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Abstract
As a marker of eosinophilic airway inflammation, fractional exhaled nitric oxide (FeNO) was
widely used in clinical practice. NIOX VERO (VERO) and SUNVOU-CA2122 (CA2122) are two
commonly used eNO analyzers in China. However, what’s the difference and agreement between
the two devices and whether the two types of devices can be replaced by each other in the
application of common respiratory diseases have not been reported. The purpose of this study was
to compare the two types of devices and to evaluate the difference between them in clinical use and
whether they could be replaced. FeNO levels in 244 respiratory patients (including asthma, chronic
obstructive pulmonary disease, chronic cough) were measured by CA2122 analyzer and VERO
analyzer, respectively. The FeNO values obtained by the two devices were compared and the
differences were analyzed. The success rate, the number of attempts and the total time required for
a successful measurement by CA2122 and VERO were compared. The FeNO values measured by
CA2122 online and offline were also compared. FeNO values obtained by CA2122 were slightly
higher than those of VERO [median(range): 29.0(9–271) parts per billion (ppb) vs 25.5 (5–263)
ppb, P = 0.000]. There was a high correlation between FeNO values measured by the two types of
devices (r = 0.964, P = 0.000). By comparison, there was a high degree of agreement between the
FeNO values measured by two devices, in all patients with different respiratory diseases. FeNO
values measured online and offline by CA2122 were highly correlated and there was a high degree
of agreement between online and offline methods. The success rate of CA2122 was higher than
VERO, and the number of attempts (2.1 vs 2.4) and the total time (110.5± 35.7 vs 117.5± 48.1 s)
required for a successful measurement by CA2122 were lower than those of VERO. CA2122 and
VERO can be replaced by each other, and FeNO values can be converted if necessary. CA2122 has
some advantages in success rate, the mean attempts and time required for successful measurement
of FeNO.

1. Background

Fractional exhaled nitric oxide (FeNO), as an indic-
ator of airway inflammation, can well reflect the
degree of airway eosinophil inflammation and judge
the responsiveness of corticosteroid therapy. It can
be used not only in the diagnosis and management
of asthma, but also in the etiology diagnosis and dif-
ferentiation of chronic cough. In addition, it has cer-
tain application value in the respiratory system dis-
eases such as chronic obstructive pulmonary disease
(COPD), pulmonary hypertension, interstitial lung

disease, obstructive sleep apnea, primary ciliary dysk-
inesia, and even in the researches of respiratory effects
of environmental exposures [1–11].

FeNOmeasurement has the advantages of quant-
itative, noninvasive, simple, practical, and safe. Cur-
rently, there are two main equipment manufac-
turers for the measurement of FeNO in China:
NIOX VERO (Aerocrine, Sweden, manufacturers
homepage: www.niox.com) and SUNVOU-CA2122
(SUNVOU, China, manufacturers homepage:
www.sunvou.com), both equipment are handheld
devices. The clinical application of NIOX VERO
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(VERO) is earlier and has been recognized by many
countries, while SUNVOU-CA2122 (CA2122) is rel-
atively late in clinical application. At present in China,
VERO can only measure FeNO online, while CA2122
can measure FeNO online as well as offline. Although
there have been studies comparing the consistency
of FeNO measured by CA2122 and VERO, the lim-
itation lies in that all the subjects were asthmatic
patients. Thus, it was still not clear how consistent
the two instruments were in other respiratory dis-
eases [12]. Online and offline consistency comparis-
ons of other instruments had been reported in some
previous studies [13, 14]. However, there were still
no reports concerning the consistency between the
offline FeNO and online FeNO measured by CA2122
until now.

The purpose of this study is to explore the consist-
ency of CA2122 and VERO by randomized controlled
study, including the following points: (a) whether the
data of FeNOmeasured online by two kinds of equip-
ment are consistent; (b) whether the data of FeNO
measured online and offline is consistent; (c) whether
the time consumed in the measurement process is the
same; (d) whether the number of attempts needed for
the measurement success and the success rate are the
same.

