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Comparison of Exhaled Nitric Oxide Analyzers
in Childhood Asthma

Ji Hyun Lee, M.D., Bong Seok Choi, M.D., Ji Young Baek, M.D., Yong Ju Lee, M.D.,
Kyung Won Kim, M.D., Ph.D., Myung Hyun Sohn, M.D., Ph.D. and Kyu-Earn Kim, M.D., Ph.D.

Department of Pediatrics and Institute of Allergy, Brain Korea 21 Project for Medical Sciences,
Yonsei University College of Medicine, Seoul, Korea

Purpose ¢ The measurement of exhaled nitric oxide (eNO) is a noticeable tool that reflects asth-
matic airway inflammation. However, the eNO values might be variable according to the patient's
condition and the method of measurement. The aim of this study was to compare the values of
eNO measured by two different eNO analyzers in asthmatic children (Niox mino® [Aerocrine; Solna,
Sweden] and CLD88® [Eco Medics; Durten, Switzerland].

Methods : One hundred four asthmatic children and 59 healthy controls were enrolled. The study
participants underwent pulmonary function testing before and after inhaled bronchodilator treatment,
a methacholine provocation test, and sputum induction; the eNO concentration was then measured.

Results : The value of eNO measured by Niox mino” was significantly lower than the value of
eNO measured by CLD88® (30.7425.0 vs. 38.6+29.2 ppb, P<0.001). The intraclass correlation
coefficient was 0.786 (£<0.001). The eNO concentration was significantly increased in asthmatic
children than controls (38.4£27.9 vs. 17.249.0 ppb, P<0.001 by Niox mino®; 47.8+31.8 vs. 22.2+
12.7 ppb, P<0.001 by CLD88®). The eNO concentration was significantly correlated with the FEV,/
FVC (r=-0.382, P<0.001 [Niox mino®]; r=—0.273, 2=0.001 [CLD88%], percent sputum eosino-
phils (+=0.257, 2=0.032 [Niox mino®]; r=0.297, £=0.017 [CLD88%]), and PCs (r=—0.333, P
<0.001 [by Niox mino®] r=-0.240, P=0.003 [CLD88%]).

Conclusion : The measurement of eNO might be a supportive tool for the diagnosis of asthma
in children; however, the eNO values differ according to analyzers. [Pediatr Allergy Respir

Dis(Korea) 2011;21:17—23]
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Table 1 Demographics and Pulmonary Functions
of Subjects

Asthma Control
No. of Subjects 104 59
Sex, M/F 71/33 36/23
Age, yr 10.2£2.8 11.0£2.8
Height, cm 139.9£15.5 144.6+14.3
Weight, kg 38.4%+13.9 41.9£13.0
BMI 19.0£3.2 19.6+3.2
FEV:, %pred 94.6%17.5 102.5+14.8
PCy0, mg/mL 2.11+1.50° 4.5940.09

Results are indicated as meanstSD
Abbreviations : BMI, body mass index; FEV;, forced
expiratory volume in 1 second; PCso, provocative
concentration causing a 20% fall in FEV;

*P=0.004, TP<0.001 vs. Control
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Fig. 1. Comparison of exhaled Nitric Oxide level. A. Comparison of exhaled Nitric Oxide (eNO) values
between Asthma and Control group, Asthma group had higher eNO values, which were measured by

CLD88® (P<0.001) and Niox mino®
standard deviation.

B. Comparison of eNO values between by CLD88 and Niox mino®

(P<0.001), than control. The horlzontal lines show mean and

. Exhaled NO

levels by CLD88® (£<0.001) were higher than those by Niox mino® (£<0.001) in both groups
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0.036) 2 4 4%, 75 AAAAE B3, Niox
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AIAZ Kol %I} FEV #H= E5FollA o8t Ab
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CLD88® (r=-0.240, P=0.003), Niox
—0.333, P<0.001) EFolA] st daAE Bl
L, AR OO Bl wiells frolsh AtAlE

mino® (r=

Ro|A| ¢kett} (data not shown)
4, ST|AMSIEAQ SEZHE LY
SAT 2o HiEtd
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Btk (Fig.2)
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Table 2 Correlation between exhaled Nitric
oxide Concentration and Pulmonary Function
Parameters

CLD88 Niox Mino
FEV: (%pred) —0.106 —0.086
(0.178) (0.298)
FEV/FVC (%) —0.273 -0.382
(0.001) (<0.001)
FEF25-75 (%pred) —0.165 -0.137
(0.036) (0.097)

