evidence
regarding the applications of exhaled NO measurements
in clinical practice{), However, there are not enough lit-
eratures to provide specific guidelines for its application
to other pulmonary conditions except eosinophilic air-
way disease, such as asthma,

In BE, which has been characterized by irreversible
airway dilatation due to a structural abnormality of the
bronchial wall that leads to delayed mucociliary clear-

ance and more susceptibility to bacterial infection’,
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FeNO has been also tried as early recognition of diag-
nosis, assessment of its severity, and response to treat-
ment’, Still not fully understood the pathogenesis of BE,
it is definitely true that chronic inflammatory process in
the walls of affected airways, with activation of mono-
nuclear cells can also produce large amount of NO,
However, conflicting results has been yielded among
studies regarding to usefulness to assess airway in-
flammation by measuring FeNO in BE. In 1995,
Kharitonov et al,* showed that elevated levels of ex-
haled NO in BE, as in asthma, which was correlated
with disease severity. In contrast, separate studies by
Tsang et al.”, Ho et al."’, and Narang et al."' had found
no significant difference in FeNO in BE, compared to
healthy controls, Recently, only one small study' re-
vealed that elevated peripheral airway NO, which was
calculated by using linear equation of two compartment
model of pulmonary exchange dynamics, relates to dis-
ease severity measured by lung function and high reso-
lution computed tomography (HRCT) scan and corre-
lates with the quality of life score, however, this study
is descriptive and observational study, not designed to
compare to other chronic inflammatory airway diseases.

In addition, the measurement of FeNO would have
a potential role of detecting TB patients in several pa-

’and in Tsang et al.’s study9 as mentioned

perss’1
above, FeNO appears to be reduced among BE patients
with Pseudomonas aeruginosa infection independent of
other clinical parameters. This means that the inflamma-
tory response of activated inflammatory cells, such as
mononuclear cells or neutrophils, to different microbes
in airways maybe possible assessed by the measurement
of FeNO, In Korea, there is a rapid increase in the prev-
alence of nontuberculous mycobacterial (NTM) infec-
tionsm, especially in patients who have diagnosed with
BE, however, there is also no study to measure FeNO
levels in patients with NTM infection,

We have, therefore, conducted this study to measure
FeNO in patients with stable BE, compare its levels to
alleged chronic inflammatory airway disease, including
asthma and COPD and determine its reflection of dis-

ease severity assessed by HRCT and potential role of
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detecting NTM infections combined with BE.

Materials and Methods
1, Study populations

Patients with chronic stable, suspicious BE who vis-
ited the outpatient clinic of respiratory center at Seoul
National University Bundang Hospital were prospec-
tively enrolled from March 2010 to February 2012, For
control groups, patients with chronic cough due to asth-
ma, COPD and other respiratory diseases were also en-
rolled during same periods, matched with age and sex.
Subjects who could not be diagnosed finally or could
have mixed diseases, such as COPD and BE were ini-
tially excluded. As routine primary clinician's decision,
white blood cells with differential count (including eosi-
nophil count), inflammatory markers such as eryth-
rocyte sedimentation rate and C-reactive protein, total
IgE level (if indicated), simple chest radiography with
or without paranasal sinus view and spirometry with
bronchodilator response test were done within a week
after first visit, All patients with suspicious BE were un-
derwent CT scan for confirmation of the diagnosis. In
Korea, as cystic fibrosis is a kind of rare disease, we
postulated that all BE patients were not associated with
cystic fibrosis, Ordinary bacterial respiratory Gram's
stain and culture, acid-fast bacilli smear and culture
were also performed in patients with BE, This study
was reviewed by the institutional review board of our
hospital and informed consents were exempt because
of no intervention trials and retrospective study by elec-

tronic medical record review,
2. FeNO measurement

In accordance with the American Thoracic Society
(ATS) guideline”, FeNO levels were measured as follow-
ings: the study subjects were asked to inhale a max-
imum amount of air outside the valve and exhale into
the valve connected to the chemiluminescence NO ana-
lyzer, the NIOX MINO (Aerocrine AB, Solna, Sweden),
We used the mean value of FeNO levels that were per-

formed two times for each patient, who were followed
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by clinician's schedule.
3. HRCT scoring