2. Methods

2.1. Subjects
This study was conducted with patients who took
FeNOmeasurement in our hospital fromMarch 2018
to February 2019. Patients who had previously under-
gone the FeNO test were not enrolled in the study.
According to the age of the subjects, the subjects are
divided into six groups, namely <30 years old, 30–
39 years old, 40–49 years old, 50–59 years old, 60–
69 years old, and ⩾70 years old. Each age group
includes ⩾30 subjects as the study objects according
to their gender. Informed consent was signed by all
patients prior to the study.

2.2. Study methods
FeNO values of each patient were measured by two
kinds of equipment, and the sequence of measure-
ment was assigned randomly. The interval between
the two measurements should be at least 30 s.

2.3. FeNOmeasurement
CA2122 was calibrated by two standard gases with
NO concentration of 60 ppb (parts per billion) and
250 ppb before the research. The calibration error
met the technical requirements of the product (error
<3 ppb or <10%). VERO had been calibrated before
leaving the factory according to the manufacturer’s
instructions, as a result there was no need to use
standard gas calibration during clinical use. The
environment (temperature, atmospheric pressure,

humidity, etc) during measurement remained the
same for all subjects.

FeNO measurements were performed strictly
according to the technical standards published byATS
and ERS [2, 15]. Patients were abstained from foods,
drinks, and alcohol for 1 h before the test, meanwhile
smoking and vigorous exercise were forbidden. For
patients who needed to have a pulmonary function
test, they should take FeNO test first and then the pul-
monary function test. Drugs used to treat coughs over
the past 3 d were recorded. Before the test, the oper-
ator would explain the procedure and precautions to
the subjects, consult and fill in the information of
subjects. Nomore than five exhalations were taken for
each subject, and if not, further attempts were aban-
doned and recorded as test failure.

CA2122: (a) Online: subjects were informed to
inhale through a nitric oxide filter and exhale via
a mouthpiece at constant flow rate of 50 ml s−1

for 10 s. Results were displayed after 70 s of ana-
lysis. The FeNO results were recorded in ppb. (b)
Offline: Samples were obtained using the FeNO off-
line collection kit. Subjects were informed to inhale
through a nitric oxide filter and exhale via a mouth-
piece (sample was collected when expiratory flow
rate reached 50 ml s−1). After sampling finished, the
sample bag was removed from the kit and connected
it with the analyzer. Results were displayed after 70 s
of analysis. The FeNO results were recorded in ppb.
Offlinemeasurement was taken after the onlinemeas-
urement.

VERO: The subjects took the sitting position,
hold the inspiratory filter, exhaled the residual air,
covered the mouth with the filter to inhale, inhaled
first according to the test requirements, and then
exhaled immediately to keep the exhalation flow rate
at 50 ml s−1 (control the exhalation flow rate accord-
ing to the prompts of the test interface), and started
the automatic test and analysis after the exhalation
meeting the requirements. Recorded after the results
were displayed.

2.4. Statistical analysis
SPSS version 22.0 analysis software was used for data
processing. For continuous variables, Kolmogorov–
Smirnov normal test was performed. The data of nor-
mal distribution were expressed as mean ± standard
deviation and analyzed by one-way ANOVA test. The
data of non-normal distribution were expressed as
median (interquartile range) and tested by nonpara-
metric test. The difference of FeNO values measured
by CA2122 and VERO in this study was compared
by Wilcoxon test (P < 0.05 indicate significant differ-
ence).

The Pearson correlation analysis was carried out
after the logarithm transformation of FeNO values
measured by two devices. An equation to convert
values was calculated by linear regression analysis.
The agreement between the devices was evaluated
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by Bland–Altman plots [16, 17]. According to the
guideline published by ATS in 2011, clinically signi-
ficant change in FeNO was >10 ppb (or 20%). So, the
differences of <10 ppb for measured FeNO values of
<50 ppb and of <20% for FeNO values⩾50 ppb were
considered within tolerance limits [18].

