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BR WA BILZE# (fractional exhaled nitric oxide : FeNO) 127 L V¥ —M4GE
FIED P OPM CTIFRBRI2E=F —HiEL LTAILGNTEY, JEXWMEDZ
Wr, BHAIE, 777V AOEELBIET 2D TH 5. 40, FeNO 2355 3 Wi B
(bronchial asthma : BA) & Wi (cough variant asthma : CVA) DRI H DG 2 % Wedt
L7z, A& s A (healthy volunteers @ HV) 4061 & KiG# CTIERMERECTH 5 CVA25200 & 5
Sl ~ P AEIE D BASM3BI A IS & LC, $RIl, FeNO, A/Sf 0 X b —, SGHBBEREE 3%
R AR KR RIS M 2 4T, HV, BA, CVA @ FeNO iz bk, & v M+ 7fEZ R0/
72, BA & CVA T FeNO & £HH & DMz MG L7z, &R FeNOE (P39 [95%CI])
13 HV18. 9ppb [6.0-21. 7], CVA30. 2ppb [25.5-35. 1], BA BJEM KA (step 1) 66. 8ppb [55. 4
-78.11, WRGEFHAL (step2) 88. 1ppb [76.4-99.9], W& frkl (step3) 110.5ppb [78.1
-143.0] TH Y, BAstepl-step3DWVFNd HV & CVA ICHREFEICEHBETH 72 (§XC:
p<0.001). F7-, CVA & HV OB TIIAEAITIBEOONL 1 -72(p=0.09). ROC (receiver
—operator curves) fENTTIX, BA & HV Oltik, BA & CVA O TIXAEAEDIGRD 5205,
CVA & OV ORI TIIRRD N d o7z, MBI & 22 =@ CTld CVA & BA T FeNO (&
M A EFERERE A B & W PR ER B & E B MBS - 72 (p<0.001). %72, FeNO30ppb
R OEE1E BA30. 0% 2% L CVA 1374.2% TH D, FeNO60ppb DL LD B 1 BA45. 2% 2%}
L CVAIZ7.5% TH -7z, #&E&R - FeNO X BA & CVA OFBIICARATH 525, FeNO DA TIE
W EOEIIHNETH 5.
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iU &I

4R — MRk 28 3% (fractional exhaled nitric oxide :
FeNO) 1358 O U PR ER M 58 S O fif i 2> §i
BCIHREMICHE TR Ty - LTaIO
TV 22 255 6 A 12/ T2l 7 FeNO
CEETHDLTFAFT Y7 X <47 (Fx A MRH
AR) IR AT E L CRBOER E 20, HLw
G Wi L (bronchial asthma : BA) O %

ELTARIEIR S HEZEIOTH I L Bbh b,

FeNO & BA Wi (cough variant asthma :
CVA) TEfEZ/RLY, ET LIV F — kK BT
FRHLZW S & O RRREAGERIEOIREE S L
THHTHL2ZEPMESINTEY, BAEBEDR
WHROMECHEZDOT FLT7 I v A%MAH ETEE
RE R RITLT0 DY F 72, 13 P ZE MR

(chronic obstructive pulmonary disease : COPD)
TIE FeNO IZ EH L w7z, BA & COPD O
PEEOHENIZSFHIN TS,

CVAZ 2 A DL bt < YRR & Fe i & 3 % 9%
BThob., M X WHRERICEE R, i
PEREBE S EAR TR IXFRD 2o\, AH 3 ) ITxd
5 ZGEBBVEDITE L, S SCIRIREE S UG ULk
AT ALK T L EE L L TI9794 12 Corrao
LGS L72"Y. CVA X BA ORIERETH ALY, b
HWIECVA L BARBEL ST I NV—=TTHS
V) Wi AH B 23, CVA Td FeNO @ L5 28
AONBWIZAERE VWbl TWaE, L LAEAS,
H¥ oA L, CVAEHD FeNO I BA EHIZ L
DEEZRE W EHE L DIEFITRERE LS.
Z 2T, &% A\ (healthy volunteers : HV), CVA
BE, BAEZO FeNO fEZ LKL, ThZh))
TX Lm0 xiEl L.