All HRCT scans in patients with BE were scored using
"simplified" HRCT scoring systems. Oikonomou et al,”
suggested this semi-quantitative scoring system by using
three common parameters, "severity of BE" "severity of
bronchial wall thickening," and "atelectasis-consolida-
tion," in which each score ranged from 0 (no abnormal-
ities) to 3 (maximal abnormalities). Details of develop-
ing scoring system are showed in Oikonomou et al.'s
studyls, Then, we also counted the numbers of lobes,
in which any abnormalities were shown from right up-
per lobe to left lower lobe, The final disease severity
of BE was calculated as total summation of three com-
mon parameters' scores divided by the number of total

involved lobes,
4, Statistical analysis

Results are expressed as mean valueststandard devi-
ation or case numbers/total patients (%), A student's
t-test or ANOVA was used to evaluate differences in the
level of FeNO between the BE and non-BE groups. The
relationship among lung function by spirometry, eosino-
phil count calculated from total white blood cells
(WBCs) and their differential count and FeNO were ana-
lyzed using Pearson correlation coefficients, Statistical
analyses were performed using SPSS version 18,0 (SPSS
Inc,, Chicago, IL, USA). The p<0.05 indicated stat-

istical significance,

Results
1, Baseline characteristics of the study populations

Two hundred three patients were initially enrolled in
this study. Of all patients, initial diagnosis was BE in
47 patients, asthma in 39, and COPD in 22, Of remained
95 patients, 68 patients visited outpatient clinic with
chronic cough as initial chief complaint were finally di-
agnosed as various respiratory diseases, such as upper
airway cough syndrome (UACS), gastroesophageal re-

flux disease (GERD), pneumonia, interstitial lung dis-

ease (ILD), and NTM infection. The last 27 patients
were also categorized as same as chronic cough group
and the number of cases that matched with same diag-
nosis were added in chronic cough group. In final anal-
ysis, we excluded 66 patients, whose diagnosis were
non-airway, non-respiratory diseases (UACS, GERD,
ILD, and pneumonia) or unclassified chronic cough,
from 95, then additional 17 patients were diagnosed by
asthma, Twelve patients with NTM infections were only
enrolled in cases of comparison NTM vs, non-NTM in-
fections (Table 1).

Among the 47 patients with BE, female were 29
(61.7%) of all patients and the median age was 63 years,
Current smoker were only 6 (12,8%), most common
symptoms sputum (95.7%), following cough (34.0%),
dyspnea (27.7%). Mean forced expiratory volume in 1
second (FEV;) was 2.0 L/min, total WBCs and eosinophil
count 7,000/mm’ and 181/mm’, The proportion of co-in-
fection with NTM was 25.5%, and there were no pa-
tients with co-infection of NTM in asthma and COPD

Table 1, Classifications of final diagnosis in study pop-
ulation

Initial assessment Final diagnosis

Classifications (n=203) (n=203)
Bronchiectasis 47 (23.2) 47 (23.2)
COPD 22 (10.8) 22 (10.8)
Asthma 39 (19.2) 56 (27.6)
Chronic cough 68 (33.5)
Asthma 16 (7.9)
GERD 4 (20 4 (20
UACS 16 (7.9) 19 (9.4)
NTM infection 4 (20) 12 (5.9
Interstitial lung disease 1(05) 14 (6.9)
Chronic cough, 27 (13.9) 27 (13.3)
unclassified

Others 27 (13.9)
Asthma 1(05)
UACS 3 (1.5)
NTM infection 8 (3.9
Pneumonia 2 (1.0 2 (1.0
Interstitial lung disease 13 (6.4)

Values are presented as number (%),

COPD: chronic obstructive lung disease; GERD: gastro-
esophageal reflux disease; UACS: upper airway cough syn-
drome; NTM: nontuberculous mycobacteria,
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Table 2, Baseline characteristics of study population

BE (n=47) Asthma (n=56) COPD (n=22) Total (n=125)

Median age (range), yr 63 (34-82) 555 (26-83) 73 (48-83) 62 (26-83)
Female 29 (61.7) 27 (48.2) 3 (13.6) 59 (472
Smoking