3. Results

3.1. Participants
A total of 287 outpatients participated in the study.
Two hundred forty-four subjects successfully com-
pleted the FeNOmeasurement with two instruments.
The basic information of 244 subjects was shown in
table 1.

3.2. Device comparison
3.2.1. Agreement of FeNO values measured by two
devices
For 244 subjects who finished measurements with
both devices, FeNO values measured by CA2122
was significantly higher than VERO (p < 0.001,
figure 1(A)), with median levels of 29.0 ppb (range:
9–271 ppb) and 25.5 ppb (range: 5–263 ppb), respect-
ively. The range of difference between the two devices
was−41–31 ppb (median: 2.0 ppb).

There was a strong positive correlation between
FeNO values measured by two devices (Spear-
man correlation coefficient: r = 0.929, p < 0.001;
figure 1(B)).

The Bland–Altman plot showed a mod-
erate degree of agreement, with a mean dif-
ference of 2.6 [95% confidence interval (CI):
−13.8 ~ 19.0] (figure 1(C)). There were 17 (7.0%)
values outside the 95% CI. Within the 95% CI,
the absolute value of the difference was up to
16 ppb (VERO:76 ppb, CA2122: 91 ppb), 19%
of the average value, which within the tolerance
limits.

3.2.2. Agreement of FeNO values measured the first
time and the second time
FeNO measured the first time ranged from 7 to
263 ppb (median:27.0 ppb), and FeNO meas-
ured the second time ranged from 5 to 271 ppb
(median: 28.0 ppb). There was no significant dif-
ference between the two measurements (p = 0.067,
figure 2(A)). The difference between the first time
and the second time was −41–31 ppb (median:
2.0 ppb).

There was a strong positive correlation between
FeNO values measured by the first time and the
second time (Spearman correlation coefficient:
r = 0.953, p= 0.000; figure 2(B)).

The Bland–Altman plot showed a moderate
degree of agreement, with a mean difference of
−1.2 ppb (95% CI: −18.2 ~ 15.9 ppb) (figure 2(C)).
There were 15 (7.1%) values outside the 95% CI.

Within the 95% CI, the absolute value of the differ-
ence was up to 15 ppb (1st: 122 ppb, 2nd: 107 ppb),
13.1%of the average value,whichwithin the tolerance
limits.

3.2.3. Agreement of FeNO values in different value
groups
The intra-subject difference of FeNO values ranged
from −41 to 31 ppb, the mean intra-subject differ-
ence was 2.6 ppb (95% CI: 1.5 and 3.7 ppb). All
subjects were divided into three groups according to
the FeNO values measured by VERO: <25 ppb for
group 1, 25–49 ppb for group 2, ⩾50 ppb for group
3. FeNOvaluesmeasured byCA2122was significantly
higher than VERO in group 1 and group 2 (p= 0.000,
p = 0.017). There was no significant difference for
FeNO values in group 3 (p= 0.200) (table 2).

3.2.4. Agreement of FeNO values measured in various
patients
In 83 patients with asthma, FeNO values measured
by CA2122 were significantly higher than VERO,
with median levels of 59.0 ppb (range: 14–271 ppb)
and 55.0 ppb (range: 10–263 ppb) (p = 0.001,
figure 3(A)).

There was a strong positive correlation between
FeNO values measured by two devices (Spear-
man correlation coefficient: r = 0.962, p = 0.000;
figure 3(B)). The Bland–Altman plot showed a high
degree of agreement (figure 3(C)). There were 5
(6.0%) FeNO values outside the 95% CI. Within the
95% CI, the absolute value of the difference was up to
31 ppb (VERO: 208 ppb, CA2122: 239 ppb), 13.9% of
the average value, which within the tolerance limits.

In 128 patients with chronic cough, there was no
significant difference between FeNO values measured
by CA2122 and VERO, withmedian levels of 23.5 ppb
(range: 9–131 ppb) and 22.0 ppb (range: 5–135 ppb)
(p= 0.428, figure 4(A)).