Adjusted by age, Results are indicated as correlation
coefficient (P value)

Abbreviations : FEV;, forced expiratory volume in 1
second; FVC, forced vital capacity; FEF25-75, forced
expiratory flow between 25% and 75%

2

_Tl

& ATrelAz Aot AA 3R} tlaa-g e 57
LS AR OE 7PIR S4ste] vlwsisith
CLD88%3} Niox mino®® =738t 571218 8% sr A
S s B I A e R fe
T Niox mino® 2 =733} ) CLD8’®Z =43 7o
Hrt oF 9.0 ppb H3ko ™ (P<0.001), SHX|2] o Z}o]
= 58.4 ppbRitt. T FYA Y UAEE Golny] 919k =

U TAIG= 0.786 (£<0.001) & LA&S BTt o] 4
Y= FHE AR BAE Pk oR A= ThE 57E] 3714kt

P

P; r
off



—OHAE: Ao} HAefA] 2

r=0.257
120~ cLDs8 P=0.032
100 | . : Y * . . LK L] .
. .
_ 80 - .
)
]
o 60
=
s
40
20
0
10
Sputum eosinophils(%)
(A)

Fig. 2. Correlation between eNO and Sputum Eosinophils (%) A. by CLD88® B. by Niox mino®

FeNO (ppb)

=747171e W 2714 FRS Bl —

r=0.297

120~ P=0.017

Niox mino

=

(=]

o
T

=]
o
T

[=2]
o

£
o

N
o

o

-
>

1
Sputum eosinophils(%)

(B)

. Ex-

haled NO values were correlated with sputum eosinophils (%) (+=0.257, P=0.032, by CLD88% r=

0.297, P=0.017, by Niox mino®

T ZX7|712 v|lmd ATelA CLD88™# Niox
7 t‘s} %kt (r =0. 710) w:} L0 984S Bl

BSLE S50l F 2370 AolE WA 4
S FeNO (N10X®) =—1.656+0.808<FeNO (Niox mino®)
2 FREP|E S0, MR O ARIAL 71752 SR

ofl thet Aol mAsh: Wi e Ht gl Aol
ThY R AATeais S ARSIt AEL o AR S
S HolE W AR TE A|z3|ALe] AFS ATH o R
whe- C’;]zi]v%p Helclky H_]_o]_oﬂE]_lQ) <27, 7)7] 749
Z42]9] 2Jo]7} At AASA|} T, = gx]Oﬂ oJake )
Az g4t B7] witel 57471713k Aol g B
e =7 l~ ot ®asigich
B Aol F7181 R0 oY) ARS] ek

XX

A4 FEV/FVCE CLD88®7 Niox mino® R5-ol

oMz AHIAE HolA ik
Bl A frefeh AaAlE HOP‘] EAts
£ 37141 A7) FEFgs-7:90H= 93 9] 4

R, & #7)s AEele= é}%ﬂ& 15 HolX]|
Skoitk ) o =) ®ael|A= FEV), FVCS) et
2 M9 o} FEV,, FEV/FVCSH= 28k A
Holx] ¢kt o]g) o] HuEnit} M7 T A3E
HolE o f 2 FulA] Rad 399 sUkshAs
& 50| BF CLD77® (Eco Medics; Durnten, Swit-
zerland)®? B CLD8S™ V& o] g3lo] 7} o] 7o
Fow, AL L B ATS 7ol =Rle] what AA]s]

T
=l
=2
mlm >

mlm

Rorw A7 AR EAERRE 7 W 5

= el eavh vy o Az £ 57

ez 7|E9F, 53] 3A 71503? xg ihed &t
o] AF

SR 7=

T i)
7l AEE2 7%
3

o
5

g & o
N
i
1o
o
=
mln

Ao} nlzA & A ﬂx]w gploz = 908t
Al(r=—-0.318, P<0.001) & EAAW20 A5z}
- po R BAE9E Hhs ARe HolA st

\__\_.1__

°1>~' R
o ol o
=)
=

=)
aj
[oZ

I
\.
—

I



—Ji Hyun Lee, et al.:Comparison of Exhaled Nitric Oxide Analyzers in Childhood Asthma—

TR S BRI feld AR (r=-0.38, P<
0.0 ¥3,% =9]e] WieE Ho)3 AauAs
Hol7] ok= & x|y ATE woiZFx] ot gon