&R - Fik

1. MR

BEHI Z &G AZX T4 Fa2 g2l LT
W W IEFEVERE TREAR AT E L T\ % BA #4343
%, CVA B 325260, HV40HI %2 * 5 & L 7. BA
1% GINA (Global Initiative for Asthma) ®# A K

I 4 % (www.ginasthma.org) (2t~ CTEWr L 7.

Tabbt, BECHEE WRREZALZZ 0D
D, WAPEOKIHIR (F. MEEERAIZLD, 1
W aHY12% LL LA DMk & 75200ml LLEBEI) A33

Bh, B 5 \VITAGE BB RERIC T PC20%° 8 mg/
ml K TH 5 b (GINA OIRIEICHES) & LY,
CVA 1 Corrao ®#iE" % JEHE (23T L 72.

BA BE343BIONFUL GINADF A KT 4 ~ 1
o THHEL, BREMKRE (stepl) 13561, #AE
Fefl (step2) 18160, H & EFde® (step3)
271 Td 5. COPD O G PHE Z Fo BE B XL O
W bkRE 1B T DR BRI 2 o B
RISV, HV I XM EE CREN 2
<, BHREKROFZ D %L, HURETT LIV F—
P, WS, TEEREIREN R VE, B LU
AR 1B % G- 2 DB OGS wEEZ R L
L7z, C OWFZEIIE 7% Be b AR i 9w Fe O fm 2% B
KOKRBEZT, BEOLENEDOD & Tlro 7.

2. \RGE

BA & CVADFTRTOEZFIZT7 =K 7 Al
MOMWE, AERBEIERE (7 2Fva) Y AR
BR), FeNO IE, 3 % i B3 /K 3% FE W e pi A,
PRI & AT - 72, BOAERI24HF I TN TORBEITH L
T RTOYihG IO G- 2k L7z,

®O70—K1) 7 LghiR

A 784 1 A ’1) — (Chest Graph HI-701, Chest M. I.
mnCo. Tokyo, Japan) (2T FEV./FVC, FEV.,, Vs,
Ve llE L, FE#EMEICHTL559—k Y b CHEZE
WLz,

TEBHMRE (FEFILO Y k)

B WBERERIZ T £ F v a ) VR T 5 7.
BEITA 7T 4% — (PARI BOY038, PARI GmbH,
FAY) 12T, BAcay ba—n e LCAMEN
KZEWALFEV. D 10% MU EETFLTwawZ &
MR L7299 27T, 0.039mg ml 72*520mg ml ¥
T2fEFO7EF V) YHRBEOREZH L T
o7z 25 ABIZIER FEV, 2 ME L, FEVi
D20% T LT F IV VB DIMEE % PCy
ELCREBBIEDOIREEE Lz, 7 AU kg B
FRTEE L N5 PCy 8 mg/ml A i % 5 i
PR PE L LAz,

® FeNO HIFE

FeNO Ol % (3L ¥ 5t Tlro 72 ¥ — /N A
NO 75+ 5 4 #—280 (¥ —,32%k USA) %[ L
T A MR ERR L T — 0 v SIFREA RO I
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AL RSGA Vo THY TA Vi TIT o 7297, Ji
RECIT A =% bz —E0EHE (50ml S)
TR SHWE L7z BEHERAEAD £ 5 %AKHENIZIL
Fo23M5DTF—5 2P LEMH L. FeNO ©
FLHEARIZ20pph A& STV BY,

® 3 % =R BIEKFRZRRE
& EREN

FTRTOBFITWERRIETNC A 7 7 1 % — (PARL
BOY038, PARI GmbH, KA ) (ZTHILV T E—
V0. 3ml+ ABLAEK 2ml A X872, 0K,
BEICIDPEMEL, 3%REIEAKSml AN/

A5 0% A 75 4 ¥ — (Nebulizer Nescosonic UN-511,

Nesco, USA) T51 0 ® #E T2 MW A &8 T
WA L7z, 3 %mikEEKZ WA 721
W ABIEIR T v — LIZED T,

MEERANLIE

R AL XA AR I 300 AN AT o 72, ¥ v —
U AZEREE S 72595 2 O P 0 #8 55 % 33 OF Metso
LOFETUE L 72, B L7224 A K
> (Cytospin 3, Shandon, Astmoor, UK) % ff J{§
LTCTAS54 K75 A (Super Frost S2441, < F
I, HA) ANBAL, FAWFGA AT VOGBS
TR % 7 > b L7z, A2 3 e ER,
ek, ~zua 77—, ) UosBk WE R
2 A T400fE L R, KIHH 2 &I T 58—k
Y hPTELZ.

