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OKANO. Y. Studies on closing volume (Part 1). —with special reference to effect of
method, posture and expiralory flow rate—. Shinshu Med, I., 27 : 480~495, 1979

The lung volume at the rise of phase IV from the alveolar plateau “closing volume” (CV)
was measured Dby the Argon bolus method (Ar-CV) and the resident gas method (N2-CV)
simultaneously on the same breaths in 1] healthy subjects. Expiratory flow rates were kept
constant at less than 0.5 1/sec. CV was expressed as a percentage of vital capacity (CV/VC %).

The Ar-CV was significantly larger than the N2-CV in the sedted, supine, left lateral and
head down positions. The relationship between the Ar-CV and the N2-CV was linear and was not
influenced by changing the posture of the subjects. There were no significant differences among
CV/VC % measured in these postures. However, the values of CV/VC % measured in the left
lateral and head down positions were significantly different. The correlations between CV/VC %
measured in any two of these postures were statistically significant. The influence of expiratory
flow rate on the results of CV measurements was studied by the resident gas method in 11
healthy subjects. Studies were carried out at each of these expiratory flows, 0.5, 1.0, 1.5, 2.0 and
2.5 1/sec. Results showed that CV increased with increasing flow rate. At the flow rates be-
tween 0.5 and 1.0 1/sec, changes in CV were small and not statistically significant. However,
there were significant changes in CV found between 0.5 1/sec and 1.5, 2.0 and 2.5 1/sec; respec-
tively. The lung volume at flow limitation tended to‘approach to that at onset of phase IV as
flow rate increased. Effects of the maintained airway positive pressures of 10 and 20 cmH3z0 on
CV/VC % were studied in 14 healthy subjects in the seated position. CV/VC % decreased with
increasing airway pressure, however there were no significant changes in CV/VC % between
ambient pressure and 10 cmH30.
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Fig. 1. The apparatus for simultaneous measurement of closing

volume by the Argon bolus method and the resident gas

method.
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V : flow rate Ptp : transpulmonary pressure
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Closing volume OEF GF 130
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Fig. 3. A representative case showing simulta—
neously recorded closing volume by the Ar-
gon bolus method (top tracing) and the resi-
dent gas method (middle tracing), and the
record of expiratory flow rate ) against
lung volume (bottom tracing), The concen-
trations of the analyzed gases (Ar, N32) and
expiratory flow rate are on ordinates, lung
volume on abscissa. Roman numerals indi-
cate the 4 phases of the record. The plateau
(phase III) shows a small gradual rise with
well marked cardiogenic oscillations followed
by a steeper rise without oscillations (phase
IV). The onset of phase IV is indicated by
the solid arrow and the onset of flow limi-
tation by the dotted arrow. Lung volume
at flow limitation (VsL) is measured at the
sudden decrement of flow rate near RV on
the expiratory tracing.

TLC : total lung capacity
VC : vital capacity
RV : residual volume
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Fig. 4. Comparison of the integrated signal
of the pneumotachograph and the respiro-
meter (13.5 1 Benedict-Roth type).

2. Ar bolus ¥i & resident gas i< L %
CV D Mol ‘

Ar bolus #: & resident gas Hi&RRHCIT - TH
bh-ERRE - S B Fig. 3 WRT 2L T
Hb, THIVEDHERBUAOTINC L5480 )
BARL, ZEBUBARE (IVa 4835 X OF IV 40D 36 X OUE{EA:
DHFFAITRIT 5L FRD CV (% VC) % Table
1 R 7o BEWAGLD V. L Eli&REM D
LOTHY, Ve HEEMGEMD LD TH B,

FEMEAL IV a #0% Ik < 2067, IDEARE, ZEURBAAL IV
s X OBHEALD 4 2D AT Is b T g 44 [l 39 7]
(89%) T Ar bolus ZHZ L % CV [Ar-CV (% VC))
M resident gas ¥ X B CV (N2-CV (% VC)I
L REVHER L, 51 (11%) Tt Ar-CV (%