There was a strong positive correlation between
FeNO values measured by two devices (Spear-
man correlation coefficient: r = 0.907, p = 0.000;
figure 4(B)). The Bland–Altman plot showed a high
degree of agreement (figure 4(C)). There were 8
(6.3%) FeNO values outside the 95% CI. Within the
95% CI, the absolute value of the difference was up
to 10 ppb (VERO: 38 ppb, CA2122: 48 ppb), which
within the tolerance limits.

In 33 patients with COPD, there was no signi-
ficant difference between FeNO values measured by
CA2122 and VERO, with median levels of 30.0 ppb
(range: 12–212 ppb) and 28.0 ppb (range: 7–192 ppb)
(p= 0.074, figure 5(A)).

There was a strong positive correlation between
FeNO values measured by two devices (Spear-
man correlation coefficient: r = 0.926, p = 0.000;
figure 5(B)). The Bland–Altman plot showed a high
degree of agreement (figure 5(C)). There were 3
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Table 1. Basic information of subjects.

Parameters n (%)

Total, number (n) 244
Sex (Male/Female) 129/115
Age (years) 39.0 (29.0, 56.0)
Allergic rhinitis (n, %) 71 (29.1%)
Smokers (n, %) 44 (18.0%)
Asthma (n, %) 83 (34.0%)
Medications Corticosteroid (inhaled, oral, or intravenous) 24 (28.9%)

Antibiotics 16 (19.3%)
Antitussives and expectorants (including traditional Chinese medicine) 10 (12.0%)
Leukotriene receptor antagonist 6 (7.2%)
Theophylline 1 (1.2%)

COPD (n, %) 33 (13.5%)
Medications Corticosteroid (inhaled, oral, or intravenous) 8 (24.2%)

Antibiotics 11 (33.3%)
Antitussives and expectorants (including traditional Chinese medicine) 6 (18.2%)
Leukotriene receptor antagonist 0
Theophylline 4 (12.1%)

Chronic cough (n, %) 128 (52.5%)
Medications Corticosteroid (inhaled, oral, or intravenous) 11 (8.6%)

Antibiotics 54 (42.2%)
Antitussives and expectorants (including traditional Chinese medicine) 30 (23.4%)
Leukotriene receptor antagonist 3 (2.3%)
Theophylline 0

Figure 1. Comparison of FeNO values measured by two devices. (A) Scatter plot of FeNO values measured by both CA2122 and
VERO. (B) Correlation between FeNO values measured with CA2122 or VERO. (C) The Bland–Altman plot showed the
relationship between FeNO measured by CA2122 and VERO.

Figure 2. Comparison of FeNO values measured the first time and the second time. (A) Scatter plot of FeNO values measured the
first time and the second time. (B) Correlation between FeNO values measured the first time and the second time. (C) The
Bland–Altman plot showed the relationship between FeNO values measured the first time and the second time.

(9.1%) FeNO values outside the 95% CI. Within
the 95% CI, the absolute value of the difference was
up to 22 ppb (VERO: 134 ppb, CA2122: 156 ppb),
15.2%of the average value,whichwithin the tolerance
limits.

3.3. Agreement of FeNO values measured by
CA2122 online and offline
For 244 subjects who finished FeNO measurement
online and offline by CA2122, FeNO values measured
online was higher than offline method (p = 0.004,
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Table 2. Comparison of FeNO values in different groups based on FeNO values measured by VERO and CA2122.

Group N
FeNO (VERO,
ppb)

FeNO (CA2122,
ppb) Difference (ppb) p

1 (FeNO: <25) 115 16.0 (12.0, 21.0) 20.0 (16.0, 24.0) 3.0 (0.0, 6.0) 0.000
2 (FeNO: 25–49) 61 31.0 (27.5, 36.5) 33.0 (29.0, 39.5) 1.0 (−1, 5.0) 0.017
3 (FeNO:⩾50) 68 75.5 (56.0, 132.3) 79.5 (60.0, 122.8) 3.0 (−6.3, 12.0) 0.200

Figure 3. Comparison of FeNO values measured by two devices in patients with asthma. (A) Scatter plot of FeNO values
measured by both CA2122 and VERO in patients with asthma. (B) Correlation between FeNO values measured with CA2122 or
VERO in patients with asthma. (C) The Bland–Altman plot showed the relationship between FeNO measured by CA2122 and
VERO in patients with asthma.

