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A comparison between impulse oscillometry system and spirometry for

spirometry for detecting airway obstruction in children

Hae Young Hur, M.D., Ji Hee Kwak, M.D., Hyoung Yun Kim, M.D.
Da Wun Jung, Yoon Ho Shin, M.D. and Man Yong Han, M.D.

Department of Pediatrics, College of Medicine, Pochon CHA University, Sungnam, Korea

Purpose : Measurement of forced expiratory volume in 1 second (FEV4) is usually difficult to obtain in children under six
years of age because it requires active cooperation. This study evaluates the sensitivity of impulse oscillometry system (l0S)
parameters for detecting airway obstruction in comparison with FEV;.
Methods : We studied 174 children who performed the lung function and methacholine challenge tests to diagnose asthma
by 10S and spirometry. Children were divided into two subgroups according to their PCyo, which is a parameter for bronchial
sensitivity. We compared 10S parameters with FEV; at the baseline, post-methacholine challenge, and evaluated their corre-

lation.

Results : At the baseline, reactance at 5 Hz (X5) and resistance at 5 Hz (R5) significantly differed between the PCy positive
(PC20=<16 mg/mL) group and PCy negative (PCy >16 mg/mL) group; however, FEV,, FEV1 % predicted, FEV,_Zs (Z score)
did not differ. FEV, is correlated with X5 (r=0.45, P<0.01) and R5 (r=- 0.69, P<0.01). FEV,_Zs is also correlated with X5_Zs
(r=— 0.26, P<0.01) and R5_Zs (r=- 0.31, P<0.01). After the methacholine challenge test, dose-response slopes in FEV,; and
X5 significantly differed between the two subgroups (P<0.05).

Conclusion :

I0S parameters were more discriminative than FEV1 for detecting decreased baseline lung function between

two subgroups and have a good correlation with FEV,. (Korean J Pediatr 2008;51:842-847)
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FOTe dg+= B9 & FoF ydst Fuao AF<
(oscillating pressure)< T3 Z1o] tigt Hk&o 2 Yehts ¢
g3} §4-& S48t A (resistance, Rrs), =4 (reactan-
ce, Xrs), reactance area (AX), resonant frequency (Fr) <
T3k Aottt Y. B AFelA o] &3 Impulse oscillometry
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oldel ofe] APV 105E ALFE =AY, AH
H(body plethysmography) 52| t-& 7|5 7A}e} Hluws)
e 10SE -] ATolA 7% #HH A RFET} 9
F SAMETE 1 AA W 71EUIE Vst a9
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20064 7€FE 2007 129714 2R FE]Ad ga wdAt
W&ol gy 27 eyl Uldd &xt FolA wEA el
S V1A, B =3 59 F4o] oA xdﬂg szl 918
HE&ZF SAYEY 10SE AN Ak 17498 gz 3hich
S B 2 A 9] FEV o] 4% oﬂ% el 70% o)
oldar, 7|#A A FFE F & v AT 52 FYE
71HA A G 2HRo|= oFEL AL Ald) 8-48A1%F MR
B Folg FoelEsE shvh tid S FEV 9] 20% #H4E
doJlE FY =49 F%, F PCy (provocative concentra-

tion causing a 20% fall in FEV))el ulegl 71X IwiAd A
T FATeR e, Fd7e 7€ PCyp’t 16 mg/
mL ©]3F¢] F¢2 SFRL, PCyp W= FH3] oA AAIT
el w}a} A ATl B T B AW 71wge A
A3 9] FA& gk

2. 4 ¥

1) H 71 ZAt

#H 7% AARE 10S (MasterScreen 10S, Jaeger, Wurtz-
burg, Germany)& ©]-&34 #A&F YT I0S HALE Ald
st A= SA4HE 718A IR dFS 77wl
PP10S AAEE WA sl AgY SAWS Sk HEE =
F-8ks) o] x| w}a} Algstdt’ 108 BAR=E
Oostveen 570l 28] 71<€ Wiel wet A, olg
s Zlestd did s % eell Al ZriAE g &