484

%

i

VC) & N2-CV (% VO) #HE{ETH 9, Ar-Cv ¢
% VC) 5 Na2-CV (% VC) X b/ filidichs,
7o ElBIO Ar-CV (% VC) 5 LU N2-CV (%
VC) DN ENDEHNE (%5 VC) 11461 T22.3%,
20.8%, {PBEMIT22.7%, 21.3%, JEMIEME IV. 4
T 59.2%, 58.5%, ZEMEAGL IVe $BC24.8%, 23.7
%, WREALC21.3%, 20.4% TH o ToTFholkf
T Ar-CV (% VC) ©FHA N2-CV (% VC) Ly
FECKTHT (FhiEh P<0.01, P<0.005,
P<0.01, P<0.005 P<0.01),

Table 2 {2774 & & < HARE, {UBARL, ZEMIRLAL TV,
M BERLC BT B Ar-CV (% VC) & Na2-CV (¢
2 VO & oEILERER r=0.922 (P<0.001),
r=0.961 (P<J0.001), r=0.983 (P-<0.001), r
=0.967 (P<0.001) OFVHBL b, 1
A, EAGL AERUBAGL IV 40, BHEALR Eaig
R d Ar-CV (% VC) & Nz2-CV (Z VC) &
DBEEE Table 2, Fig. 5 ®Z& < 1 =0.961 (P
0.001) OEWIEENRED bR Ar-CV (% VO=
0.95 x Na-CV (% VC) +2.28 oEFHBEEREL
e

40

Closing volume (Ar) (% VC)

r=0.961 (P<0.001)
y=0.06x+228
n= 44

e

0 1 L .
4] 10 il du

Closing volume (N2) (% VC)

Fig. 5. Relationship between simultaneously
measured Argon and Nitrogen closing vol-

umes. '
®: Seated A : Supine B : Left lateral
x i Head down

fEMEEGE Vol 27



Closing volume O#E (G 1)

Table 1.

Comparison of Argon bolus method and resident gas method for determination of

closing volume, and effect of posture on closing volume.

Closing volume (% of Vital capacity)

Left lateral

Sublect Sex Smoking i%f (fxlnt) (Yi}) Seated Supine Phase IVa Phase IVsn Head down
Ar Nz Ar N2 Ar Nz Ar Nz Ar N:
S-Y. M - 31 178 74 17.7 15.7 16.5 16.5 57.2 56.8 19.1 17.5 17.9 17.3
wW.Ww. M - 23 168 53 19.2 18.3 18.2 17.7 57.9 57.0 21.0 20.3 15.2 14.1
I.K. M - 33 162 52 18.4 17.8 18.1 169 58.8 57 6 23.2 22.0 18.4 18.2
K.§. M - 32 172 72 22.1 16.4 25.0 23.0 60.4 59.3 25.8 24.8 25.4 22.6
S.K. M - 22 164 63 20.2 19.4 21.2 21.2 54.6 54.6 20.5 20.4 19.7 19.6
0.6. M + 31 170 76 29.7 27.6 30.3 2v.2 58.3 57.9 25.7 250 23.5 21.7
0.5. M + 27 164 62 28.0 27.3 28.2 25.4 62.5 60.0 35.0 33.8 23.8 23.0
T.T. M + 25 172 56 22.0- 21,2 20,9 17.7 65.2 64.9 29.7 29.7 22.0 21.6
M-K. M + 28 170 64 24.1 21.7 23.8 21.6 58.4 57.8 27.0 250 20.8 20.8
G.M. M + 25 162 53 22.4 21.6 23.4 21.0 57.0 56.7 21.4 18.3 22.3 21.8
F.T. M + 20 165 61 21.9 21.4 24.4 24.4 60.9 60.5 21.5 24.1 25.5 23.6
Whole Mean 27 168 62 22.3 20.8 22.7 21.3 59.2 53.5 24.8 23.7 21.3 20.4
(n=11) SD 4 5 8 4.0 3.7 4.1 38 2.8 26 4.4 4.6 3.1 27
P<0.01 P<0.005 P<0.01 P<0.006 P<0.01

