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| Abstract |

hildren aged 3~5 years old represent the challenge in pulmonary function assessment, since

evaluating lung function in preschool age group is important for the appropriate treatment for
patient with chronic and recurrent cough and wheeze during this period. The joint American
Thoracic Society/European Respiratory Society task force has produced recommendations for the
spirometric lung function test currently used in the preschool age group. The reliable scientific
evidence, documented references and reviews by the experts were used as a support. Reference
data of spirometry lung function in preschool children were available in several countries including
USA, Norway, Czech, Israel, Canada, and Taiwan. Spirometric pulmonary function tests are
feasible in 3~to 5~year~old children. However, the existing data are not sufficient to make
definitive recommendations. Recommendations will need to be revised periodically until sufficient
evidence has been collected to make definitive guidelines in various situations.
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Table 1. Common problems in the registration of ventilatory (in
particular forced expiratory) maneuvers (Adopted from
Ref. 15)

Leak between lips and mouthpiece
Occlusion of the mouthpiece by the tongue

Obstruction of the mouthpiece by pursing the lips or closing
the teeth

Incomplete inspiration

No pause at or near TLC*

Hesitant start of the forced expiratory manuever
Glottis closure during the forced expiratory maneuver
Expiration not maximally forced/with variable effort
Incomplete expiration

Cough during the forced expiratory maneuver

* TLC: total lung capacity

5 7AAFsF7|(Pulmonary Function Testing in Preschool
Children) FA15 32124 0 2 HE3FITH(13).

3~5A4] 8Hs717] oFE 7ol wH7IZF AP A A
Hol S Ueh= Al7lelaL 71841t H| 2 of 7 50
ur, 27171 Aslhe 2710171 el H7)s AAE 5
sto] 7182 FelE AesiA sttt gnle A5t
o]l - el 5ol & Zlolt.,

StARE S537] ZotellAl #A71E AAkE AR w2
7 ZAE ek #H7 s AARE S8 nkEE | Ee
g Frgo] v ol thet 7735 7FAIAL slon, 34
getH o vy & uf vt AJejolr #715-S S5k Aol
WA Aes Al vl Felrt ke, wEkA g
7] oFsellxiel o] miHE BhA] ehe dElx] APl &
T2 &AM H715E SAsk Aol ¥ Foh EHE 24
= 34507 obo] Fel A 7zte] vj$ g3 kit
3 BEL 2 Bk Zoltk, e AlsS EPeke 7
A} oS Fasi) SER7] olEER seiz Al
ApEA o el & 4 AwE FRE ARBE AE 7
T 7AFE A1) Shofob gk, FAPLE ofolZo] Fobsta
k] & 4 Qi #9712 ol Zo] Fo). S5 of
Folll v}212 oA ke Aol Alae 4 e ol

AAE BF 2Fo]2n|Eg(standard spirometry),

maximal flow referenced to functional residual capa-

city, forced oscillation, interrupter resistance, specific
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airway resistance measured in a plethysmograph, fun-
ctional residual capacity using gas dilution techniques
and measurements of gas mixing indices¢IH|(13), o]
i de] BaEo] gA ARgE 4 Jlom e o 2
e A A o3 Aol gn| Eglof hshe] b H A

AILO|20|EZ| (Spirometry)

2stolzn ks s1E7] Zolst Aol sl7l5g =
Ak 1 3 ASHD i el o 24
o] =g o)) el Bashe 2ol F a5

3 ARgShRe 7)ok A EE AAETE °é% 34\34 Hp2
aAlo] F3PH(14). Aotellx] =8 371

k7] 48 AR ES table 10 A2fa}g I3}(15).

2upo]| ZH|E R H7 52 5783817] HsliA & H8=F
(total lung capacity, TLC)= F3te] A2 AlA o]
ZA7)-83 (residual volume, RV)7}A] W] ojo} 3far o=
Al 73] ol& RHESA Ao APEE -84
A (flow-volume curve)& Hofof st} FaF-82 24
o] A& e A E(repeatability) = 7|7 AlgHexpi-
ratory flow limitation)ol] 2]&2Q1d] HHE 42| H-¢
123 =84 7] (forced expiratory volume in 1
second, FEV)¥} =34 #&2k(forced vital capacity,
FVC)9] Qx}7} 2k2} 59 mlvko g2 vpehtol €. 3h57]
Zeofe} AJolollr A -] 7|5 (quality-control criteria)
= A 5] 27 12 Well 3 fFS visleAieh &
7] AREE 6% o H=AlE Felshk= 2l ol