IRETRRAR

HV, CVA & BA (step1l-step3) ® FeNO fi®
21 Wilcoxon/Kruskal-Wallis O (—ICht i
BE) TITw», RICEHEMD ) VX5 A ) v 7
Wilcoxon REBIZ X BRT7 T LD z#fTo72. D
X2, BA £ CVAZRZNIZOWT, FeNO & 7
=R A, PCy KB L OB OLFEEERDE
HLOMEMIZET Y v OFEICT o7 &5
12, BA & CVA #RZNIZDWT FeNO 2R D

HHHRF % AT v 7T A XNl OZEREGRE THE,

BRGEIRZ AT VR 2 G E TV 2R L, B
BN (BERA 2 ) —= v 7)) IS CRESHH
4T 72. D EIZ, receiver—operator curves(ROC)
IZTTHV & BAHV & CVACVA & BA O#latb
HTH v b 7 EEWE L7214, FeNO OB % 30
L60ppb & L, CVA & BA XX L CTHMEIZBIT S

IRYO Vol 68 No. 12

E &

ANBROEEDLE A /4 ZFETITo72. TXCT
DOFFENTIZY 7 b JMP (SAS Institute Inc, USA) %
fEH L 72

] e

1. CVA L BADBEETEDLE

CVARBAWKUNRTZHEOHEPEH L (p=
0.002), E#izm < (p=0.02), FEH MM A <

(p<0.001), B2HEF1E4 7% < (p=0.002), T
PE=HINL L (p<0.001), T L AF—=PEEE
PEED L h o7z (p<0.001). CVA IZHRT BA
& FEV.o/FVC(%), FEViouma, Vo uprer, Vs ored,
LogPCoy® W N LM TH - 72 (p<0.001). I
B L MR PP EREROEI A1 CVA IZH AT BA
HAEBEIZEMETH - 72 (p<0.001). CVA & HV
EDORIHER, Eilh, BMLIZOWTHESE T 20
572, BA &£ HV X ORICHEY), EloaEEE%
Molzh, BMIIZBADIE) BABEICEETH -
72 (p=0.013) (F1).

2. HV, CVA, BA D FeNO D LEE

FeNO i (*F¥ [95%CI]) 1& HV18. 9ppb [6.0~
21.7], CVA30.2ppb [25.5-35.1], BA stepl
66. 8ppb[55.4-78. 11, step2 88. 1ppb[76.4-99. 9],
step3  110.5ppb [78.1-143.0] TH» »72. HV &
CVA & BA (stepl-step3) ® FeNO fH® IlL# i
% B @ Wilcoxon,/ Kruskal-Wallis @ — JTEL i 5 %
WCCTHEZEZRLE (p<0.001) ©T, J »/87
A MY v 7 7% Wilcoxon Mg IZ & 2 X7 TL o MR
Tiro 7285, BA (stepl-step3) oWy HV
ECVAIRHERERIIEMHTH > 72 (FXT:p<
0.001). CVA & HV ORI CTIIAEETRD LN
otz (p=0.09) (K1).

3. FeNO & 70— 7 L, LogPC20, #FEZEK
|4 & DR

CVA & BA DWWy FeNO & A 5 72 A B B4R
Ad o 72 B iFEEERE S (CVA, BA; £ 4
r=0.43, p<0.0001) & & hifEzEk#E 4 (CVA:
r=0.54, BA :r=0.46 : p<0.0001) TdH o7z %
72, BA 13 10gPCx FEV., FVC (%), FEVio %,
Vo, %pred. 5 Vs, %pred. tﬁ%&*ﬁ%gg{%ﬁiﬁ)’) 7z (r=—
0.38--0.17 : p<0.0001) (F2).
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k1 BEETE
HV CVA BA CVAvs BA HVvsCVA HV vs BA
(n=40) (n=252) (n=343) p value p value p value