Non smokers Mean 28 169 63 19.5 17.5 19.8 19.1 57.8 57.1 21.9 21.0 19.3 18.4
(n=5) SD 5 6 9 1.5 1.3 30 26 19 15 23 24 34 238
Smokers Mean 26 168 62 24.7 23.5 25.2 23.2 60.4 61.3 27.2 26.0 23.0 22.1
(n=26) SD 3 4 7 31 28 31 36 28 27 43 4.8 1.5 0.9

Head down : 25° from the horizontal
Phase 1Va : Phase IV at high lung volume
Ar: Argon bolus method

Phase IV, : Phase IV at low lung volume

N2 ! resident gas method

P : tested using t test for paired differences ; (Ar-Ng)

Table 2. Correlation coefficient ( r) of clos-
ing volumes measured by the Argon
bolus method and the resident gas
method in various postures.

Posture r
Seatecd 0.922
(n=11) (P<0.001)
Supine 0.961
(n=11) (P<0.001)
L. L. 0.983
(n=11) (P<20.001)
Head down 0.967
(n=11) (P <0.001)
Whole 0.961

L. L.: Left lateral (phase IVp)
P ! tested using t test

No. 4, 1979

Ll kA Ar bolus 2 X % CV (% VC) ik resi-
dent gas YAz kA Th X b kE A RTHENNZ
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Apfir & BMEAL, (MRARL & ZEGIRARL, MEAGEZ & BR{ESL O
M 3o\ TS & S EOBITD bivisd » 7o i,

FEQUBARE & BRERL o Blic v Ar-CV, N3-CV {1z
FHERFE D (P<0.005, P<0.05) 20k
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FoRTo ST OV TOZR AN I 1T 5 Hi i
Table 4 IZ7R Lice S407 & SRR 3s I OYPEARL & 2
FARL & Cik N2-CV CHBIR R, £7ERBMLIL B
{Ef7 & ik Ar-CV, No-CV O W5 THEHRY
Bdbhird, B CERTTEE L HEENE
»Hbhh, Fio Ar-CV, N2-CV % & & &kttt
STEEOHEBEMNED B, CVILEMIZ X hizra,
FHEBINTWZ EX R LTV 5D, R et
3 CV LPMLicisiT s CV & DOMICE Ar-CVizhk
VT or=0.949 (P <0.001), N2-CVIZEWT r=

Table 3, Statistical analysis of the differences between the closing volumes
in any two of various postures measured by the Ar bolus method
and the resident gas method.

Posture Ar bolus method resident gas method

(n=11) (n=1D)

Seated vs. Supine NS NS

Seated vs. L. L. NS NS

Seated vs. Head down NS NS

Supine vs. L. L. NS NS

Supine vs. Head down NS NS

L. L. vs. Head down P<0.005 P<0.05

L. L.: Left lateral (phase IVy) NS : not significant

Table 4. Correlation coefficient (r) of closing volumes in any two of various postures,

Posture Ar bolus method resident gas method Whole
(n=11) (n=11) (n =22)
Seated vs. Supine 0.949 0.768 0.863
(P<{0.001) (P<0.0D) (P<0.001)
Seated vs, L. L. 0. 691 0.627 0. 663
(P <0.02) (P <0.05) (P<0.001)
Seated vs. Head down 0.620 0.529 0.588
(P<0.05) NS (P<0.01)
Supine vs. L. L. 0 617 0.437 0.536
(P <0.05) (NS)- (P<0.02)
Supine vs. Head down 0.787 0. 675 0.743
(P<{0.01) (P <0.05 (P <0.001)
L. L. vs. Head down 0. 550 0.567 0. 564
(NS) (NS) (P<0.01)