71Eg A7) ok ellAl A8A171E A2 Ave A=
AHEAL e, 1 o]z A She 7] Aok w184

(lung volume)o] Hdjdo g 211 7]4A|2] 2|70o] 5
719k 2ole] Hlate] AthEoe AN weA 57 (forced
expiration)7} vl§- &7 B $51ol ik, 1A Adelel
A Q7 EHOAIE 6% oS Wl € 57t glom ofugt ¢
o= 1z o2 Evh= A= ok 2K gEr] &
ole] fk- g3 A9 descending limbo] @23}

(convex) YER= A= Jrh(13~15). o]213F o]
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s o2 th27] whtol Yehhk= 1A, ofdH
AR =¥ 57)7h HES] vl A= kA AR
TEeE A2 sks719k 4dj19] V1S 7] AeotollA| A
& 2 EstA| frhs Zlolv, 2R, ARlelA =
o|Zr|Eg] AR AR =84 HEHFVC) S| Al
# 3-2 WB-82 4 back-extrapolated volume (VBE)E
Z743ko 2 b, T ATtoll oJahd Aofelld VBE
+/3%19] ARt EA o WAl VBE/FVCE U & 5102
BHuEdek(14). o]2jgh 7 7FA] AR R & o] Zeofe]
H&2o] AjH o7 #7] ufiEl 20 R T o5 AW
T 3tk

5~19A4] Alo] 8HE7] AolollA 4=8-A(acceptability)
A& (reproducibility) 2] 7|52 vpole} Al we} the-
3} 2o] th27: @ Back-extrapolate volume (VBE), 15
Al o)) 7% 0.15 L w[gke]aL 154 m]kel -9-0.12 L
wek ) 37|17 Hexhalation time), 84| o]l 7A-¢- 2%
ol/golaL 84 el 74 1% o 7 7HAIE AlAelFaL
ATH2).

SHE719k AQlelM 2uto]2n|E]o) oJete] 7
oA 53] FEV,= ] T8 AR ARkl IR
SEA7] Aok 1% ol 55 U4lAl Heke Be =
7| wlizoll FEV, 2 8h&7] AolollA] 71=H3E & 5 3l
F2 A7t obd = Qlv}. A H2Zell= FEVIZ )
FEV, s 32 FEV, & Zo] 43P/ % 3} rh14~19).

ALl ARREE 717 ASE @At HAagk £5%0]
ook geh. 7hsgt gk APd(dead space)S #HAs}s)of
St} aelal J5s & Xhe et AokE A
o8 Auo|ZH|ER|E s 517 ffste] 1Al B (incen-
tive) ZFFE] ZRIAHS ARE3h= Zlo] Fot. ZLoprt Al
ETE Flo] AAA s HAA wtes 23 A Al
Floll B2 =ES Holxal Al E5E F80] Bol 7A
Al 3k AldE 2] AFH 2239 Fol et olzgh Al
o Z2aPe ofo]& dtdF T 2| EolviAaL T e
it @ FEt WA k=t 2 2o T

SFEH7] Lofollx] 2uto]2n|E|e] AR H SAA

£ 47] HsliM= gk AAF dell algshs AR 7}

i

=

rr 3o

)

ok gt} o] ARFESE ofolEo] AT FH S
Q<=3 2 & JEE nf-¢2Av2(mouthpiece)t} Zrpj
(nose clip)& 7HAaL &7 a5l Sl oy 3F2h7] 22
AL BojuA & & givh, 2e|a vist dxzaads
HolFa Alg S sl ol2A A ofol7t
ArAE AL 71ef ZAAL B3bol| s A|EE g S
AARE Aldsh= Alo] E3tshs A7 |5 S A vl
- a3t

#2233 WA 103] £ 8to] 7P £& 35] 9] A5 A

gaith. S15417) ofel B2 47l A4 4 QY W] 9l
; Fe 34

Aol 71A] 50 dold 5= 3171 el
[e)

S 7] Si3te] U Be 558 B S A v

A T Xk 7, descending limbo] U3 ¢hiket 74,
83 7)1x- oy A& H(glottic closure)7} Y= 7830l
+ A LJAIACE g}, F HAl= VBES AlRklA ZAF AR
< dejaliof gtk AJQlelx o] VBE 7S 3He317] Aot
oA A-83dh= A $A Brt(14). 3FE77] 2olell VBE
+ e 80 mL FZo]Au FVCe] 12,5% mto|ict, Al
WA= 3717F Bvks AI71E 71Es)ok g, 62714 W4
Al k= 31 th2 A tivke] 8Hs37] Aoks 1% o]
A 5715 k= Aol 1A gk, i Al 571 A
7ro] F83FARE A 7] Algbe] Fhal sjA 1 S
E A7 bEnt, shE7] Aoto] frig--&44d
(flow-volume curve)?] descending limb¢| LE31A &
o7} Hol&= Z97F 5 drk13~20). ¥HeF Hd) 57] &
(peak expiratory flow)2] 10%0]4}F Ei= 3ZollA] W4 7]
7}t o] F2418 premature termination © 2 JFHE3
of 3t} Z1ehA o] A$-oll= FvCel =84 7] S (for-
ced expiratory flow)E ¥-& 5 A o},

