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WE.a 6 244K R A — &AM R (fractional concentration of exhaled nitric oxide, FeNO) 7K -F %% v X /E # )L &
B 3 He 36 AR ¥ AL AT 5K X35 (bronchial dilation test, BDT) /& T AL4F & ek  £IR2022 % 1 A £ 2023 5 12 A
HLTLUAERGE—EHRXEWEL ZERDILFRANS 5~12 2R EAEHILE AR TS, %5 8)L FeNO 4R
%% FeNO £ 205 FeNO F &40, Wi M4 IL& &Rk o) it 540 % BDT /& Mioh 4k A & % 5t o 47 FeNO 5
MR R BB ARG R EFAMmMAR, &% N ZHLAAEMILE 268 4, 2+ 211 4] (78.74% ) FeNO #
B, MAERILERA R ZEAKSE | A A S F A AR (forced expiratory volume in one second, FEV,) . % 1 #
oA AR & A ) % & e (forced expiratory volume in one second to forced vital capacity ratio, FEV,/FVC) &
X+ &,% & (peak expiratory flow, PEF) A /1 =% &, 50% A & =& &9 %% 18] i & (forced expiratory flow at 50% vital
capacity, FEFy,) \ l /1 »F A, 75% A 7% & %9 % 18] 7% ( forced expiratory flow at 75% vital capacity, FEF,;) .58 X *F 4.
¥ 314 ¥ (maximum midexpiratory flow, MMEF) ¥ 42K -F £ f L 43+ 5 & L (P>0.05), BDT /&,FeNO # &4
FEV1 FEF,, MMEF % & % ¥ {27k -F 3 2 % & T FeNO JE 4 41 ( P<0.05) ; FeNO % 41 )L & FEF,, FEF,, ,MMEF
HEEMPBAHK BT E % T FeNO £ 21)L% (P<0.05), FeNO 5 FEV, .FEV,/FVC 53 #i #8 % (P<0.05) ;
FeNOX BDT /& FEV, .PEF FEF, #» MMEF & & % EAB % (P<0.05) ., #%#% % %% % X H L& FeNO KP4
B, AL E SR AL TR L 9EH £, FeNO 1 &89 2 ZAF 8% 7% )L & BDT jg & 2 #3m, L U AiE
HAeE A H £ B4 S, I FeNO 5 FEV, FEF, A MMEF 473k j5 4 & % EAR %
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Abstract: Objective To analyze the improvement of pulmonary function indices after the bronchial dilation test

(BDT) in children with asthma at different levels of fractional concentration of exhaled nitric oxide ( FeNO).

%5 B #7:2025-03-25
EETA  IIARA HARFAH4 (ZR2022MH254)
BEEE . £4 %, E-mail:Jrwang60@ 163.com



BIYK AR, S5 WM 2 VR FeNO Tt JLZE Ml D RE AT sk i 56 A 45 s 20 B

39

Methods
of Shandong Provincial Hospital Affiliated to Shandong First Medical University from January 2022 to December 2023.

This study included children with asthma exacerbation aged 5-12 who visited the Pediatric Respiratory Clinic

They were divided into the normal FeNO group and the high FeNO group based on their fractional concentration of
FeNO results. Then the pulmonary function indices between the two groups of children were compared, as well as the
improvement rate of pulmonary function indices after BDT, and the correlation between FeENO and pulmonary function
indices and their improvement rate was analyzed. Results A total of 268 children with asthma exacerbations were
included, of whom 211 (78.74%) had elevated FeNO. The median values of forced expiratory volume in one second
(FEV, ), forced expiratory volume in one second to forced vital capacity ratio (FEV,/FVC), peak expiratory flow
(PEF) , forced expiratory flow at 50% vital capacity (FEF,,), forced expiratory flow at 75% vital capacity ( FEF,)
and maximum midexpiratory flow (MMEF) were not significantly different between the two groups ( P>0.05). The
median improvement rates of FEV,, FEF;, and MMEF in the high FeNO group were higher than those in the normal
FeNO group (P<0.05). The proportion of children with positive FEF;,, FEF,;, and MMEF improvement rates in the
high FeNO group was significantly higher than that in the normal FeNO group ( P<0.05). FeNO was weakly negatively
correlated with FEV,, FEV /FVC (P<0.05); FeNO was positively correlated with FEV1, PEF, FEF,, and MMEF
improvement rate after BDT ( P< 0.05). Conclusion Most children with asthma during the exacerbation period have
elevated levels of FeNO, indicating that type II inflammation is the main cause of childhood asthma exacerbation. The
improvement of BDT in children with exacerbation of asthma with elevated FeNO is significantly increased, especially