3l %
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et

e v
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& HigEteE SYTh HAAUE SFFEE A 35 U
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o)t A% ®izhE Adte] TIAIZA Fetar, Aae Hag 20
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oz FGY. WA 714 e 13 AT T ve=Ed )

Al HAALE S
2) HEISE 7|2X| R ZAL
WEerZ 7] 8x %%‘@*}E = FRsrE oA e el

upe} Al gatgiert, 7t o o A (Sigma Chemical

Co., St. Louis, Mo., USA)S $% Aol =9 0.062 mg/mL

¥ 16 mg/mL 7HA 5EA9] s 84Ek3la, %] (Pari

GmbH nebulizer, Srarnberg, Germany)°l -&%7(dosimeter,

Ferraris Medical, Louisville, USA)E 723l 7} Fx9] HE}

% B3 T 28 A0 Pl A1 2aaud. ddEd 4
WA A3 FE 16 mg/ml ol EERAY A £F 8%
7} BFe §5, A9 713 e %@% s T
A3 ue] dEEd fRdA Sl 7w A9 Salbu-

tamol (Ventolin, GlaxoSmithkline, Brentford, England) 2.5
mg & FYSHAL 108 Fol #H 715 AAE & F AAE T8
1=
3) AL XE E 7|12X] ?r”a":*.)\f $ Hals
FEV,3} 108 A% A 3
oJA B3I Z score® LE_ ‘i]r~ T] 7% AR mlaLvk
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= FRIeMeE AdE TV W % o G BTt Z score®
AANE AL At A, Z score (EAF-Fwh)/(FE
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g3kt FEAA § 24 A x| WskEe &
71€7](dose-response slope)& ©]&38l0] dolr k=t o]
714 Fholl uidt % WEes S WEgEd v o
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FEV,& (FEV,9 714 #-F&33AF 9] FEV)/(FEV,9] 714
M-S Attt
4) SH ¥ 24
Aol HlaE Student’s T testE AFE3EIA L, 2 AR
’FBBAe] 5L Pearson's correlation testE& AM&-3dhe] Al
Atk A dvH o FAgt ZFAXE AAEFA L,
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Woldltt, F o] do] A, 7| FAHSE fFolg zo|vt
A}t 7 ] 714 #H 75 AE F reactance at 5 Hz (X5),
resistance at 5 Hz (R5), X5_Zs, FEVY/FVCE F w1t 9
gk zto] & WAA R FEV,, FEV, % ¢l5X|, FEV,_Zs, R5_Zs&
Felgk Aol7t flATH(Table 1).

2. AMRIES AHEEHH

FEV& X5 (r=0.45, P<0.01) % R5 (r=-0.69, P<0.01)%+ &
dAAE EH3(Fig. 1A, B), FEV_Zs Al X5 _Zs (r=-0.26,
P<0.01), R5_Zs (r=-0.31, P<0.0D) ¢ Z##AE Btk 1

Table 1. Demographic Characteristics and Baseline Lung Func-
tion Tests Results of the Subjects according to Their PCqy

PCx»<16 mg/mL PCy>16 mg/mL

(N=80) (N=94) P value
Sex, M/F, N 52/28 55/39 N.S
Age, yr 10.11+2.37 10544222 N.S
Height, cm 1353851491  139.66+14.64 N.S
FEV,, L 182063 2.01+064 N.S
FEV, % pred  9979+1282 10109+ 11.06 N.S
FEV, Zs ~0.00+0.09 0.00+0.08 N.S
FEV/FVC, % 0.85+0.07 088007 <005
X5, kPa/L/sec  -0.28%0.14 -0.24+0.09 <005
X5, % pred 107.08+65.03 94.99+29.72 N.S
X5 7Zs 0055036 ~0.02+0.18 <005
R5, kPa/L/sec 0.80+0.26 072023 <005
R5, % pred 99.56+20.4 89.95+59.21 N.S
R5_Zs ~0.00+0.12 ~0.02+0.11 N.S

Results are expressed as mean*£SD. Abbreviation: FEV), forced
expiratory volume in one second; Zs, Z score; FVC, forced vital
capacity; X5, reactance at 5 Hz; R5, resistance at 5 Hz; PCy ,
provocative concentration causing a 20% fall in FEV;; pred,
predicted.

