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ABSTRACT

Fractional exhaled nitric oxide (FeNO) measurement is an important noninvasive tool for evaluating eosinophilic inflam-
mation of the airways. However, measurement of online FeNO in elderly people may not be possible if they are unable to perform
the expiratory maneuver. The offline FeNO test is an alternative method that obviates the need for the expiratory maneuver.
Adult asthma patients were enrolled and assigned to one of two age groups: group 1, aged >65 years old (n = 29), and group
2, control group, aged 20— 65 years old (n = 27). Online and offline FeNO measurements were performed for all patients. There
were no significant differences in pulmonary function parameters (forced expiratory volume in 1 second [FEV ], percentage of
predicted FEV, and FEV/forced vital capacity [FVC]) between the two groups but group 1 had significantly lower Asthma
Control Test scores. There was a high correlation between online and offline FeNO levels (r = 0.908; p < 0.001). There was
significantly higher mean FeNO level, regardless of online or offline measurements, in patients with poorly controlled asthma.
Offline FeNO measurement was found to be a simple and convenient method of measuring FeNO in elderly patients and can

be used as an objective quide for further management of eosinophilic inflammatory airway disease in this population.
(Allergy Asthma Proc 34:434—438, 2013; doi: 10.2500/aap.2013.34.3692)

ronchial asthma often occurs in childhood, but
may affect all age groups.' Careful differential di-
agnosis is recommended in elderly people with asthma-
like symptoms.>™* Among the methods for diagnosing
and monitoring bronchial asthma, fractional exhaled
nitric oxide (FeNO) is a sensitive, noninvasive tool that
can detect airway inflammation.” FeNO can also be
used to monitor treatment response in asthmatic pa-
tients.®” The American Thoracic Society (ATS) and Eu-
ropean Respiratory Society have published recommenda-
tions for standardizing procedures of measuring eNO.?
The online measurement method, adapted by many as
the standard tool, requires patients to be present in the
laboratory room and to exhale directly into a mouthpiece
that is connected to the NO analyzer at a constant
expiratory flow of 50 mL/s (*10%) for a given time.
Many factors may limit the application of online FeNO
measurement, such as difficulty maintaining the re-
quired constant expiratory flow rate in elderly patients.
The offline method of measuring FeNO has been
shown to be a useful alternative technique. The online
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method involves directly blowing into a mouthpiece that
is connected to an NO analyzer, but in the offline method,
the exhaled gas is first collected in a bag that is then
connected to the NO analyzer. The offline FeNO mea-
surement method is more flexible than the online method
and avoids the influence of poor exhalation skills.”

Online and offline FeNO have been shown to have a
good intercorrelation in a large epidemiological survey
of schoolchildren.'® However, there are few studies of
FeNO in elderly asthmatic patients.'’ In our previous
study, we determined FeNO concentrations in 248 nor-
mal Taiwanese patients and obtained a reference value
of 27.9 ppb,12 but the reference value of offline FeNO is
unknown. We therefore conducted the present study to
investigate the correlation between online and offline
FeNO measurements. In addition, we compared the
success rates of online and offline FeNO measurement
in asthmatic patients in different age groups.

METHODS

Asthma patients aged =20 years old, who were nonsmok-
ers or former smokers with a smoking history <10 pack-
years and had quit smoking for at least 10 years, were
enrolled. The patients were assigned to one of two age
groups: group 1, aged >65 years old, and group 2 (control
group), age 20—65 years old. The diagnosis of asthma was
based on the criteria of the Global Initiative for Asthma
(GINA)."”® Those with upper or lower respiratory tract in-
fection, asthma exacerbation within 1 month, or evidence of
active pulmonary tuberculosis were excluded. The study
was approved by the Institutional Review Board of Taic-
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Table 1 Demographic data of the participants

All Group 1, Aged >65 yr Group 2, Aged 20-65 yr p Value

n 56 29 27

Age (yr) 62.3 = 16.3 75.0 £ 6.7 48.7 = 11.7 0.013
Male/female 35/21 20/9 15 /12

FEV; (L/min) 21x08 1.6 £0.5 2.6 =08 0.052
FEV, predicted (%) 80.7 = 204 76.3 =219 85.6 = 17.8 0.327
FEV,/FVC (%) 66.9 = 10.2 62.8 =99 714 = 8.6 0.479
ACT score 207 = 41 19.8 =48 21.8 £ 2.8 0.040

ACT = Asthmas Control Test; FEV; = forced expiratory volume in 1 s; FVC = forced vital capacity.

hung Veterans General Hospital and all patients provided
written informed consent.