Male/ Female 16/24 79 /174 155 / 188 0.002 0.271 0510
Age (yr) 411130 426=139 399=+144 0.018 0.262 0.817
BMI 20.7+45 221+35 226+32 0.044 0.066 0.013
Duration (yr) - 21+44 64+96 <0.0001

Smoking/ No Smoking 7/33 87/165 170/173 0.002

Atopic/ non atopic # N.D. 93 / 141 233 /99 <0.0001

Allergic rhinitis  Yes /No N.D. 54/198 149/194 <0.0001

FEV10/FVC N.D. 81.6+7.0 758 9.6 <0.0001

FEV10%pred. N.D. 99.4+134 887+16.2 <0.0001

V50%pred. N.D. 835+21.0 64.3+26.0 <0.0001

V25%pred. N.D. 65.8+25.3 495+249 <0.0001

logPC20 N.D. 3.04+0.52 2.68+0.55 <0.0001

Eosinophils in blood (%) * N.D. 34+30 6546 <0.0001

Eosinophils in sputum (%) ** N.D. 31+82 158 +21.3 <0.0001

* : CVA n=235 BA n=309
* % 1 CVA n=198, BA n=305
#: CVA n=234, BA n=331, others: N.D.

N.D.: not done
600+
] Hkek ***p<0.0001
SDD—: — l
= 400 -
O i
= ] .
o 3004 . '
3 o :
L 2004 i
] ! .
] i i
100+ 1 i '
] i :
ol I !
HV CVA BA step1 step2 step3
n 40 252 135 181 27
F149[95%Cl ] 18.9[6.0-21.7]  30.2[255-35.1]  66.8[55.4-78.1] 88.1[76.4-99.9] 110.5[78.1-143.0]  ( ppb)

1 HV,CVA,BA @ FeNO DLLE

HV, KAE®D CVABA ZEEERICH T,

EZBEDOFeNOEDO AT E/RY. HV X CVA

(CEEX, BA I3 step1, step2, step3DWVTNhEH FeNO P BEEICESETHS. HV &

CVA DREICEEZEE LD 5 7.

4. FeNOfEICHEE 52 2RF (LXEMH)
FeNO (2x L& 2 & 2 17 - 7245 %, CVA T
13 FeNO % 15 &8 % W7 I3 P af BR 2R, 1+
BFEEER (& H12p<0.0001), 7 FE—MEKW (p=
0.0199), TEH (1) (p=0.0243) TH-7z. BA
Tld FeNO # L5 S &2 W13 irEEek (p<
0.0001), I &FERER (p=0.0009) & logPCuy® ik
T (p<0.0001), % (B ) (p=0.0007) T &
o7z, %72, FeNO 2K F &% WA T IXHAE 0B
(p=0.0359) TH-o72 (£3).

5. ROC f&#f

HV & BA (& #i# T o H % 130. 836 T FeNO fii27
ppb M & EKE(. 73, JERE0.87TH -7z (M 2-
A). CVA & BA 3 Hi# T @ [fi i 130. 765 T FeNO
fii28ppb @ & X K0, 72, HEREFE0. 73TH -7z (K
2-B). HV & CVA IZHi# T DA% 120. 585 Tl
REETH-7 (M2-C).
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CVA Estimate SE t p
Sex (female) -6.420 2.825 -2.27 0.0243
Atopic / Non atopic (Atopic) 6.218 2.646 2.35 0.0199
Eosinophils in blood (%) 4508 1.069 422 <.0001
Eosinophils in sputum (%) 1.892 0.366 5.16 <.0001
BA Estimate SE t p
Sex (female) -13.912 4.047 -3.44 0.0007
Smoking (No) 9.525 4516 211 0.0359
logPC20 -38.271 8.094 473 <.0001
Eosinophils in blood (%) 3.248 0.970 3.35 0.0009
Eosinophils in sputum (%) 1.011 0.223 453 <0001
(A) HV vs. BA (B) CVAvs. BA () HV vs. CVA
1.00 1.00 1.00
0.90 0.90 0.20+
0.80 0.80 0.80
0.70 0.70 0.70
., 0.60] . 0.60 . 0.0
= # 5spl] % # psod = # 550
ﬁi g 050 ﬂ,g[ & 050 ﬂ,gt & 0.50
0.40 0.40 0.40+
0.20 0.30 0.30
0.20 0.20 0.20
n.104 Area Under Curve = 0.836 p.104) Area Under Curve =0.765 n.104 Area Under Curve =0.585
(ERVIE oy o I B L L L L L B (U0 o o B B A L ML L L o o B B L A B e e
0.00 020 040 O0.60 0.80 1.00 0.00 0.20 040 0.60 0.80 1.00 0.00 0.20 040 0.60 0.80
1-BHEE 1-#EE 1-#8E
HIEE RiEE TREEE