characterized by the improvement of small airway function. FeNO is positively correlated with bronchial dilation test im-

provement rates in FEV, , FEF,;, and MMEF.
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g, HRRIE S R A S SE | S s SO AR
WPERRZ IR, AR — %8 4L & (fractional concen-
tration of exhaled nitric oxide, FeNO) # il &A1, JL
TERCA R RE S AR T T R L B R AT R
FEPEAL EE B F B R A IR % (bron-
chial dilation test, BDT) BH4: J& JL 2 % iy 75 22 12 hr
PRz —" T JLAR B 4 2 8 JF IR 56 1 R R E
AN BDT $200 ) H i [ 4y b L # AR R FeNO
JKFF 1) BDT AHOC B SCHERES D, AR FEHS: LA [R]
FeNO 7K~ i JL 2 fili D 45 b3 BDT J 2 L4 A
T FeNO Tl % 1 JLEE BDT FYFZ

1 #RERE

AW EEBRRE R E T ), WA ILEWTA
P2 B G R B AS a1 R A — R R R AR s A
SR BE PR 2 A R A 2R B i E (SWYX: NO.
2022-581) .
1.1 MRS

ARFFTAA 2022 451 H % 2023 4F 12 Hki2 T
AR — BBl K24 M Im 48 S B B /N LIE IR R 112 1Y
5~12 & Wil AR LZE
L1199 AbRHE

OFfF A (L2 3238 B iy B Ak 23R 231l

(2020 4ERR) ) ' RS W AR i @5 % BOLAL T
BN R AE,6~12 % LA TH2  H BERE g A A
QT 1 JEAAS W AN Kz % 2 (inhaled corticoste-
roids, ICS) Jz 4= B iz B R 097 s @ LI AT il
WA IREFN FeNO Kt ; L2 A5 & JLE
ILIREZR SR () - LAE TSI E) 7 o BDT 4%
2t R ER ; @NEAS e M NS R
1.1.2  HEBRPRUE

O 55, xS W= 2o A ; @&
FELUTF PR 2 — 3 A FIlish 4% P I s A5 90
SR B IR S YT K A R
SERME R DR H S M R B R R P ; B4
TR T E TG o H RS b DA RE
e A 58 I E S TS FeNO Ki#r .

1.2 FHik
1.2.1 FeNO

KRS — AR A (B, SV-02, 1
TG IR A R A PR /) X il S AT R 4
W5E , 2 L il D) 68 M <8 JE Q51 2 5E 48 b
Z0F5m (£) R —E AR I Y EFT FeNO
frill, Pr A LS E S iE T FeNO M2,

Z B OLEE N S — A AR K2 i PR v H &
R (2021 B7) ) FeNO T 247 1, 42 18
L FeNO il %2 {8, 12 %/ JL# L 20 ppb R ¥ 44,
11 %2 S VIR LA R 1 5 V)5S EREKT ppb,
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H LI N FeNO THRi4H 5 FeNO IE# 41,
1.2.2 T aEN E

i i A Zh BEAX ( 525 : Master Screen, 7 [ H A%
o8\ AT IR DI HEN E |, 7E FeNO A f5 17 il 8 < 2
BB, I i &P kiU J= M 2h RE S U b %
1.2.2.1  Jifiil =l D e &