Current 6 (12.8) 10 (17.9) 9 (409 25 (20.0)

Quitted 6 (12.8) 9 (16.1) 11 (50.0) 26 (20.8)

None 35 (74.5) 37 (66.0) 2 (9.1) 74 (59.2)
Symptoms

Sputum 45 (95.7) 20 (35.7) 18 (81.8) 83 (66.4)

Cough 16 (34.0) 34 (60.7) 8 (36.4) 58 (46.4)

Hemoptysis 7 (149 1(1.8) 0 (0) 8 (6.4)

Dyspnea 13 (27.7) 24 (42.9) 15 (68.2) 52 (41.6)

Wheezing 12 (255) 29 (51.8) 4 (182 45 (36.0)

Postnasal dripping 5 (10.6) 17 (30.4) 0 (0) 22 (17.6)
WBC, x10%/mm’ 70429 6.7+18 75417 70+23
Eosinophil, % 23+20 54+47 3.1+25 38+37
Eosinophil count, /mm® 15629+1347 339.8+302 1 2372+2095 249 7+2462
FEV:, L 20+05 24+08 1706 21+07
FEV: (% predicted), % 89.4+179 922+191 69.1+222 86.8+210
FEV4/FVC, % 720+83 704+110 488+117 66.6+136
ESR, mm/hr 236+226 1274140 71460 151+17.4
CRP, mg/dL 05+09 05+09 04+06 05+08
Total IgE, U/mL 136.4+1352 208.9+2236 - 196.1+2109
FeNO, ppb 188+15 480+64 31.0+43 340+32
NTM infection 12 (25.5) 0 () 0 (0) 12 (9.6)

Values are presented as meanzstandard deviation or number (%).
BE: bronchiectasis; COPD: chronic obstructive pulmonary disease; WBC: white blood cell; FEV+: forced expiratory volume in 1 second;
FVC: forced vital capacity; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; FENO: fractional exhaled nitric oxide; NTM:

nontuberculous mycobacteria,

group, Other details in asthma and COPD patients were
showed in Table 2.

2. Correlation analysis of FeNO in overall patients

Overall, the association between FeNO levels and eo-
sinophil count was moderate strong positive with corre-
lation coefficients 0,429 (p<0.001), and same positive
but slightly weak between FeNO levels and FEV; with
0.229 (p<0.05) (Figure 1). However, in BE group,
these correlations were not seen in both cases (data

were not showed).

3. Comparison of FeNO levels in the BE and non-BE
patients

FeNO levels of BE group regardless of NTM co-in-
fection were 18,8%1.5 part per billion (ppb), signi-
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ficantly lower than those of chronic inflammatory air-
way disease, especially asthma group (48.0%£6.4 ppb,
p<0.001) (Figure 2). All subjects in BE group had
FeNO levels of <50 ppb, except for one; this patient
had FeNO level of 54 ppb, and 39 (83.0%) of total 47
in BE group had FeNO levels of <25 ppb. FeNO levels
were showed a decreasing trend from asthma to BE, es-
pecially the lowest levels of FeNO was observed in pa-
tient BE who had co-infection with NTM, which was
6 ppb. In 60 patients who presented chronic cough with
stable condition as initial chief complaint, this trend was
same with statistical significance (p=0.043, data not
shown).

There were 15 patients in BE group who had two
and more than FeNO levels as follow-up with median

5.9 months (range, 0.5-7.7 months), in which there
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18009 r=0.429

p<0.001
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Figure 1, Correlation analysis of fractional exhaled nitric oxide (FeNO) and eosinophil count (A), forced expiratory volume