Patients enrolled in this study were provided with
medication for asthma control according to the recom-
mendations proposed in the GINA guidelines'® and
remained stable for at least 1 month before the day of
the study. No food or medication was allowed for at
least 8 hours after midnight before FeNO measure-
ments were taken. FeNO measurements were per-
formed using a chemiluminescence NO analyzer
(NOA 280i; Sievers, Boulder, CO) according to the
ATS/European Respiratory Society recommenda-
tions.® For online measurements, the patient was in-
structed to blow into a mouthpiece connected to the
NO analyzer. The patient had to maintain an expira-
tory flow rate of 50 mL/s for at least 6 seconds and to
keep the flow at the plateau for at least 3 seconds. At
least three measurements with <10% of variation were
taken to calculate the mean FeNO level. After 3 min-
utes of rest, an offline FeNO measurement was taken.

The Deadspace Discard Bag Collection and Sampling
Kit (Sievers) was used to collect the expired gas. The kit
was composed of a 1.5-L collection bag (Mylar bag;
Sievers), a pressure gauge to ensure the recommended
exhalation pressure, a bag filler with a divert valve to
connect to the bag, and an NO filter to ensure the NO
level in the inspired ambient air was <5 ppb. The
patient was asked to place the mouthpiece in his/her
mouth and inhale orally to total lung capacity and then
blow into the mouthpiece with the divert valve pulled
out to discard the gas in the physiological dead space.
The patient was instructed to watch the pressure gauge
and adjust the force of exhalation to keep a pressure
~12 cmH,0. The exhaling pressure (P,,;) of 12 cmH,O
resulted in a gas flow rate of 80 mL/s (flow = 21.1 X
P,,"2%%). (This formula was presented in the Opera-
tion and Maintenance Manual of NOA 280i, no reference
is available). At this moment the patient was asked to
push the divert valve to the “in” position to start
collecting gas in the bag. The patient must continue
exhaling for 4-6 seconds until 320-480 mL of gas was
collected. The bag was then sealed with a Luer cap
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(Sievers). Three bags were collected per patient and
these bags were stored in an air-conditioned room at
around 25°C for analysis of the NO level, which was
done within 4 hours. By using a three-way connector to
connect the bag to the NOA 280i NO analyzer, the
NOA sampled the gas from the bag automatically.
Each measurement lasted for at least 15 seconds. The
mean of three measurements was used as the final
result of the test.

The status of asthma control was assessed according to
the criteria of the GINA."® Uncontrolled asthma was de-
fined as having at least three factors that did not meet the
asthma control criteria (i.e., daytime or nighttime symp-
toms, activity limitation, forced expiratory volume in 1
second [FEV,] or peak expiratory flow rate of <80% of
predicted value, and frequent use of rescue medication).
The Asthma Control Test'* (ACT) score was also used to
assess the level of asthma control, whereby an ACT score
of =19 was defined as poorly controlled asthma.

The PASW (SPSS, Inc., Chicago, IL) statistical soft-
ware Version 18 was used to analyze the data. The
t-test was used to compare differences between means
and data are presented as mean = SD. Correlation and
regression analyses were used to compare online and
offline FeNO. Repeat-measure ANOVA was used to
check the within-subject variation of the off line FeNO
values. Statistical significance was set at p < 0.05.

RESULTS

From December 1, 2011, to November 30, 2012, a total of
56 eligible asthma patients were enrolled for both online
and offline FeNO measurements. In total, 29 patients
aged >65 years were assigned to group 1, and the other
27 patients, aged 20—-65 years, were assigned to group 2
(control group). Group 1 (only 24 patients completed
online measurement) had a significantly higher mean age
than that of group 2 (75.5 = 6.7 years versus 48.7 = 11.7
years; p = 0.013). There were no significant differences in
prebronchodilator FEV, (p = 0.052), percentage predicted
value of FEV, (p =0.327), and FEV, /forced vital capacity
(p = 0.479) between the two groups. Group 1 also had
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Figure 1. Plot of online vs. offline FeNO data. A formula was

obtained for predicting the online FeNO data from offline measure-
ments. (A) Value of online FeNO. (B) Value of offline FeNO.

significantly lower mean ACT than that of group 2
(19.8 = 4.8 versus 21.8 = 2.8; p = 0.040; Table 1).

All patients in group 2 completed both online and
offline FeNO measurements and five patients in
group 1 failed to provide valid data because they
could not maintain the required expiratory flow at
plateau for at least 3 seconds. Repeat-measure
ANOVA showed no significant difference of the
FeNO values obtained from three bags, (F = 1.235;
p = 0.295). There was only one patient in group 2
that was deemed to have “variable data” (FeNO, 11.1
ppb, 6.4 ppb, and 18.9 ppb) from the three collected
bags, and the offline FeNO measurement could not
be obtained. There was no difference in the mean
group 1 (37.2 £ 19.9) versus mean group 2 online
(39.8 = 33.8) or group 1 (19.2 = 9.0) versus group 2
(20.5 = 13.5) offline FeNO levels.