A=< =4
SRS TR SRR dEe RolX
g 7| EAnA ] FEEoRe AR Belo] gl Aow
Az,

TR e} FEAY ] AR 4= CLDSSY (r=
0.219, £=0.027) 7} Niox mino® (+=0.228, 2=0.027)
oA o3k ko] ARBAS BT o]E o] Uk B
oA g vkel o) Tl Aol A gt A Ak}

A= 7| FAPY AFS 2 sk Zlow Az
24-25)

AEA o7 F7)AgAALE Niox mino®9} CLD8’Y=
S73I9s w AaTtelA iz e vlwste] folEh =
S, 7l 2 7= RAde] Axdo] glor s Aol B
ZAQ AGETR A QS ZoF A7bdE. 1
w574 71710 wet 27 A R SR tE
T UE Foslof it

5 A 374kl A (exhaled nitric oxide, eNO) &=
28] 7| EQTE REdshe A=t AR & dEA
QARE, AL W 24210 Aol webA A At
AUtk 2 AFelXE Aot WA FpellA] 5 714kst
=77]7] CLD88® (Ecomedics; Durnten, Switzer-
land)  Niox mino® (Aerocrine; Solna, Sweden) 2] &

7k SAAE vlwskal T QA QoE detra
7t sk3ick

Hf B A agks ofHolg el UlAst H43kAt 104
tht 5988 thdo 2 813l em Niox mino®$} CLDSS®
& olg3dto] IUNEHAAE S5k, 7 HAEEA| Fol
A% o717, WERER U, SEARIAE A
stk

4 1} Niox mino®= %@f& FAABALRE DA
(38.4%27.9 ppb) ollX tiZ-(17.2£9.0 ppb, £<0.001)
ol wlal frolaAl Egkar, CLD88™S: o]-8-3t 9ol = 3
T(47.8431.8 ppb) oA tFT(22.2412.7 ppb, P<
0.001) B} ¥t} Z742)+= Niox mino®2 43 7235
ok 9.0 ppb WSith =49 FuldaAlS=(intraclass
correlation coefficient) = 0.786 (7<0.001) ©|it}. &7]
e w7169 A% F FEVI/FVC, {5 2w

W SA BlET Fo5 AEUAIE B30, PCy T
= Kel

= AAE doR FAsks A st dReAlE B

Ao}, HAFANE oz BAE0E Wl folet
AAAAE HolA] el

A B: 37134 34X Niox mino™s} CLD8S®
2 EZ3% Lo HATolA el niste] 25kl
FOoHF A9 WAl AR AN 5 9l 2o
2 A7k ey 53 7)7)6) wel 31k FEe

e

oL

2)

3)

4)

5)

6)

7)

A

A7k ThE 5 9leE frolalof gk

x|
=

K
Al
2

Global Initiative for Asthma (GINA). Global
strategy for asthma management and preven-
tion. Revised 2006 NIH publication. Available
at http://www.ginasthma.com [accessed March
2008].

Busse WW, Pedersen S, Pauwels RA, Tan WC,
Chen YZ, Lamm CJ et al. The in—haled steroid
treatment as regular therapy in early asthma
(START) study 5—year follow—up: effective-
ness of early intervention with budesonide in
mild persistent asthma. J Allergy Clin Immunol
2008;121:1167-"74.

Bacharier LB, Strunk RC, Mauger D, White D,
Lemanske RF Jr., Sorkness CA. Classifying
asthma severity in children: mismatch between
symptoms, medication use, and lung function.
Am J Respir Crit Care Med 2004;170:426—32.
Yang EG, Kim WJ, Kwon BC, Choi SY, Sohn
MH, Kim KE. Relationship among pulmonary
function, bronchial hyperresponsiveness, and
atopy in children with clinically stable asthma.
Lung 2006;184:73-9.

Pavord ID, Pizzichini MM, Pizzichini E, Harg-
reave FE. The use of induced sputum to inves-
tigate airway inflammation. Thorax 1997;52:
498-501.

Ricciardolo FL, Sterk PJ, Gaston B, Folkerts G.
Nitric oxide in health and disease of the
respiratory system. Physiol Rev 2004;84:731-
65.

Jatakanon A, Lim S, Kharitonov SA, Chung KF,
Barnes PJ. Correlation between exhaled nitric
oxide, sputum eosinophils, and methacholine
responsiveness in patients with mild asthma.
Thorax 1998;53:91-5.