in 1 second (FEV4) (B).
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Figure 2, Comparison of fractional exhaled nitric oxide
(FeNO) levels in the bronchiectasis (BE) and non-BE pa-
tients (n=125, all numeric data in the bottom row were
showed by mean values+tstandard errors), In each group,
the bottom and top of the box means the 25th and 75th
percentile (the lower and upper quartiles, respectively),
and the thick line is the median value, The ends of the
whiskers (thin lines) represent the lowest datum still within
1.5 interquartile ranges (IQR) of the lower quartile, and
the highest datum still within 1.5 IQR of the upper quar-
tile, Blanked circles mean outliers; 139.0 in asthma, 97.0
and 650 in chronic obstructive pulmonary disease
(COPD), 54.0 and 40.0 in BE without nontuberculous my-
cobacteria (NTM) infection (BE-NTM), and 45.0 and 39.0
in BE with NTM infection (BE+NTM), *p<0.001, *p
<0.,05, *™p=0,990,

were no significant interval changes between FeNO lev-
els except two patients, One had the highest FeNO lev-
els of 54 ppb among all of BE patients, followed the
levels for seven times during one year; the other had
the second highest levels of 45 ppb, for three times dur-

ing four months,

4. FeNO and disease severity, NTM infections in BE
patients

The disease severity assessed by simplified HRCT
scores was showed in Table 3. Adjusted by numbers
of involved lobes, final severity category was assigned
from 1 (minimal abnormalities) to 4 (maximal abnormal-
ities). It was not statistically significant, there was an
increasing trend in mean FeNO levels categorized by
disease severity of BE (p=0.542) (Figure 3). Coincident-
ly, patients with NTM infection had significant lower
FeNO levels than without NTM infection whether com-
bined with BE or not (18,9%2.1 ppb vs. 35.8%3.5 ppb,
p<0.05; data not shown in figure). In BE group, there
was no difference of FeNO levels whether NTM co-in-
fection or not (19.5%+1.6 ppb vs. 17.0£3.5 ppb, p=0.990)
(Figure 2).

Discussion

This study showed that FeNO levels in the patients
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Table 3, Assessment of disease severity of bronchiectasis patients by high resolution

computed tomography

0 1 2 3 4
Severity category 1 (n=47)
Bronchiectasis 0 (0) 19 (40.4) 19 (404 (19.1) -
Bronchial wall thickening 4 (85) 17 (36.2) 21 (44.7) 5 6) -
Atelectasis-consolidation 29 (61.7) 17 (36.2) 1@21) -
Severity category 2 (n=47)
No, of involved lobes - 7 (149 22 (46.8) (19.1) 9 (19.1)
Disease severity of bronchiectasis* - 19 (40.4) 19 (40.4) 5 (10.6) 4 (85)

Values are presented as number (%).
*Sum of three severity category scores/No, of involved lobes,

T
307 p=0.542 ;
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Total HRCT scores/No. of involved lobes

Figure 3, Fractional exhaled nitric oxide (FeNO) and dis-
ease severity assessed by high resolution computed to-
mography (HRCT) in patients with bronchiectasis, Dots
represent mean level of FeNO in each group, Dot lines
represent the lowest datum still within 1.5 interquartile
ranges (IQR) of the lower quartile, and the highest datum
stil within 1.5 IQR of the upper quartile,

with BE were significantly lower than those in other
chronic inflammatory airway diseases, such as asthma
and COPD, Although being statistically insignificant, the
trends of FeNO levels increased according to disease se-
verity assessed by simplified HRCT scoring system,
Coincidentally, in patient BE with NTM infection, FeNO
levels were the lowest among study population, to the
best our knowledge, this is the first report to analyze
FeNO levels in patients with BE and/or NTM co-in-
fection,

Recently, the clinical application of FeNO has been
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investigated extensively as a complementary tool to oth-
er ways of assessing airway disease’, especially includ-
ing asthma, The official ATS clinical practice guideline
summarized advances in technology and standardization
have made FeNO measurement simple, permitting its
use as a biomarker that adds a new dimension to the
traditional clinical tools in the assessment and manage-
ment of airways diseases. FeNO offers added advan-
tages for patient care including to detecting eosinophilic
airway inflammation, determining and monitoring the
responsiveness of corticosteroid, and additionally apply-
ing to other situations such as COPD, pulmonary hyper-
tension, and cystic fibrosis’. In our study, FeNO levels
had marked lower in patients with BE, especially co-in-
fection with NTM, Currently, there are no definite
guidelines of "normal" values of FeNO, suggesting the
use of cut points rather than reference values when in-
terpreting FeNO levels in clinical settings. However, this
recommendation is used to be only applicable to eosi-
nophilic airway diseases, such as asthma, and still con-
troversial in various inflammatory airways diseases. We
thought these results could be a good evidence of ap-
plying FeNO measurement to non-eosinophilic in-
flammatory airway diseases, such as BE and it might be
a possible screening method to differentiate BE with
other chronic airway diseases at eatly, clinically stable
state,