"P<0.05 was considered significant. N.S, not significant

° r=0.45, £<0.01
0.3 -
T 0.0 -
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1.0 2.0 3.0 4.0
A FEV, (1)

W FEV, % 5= X5 % 5A(r=-0.21, P<0.01)¢} &3
AL BAAT RS % dEA 9 ARBAE 2olR ektth &
7% FEV; (r=0.90, P<0.01), X5 (r=0.44, P<0.01), R5 (r:
-0.70, P<0.01)¢} 25 A#BA7E AA
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o & A <
wl, FEV, & X59] ®ish&2 7132 A0Ad v 497
A Fo3k Zols BAXTHP<0.05), R52 W3H&e F ol

%
i}°l7} o;1"*D‘r(Table 2). E=3 AA o FEVl ek =y
R

sh& = A 74]7]- oio*\:‘r 1311/} 0]74 ° 7]?&;(] g oF
T SATOE Yirola] B AT X590 HEkE(r=-0.90,
P<0.01), R59] W3}&(r=-0.24, P<0.05)°] =5 FEV, W3} &¥

AEAAZE e v SAAFS X590 WES(r=0.28, P<0.01)
Tk FEV, ¥s&3 ZAAAE B

Table 2. Dose-Response Slope of Parameters in Subjects
according to Their PCqy

PCyx<16 mg/mL PCx>16 mg/mL

(N=80) (N=04) P value
FEV: DRS” 4.65+9.69 1.85+4.75 0.02
X5 DRS” -18.06+45.84 -5.59+31.41 0.03
R5 DRS" -15.85+52.50 -27.83+130.17 0.42

Results are expressed as mean®=SD. Abbreviation: FEV1, forc-
ed expiratory volume in one second; DRS, dose-response slope;
X5, reactance at 5 Hz; R5, resistance at 5 Hz; PC20, provo-
cative concentration causing a 20% fall in FEV1

"Defined as the percent decline in each parameter after the
final methacholine dose was administered, thus calculated for
each parameter as (percent decline in parameter)/(cumulative
dose of methacholine inhaled).

1.5 r=—0.69, ~<0.01
o o
“ o° =
WA
2 1.0 I T
o oo ;;e,‘gu AQE o
= 6 o o8 LS o
[Ts] o o F8 5
& 05 _\';’ i 4 Lo
- -‘_\ '-?’\_,000
’ ~2 e
\".
0.0
2.
1.0 2.0 3.0 4.0
B FEV, (L)

Fig. 1. Correlation between forced expiratory volume in one second (FEV;) and reactance

at 5 Hz (X5

) (Fig. 1A) and resistance at 5 Hz (R5) (Fig. 1B). FEV, was significantly

correlated with X5 (A: r=0.45, P<0.01) and R5 (B: r=-0.69, P<0.01).

,844,



A comparison between impulse oscillometry system and spirometry for detecting airway obstruction in children

<=, 2 Al MAE 71AgE Rrsel FEV 3% o 743 4w
AE Hol A7 glw olgt ] Xrs7} FEV, 3 Hf %

kI
13
oo xR

PR E 1ol AE AR PP Rrse] FEV, 2 o 3
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Aol Hlomz 7% Ao WY HEE wdshs 1A ABAAE BIW AT 47 v A28 7H %ol
ZF7ole 10S A&7t FEV 2t ¥izteirtal & 5 vk 7 A2, A7 RAG, H71F Aol Y HIS W wem
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HAAZ Aok E 2 AAF § FEV, @ X569 Wskee F H W& e Aske] e e