K2 FeNO &7 4+0—KRUJL, logPCx WFEAEKEIS & DIEEE

CVA (n=252) BA (n=343)

r p r p
FEV1o/FVC 0.0518 0.4131 -0.2305 <0.0001
FEVi0%pred. -0.0690 0.2751 -0.2150 <0.0001
V509%pred. -0.1109 0.0783 -0.2546 <0.0001
V25 %pred. -0.0298 0.6382 -0.1690 <0.0001
logPC20 0.0541 0.3928 -0.3794 <0.0001
Eosinophils in blood (%) * 0.4263 <0.0001 0.4328 <0.0001
Eosinophils in sputum (%) ** 0.5426 <0.0001 0.4576 <0.0001

% © CVA n=235 BA n=309
% % 1 CVA n=198, BA n=305

X3 FeNO ICEEZE5EZZHET (FEEMFEN)

FeNO : cutoff value 28ppb
sensitivity 0.72 , specificity 0.73

FeNO : cutoff value 27ppb
sensitivity 0.73, specificity 0.87

X2 ROC (Receiver-operator curves)

(A) HV & BA BIDRREFAIREZRT. FeNO27ppb O & A0, 73, $5R£E0. 87
(B) CVA & BAREIDREBFIAEZTRY. FeNO28ppb O & = RKEO. 72, 4#FEEO0.73

(© HV & CVARIDIRRERRIGEZ R Y. RERBIGENEL.
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p<0.0001

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -

10% -

m60ppbLl £
B 30~60ppb
030ppbsk

0%
CVA

BA

3 CVABLUBAILHITS FeNO T —ZREDAKDEE
FeNO #°30ppb i 0 B & DEIE 7 BA 1330%C3f L, CVA 1374.2% T &
%. 60ppb LIENEEDEIE $ BA45. 2%(Z3 L, CVAIR7.5%TH 3.

6. CVABLUBAICE(TDFeNOTF— 2 BED
A#HOES
BA & FeNO %330ppb £iiis D BH O E A H330% T

HDHDITHKL, CVAIEX74.2% T - 72 (p<0.0001).

BA X FeNO %%60ppb DL o> B o #E45545. 2% T
HBHDIZRL, CVAI1X7.5% Tdh - 72 (p<0.0001)
(3).

% ES

BA TIXAE~NORIFIC L ) ML SR A%
(inducible nitric oxide synthetase : iNOS) A%
Eh, JENO~ 77 7 —I% LEM> S % w
® FeNO 234 SN 5?. FeNO 13508 Tl &0EF
W5 O YRR ML E -4 7 O SR AR 7 & A BRZA 11
AL, INOSHEDOKED NO IZ X 2 RAE& Y E
ELTCOERDH 2 E b T 5™,
SRobbhOWfZEIZB T, FeNO & CVA
B L BA BEOWT NS ML RSP O I FRk &
ARBZIEOMEZEH -7, BABRETIZSHIT,
FeNO I35 R E 7u—FR) o A L A ELHA
DOMAMRY D - 72, LERBHTTIE, BA & CVA
EH TR D FeNO ICE % 5 2 2 K113 b i
MEERTH Y, WIZTFeNO L ARLMEEDH > 72D
X, CVATIZ7 FE¥—FRA, BA TIT5EHH
PEDTCHE L BHE T H - 7.

