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Three simple tests, spirometry, flow-volume curve and closing volume were
used to detect small airway diseases in 49 young subjects with normal value of
routine lung function tests, 32 of which were smokers and 17 of which were
nonsmokers.

In comparison of each test, FET of spirometry, st/TLC and Vso/st ratio of
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flow volume curve seemed to reflect the influence of smoking more sensitively,
especially FET being considered to be very simple and sensitive.

The interpretation of closing volume seemed to be difficult because even in
some of young healthy nonsmokers, phase IV point sometimes failed to appear
for unknown cause. Conclusively, the results suggested that the combination of
each parameter would detect small airway abnormalities more frequently than

either test alone.
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Fig. 1. Maximum Mid Expiratory Flow Rate

(MMF) in Healthy Young Adults
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Table 1. Smoking history, physical characteristics and spirometric data

in healthy young adults.

Smoking Subjects Ht Wt RV/TLC

Sex history number | 8¢ cm kg %VC |FEV10% | % FEVie ™ Lo
Non-smokers 8 25 169 62 111 88 108 24

+ 2 + 6 + 9 +13 + 5 +13 + 3

1~4 D3 14 25 171 61 106 84 95 28

Pack years + 1 + 6 + 7 +12 + 8 +15 +5

Male

5~9 14 25 172 66 111 84 101 27

Pack years + 1 + 5 + 8 +11 + 6 +10 + 5

> 10 4 26 167 64 108 82 94 29

Pack years + 2 + 2 +12 + 9 +5 + 7 + 4

Female Non smokers 9 22 155 48 100 91 99 27
+ 3 + 3 +5 +14 +5 +13 + 8

% One pack-year is equivalent to 20 cigarettes per day for one year.
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Fig. 2. Forced Expiratory Time in Healthy
Young Adults
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Fig. 4. Vu/TLC in Healthy Young Adults
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Fig. 5. Vso/V25 Ratio in Healthy Young
Adults

biigh -7z

B 3 BlieHm b hich, &Y D,

CV B&n ZbiflDZie D THE LIcE
= %, 1t Non-Smoker TIFH 6.2 % & 1&

<, BETi
1~4Pack Y

Non-Smoker #D >k 10.4,
ears Group DOF¥¥ENL 6.7 TH 5

1ZxtL, 5~9 Pack Years Group Tix 10.1,

130

120

CVNC(9%
20

)

M- ATL - RBSERE OREZICOWLTORE

187
Female Male
®
®
147
O ________
_________ ® [ ]
®
JAVAN
‘,_8”“ 104 ®
0 000  -eeone- e e
O
®
_________ ARA @@
JAVARS!
——62 VN —
O A ®
% | ®
0O JAVAY
Non Non I~4 5~9 > 10
Smoker | Smoker Pack Pack Pack
Years Years Years
(9) (8) (14) (12) (3)

Fig. 6. Closing Volume in Healthy Young

Adults

10 Pack Years Ll EDFHiL 14.7 &, BEE
W& B E CV/VC b EfEARL .

Ll Eo ##k % —# LT,

Zh%, EF

Control DfEEL HEEL TE DB ERTAT

®®

| ©

100

®
Ae

)

(%)

90

80

70

?

Qa

%\VC

FEVo% %FEVie %MME

%FET

%OVNG  %V50Ns

Female
Non-Smoker

O Male
Non-Smoker

A Male 1~4
Pack Years

® Male 5~9
Pack Years

@ Male Over 10
Pack Years

Fig. 7. Mean Values of Each Parameter, Expressed as Percent Predicted




188 Nk B ¥ 5

meThHsb. VC oFHE X Baldwin % #H#E
&L, FEV1.0%ix 1#& (FEV1.0) %58
fHEECEl-cfE& L, % FEV 1.OXSEHI1H
& (FEV1.0) % Ferris® O FHNETEl =&
& L7:. MMF OfE#E(EILHRE OEEE %
M\, & CV/VC o fE#3 McCarthy® %,
Vio/Ves OEREITHES DHE® eV, FET
DE#E Y. Cochrane!® T ft 7. % VC, 18
=, % 1Bz Non-Smoker, Smoker O fH]
CITZEN B LR Teh » fe by, MMF Tt Smok-
ing »B# 3, 10 Pack Years Bl Ed Group
DO ABEGEE /e 5 e, LA L FET
3 b BAE I Smoking OB A B b L TE
v, 5Pack Years LI E @ Tix, FET 0iEE
NEBAI B S hie, CV/VC ki, 10
Pack Years DA EfITik, Bmn@dbh, %
Foo Vio/ Vs B, 3503 A 7s\TeAih, Smok-
ing DEEIFIL T, B4 BN 5B
Dbiic,