8)

9

10)

1D

12)

13)

14)

15)

16)

—OAHE : o} Helx] F47)710l W S A $EY vl —

Smith AD, Cowan JO, Brassett KP, Herbison
GP, Taylor DR. Use of exhaled nitric oxide
measurements to guide treatment in chronic
asthma. N Engl J Med 2005;352:2163-73.
Boot JD, Ridder L, de Kam ML, Calderon C,
Mascelli MA, Diamant Z. Comparison of exhal-
ed nitric oxide measurements between NIOX
MINO electrochemical and Ecomedics chemi-
luminescence analyzer. Respir Med 2008;102:
1667-71.

ATS/ERS recommendations for standardized
procedures for the online and offline measure-
ment of exhaled lower respiratory nitric oxide
and nasal nitric oxide, 2005. This Joint State-
ment of the American Thoracic Society (ATS)
and the European Respiratory Society (ERS)
was adopted by the ATS Board of Directors,
December 2004, and by the ERS Executive
Committee, June 2004 Am J Respir Crit Care
Med 2005;171:912-30.

Yoshikawa T, Shoji S, Fujii T, Kanazawa H,
Kudoh S, Hirata K, et al. Severity of exercise—
induced bronchoconstriction is related to
airway eosinophilic inflammation in patients
with asthma. Eur Respir J 1998;12:879—84.
Korn S, Telke I, Kornmann O, Buhl R. Mea-
surement of exhaled nitric oxide: comparison
of different analysers. Respirology 2010;15:
1203-8.

Alving K, Janson C, Nordvall L. Performance
of a new hand—held device for exhaled nitric
oxide measurement in adults and children.
Respir Res. 2006;7:67.

Buchvald F, Baraldi E, Carraro S, Gaston B, De
Jongse J et al. Measurements of exhaled nitric
oxide in healthy subjects age 4 to 17 years. J
Allergy Clin Immunol 2005;115:1130—6.
Franklin PJ, Taplin R, Stick SM. A community
study of exhaled nitric oxide in healthy child-
ren. Am J Respir Crit Care Med. 1999;159:
69—73.

Travers J, Marsh S, Aldington S, Williams M,
Shirtcliffe P, Pritchard A et al. Reference ran-
ges for exhaled nitric oxide derived from a
random community survey of adults. Am J

17)

18)

19)

20)

2D

22)

23)

24)

25)

Respir Crit Care med. 2007;176:238—42.
Tsang KW, Ip SK, Leung R, Tipoe GL, Chan
SL, Shum IH et al. Exhaled nitric oxide: the
effects of age, gender and body size. Lung
2001;179:83-91.

Muller KC, Jorres RA, Magnussen H, Holz O.
Comparison of exhaled nitric oxide analyzers.
Respir Med. 2005;99:631—7.

Pizzimenti S, Bugiani M, Piccioni P, Heffler E,
Carosso A, Guida G et al. Exhaled nitric oxide
measurements: correction equation to com-
pare hand—held device to stationary analyzer.
Respir Med 2008;102:1272-5

Choi BS, Jee HM, Park YH, Kim KW, Sohn MH,
Kim KE. Relationship between exhaled nitric
oxide concentration and pulmonary function/
airway hyper—responsiveness in asthmatic
children. Pediatr Allergy Respir Dis 2009;19:
291-9.

Ko HS, Chung SH, Choi YS, Choi SH, Rha YH.
Relationship between exhaled nitric oxide and
pulmonary function test in children with asth-
ma. Korean J Pediatr 2008;51:181—7.

Nah KM, Park Y, Kang EK, Kang H, Koh YY,
Lee SW et al. Exhaled nitric oxide concentra-
tion in children with asthma and allergic rhini-
tis: Association with atopy and bronchial hy-
perresponsiveness. J Korean Pediatr Soc
2003;46:284-90.

Spallarossa D, Battistini E, Silvestri M, Saba-
tini F, Fregonese L, Brazzola G et al. Steroid—
naive adolescents with mild intermittent aller-
gic asthma have airway responsiveness and
elevated exhaled nitric oxide levels. J Asthma
2003;40:301—-10.

Piacentini GL, Bodini A, Costella S. Exhaled
nitric oxide and sputum eosinophil markers of
inflammation in asthmatic children. Eur Respir
J 1999;13:1386-90.

Gibson PG, Henry RL, Thomas P. Noninvasive
assessment of airway inflammation in children:
induced sputum, exhaled nitric oxide, and
breath condensate. Eur Respir J 2000;16:
1008—-15.