BA & CVA M8 13 I IR BRE S8 S0 P /L X
Db FeNODEMEZ/RY Z &AH 5, FeNO X BA

ECVADBICHEHTHhE L VbR TWBEY, —
J., FeNO ® BA OB 28I L Tid
HEMNZBEDALNDLY, FeNO IZA/8f 1 X b
) — & OMBAEY <, #E5E BA T3 200ppb L ED
EAEZRTIER S H ) FeNO X EREE ELF LD
MR R L, &SI ERO SR S5 B
BA TIHMEMEZ RT3 PR hwv. L Lads
5, WHEICELTIE, FeNO DO LEADFALN L BE
AR T O A FEih$ 2 & 408 O S #ill &
NFeNOMEHIET 522 &% 5, FeNO iZ BA
ZOWAAT A RIRIBOMERLT Fe 75 v A%
MHETHHTHNY, E5I12BA OHFETHRA A
FOA FOBROIKREL LTHHA IR TWE?. L
NPLED—FTWAATOA FIHFEFHIZBWTD,
FeNO I3 BA ot & 3 L b —H¥d, FeNO &
BAGHOIEEL L TR TR, WARXT T
A4 FOWREITIERZTTHIHTE 2L ) HED H
27 Z DX ) BA OB & HHICBIT S FeNO
OFRECE L TEER 2N TW 5.

CVA IZ BA L FRICAERBEEZAL, [EX
PAEHICRS L, BA & O\ IINGIE & 43 5 2
DPOEBMARLZ L EDEVIWESDH Y, AAT
X CVA E@isnsd, EICX)BHAadbRED,
BN D BA, BPELFEEERYE XS S 7 SRR 4 T
ZTIIENTWA, CVA IZHIRAIBEIZB ) 5508
FHZEDIRE X EH#EPH D 2 & 3% {029 LE 8
BYEE BA LIIRL CTREL T2 0L EDN WL
T2LDEDHEDND LY. Lo bhbh Ot
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ZETlE CVA BH OIFREGE X BA ICHREIFTH
D, SOEEEMEIE CVA SRETH - 72,

BA ® FeNO ® % » b F 7 i1 Deykin & 1%30.7
ppb (EXJE0.70, FFHPE0.75) L#HE L Tw5?.
SEofFETIE, HVEBAD S v b+ 711X
FeNO27ppb,CVA & BA ® # v b % 7 fii i3 FeNO
28ppb T o 72. BA X HV R CVA X b & FeNO
DEETH - 7223, @BIEE I ICBI L Tld CVA & BA
DFERNE HV & BA OFRNI AR, JFREEL D
12455 Tz, F72, FeNO fE2%60ppb Ll E o4
13 BA %%5.2% 2% L, CVAIZDTFNT.5%TH D,
FeNO fliA330ppb Aiiti O #l 4 1x BA 2530% 24 L,
CVAI374.2%Td o 72. L72%%> T, FeNO #%60
ppb Bl L@ ETHNIE, CVAXYV L BATH S
M IL VDY FeNO EAMRMED Y A1 B Tid BA
ECVAOEMNIZHEE L BbLbN b, —F, HV &
CVA O TI FeNO I3 A BEAM 7 { ik W T
Holz. HGHOFEERENS, FeNO 23 LA Lawv 7 E
D CVA BE IR ERYE O 508 SRAE 2SER T
FeNO 28 LA LCTwihnwy £ 7&, WfFEkH»ES¢
FTHOERTIHIEL FeNO B LA LW [ T
FAETHLEZONL. 5%, CVA TFeNO L
ALBWwI A TOERSB X OB E2RE LT
Yd 5.

fis e LT, FeNO 12 BA & CVA OB A
THA. LhL, FeNO 7217 TIiZ BA &£ CVA O
PEHEETH Y, R, IR, SGEEBERE K
EN PR, M - R OLFRRER, IgE i, 7
UVEF—BBOAI R EZ2BE L CHiEEDBR &
FHNEATO LEND 5.

EEOFBER - A CERNFICHEL THE L
L.

(2]

1) Barnes PJ, Liew FY. Nitric oxide and asthmatic in-
flammation. Immunol Today 1995 ; 16 : 128-30.

2) Gaston B, Drazen JM, Loscalzo J et al. The biology of
nitrogen oxides in the airways. Am ] Respir Crit
Care Med 1994 ; 149 : 538-51.

3) Crater SE, Peters EJ, Martin ML et al. Expired nitric
oxide and airway obstructin in asthma patients with
an acute exacerbation. Am J Respir Crit Care Med
1999 : 159 : 806-11.