7Aoo 2 e S4E AA HE 25 7MY =2

FVC$e} FEV, & AEsltt, AoloM = vkE-A(repeata-
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Table 2. Published prediction equations for spirometry indices in preschool children (Adopted from Ref. 13, 23)

No.of  Age Range (yr),

Children Height Range (cm) Notes Indices Prediction Equation
Girls and Boys
. Few subjects  FVC (L) In(FVC) = -13.63 +2.95xIn(height in cm)
Eigen and 3~7 o
colleagues 214 85130 <95cm FEV; (L) In(FEV;) = —12.26+2.63x|n(hel|ghtl|n cm)
USA FEF25.75 (L/sS) In(FEF,.7) = -8.13+1.81xIn(height in cm)
PEF (L/s) IN(PEF) = -10.99 + 2.54 xIn(height in cm)
Girls
FVC (L) FVC = -1.93+0.0279x (height in cm)
Includes some FEVos (L) FEVos = -1.17+0.0192 x (height in cm)
. i FEV; (L) FEV, = -1.66+0.0251 x (height in cm)
Nystad and 3-6 subjects With  per ) /) PEF = -3.72+0.0589x (height in cm)
603 asthmatic
colleagues 90~130 symptoms* Boys
Norway FVC = -2.52+0.0337 x (height in cm)
FEVos = -1.35+0.0210x (height in cm)
FEV, = -2.11+0.0295x (height in cm)
PEF = -4.04+0.0620x (height in cm)
Girls and Boys
FVC (ml) In(FVC) =-12.88+2.767 xIn(height in cm)
Zapletal and 3.6 Few subjects  FEV; (ml) In(FEV,) = -12.06 +2.584 xIn(height in cm)
173 <105¢cm FEF s (L/s) IN(FEF,5) = -9.681+2.244xIn(height in cm)
colleagues 90~130 Czech FEFs, (L/s) IN(FEFs,) = -8.578+1.943xIn(height in cm)
FEFs(L/s)  In(FEFss) = -7.659+1.608xIn(height in cm)
PEF(L/s) In(PEF) = -9.575+2.232xIn(height in cm)
Girls and Boys
FVC (L) FVC = 0.0834 xexp(0.0243) x (height in cm)
FEVos (L) FEVos = 0.0777 xexp(0.0223) x (height in cm)
Vilozni and 109 3~6 lsrael FEV; (L) FEV; = 0.0831 xexp(0.0231) x (height in cm)
colleagues 85~126 FEFs (L/s)  FEFs, = 0.4030xexp(0.0144)x (height in cm)
FEF; (L/s)  FEF;s = 0.1642xexp(0.0189)x (height in cm)
FEF25.75 (L/s) FEF, 5= 0.3080xexp(0.0165)x (height in cm)
PEF(L/s) PEF = 0.2150xexp(0.0234) x (height in cm)
Girls
FVC (mL) Log FVC =-10.3+2.2 log height
FEVos (L) Log FEVys =-7.6+1.7 log height
FEVy7s (L) Log FEV,75 =-8.5+1.8 log height
FEV; (L) Log FEV, =-9.2+2.0 log height
PEF (L/s) Log PEF =-6.8+1.7 log height
Aex Log Aex =-16.0+3.5 log height
Pesant and 164 3~5 Canada FEF, (L/s)  FEF, =-2.6+0.7 log height
colleagues 99~114 FEFs (L/s)  FEFs =-8.1+2.1 log height
FEFs (L/s)  FEF; =-14.5+3.6 log height
FEF,5.45 (L/s) FEF,.55 =-6.6+1.7 log height

201N ATtO|Z0|E2]| H7|S ZHAt

Boys

CVF =-12.2+2.9 log height

Log FEV,s =-8.2+1.7 log height
Log FEVy75 =-9.0+1.9 log height
FEV1 =-10.1+2.4 log height



No.of  Age Range (yr),

Children Height Range (cm) Ot

Indices Prediction Equation

Log PEF =-8.1+1.9 log height
Log Aex =-17.0+ 3.8 log height
Log FEF,s = -2.6 + 0.5 log height
FEFs =-6.3+1.7 log height

Log FEFss=-7.7+1.8 log height
Log FEF575=-5.7+1.3 log height

Jeng and 3~6 .
colleagues 248 97~119 Taiwan

Girls and Boys

-0.923+0.0121h+0.0179w +0.00548a + 0.05969
FEV, (L) -0.745+0.0107h +0.0145w +0.00509a + 0.04069
FEVos (L) -0.360+0.00615h +0.0138w+0.00335a+0.0291g
PEF (L/min) -40.497 +0.775h +2.453w+1.031a+6.542g
FEF5.75 (L/sec) -0.0690+0.0108n+0.0106w +0.00662a-0.000748g
FEF,s (L/sec) -0.660+0.0111h+0.0457w+0.0147a+0.0765g
FEFs (L/sec) -0.464+0.00299h+0.0178w +0.0116a-0.00547g