4. % ES

RS A, FEEMEEDOMIIDRE
DETHD, RLPENG WAL TH DTS H
pb BT, BRI IFE T 2l REETH
B eV ET, RTEX, BRMeHED, M
Bz X7, Lozl Milic-Emili'® Ma-
cklem!® Woolcock? 3 I DIFFICE
FLTLEE, ZofEBEO BE O REERCO:
T, FEBEEACIERL RS ISR T WD
2, RRERY R T Iw, BEZHRE IR T
WA RIEEY T A5 E, COBHME, 8
Wik, BHUR IOREEYER T HLELND
D, X, FUEMED L2 EBERIREFERS mecha-
nism T AHIENMLETHE. chbD
BE A 1T 5 CBEL, 4EIERBSERECE
EXHBRFELT, BELEIH—RTFEHE
OH L2y, o #EBEELTL, 1D BEZHC
BE o lung function test # 177 » o B
SEo Tt % FH 35 1 &, Specific con-
ductance, airway resistance TR /2B

FIC bR MRERANERE L L To k5D Para-

(1% 3,458 1975

meter TREL RTFIN B\ &P, 2) BE
AplE+% &, Zhb parameter DEEND
EANRELHFNRD B &P, 3) RERYETHH
FEORBREBIIMEFHC LA » T
BIEW RERIA. KT, REKERED
£ HIEE O B B L T oBFge T, Dynamic
Compliance 2 b ST H 5 & DHRELD 5
K ZHIAWGB RSB EM T Z & &,
FERINBHETH AR EDETHEDHEAINRT
BHT, HaxbBaAADL, SEIHER LG
Dote. Wi, BSECREEE VS KT,
FEEMSBHEH IR T W5 Spirometer & A\,
IhrbBEbRIERY SHOIFILVHEC K

Do+ 5 2 L LEERC & TH D Frc MMF
2 FET 2 X 2B flifEodH s b0 LEb
hb. MMF (HBEE bRl h Tk
DTHBHH McFadden® piEfERA T heavy
smoker DJiEREREX HBITL, HE MR
BEMRAE DR TIL, KEKEREDORE 2B+
LME— D T HDHERE L, TOBLERE
OBHANLINTED, TOEBEZEMBTEL
T, KBKEDEH & MEEDOELD T 13
BRLTWAEIRTWAENY, EEENEHZ
FZRET RIS, TWHDT, HFHRED HF, &
R, E4IbBEOFERE LB OERAT
HEME Lic kT, BEEY ROLLENDH
5. 4El, Fax bEEZEOAERNRLE L THIE
LB AR oM BEOHBIHENIL- &
D ETEDENI ST DTH 5.

FET &2\ Tlik 19744F Cochrane »3B2fHE
LIEREE A B L C, EBCHEETER T
BEBRE LT VLAY, ZToABENERLL
T, BE 1BDEREFOSHE, MEEDT75~80
U ERTBLURE Ik, 7D 20~25%
YIEH Ao 2B A BETAH. L, Small
airway disease 2HIUE, BIHEEDOKRK
#4553 flow rate 34> L, Terminal Volume
LT 5 OB D, KRS 12T
201 10~158 & 2B Litinh.
Cochrane!? |3 JEREE DO FEN 3.6 B TH S
CHL, 1BEOED AL\ WEBEEE D
BILT.8 WL EREL Tt LTEDERY



BT - BIE - 0B - HEF - /K - AL : RISERE oA O\ TORE 189

WAL T 5. SEIOFKET b IEREEY 3.6
L33 &, 5Pack Years D EoBEETIIR
212 %540< FET OB RIERNZD b
fo. FET 3EHL ¥ ch v, HHMED KL<,
4%, BH s wEELEbRS. HL, FET
LEREYHRDLZENABTHAS.

% Flow-Volume Curve O HI%E & 552
BFEHAETER TR D, BRI LB
XhT\W3® F7bht, Flow-Volume Curve
DT B 1 Time Constant (R.C) ©
w3 (Flow/Volume) % % LTk, &hif
KBRS BERD ¥Rk R T3 T
5. BPICEERDOTNEESFHNFIET DRI
1%, Flow-Volume Curve TILKRE S D RE
LLTHEHEh%, Flow-Volume Curve D%
BT, BxDRENREIR TV 5.
ZD5bH vso, st, vso/vzs Hre & vl
BRTHKRD, LaL, Vi Vis IMEAELE

PRBDT, Zhir TLC 2 VC T &, 7fl
(Vso/TLC, V5o/VC 728) THEFNE LK
Hatd h 10w, Egsy, V,/TLC, Vas/TLC %
FWTHE Lk &5, Vio/TLC Tik RED
BB LIS, —%, Vas/TLC ROY Vio/
Vas Hoid, NERSASE 4L, SIcR B, BRE
BErHAILT, BB EZRLTED, &
L EHIEEEEbiic,

Closing Volume & oW Tt RBEERE D
ZECERATH D ES SMERXLE eTh,
A LT TRBEL=DT, FMITEKT 21K