4) Ricciardolo F, Sterk P, Gaston B et al. Nitric oxide in

IRYO Vol 68 No. 12

E &

health and disease of the respiratory system. Physiol
Rev 2004 ; 84 : 731-65.

5) Mahr TA, Malka], Spahn JD. Inflammometry in pe-
diatric asthma : a review of fractional exhaled nitric
oxide in clinical practice. Allergy Asthma Proc 2013

1341 210-9.

6) Donohue JF, Jain N. Exhaled nitric oxide to predict
corticosteroid responsiveness and reduce asthma
exacerbation rates. Respir Med 2013 ; 107 : 943-52.

7 ) Majid H, Kao C. Utility of exhaled nitric oxide in the
diagnosis and management of asthma. Curr Opin
Pulm Med 2010 ; 16 : 42-7.

8) Turner S. Exhaled nitric oxide in the diagnosis and
management of asthma. Curr Opin Allergy Clin Im-
munol 2008 ; 8 : 70-6.

9) Ichinose M, Sugiura H, YamagataSet al. Increase in
reactive nitrogen species production in chronic ob-
structive pulmonary disease airways. Am ] Respir
Crit Care Med 2000 : 162 : 701-6.

10) Corrao WM, Braman SS, Irwin RS. Chronic cough as
the sole presenting manifestation of bronchial asthma.
NEngl]Med 1979 ; 300 : 633—7.

11) Niimi A, Amitani R, Suzuki K et al. Eosinophilic in-
flammation in cough—variant asthma. Eur Respir J
1998 ; 11 : 1064-9.

12) Peter V. Chronic Cough Due to Asthma. Chest 2006

;129 1 755-9S.

13) Global Strategy for Asthma Management and Pre-
vention, Global Initiative for Asthma (GINA) 2014.

14) Standards for the diagnosis and care of patients with
chronic obstructive pulmonary disease (COPD) and
asthma. Am Rev Respir Dis 1987 ; 136 : 225—44.

15) ChaiH, FarrRS, Froehlich LA et al. Standardization
of bronchial inhalation challenge procedures. ] Al-
lergy Clin Immunol 1975 ; 56 : 323-7.

16) Smilkoff PE, Recommendation for standardized pro-
cedures for the online and offline measurement of
exhaled lower respiratory nitric oxide and nasal ni-
tric oxide in adults and children. Am ] Respir Crit
Care Med 1999 ; 160 : 2104-17.

17) American Thoracic Society ; European Respiratory
Society. ATS/ERS recommendations for standard-
ized procedures for the online and offline measure-
ment of exhaled lower respiratory nitric oxide and
nasal nitric oxide. 2005Am J Respir Crit Care Med

— 603 —



18)

19)

20)

21)

22)

23)

24)

25)

2005 : 171 : 912-30.

Menzies D, Jackson C, Mistry C et al. Symptoms,
spirometry, exhaled nitric oxide, and asthma exac-
erbations in clinical practice. Ann Allergy Asthma
Immunol. 2008 ; 101 : 248-55.

Metso T, Rytild P, Peterson Cetal. Granulocyte markers
in induced sputum in patients with respiratory dis-
orders and healthy persons obtained by two sputum
—processing methods. Resp Med 2001 ; 95 : 48-55.
Ricciardolo FL, Sterk PJ, Gaston Betal. Nitric Ox-

ide in Health and Disease of the Respiratory System.

Physiol Rev 2004 ; 84 : 731-765.

Sugiura H, Komaki Y, Koarai A et al. Nitrative
stress in refractory asthma. J Allergy Clin Immunol
2008 ; 121 : 355-360.

R R - B . KRBT LVEF—EDE S
) 7L LTOMKENO OF M. 7LV L¥F—
DR 2009 ; 29 : 53-60.

Petsky HL, CatesC], Li A etal. Tailored interventions
based on exhaled nitric oxide versus clinical symp-
toms for asthma in children and adults. Cochrane
Database Syst Rev 2008 Aprl6 ; (2): CD006340.
Majid H, Kao C. Utility of exhaled nitric oxide in the
diagnosis and management of asthma. Curr Opin
Pulm Med 2010 ; 16 : 42-47

Smith AD, Cowan JO, Brassett KPetal. Use of Ex-
haled Nitric Oxide Measurements to Guide Treat-
mentin Chronic Asthma. N Engl ] Med 2005 ; 352 :
2163-73.