Whole : Ar bolus method 4+ resident gas method

L. L.: Left lateral (phase IVy)
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NS : not

significant
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ORICIL FN ENEEOEIED D I h » 10 h%
0.5 I/sec & 2.5 l/sec D TDZHFEDE (P
0.025) B BN, DI M 0.5 1/sec b
2.0 I/sec & COMNEMEOT LTI VC ~DR#IX
fwbDlHFLBbIZ,

CV (1) &2 U T 0.5 1/sec 0BT 5
CV (1Y wavie—ak LTERE LD I/sec D
CV ORI HEORTED bR Ic A » 7228 1.5,
2.0, 2.5 1/sec k3% CV (1) L oMiZiith %
IESO®E (P<0.005 P<0.001, P<0.001) HER
Hhil

CV (% VC) it Table 5, Fig. TIR$ I & (I
SEEORIN LT inT 5 = L AE»BRich
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<0.001) 25D B, - OFERMD IV R

Table 5. [Effect of expiratory flow rate on the closing volume and lung volumes at flow

limitation.

FLOW RATE ve (n Cv (1) VL (1) CV (% VC) VrL (% VC)
0.5 (l/sec) 4 ZliO 66 0.72+0.13 0.24+0.13 17.7£4.2 5.7+3.0
1.0 (/sec) 4.3140.68 (NS) 0.79+0.12 (NS) - 0.4440.12 (c 18.94+4.3(NS) 10.4£3.0 (c¢)
1.5 (1/sec) 4.3040.70 (NS) 0.84%0.12 (¢) 0.57+0.16 (d) 20.1+4.2 (a) 13.5+4.4 (d)
2.0  (1/sec) 4.38+0.76 (NS) 0.96+0.10 (d) 0.74£0.16 (d) 22.6%4.1(d) 17.3+4.2 (d)
2.5  (1/sec) 4.404£0.91 (a) 1.1940.22 (d) 1.03£0.25 (d) 27.5%5.4 (d) 24.24+5.3 (d)

Values are means * one standard deviation
VC : vital capacity CV : closing volume VFL : lung volume at flow limitation
P : tested using t test for paired differences
NS : not significant
Significant differences between results at 0.5 (1/sec) and other respective flow rates.

a) P<0.025 b)Y P<0.01 c¢) P<0.005 d) P<0.001
Subjects were measured in the seated position (n=11).
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Fig. 7. Effect of expiratory flow on closing
volumes (CV) and lung volumes at flow
limitation (Vrr). Mean CV and VgL val-
ues of the eleven subjects are on ordinate
and the expiratory flow is on abscissa.
The vertical lines indicate the standard
deviations.
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#ilFp 9 BilA% cardiogenic oscillation AS44efeys LIL

BWE LA & e B, 2ff & UCRESUHEE D3N & 3z
cardiogenic oscillation (L5 L, Z5B37e\: L4k
THREACDH ol

VrL &EHEOBIRY Table 5, Fig. 7 W27 L
oo MESUHUEE D3N & 302 Ve (% VC) L L,
0.5 I/sec & 1.0, 1.5, 2.0, 2.5 1/sec & OEWILE
HWEhAEEDE (P<0.005, P<0.001, P<0.001,
P <0.001) 2@ Bhte,

Fig. 8 IZ/R T 2 & < IV MDA 5 & flow limi-
tation DOREDOil&E CV-VrL (1) 11 FESEE O
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e oAb L TsDH, 0.5 1.0, 1.5 2.0, 2.5
I/sec iZ&iT% CV (1) & CV-VrL (1) Lo
HEH EhHE D% (P<0.001, P<O.00L, P
0.001, P<J0.001, P<l0.01) 2 &bt
MR 0.5 1/seciZki3aD VC (1), CV (13,
CV-VrL (1) %2 v br—n) L7 1.0, 1.5 2.0,
2.5 l/sec k1T B chThoZ{ts Fig 9 ioRL
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Fig, 8. Effect of expiratory flow on differ-
ences between CV and VrL ; (CV-VrL).
P! tested using t test for paired differ-
ences
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Fig. 8. Changes in CV, VC and CV-VFL with
expiratory flow rates.
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Closing volume D4Ef CGfF 1D