Z: 18 2022 4 ATS/ERS B4 & 2 H B 2 fig
AR ARARIE " 5 O LE I RER I K DAl £ 5 3k
W)U HEAT I S L e A . je SR L BDT Hi S
51 b H 1A 45 FH (forced expiratory volume in
one second, FEV,) 5% 1 #1581 b H 7 i
‘?ﬁﬁttﬁ( forced expiratory volume in one second to
forced vital capacity ratio, FEV,/FVC) & K<
10 ( peak expiratory flow, PEF) IS 50% fifi i
5 ) Ik [B] it 12 ( forced expiratory flow at 50% vital
capacity , FEFy)) JH JJ WS 75 % Jifi i 12 i 1% 1] 3t
(forced expiratory flow at 75% vital capacity, FEF.) .
RIS H 3 2 ( maximum midexpiratory flow,
MMEF) 6485, 455, UL FEV, (5§ B0 HME H 4
[.<80% ,FEV,/FVC 5 #il 1A & 4t <92% , FEF,,
Hi B B 43 b FEF,, 5 W0 HE & 43tk . MMEF 5
BB T 43 1 <65% MR ARARE ",

1222 SCAUES KA
B B LS A ET TR B2 9 = 2 AR PR 55

AHOCZS W45 P T - 70 R LA T e < REAG A
G AT R R AR S AL W, %5 4K 15 min J5 T
YRAT I S T Re A

WIEF5R , UL BDT J5 FEV, k3% =12% , PEF
k3% % = 15% , FEF,, ,FEF,; . MMEF (3 % =30%
>4 BDT A PARifET-
1.3 SFitFEaE

NiF SPSS 26.0 GEit# -, il < D REA I 2
UL EE TOHE E 3 L ERR . XA ITA S
BEAT IESYER S, T 2 BERR F xes 30 M (P,
Poo) 3R ] FE B FH A ST R A ¢ 46 395 5 Mann-
Whitney U 45, T 80%0BER AL (/BT ) 36
NN TN S DV T AN S [P S s o i |
Spearman A, KiE/KHE a= 0.05,

#H R

=A

2
21 —fgER

TR g A 268 151 1% fig & /E W] JL 2, FeNO 1E
WL 57 B1(21.3%) ,FeNO TFi4H 211 51 (78.7%) .
Jifi 8 S 2 e S BDT Ji5 el 3 R AR A 40 i
[ o i N 1 INE= =TI N N N G e
(body mass index, BMI) 2R LG 127 L (P>
0.05), W1,

F 1 PHILEER MBS AKBTE BMI L
Table 1 Comparison of age, gender, height, weight and BMI between the two groups

i FeNO 1% 21 FeNO T}&4H X/Z/t P
NE B (%) 57(21.3) 211(78.7)

s 4 7.0(6.0,8.5) 8.0(6.0,9.0) -1.626 0.104
B/ (%) 40(70.2) 135(64.0) 0.760 0.383
B /m 1.29+0.15 1.33+0.14 -1.937 0.054
Wi/ ke 32.96£16.53 33.68+14.60 -0.322 0.747
BMI 17.35(15.51,20.73) 16.83(15.13,20.34) -0.594 0.552

2.2 BILEThBEIEIRILER FEV,/FVC PEF  FEF,,  FEF,, . MMEF 2 3] )t 48
22,1 JERBEIIRE LR 4B L (P>0.05), k2,
FeNO iF % 20 5 FeNO J} & 41 JL # FEV, .
2 WAILEMEIIEESELLB/ M( Py, Pys)
Table 2 Comparison of spirometry indices between the two groups/M( P,s ,P,s)

g%ﬁﬁ%ﬁ FeNO 1E%# 41 FeNO Tt 41 z P
FEV,/% 94.90(79.15,103.80) 90.50( 82.30,98.60) -1.182 0.237
FEV,/FVC/% 89.70(85.65,93.10) 89.50(83.30,94.60) -0.503 0.615
PEF/ % 82.00(74.05,95.40) 82.30(74.20,90.70) -0.581 0.561
FEF.,/ % 58.70(47.80,73.50) 57.00(48.20,66.30) -0.767 0.443
FEF../ % 46.80(30.80,60.15) 42.60(33.20,53.20) -0.539 0.590
MMEF/ % 57.10(44.05,71.60) 54.00(44.20,63.50) -0.633 0.527
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Table 3 Comparison of the proportion of children with decreased spirometry indices between the two groups/n( %)

X (P>0.05), WFE3,

S B K Feo Fevo Tt o X P

FEV, 15(26.32) 42(19.91) 57(21.27) 1.101 0.294
FEV,/FVC 39(68.42) 131(62.09) 170(63.43) 0.777 0.378
FEF,, 36(63.16) 152(72.04) 188(70.15) 1.690 0.194
FEF 4 49(85.96) 187(88.63) 236(88.06) 0.302 0.583
MMEF 38(66.67) 165(78.20) 203(75.75) 3.249 0.071