oA Felgt ApolE HYXWH R5e] W& xlol7} fIe A ko] AudAE AFmi Abelrt s e AztEn

2 I0S A FAAE X57F RoXRY 7134 HRIAgS Bt TR T WshgS 7F A x| §H-9E VeV E olf
t] Mzeitta @ 4= 9tk 71 FEV), Xrsohs %o 4aa), gto] dolr =9 FEV, 3 X59 WEge 7|#BA #HyA
Rrsote &9 AABAE B, ol 71&9 Ao A% ST Aol v«]ﬂ zlolE BHAAIT R5e 7 wollA
Azp ey 1), apol7k §1gith = 10S A#E FolA X590 wWakgo] RS Walg

durd oz ¥ 75 FHAIA FEV,2 SHo] 78 duka o X} o ?lé‘o}i}t AR, o] Ao} 7|E9 7] AF o] Fo}
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witol] 64 o]xe] Aofoll A= AANEY] oAH I WHEAQD AFA Hshgo] AA YelA A7 AR AR TS AA o
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AA GG} o FRHAA F 72 H3) AT AAE v 741 S EHA FEV, 9 W&y AaAAAT Aozl Aoz A
A Z2AE 5 dub oA Qe FEwsl A FajoA o & ZrE), 28y 7= kg e] F FoE AAXE 7|HA A4l
Uehd 5 Qo ® ol Aol oiike] tiR(93%) 0 A FATAAE FEV, 9 ¥stgo] X5 R59 Waley mF
FEV: % o527} 80% Ol*c}omﬁﬂi id“ FTE EFolA FEAAE B uEhA Aot AE I0SE o83 KAl

T 718 Ao SAHAARE FEV, % #3347 23, RoR
23t t} ®shgo] AA ke X57F F8% o oA
2o} aeuh 2 AFlA R, X569 B8 R5, X569 % dEA = T
= FEV,°] 355 Z wdsix s}ﬂi FEVlﬂr qAA FF oA 2ol 7h 91laL R5 % dl&X & FEV, % <l&x<} 4
k- 7

Eo Avtiol "old = rhal sho] Zopid o] el A HAE Bol

STt ol B Aol AMgE A ;e o SFgkel

FEV, 539 @AHE AABch olo us) [0S+ A% = 10S AzALl A AFd FX5 o] §8 Aolar, o5 FHUAS
AW & 5 glE 2-4419 2otlMw o] g3 5 gu” ol 7o & g AR E Fxe Ao AT wet H 7159
A7S oM AP 2R Ve A SHe VEET} = AARA7E T2 5 9] w2y gl A
o tt2 AP AE FEV RUl 7184 f2dAr 5 uepd o} Zfol 5 Bl Aelgar oJ A o] de AN T HEFg F
T dE A SR o ARdArt ik AUz el obd kx| 1059 Aol ek ATt A ol

ol Aol A= PCyoll whet o & 7184 AR F4 A 10S ARE % AS5AE o838k & AU o8 AT
o FATo R WRste] wwaEgled], 78R Hulgoe] F4 7b w0 adel e X5 Zs e F bl Apolzk A A
E 3 PCy7t &= 714 w7lFel A }%D}% AL o7 o2 Hol 7|4 ¥ 7% Bl &8 5 & Aoz oA,
AFOPERE 2T £ e ﬁi}oleU e Al AgHor B AT A3} [0S A¥= FEV, 2T} 7184 39
Aol 27 714 ghell A FEV;2 zkol7F §l2l3L, X5, R6E Hqow BEd gt 7w #HH ARE o wugsiA R
og Aols HYorE [0S ANE7t 7= \Hl s 9 9 T AL, 71A FE fE A 9 [0S A& FEV, 9 a3
Al Wked gk Felekal B = glrk o] R M AE gz A7b #=7] Wil HEFd SAES T 5 gle Lol 10S
oA FEV, & 2ke]7} §10A T RrsE 2ol 7k 1%1E Lall 527 & ol&8lA ¥ 7% AAE S Aol #8F Aotk
o] Aot dx¥ Aot 12y FEV 3 ¥ FEV/FVCS
= oA 9wl 9l AolE HAEY, thE AP E PCy 2 of
& FEV 52t FEV/FVCS B d#4do] 7
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