Figure 4. Comparison of FeNO values measured by two devices in patients with chronic cough. (A) Scatter plot of FeNO values
measured by both CA2122 and VERO in patients with chronic cough. (B) Correlation between FeNO values measured with
CA2122 or VERO in patients with chronic cough. (C) The Bland–Altman plot showed the relationship between FeNO measured
by CA2122 and VERO in patients with chronic cough.

Figure 5. Comparison of FeNO values measured by two devices in patients with COPD. (A) Scatter plot of FeNO values measured
by both CA2122 and VERO in patients with COPD. (B) Correlation between FeNO values measured with CA2122 or VERO in
patients with COPD. (C) The Bland–Altman plot showed the relationship between FeNO measured by CA2122 and VERO in
patients with COPD.

figure 6(A)), with median levels of 29.0 ppb (range:
9–271 ppb) and 28.0 ppb (range: 2–290 ppb), respect-
ively. The range of difference between the two devices
was−32–142 ppb (median: 1.0 ppb).

There was a strong positive correlation between
FeNO values measured online and offline (Spearman

correlation coefficient: r = 0.932, p = 0.000;
figure 6(B)).

The Bland–Altman plot showed a moderate
degree of agreement, with a mean difference of 2.6
(95% CI: −23.1 ~ 28.2) (figure 6(C)). There were
15 (7.1%) values outside the 95% CI. Within the
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Figure 6. Comparison of FeNO values measured online and offline by CA2122. (A) Scatter plot of FeNO values measured online
and offline by CA2122. (B) Correlation between FeNO values measured online and offline by CA2122. (C) The Bland–Altman
plot showed the relationship between FeNO values measured online and offline by CA2122.

95% CI, the absolute value of the difference was
up to 22 ppb (VERO: 239 ppb, CA2122: 217 ppb),
9.6% of the average value, which within the tolerance
limits.

3.4. Success rates and attempts of two devices
A total of 287 patients participated in the study, of
which 37 failed to use VERO, with a success rate of
87.1%; 19 failed in the CA2122 online measurement,
with a success rate of 93.4%; only one failed in the
CA2122 offline measurement, with a success rate of
99.7%. The success rates of online and offline meas-
urement of FeNO by CA2122 were higher than that
of VERO.

A comparison of the attempts required for the
successful measurement by two devices was shown
in figure 7. The mean attempts needed for the suc-
cessful measurement by VERO was higher than that
by CA2122, with the mean attempts of 2.4 and 2.1,
respectively.

Two hundred forty-four patients completed
measurements both by VERO and CA2122. The aver-
age time required for a successful measurement by
CA2122 was 110.5 ± 35.7 s, and that of VERO was
117.5± 48.1 s. The time required for successful meas-
urement byVEROwas higher thanCA2122 (figure 8).

4. Discussion

As an indicator of airway inflammation, exhaled
nitric oxide (eNO) can reflect the level of eosino-
philic inflammation in the airway and predict the
responsiveness of corticosteroid therapy, at present,
FeNO is more and more widely used in clinical prac-
tice [1, 18]. FeNO can be measured by several avail-
able analyzers, which differ in the methods of meas-
urements. Stationary chemiluminescence NO ana-
lyzers have been widely used and was regarded as
the gold standard for FeNO measurement. However,
because of its large volume and high price, the sta-
tionary analyzer is mainly used in clinical research.
The handheld electrochemical NO analyzer is small
and easy to operate and have been widely used in clin-
ical routinemeasurement [19, 20]. VERO (Aerocrine,