2.2.2 ZAREEESAMDIBES BN
FeNO J} &40 BDT J& FEV1 FEF50 ,MMEF K]
F 4 PIHJLIE BDT GBI ESEUE R LA/ M( Py, Pys)

Table 4 Comparison of the improvement rate of spirometry indices after BDT between the two children groups/M( P,s,P,s)

B R B # T FeNO IE%41(P<0.05) . W 4,

it Th G S % FeNO 1E%# 41 FeNO T4 V4 P

FEV,/% 12.10(4.90,14.90) 13.50(8.40,17.60) -2.359 0.018
PEF/ % 9.20(2.30,16.40) 10.60(5.00,18.30) -1.323 0.186
FEF,,/ % 29.20( 13.30,54.35) 42.60(24.40,61.40) -2.526 0.012
FEF,./ % 46.60(18.30,78.10) 59.00(34.70,86.10) -1.911 0.056
MMEF/ % 39.20(16.50,61.40) 48.80(30.30,66.90) -2.495 0.013

Xf &L BDT JE i ReS B IAE i LLatk A7 43 #r
Jii 38 < T BE 48 B8 Hh, FeNO T} & 41 JL 3 FEF,, .

FEF,; MMEF 35 R JLE A G LR 2 F
FeNO 1E#41JL3# (P<0.05) , W5,

5 WLLLENESIRESE BDT B KU & LB L6 /n( %)

Table 5 Comparison of the proportion of BDT positive of spirometry indices between the two children groups/n( % )
WS seoT AR o0 T oo o ¥ P
FEV,BDT 29(50.88) 130(61.61) 159(59.3) 2.143 0.143
PEF BDT 18(31.58) 76(36.02) 94(35.07) 0.388 0.533
FEF,,BDT 28(49.12) 141(66.82) 169(63.1) 6.037 0.014
FEF,;BDT 34(59.65) 168(79.62) 202(75.4) 9.643 0.002
MMEF BDT 34(59.65) 159(75.36) 193(72.0) 5.493 0.019

2.3 FeNO S5HfiThgEH XI5t EXES

2.3.2 FeNO 5 BDT J5 ifi S REZ BUAH K ME oA

FeNO 5 fili o) 5 2 BHf S o dr
FeNO 5 FEV1 #l FEVI/EVC 55 fi f % (r, =
-0.194,-0.150;P<0.05) , .36, R
# 6 N E/EILE FeNO S5l U BES B AH M

Table 6 Correlation between FeNO and spirometry
indices in children with asthma exacerbation

2.3.1 FeNO 5 BDT Ji FEV, .PEF FEF,, fl MMEF &

FRIEMK(P<0.05) . KT,
Wi )| FeNO 5 BDT J5 il < 2 fig
SRS AR BN
Table 7 Correlation between FeNO and improvement rate
of spirometry indices after BDT in children with asthma

P FiThRES HL

I AE S 4 . » s P

WL :
FEV
FEV,/FVC ~0.150 0.014 PEF 0.163 0.008
PEF -0.064 0.300 FEF,, 0.140 0.022

FEF;, -0.106 0.083 FEF., 0.062 0.315
FEFys ~0.079 0.199 MMEF 0.124 0.043
MMEF -0.095 0.121
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60% . JLT71E FEV,/FVC FEF,, FEF,, 5 MMEF 7K
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JUEE SR ity 22 0y 3 S e iy, 2 B Py AR
M ALAE T 2R B, SE NO JKF-THE 4
INEASGE RAE S LR, RIGE R R E
It FeNO & H B I 3B RAE W AnED, vl T
LB W, P S 2 A KU