26)

27)

28)

29)

30)

31)

32)

— 604 —

Petsky HL, Cates CJ, Lasserson T] et al. A system-
atic review and meta—analysis: tailoring asthma
treatment on eosinophilic markers (exhaled nitric
oxide or sputum eosinophils). Thorax 2012 : 67 :
199-208.

Smith AD, Cowan JO, Taylor DR. Exhaled nitric ox-
idelevelsin asthma : Personal best versus reference
values. J Allergy Clin Immunol 2009 ; 124 : 714- 8.
Ferrante G, Malizia V, Antona R et al. The value of
FeNO measurement in childhood asthma: uncer-
tainties and perspectives. Multidiscip Respir Med
2013 : 8 :50.

Matsumoto H, Niimi A, Akemura M et al. Features
of cough variant asthma and classic asthma during
methacholine-induced brochoconstriction : a cross—
sectional study. Cough 2009 Mar9 ; 5: 3.do; :
10. 1186-1745-9974-5-3.

Irwin RS, Boulet LP, Cloutier MM et al. Managing
cough as a defence mechanism and as a symptom.
Aconsensus Panel Report of the American College
of Chest Physicians. Chest 1998 ; 114 : 133S5-81S.
KohYY, ChaeSA, MinKU. Cough variant asthma
is associated with a higher wheezing threshold than
classic asthma. Clin Exp Allergy 1993 : 23 : 696—
701.

Deykin A, Massaro AF, Drazen JM et al. Exhaled
nitric oxide as a diagnostic test for asthma. Am J
Respir Crit Care Med 2002 ; 165 : 1597-601.

Dec. 2014



The Study of Usefulness of Fractional Exhaled Nitric Oxidein
Differential Diagnosis of Bronchial Asthmaand Cough Variant Asthma

Terufumi Shimoda, Reiko Kisikawa, TomoakiIwanaga

Abstract
Background : Fractional exhaled nitric oxide (FeNO) is known to be a convenient,sensitive,and noninvasive marker of air-
way inflammation in bronchial asthma. We examined whether FeNO was useful in differentiating bronchial asthma (BA) and
coughvariantasthma (CVA).
Methods : The subjects consisted of 40 healthy volunteers (HV), 252 patients with CVA, and 343 patients with BA. None
of the patients received any type of corticosteroids. Flow-volume curve, acetylcholine inhalation test, and induction of spu-
tum with the use of inhaled 3% hypertonic saline were performed in addition to FeNO measurements. The value of FeNO
was compared among CVA, BA and HV, and the cut-off value of FeNO was determined. Futhermore, we examined the rela-
tionship between FeNo and flow-volume curves, airway hyperresponsiveness, serum eosinophils, and suputum eosinophils
inCVAandBA.
Results : FeNO (mean[95% CI]) was 30.2 ppb [25.5-35.1]1in CVA, 18.9 ppb[6.0—21.7]in HV, BA (66.8 ppb[55.4=78.1]in
mild intermittent, 88.1 ppb[76.4-99.9]in mild persistent, 1 10.5 ppb[78.1—143.0] in moderate persistent). FeNO was signifi-
cantly higher in patients with each severity of BA(mild intermittent,mild persistent, moderate persistent, than in those with
CVA (p<0.001)and HV (p<0.001). The levels of FeNO between HV and CV A were not significant. ROC (receiver-operator
curves) analysis demonstrated that the FeNO concentrations showed a significant difference between BA and CVA, and also
between BA and CVA, but not between CVA and HV. FeNO was correlated with serum eosinophils and suptum eosinophils
in patients with CVA and BA (serum eosinophils : r=0.4263 for CVA, r=0.4328 for BA, p<0.0001 ; sputum eosinophils : r
=0.5426 forCVA,r=0.4576 for BA,p<0.0001). The FeNO was 30 ppborlessin 30% of BA and 74.2% of CVA. The FeNO
was 60 ppbormorein 45.2% of BAand 7.5% of CVA.
Conclusion : FeNO is useful to diagnose bronchial asthma and cough variant asthma, but it is difficult to differentiate both
only withaFeNO level.
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