Sweden) and CA2122 (SUNVOU, China) are cur-
rently the two most commonly used electrochemical
analyzers in China. There were many reports on the
clinical application of VERO [21–24], but few reports
on the clinical application of CA2122, meanwhile
there was less research on the agreement between
VERO and CA2122 in the measurement of FeNO. A
previous study had compared CA1222 with VERO,
but the subjects were all asthmatic patients and thus
could not represent other respiratory diseases [12].
In this study, by far the largest sample size, FeNO
values of 244 subjects, not only asthma patients, but
also COPD and chronic cough patients, were meas-
ured by CA2122 and VERO. The results showed
that FeNO values measured by CA2122 were slightly
higher than VERO, and the average difference was
2.6 ppb. Although there was a significant difference,
the FeNO values measured by the two instruments
were highly correlated (r = 0.964). In addition, the
Bland–Altman plot analysis further suggested a high
degree of agreement between FeNO values measured
by CA2122 and VERO. Our results were consistent
with Huang T’s [12], and our larger sample size and
more disease types further proved the reliability of the
FeNO values measured by CA2122. Although the dif-
ference of 2.6 ppb might be considered as not clinic-
ally meaningful in a single patient, and the difference
of 2.6 ppb did not exceed themanufacture’s specifica-
tions, nevertheless it might significantly influence the
management of asthmatic patients, especially those
with severe asthma. The cut-off point of FeNO value
measured by different device might be different [25–
27]. The reference value of FeNO for CA2122 in res-
piratory diseases needs further study. Whether the
difference between the two devices is related to the
difference of sensors used by the two devices also
required to be further studied.

In addition, some studies have reported that
FeNO values might be affected by some external
factors, such as lung function test, repeated exhal-
ations, etc. Some studies have shown that if the
pulmonary function test is performed before FeNO
measurement, FeNO value would be reduced [28–
30]. So in this study, all subjects were informed to take
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Figure 7. Comparison of attempts needed for the successful measurement by VERO and CA2122.

Figure 8. Comparison of time required for the successful
measurement by VERO and CA2122.

the FeNO measurement before the pulmonary func-
tion test. Each subject performed no more than five
exhalations. If the subject failed after five exhalations,
the attempt would be stopped and recorded as failure.
At the same time, we studied whether the sequence
of measurements would affect the test results. The
results showed that there was no statistical differ-
ence between the FeNO results of the first and second
measurement. FeNO values measured the first and
the second time were correlated, and Bland–Altman
plot analysis showed a high agreement between the
FeNO values measured the first and the second time.
The study showed that the values of FeNO measured
by CA2122 and VERO had good repeatability and
consistency. The study also demonstrated that the
repeatability of FeNO test was reliable and the results
of one measurement using CA2122 or VERO could
meet the needs of clinical work [20].

We divided the patients into three groups accord-
ing to ATS clinical guideline. There were 115 patients
of FeNO < 25 ppb, 61 patients of FeNO between
25 and 50 ppb, and 68 patients of FeNO > 50 ppb.

For patients with FeNO less than 50 ppb, the mean
value of FeNOmeasured by CA2122 was about 3 ppb
higher than that measured by VERO, and the dif-
ference between the two groups was significant. For
patients with FeNO greater than 50 ppb, there was
no significant difference in FeNO values between the
two devices. Our results were consistent with Huang
T’s [12]. It was further suggested that the results of
FeNO at different level measured by CA2122 was reli-
able. Nevertheless, whether the cut-off point of FeNO
value measured by different device needs to be adjus-
ted needs further study [25–27]. In clinical practice,
when FeNO values obtained by different analyzers are
deviated, the clinical background (such as symptoms,
pulmonary function, asthma control, etc) should be
considered [2].