FVC (L)

* The authors report that presence of asthmatic symptoms did not influence lung function.
Jeng and colleagues: a, age (month); g, gender (boy=1, girl=0); h, height (cm); w, weight (kg)

bility)o] T3}ttt oPFH oz T sle] Fale] zfe)7} ¢l
ofok gkt 7 7l 4 T W 419 FVCO FEV, 42 Y
FL 9 FETF0.1 L F-2 10% o] 2to]& Hefo}
gt 294 o] 7S sHsA7] LofellA A8 = ¢l
o} Al HolA ARSEIL gl thte] HAf 23te]
ZrEgE A0S 7|Fo g Zaaue]gly] wiio) vk
£ 71eel] BHA] e FAlo] U we Ak A o' Ay
& Ao wheol Foktt ek g7 ofelollA] ARS-
sk A} Aufo|Rr|Er] T2 O3S ghEAo] 10%0]7d
zpol7F Yfets 11 F4& AFs 0 2 9)7]5HA] RS 3
of gt}

SF7] Zote] 2ol 2| ER W75 AAF A A%
2]E table 20| 23} drt. wlzellx= 3~74) 214785 o
7402 3tod 2001 d ol 3ESFAAL, =2 o] ollXf= 3~ 64
60378 iAo 2 sle] 2002130, A FolM = 3~64) 173

oz 3ke] 200730l HE3FICE ofAlolollME o
2009359l 3~6A] 248782 Ao 2 Bl 4 A
232 24 Haskglth, Nystad &

] , Pesant 5, Jeng 5
WA} ofol9} of} ofol & FREF L 53 Jeng T 7]

W ot} A5 Yol (D) S eks= 4 A3 34
S HoFITH13, 15, 21~24),

A= =38A 7] SAH (forced expiratory maneuver)<
AldE = k= Ao S it 54T 78 9%

(acceptability) of] ths}te] A1V a2 e-5717] 4o}
A A-gsh= A A4 7] el | A7E F5t
of A 71Eo] A= AL gl

1 AR SAAR A f3-8- 2520 o)A o
2 UIEAE RIS ALE Fjofsitt,

2, 1 A2e AvjolgnEr] 248 & u] AARE
v}2 2 A e] FEV, 5, FEV,, FVC, VBE, 3.50| T1h=
A%} PEFE & 4 9lofof gt

3. 8Hs717] Aoyt 2uto|ZH|Er]E Aldst] Holl
F3h= AlRto] wkEA] Fasitt ZofelA e} &
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24 AR s Al Alo] wlg- a8t

4, QJAIE] H (incentive) ZFE ZT23-S o]83}H o}
oj7} AP 0 & HALE 3 3=t =g-o] Hrt.

5. ofe]e] ApAe} Fup ARS- ol st 7158 whE
A] sfjoF i,

0. H a3k 3w o|e] 2uto|ZH|EelE Alg)git),

7. frg-&4 FAelA A7 H4(peak expiratory
flow) 22 wWh27| *Jgahs 3lo] HolA| A de-
scending limbo] 2Fs}AY 7|3 o]t Ao 47}
A& Welle Aeair= Qre,

8. VBEZ} 80 mLET} AU FVCe] 12.5%ET} 2 A%
o= 3FXg ¥ Ha gl

9. 3F HFo| HANE7|& % (peak expiratory flow)2]
10%X T} o] 2 Al oA BAAGTHA premature
termination © 2 Hol}o} glc},

10. FEV13} FVCE 7128 o= A9l zhzte)

curvedld Y= &4 AR FollM Hao gte
2 S S AE 2 FollA] g Ak Ags)
a1, 21 deek S oA v FEVIH FVCE Alea)

o] oft}),

9] FVCe} FEV19] 2}0]71 0.1 L ngto 2

=2 S84 9] 10% oWl 2 3= Zo] oo

| BHEA 7] ZoloMe o] 2} o A R

We= IRsHof gt

ul=, =2de], A=, ojxetd

11.
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3oz de] AREHoA]7] fsiMe= ol A7-3] el
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A 70] HAFEofo} it} E7 |2 e |17HA]
&2 0 2 o]|ojRi= FAANA] T2 (reference equation)
o] 704k FEVO.5 9Jr FEV0.75 ¢} 22 =84 37|79 A
T, 718A] A vkeAdol gk Ao, 1ejal ofg] 744
71 8A | gkl whE Q1 FAgofl theh vl 7Pt 35 o
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