72, VC RSB X ATMEANE LA K &, CV
IFEEGEIE O BRI & Ao 3 A ANNC CV-VrL
WP LTV B, Tiehb Fig. 8 IFRTIEL CV &
Ve OEICIXFIPTRE CTEROED Ho fods, W
F PSR OREINIC & b IR S B AR
Hbhie
5. PEEP o CV iZ# L iF 3 B> T
DOES

Table 6 IFGMHBEX MLz B &, T bb,
PEEP o512 CV (% VO) OV fli4d R L1
PEEP O¥inE 312 CV (% VO x4+ %4,
K&JIE L PEEP 10cmH:0 + OMIZIIEHEH O%
(P>0.05) tX7n<, PEEP 10cmH:0 & 20cmH:z0
F IO & PEEP 20cmH:0 & iz FhE
WHEOX (P<0.025, P<0.001) »FEbbh, K
SFE 10emH20 FTHMLTL CV (% VO 12
PN Z LRSI,

v * %
1. CV JIEc T

CV OJiGEY: 1L bolus {4V & resident gas {7
DIZARMEN D, bolus HHEIER»F A E LT Ar, He,
SFg, 8Xe 2SIV BIVTVA M, — kv h
DR Y AT CV O BRI £ T3P
S ABECIERS R RV, BRSALLT
Ar {HH Ut

bolus B & LTk, bolus DML S5 Dol-
lfuss B OIREGTIL 2~dml © 138Ke Z H T3
PEESWET R RV, Ar RS A L LEME TR
bolus & & LT Susskind %@ 30ml1®, McCarthy b
D 40ml?, 50ml®, Jones & Clarke @ 100ml¥ 3
BULTEHE B OMIERED 5~10% Wi &b b, Fo
TERLTMIERE LTRART A (Ar) BE%F—fE
FZB LT 00ml BLEEINT % & IV o b Eas
D HHEAR I A B ORI ARG & e b, S 50
ml IO BT 5 & EAIRE - SRS sLT T,
I, III, IV OFMELAEEN & 7 2HEREED. o
DFEFIC DU CHEBE IV A B RD B h,
bolus & LCHRA T DIZdT, w0 Bl oliiis
B2 D 5L LS % &1 T Ar © bolus &
—H50ml & Uiz,

CV Mg resident gas i DELD (IR
(3% & residual volume (RV) v~i) X b 100
% 0z ZWATH L STV 5 HHRCTIEBIIE

No. 4, 1979

Effect of positive end-expiratory pressure on closing volume.

Table §.

statistically difference

Closing Volum (% VC)

10cmH:0  20cmH 0 Ambient Pressure 10cmH:20 Ambient Pressure

Ambient

Ht Wt vC

(cm)

Age

vs. 20cmH:0 vs. 20cmH20

vs. 10cmHz0

Pressure

(1)

(kg)

(yr)

P-0.001

P<0.025

28+5 17047 64+7 4.2240.32 18.5+4.1 16.7£3.5 14.1+£3.1 NS

(n=14)
Non smokers

Whole

P<0.05 P<0.05

14.8+£3.5 13.2+3.3 NS

15.9£3.1

305 170+9 638 4.3540.30

(n=26)

Smokers

P<0.001

NS

NS

18.2+£2.7 14.8+2.8

20.51+3.6

26+5 17045 64+6 4.12+0.31

(n=28)

Values are means # one standard deviation

VC : vital capacity

P : tested using t test for paired differences

NS : not significant
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Subjects were measured in the seated position.