In this study, 244 patients with common respirat-
ory diseases (asthma, COPD, chronic cough, includ-
ing rhinitis) took FeNOmeasurement by CA2122 and
VERO. The results showed that FeNO measured by
CA2122 was higher than VERO in 83 patients with
asthma and 128 patients with chronic cough. The
difference was significant. Correlation analysis and
Bland–Altman plot analysis showed a high degree of
agreement between the FeNO values measured by
two devices. In 33 patients with COPD, there was
no significant difference between the FeNO values
measured by two devices. Correlation analysis and
Bland Altman plot analysis showed a high agree-
ment between the FeNO values. These results indic-
ated that there was a high degree of agreement
between the FeNO values measured by CA2122 and
VERO in patients with different respiratory diseases.
This further demonstrates the application prospect of
CA2122 in respiratory diseases [31].

Online measurement of FeNO is still the main
method nowadays. There are advantages and disad-
vantages in online and offline measurement of FeNO.

7
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There are still lack of studies concerning offlinemeas-
urement of FeNO in patients until now. FeNO can
only be measured online by NIOX in China, while
FeNO can be measured both online and offline by
CA2122. This study found that the FeNO measured
by CA2122 online was about 2.6 ppb higher than that
of offline measurement, which was consistent with
Shimizu et al’s study [14], and the difference was sig-
nificant. Correlation analysis and Bland–Altman plot
analysis showed a high degree of agreement between
FeNO values measured online and offline. In addi-
tion, we found that the success rate of offline meas-
urement (99.7%) was significantly higher than online
measurement (93.4%), suggesting that for patients
who fail or might fail in online measurement, off-
line method could be used [32]. These results show
that CA2122 is supposed to have a broader prospect
in clinical application.

In this study, the success rate of FeNO measure-
ment by two devices was also analyzed. If measure-
ment was unsuccessful for five exhalations, it was
recorded as a failure. In this study, the success rate
of measurement by CA2122 was significantly higher
than that of VERO, with 99.7% for online method
by CA2122, 93.4% for offline method by CA2122
and 87.1% for online method by VERO, respectively.
Korn S measured the success rates of three devices
(CLD 88, NIOX VERO, and Vivatmo pro) in test-
ing FeNO, which were 81%, 85% and 86%, respect-
ively [33]. Our success rate was slightly higher than
their results. For the first time, we also compared the
number of attempts and the total time required for
a successful measurement by two devices. The res-
ults showed that the number of attempts and the
total time required of CA2122 was significantly lower
than VERO. The shortening of FeNO measurement
time was very important to improve the efficiency of
pulmonary function room staff [34]. In this study,
we defined more than five exhalations as failure. If
we increased this number, the difference between the
number of attempts and the time required by the two
devices would increase accordingly. Of course, our
results needed to be further confirmed by other stud-
ies. At present, no studies have been reported on the
difference between the two devices in terms of success
rate, number of attempts and total time required for a
successful measurement. The researchers believe that
it may be related to the use of the mouth holder of
the two devices, the filter used by the two devices, the
different measurement interface of exhalation, etc.
Whether there are other factors remains to be further
studied.

The limitations of this study: (a) subjects in this
study were patients with chronic cough. Of all, 52.5%
of the patients with chronic cough did not get their
final clinical diagnosis because they did not carry out
other relevant clinical examinations. Therefore, the
application value in other respiratory diseases needs

to be further studied. (b) In this study, we conducted
a single measurement by each device on the sub-
jects and compared the FeNO values. Whether there
was still a good agreement between the two devices
when two or three measurements were taken by each
device needed further research. (c) This study was
a single center study, the sample size was not large,
follow-up research was needed to further verify our
conclusions.

In conclusion, our results showed that FeNO
values measured by CA2122 was slightly higher
than VERO in patients with chronic cough, asthma,
and COPD. There was a high degree of agree-
ment between FeNO values measured by CA2122
and VERO, online method and offline method by
CA2122. The success rate of measurement by CA2122
test was significantly higher than VERO, and the
number of attempts and total time required for a
successful measurement by CA2122 were lower than
VERO. The results suggested that the new handheld
device CA2122 has an excellent reproducibility for
FeNOandmight have a broader prospect in clinical or
epidemiological research. However, this conclusion
needs to be further confirmed by multicenter, large
sample, randomized controlled study.
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