Interestingly, lower levels of FeNO in patients with
NTM infection was unexpected result of this study. In

fact, there are a few studies to evaluate the role of FeNO
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in pulmonary TB, Wang et al.” elucidated that the in-
crease in exhaled NO observed in patients with active
pulmonary TB and explained it was due to an up-regu-
lation of inhaled NO synthase expression in alveolar
macrophages which have an enhanced capacity for NO
production, Van Beek et al, " tried to reveal the possi-
bility of measuring exhaled NO as inexpensive screen-
ing tools for active TB and Idh et al."® showed that in
both human immunodeficiency virus (HIV) negative
and HIV co-infected TB patients, low levels of exhaled
NO compared to blood donors and household were
observed, However, all of these studies have included
only Mycobacterium tuberculosis, to our knowledge,
this is the first report to suggest the possible role of
FeNO in NTM infections and it is cautiously consid-
erable to use the measurement of FeNO as new, non-
invasive screening technique that make a differentiate
NTM infections. However, the microbiological identi-
fications of NTM infections were not carried out, which
could have revealed the relationship of FeNO and spe-
cific pathogens,

We used "simplified" HRCT scoring system to assess
the disease severity of BE patients, it has been well-es-
tablished in many studies, However, in clinical settings,
it seems that the radiographic severity would not be al-
ways main surrogate marker of actual or functional dis-
ease status of BE", The reproducibility of CT is poor
because of radiation risk, cost-effectiveness, and the
correlation with symptoms or pulmonary function tests
is not well verified. In our study, FeNO levels in BE
patients had showed a tendency toward increasing di-
rection as disease severity assessed by HRCT scoring
system, even though overall levels of FeNO in BE group
were lower than 25 ppb, which was the lowest cut-off
values by recent guidelineé_ This findings means that
non-eosinophilic inflammatory process that produce NO
could be related to pathogenesis of BE. The overall
lower levels of FeNO might be explained by the struc-
tural damages of lung parenchyma in most patients with
BE compared to asthma, which has little anatomical loss
of airway and parenchyma,

There were several limitations in this study. First,

these results were elucidated from retrospective analysis
and we could not thoroughly deal with other variables
that effect NO productions, such as smoking history.
Similarly, as the heterogeneity among each clinical diag-
nostic group inevitably existed such as in symptoms, eo-
sinophil count, FEV;, or inflammatory markers, the cor-
relations of FeNO and eosinophil count or FEV; could
also have been considered as a result of ecological er-
ror, a kind of statistical issues related to retrospective
analysis. In addition, it can be possible a few patient
had mixed diagnosis, for example, BE combined asth-
ma, In fact, one patient in BE group as mentioned
above had highly elevated FeNO (54 ppb), treated with
systemic steroid and consequentially FeNO levels de-
creased after treatment, The patient's CT findings also
showed definitely severe bronchiectatic changes and no
evidences of airway hyper-responsiveness were obser-
ved in dynamic pulmonary function test. If we excluded
this patient in BE group, our data would have showed
more significant results, Finally, our study did not head
to evaluate the role of monitoring treatment, we could
not follow-up serial FeNO levels regularly, simply fo-
cused the initial FeNO levels. Actually, there was one
study reporting the relationship of FeNO and ex-
acerbation of BE were focused', however, all of our
study population were in stable conditions because this
study was conducted by outpatient-based setting,

In conclusions, FeNO levels in stable BE was lower
than other inflammatory airway diseases, especially
compared to asthma and the lowest in BE group with
co-infection of NTM, Tt might be also used as a simple,
reproducible and noninvasive tool of evaluating disease
severity of BE, however, further large-scaled, prospec-
tive studies needed to expand the clinical application

of measuring FeNO to BE and its subgroup populations,
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