The correlation between online and offline FeNO
measurements in all participants was 0.908 (p <
0.001). A correlation formula (predicted online FeNO
[ppb] = 2.233 X offline FeNO [ppb] — 6.236) was
obtained from the result of regression analysis per-
formed the PASW statistical software (Fig. 1). There
was no correlation between online or offline FeNO
value and FEV,; or percentage predicted FEV,. In
terms of asthma control, the correlation between
GINA control criteria and ACT score was 0.753 (p <
0.001). Patients with uncontrolled asthma, as as-
sessed by the GINA criteria, or with poorly con-
trolled asthma, as assessed by ACT score, had sig-
nificantly higher FeNO levels using both online and
offline measurements (Table 2).

DISCUSSION

This study compared the results of online and offline
FeNO measurements in asthmatic adults and elderly
patients. For each patient, the online and offline
FeNO measurements were performed sequentially

436

and were completed on the same day to eliminate
factors such as weather, patient’s health status, and
medication usage, which may have confounded the
results.

In current practice, FeNO is extensively used as a tool
for evaluating and managing eosinophilic inflammatory
airway disease. Based on our experience, patients with
advanced age frequently have difficulty complying with
the procedure for online FeNO measurement. Therefore,
one of the objectives of the present study was to confirm
the value of offline FeNO measurement in elderly pa-
tients. As expected, a number of patients in group 1 (n =
5; 17.2%), but none in group 2, failed to provide valid
online FeNO data. However, the results showed that,
overall, both groups provided acceptable results for both
online and offline measurements.

The method of offline FeNO measurement is a
whole set of standard procedures listed in the NOA
280i Operation and Maintenance Manual supplied by
Sievers Instruments, Inc. It is not possible to control
the variation between three samples at the time of
gas collection. However, repeat-measure ANOVA
showed the agreement of the three measurements in
the same patient is acceptable. Only one patient was
observed to have marked variable data from the
three collected bags.

This study revealed an excellent correlation (r = 0.
908; p < 0.001) between values obtained using the
online and offline FeNO tests, but there was an
approximately twofold higher concentration of
FeNO obtained by the online method compared with
that obtained by the offline method. Regarding the
factors that contribute to this variation, the differ-
ence of the expiratory flow rate (online, 50 mL/s,
and offline, 80 mL/s) plays the major role.'>'® Other
variables, such as ambient NO, dead space volume,
and pulmonary function data are not relevant in this
study.'” Using the formula developed in this study,
online the FeNO level could be predicted by offline
FeNO data. A previous study on 249 nonsmoking
healthy adults in Taiwan showed that the mean on-
line FeNO level was 27.9 ppb (range, 12.5-58 ppb),'?
so it can be postulated that the normal offline FeNO
level would be 15.3 ppb. This result suggests that the
offline FeNO method is not only a reliable and prac-
tical technique for assessing FeNO levels in elderly
patients, but it also provides an objective guide for
further management of eosinophilic inflammatory
airway disease in these patients.

The stability of the exhaled gas sample is a critical
issue for the offline FeNO measurement. The exhaled
gas can remain stable for 24 hours in a new Mylar
bag or for at least 8-12 hours in a reused bag.'”'®
Storage temperature is another issue that may influ-
ence the measurement value. A study by Shimizu et
al. has shown that the gas sample remains stable at
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Table 2 Comparison of patients’ asthma control status and FeNO levels obtained by online and offline

FeNO methods

GINA ACT Score
Controlled/Partly Controlled Uncontrolled p Value =20 <19 p Value
Online FeNO 35.1 £20.4 455 + 38.8 0.018 31.7 =152 445 * 38.0 0.004
Offline FeNO 18.1 £9.0 232+ 144 0.022 16.7 + 6.3 223 +15.2 0.001

ACT = Asthma Control Test; FeNO = fractional exhaled nitric oxide; GINA = Global Initiative for Asthma.

4°C after 96 hours of storage. However, at 25°C, a
significant change is observed within 24 hours.'” In
the present study, the collected bags were stored at
room temperature, but the analysis was made as
soon as possible to minimize the adverse effects of
high temperature.

The results of this study are consistent with those
of a previous report showing no correlation between
FEV, and FeNO.* However, significantly higher
mean FeNO levels (both online and offline) were
observed in patients with uncontrolled asthma (by
GINA criteria, p = 0.004) or poorly controlled
asthma (ACT, <19; p = 0.001). Previous studies have
shown a good correlation of FeNO and inflammatory
markers obtained from bronchial biopsy or induced
sputum eosinophil count.?’** The ATS guidelines
published in 2011 recommends FeNO measurement
as a good tool for assessing and monitoring eosino-
philic inflammation-related airway diseases.”® Fur-
thermore, FeNO is suggested to be used in difficult-
to-treat asthma for monitoring response to inhaled
corticosteroids or nonadherence to inhaled cortico-
steroids treatment.”*™2° All of these suggest that
FeNO measurement can not be omitted in elderly
patients if they have difficulty performing online
FeNO measurements.

CONCLUSIONS

In conclusion, elevated FeNO levels were seen in
patients with uncontrolled or poorly controlled
asthma. The offline FeNO measurement was shown
to be a viable and practical alternative method for
obtaining valuable data that may be useful in guid-
ing the management of patients with advanced
age.
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