X

ETIE, ShIR DWW T OB R RABT
s h, phase IV 2 @RATLR DHRIg
TEN BB LE, X, FEEHITIX rising
NS 57D, phase IV @ &5 igWEESI
DN 2 Bic EORENRD DY, WEHE
iz. Resident gas method (N, ) & foreign
gas method * Ric o cfEEND D 2 & RHE
FERCRLTAL VAR ECEE T 2 LEN
»5. LL, BTk He Gas'® ® N, gas
YRAWCCHBLAEIERSh>2H ), FH
BEETHLT EREE VLA, X,
Closing Volume A3 ik F 0SS 8 X 004
HHERENCESO TR EhIBETHHDOTY,
EE DR RE TERE O 2 5 o\ IBREE R REET
DEBROFBKERED D HIEFD Pao, (&
TF= A-aDo, DAZX X% 3B+ 5 mechanism
ELTHBHELRELRTHDLIEL LS.

L E OB TE, MMF, Vio/TLC (% HiH
RE B REHBMHEE LK, %7, Closing
Volume ¥ phase IV 2338 biic\fil7s £ 28
Y, FET & Vu/TLC, Vio/Vas HniBED
BELRELISELLTWE EELZDRK. L
2L T bHEERER R U mechanism & X5
DTIRXIRVDT, ThEXhEflaEes i Lick
b, ILRBALEEEE S E-BbhT,

B O —EI 148156 B AR BZEEREST R\ T
FELI. APRIEERAY 7 » o= 7 FPIRE
L 0SB E b0 TH S,

ik

1) Woolcok ‘A.J., Vincent N.J., Macklem P.T.: Frequency dependence of complidnce as a test for
obstruction in the small airways. J clin. Invest. 48 : 1097, 1968.

2) McCarthy D.S., Spencer R., Greene R., Milic-Emili J.: Measurement of “Closing Volume” as
a simplified and sensitive test for early detection of small airway disease. The American
Journal of Medicine. 52 : 747—752, 1972.

3) Buist A. Sonia and Benjamin B.R.: Predicted values for closing volumes using a modified single
breath nitrogen test. Amer. Rev. Resp. Dis. 107 : 744—752, 1973.

4) Hyatt R.E., Schilder D.P. and Fry D.L.: Relationship between maximum expiratory flow and
degree of lung inflation. J. Appl. Physiol. 13: 331, 1958.

5) Dollfuss R.E., Milic-Emili J. and Bates D.V.: Regional ventilation of the lung, studied with




190 K E % &5k (B 1% 83,458 1975

boluses of 133 xenon. Respiratory Physiology. 2: 234—246, 1967.

6) McEadden E.R. Jr. and Linden D. A.: A reduction in maximum mid-expiratory flow rate. The
American Journal of Medicine 52 : 725—737, 1972.

7) BlEH, BT, MEHk#E, HEEFE © Argon bolus method 1z k% closing Volume o JIEC
DWCOKE, BARTEEFAME 13%  94—100, 1975.

8) Ferris B.G. Jr. et al: Prediction values for screening tests of pulmonary function. Amer. Rev.
Resp. Dis. 91: 252—262, 1965.

9) A B, WE fE: WEEEE EOMRK, R, 30, 1960.

10) e 4K/, #E {£: Flow-volume ghif & Z0ERWER, MR 32: 862, 1973.

11) Cochrane G. M., Benatar S.R. et al: Correlation between tests of small airway function. Thorax
29: 172, 1974.

12) Milic-Emili J. et al: Regional distribution of inspired gas in the lung. J. Appl. Physiol. 21 :
749, 1966. .

13) Macklem P.T. et al: Resistance of central and peripheral airways measured by a retrograde
catheter. J. Appli. Physiol. 22 : 395, 1967.

14) Niewoehner D. E., Kleinerman J. and Rice D.B.: Pathologic changes in the peripheral airway
of young cigarette smokers. The New England Journal of Medicine. 29 : 755, 1974.

15) McFadden E.R., Kiker L. V.N. et al: Small Airway Diseases: An Assessment of the tests of
peripheral airway function. The American Journal of Medicine. 57 : 171, 1974.

16) Gelb A.F. and MacAnally B.J.: Early Detection of Obstructive Lung Disease by analysis of
maximal expiratory flow volume curve. Chest. 64 : 749, 1973.

17) Mead J., Turner J.M., Machlem P.T. et al: Significance of the relationship between lung
recoil and maximum expiratory flow. J. Appl. Physiol. 22 : 95, 1967.

18) Abboud R. J. and Morton J. w.: Comparison of MMF, Flow volume Curves and nitrogen closing
volumes in patients with mild airway obstruction. Amer. Rev. Respir. Dis. 111 : 405, 1975.

19) McClelland K. and Mittman C.: A Simplified Method for Measuring Helium Closing Volume.
Chest. 67 : 110, 1975.