A 5T 9N A 0 % Wi A )L A, 78, 74%
FeNOZK-F-F 5 , R WL B i R AE 22 LAAGE TR
RAE A F, G ZER S (R FE 245 - — 30, FeNO 7K
TR Bl ITAG PE i 2 R AR RS RO R TR YT
(1) S0, FeNO Ty JLEEIE T A A5 B, XL
RIGITEE K ¥, Schneider 251 (1) Aif B 14 BA 51 BF
&P, FeNO JHE 158 T ICS S i Al B, (JL3E
Wt A4 SRR I B s R FH % 28 1R (2021 ) )
FEH AT 12 2 LUT LA FeNO fH 5T 35 ppb, £
LT X ICS IRYT I RN A BRAR T SRR A
it 50 ppb L3, 7EIGYT 5 # FeNO {EALHEZR T I%
3 10 ppb, BITT LK ICS 1497 A% . I FeNO
AKF-TF s JLERDNGE 1CS BLRIAIT .

AT R I, WA SCEFFRAG , FeNO T
4 FEV, FEV,/FVC FEF,, 5 MMEF g}(3% % fifii /K
-l 5 T FeNO 1E % 41 JL# , [7] i} FEF,, . FEF,, |
MMEF P32 [ PE B L B 3 5 T FeNO IE &
41, it —%F FeNO /K5 BDT J& el & R ik 174 5¢
54T, & B FeNO /K°F-5 BDT J5 FEV,"'  PEF,
FEF,, 1 MMEF 23 % 1EAH G, Ghobain 55X i A
W iy J A AT 9T, R LR FeNO A#f FEV, BAIX,
HW A S S 5K 5 o706 3 5, FeNO 5 %S,
B S IE ARG, AL, Skov ZE X BFAR AR
i J LB AT RE M 55 B T AN HEA T 40 B, 2k R s
T2 Bz )L 2 % T2 % )L BDT J5 A B T
(specific airway resistance, sRaw) 5 FEV1 I3 %
B OB PR, SRR S AR, FeNO
sl L 2505 i T B, AT IR < b R B
BE I RE B DL Th K 11 %Y & 45 K E 48 ( Group 2

innate lymphoid cell, ILC2) & F 5/ I I R iE 2
I, TL-5 7KF-Fh &5 AT 2 5% W8 R 14 R 4 ifL ( Bosinophil ,
EOS) i b IF 0 & LI UKL | 3 11 42 iF EOS 7E <
R, 5 R B R AT IL-4 5 TL-13 23 W 2L A
PEHFIE [ B2 NO Fakhghin, #47% EOS W fisi A 41
i3 90K L 40 L 56 6 i AN O 2R FLBE AR A,
FeNO Ft =i A 7 | 36 WV i iR 45 55 Jo3 26 Ji 38 o, 3k —
NS RAE P RS MR TE RE U
it JLBE A R, B B b LSRR
DRI RS, 12 iy L 2 1 56 1 0 ol | M B, 46 IO WG 3
RV, I, FeNO T i 8 )L BDT #0356 5 5 &, 4f
SRR IR SN SRR

ANE A I AR BN (AR R G il R AR R
98.8% , Je: ki )L B A i A7 B ) =B AT
& B FeNO Jt = 41 L3 BDT J5 FEF,,, FEF,
MMEF 235 3 [P A8 LG 835 = T FeNO IE 3
41, FeNO Ft & JL # /N8 ) fig 2035 PH M R 0
15 FeNO 7KV 23 R BURE RIE N, TH 5 51 /NS
ETRERERT  BEAEAR SR /N B DR i 5 5™
) AH i O B 2 R A R 5 2 S
FAEA X M FeNO THE4/NV il Fe bRk 3% %
L=

I, TR R SERE H  FeNO 6 A P-4 <,
T JRAE PRI B 2 R0 T B, T L RE A 40 A )
ity JLEE XS S S AT ok A AU L X AR 2E FeNO
KPS 1 A B 1) W g L3 BT ) DIk R A T Ml
TREATIN , 7R v ZE ISR BT A 16T 1 SLmh L, Bt
SCRAE PRI R WU T R , R /NS GE )
REMB Al

25 L TR, 22 80 i & AR )L E FeNO /K F- T
W, FEM] L I A DL I R 6E M 2 s FeNO T 5
2Pk R VRIS L3 BDT J5 st b &1 in , o
PL/NSGE D) BE 3% S E LAY O L Ah, FeNO 5
FEV, .FEF, fll MMEF &F ik J5 t036 3R IEAH G

SEH .
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