fi}

MErfEEL, = OFEEAO air 2% bolus & UTHHA
WRASKGA L, LT A REETRIZEST
BI kLT DIERRE - ERIEO IV BICf 500
MR E 2B 2 LATFHINS,

resident gas FEOE:L &M% Anthonisen HP
OV CLE~ 7 A — A DJERE 20~30ml - &3
RTE D, EEHOMEW T HIERLE 32ml TIXF
FMLTH ot LD OHETERIEIEEL 25m1t®
65mll?, 125mi), 145mU® & F o X o B
->TED, Travis HO O E TR &b Hans
Rudolph Valve ¢ 18ml s X O Lucite cylinder 32
ml ABERS L #x bhd, 205 H Mansell H181 |-
Tl Ne @R L, FOBRIVEALZLD
I35 BTG air bolus & LC 145ml O3Ek%
BN 2 F2e & 7o Kaneko B1Y simulation T
Oz WAJNT CVICHIM T 5 3E A ATD 2 kit X
D IVHOSLLERD AL - &b BT D &5
Bt 02 bag v A — ADRILHRA (W) T
600~700ml H2Y4 ¥ & A F BA-IRAT, N o Y AR
B s D resident gas LOLELA P LTV 5,
resident gas PHS R\ TIHE OB o air Uk bolus
ELTERTACEERD DX HIIEBAARE NS
S IV oA e 2 & 5 STUFIST
BB HiliTs L VORI IBOAH =X
A5 AT resident gas jL0UE DR bolus
& DMBRA T e B LV H R END D, FHOER
L7z BB L 508 O [F — IR BLS 2 i 2 2 DI i fe
BIEBUC B -5 < bolus §: & resident gas {:ClAE
HIET S 2 EATRECH D, LavbThh—o
ZTCHETAHED L2 2 = X 2 ORI D FLETHE
THI L DL DL 5 2 T85 LV S Rl
BB, ZOBEI D ARBEDOEE ¥ T A il
Kaneko 519, Mansell B8 L35 8558 0 FEs A 0]
BB/ EF D/ PNEL4BH I 512 E D, resident gas {J:
OEFED R T L SO .

bolus #: & resident gas {kkz X B CV o Hoiditx
Linn 519, Travis H®, Martin 52, Stinescu b
2, Farebrother 52, Benson BN L h#EXh
T B, FOMERETF CORIFNE O Tl Ar-
CV ik Na-CVIZH LEEICKTH » 725 Martin
B2t He-CV & N2-CViZisv» T, Benson H3NL
SFe-CV & N2-CV Cu-Fh b DBl ok
FHRE L Tv5B, Linn BT 9 ¢ He-bolus .
resident gas % BTV 2 I CHE OE RS

490

g

R
o

A

BHEMN2HD5 B 1 ik He-CV 23 N2-CV ko4
&<, flLo 1 Flkinc No-CV OFH He-CV X h &
<, LindF0EI2 %VCUTTeMt LTRR
¥ resident gas #id bolus #EIZ X % CV iTidEs
Telvole L& LT B, Travis B (L15F 04
FiZoT He-CV & N-CV O[RIEEIIEL TV W%
D43 0.9 VC YT THEDE (P>0.05) 11k
5 TS5 3 T35y T Na-CV 3 He-CV L b 2
~4 BVC BN X &, HEOE (PL0.02) @B
to & LT %, Farebrother B2} Ar-CV Dh»
Ne-CV X D RED ol bl T B8, LORKEE
LC resident gas @il I FHlZ VT2 o~ i)
TR dilution 1= X A7 IV b 12N D 2% Ar-
CV X OREE & e b IV Mo E 125 D 8 inflec-
tion point % X D EMSBRMCHRIBINICH B 0T
N2-CV %/ & FEliT 5 e TdhAH 5 LB LT
%o ZAUCHE LC Stanescu HXLHREED A ~F
Foeo\ TR IE — SRR & D o CV OE Lof
T L HEMETOWTHE Lokl E#sls
TCVICfFEOHEMENED bh b 1 bolus ik
L resident gas P3C X 5 CV ORICILHERAY |-
FhAEEINEND o TV B JRENIT IV
OB b LI ETR A QAR EES +ih
B L FIOER 7 A OWREREMR & FEREIC B
T APEE DB RIS B OME B OB BN & b5
DETHD LEZ bR D, WPHEREIC KU 2 7 ARE
DE AL D O E oS A W LV 3B
bolus {), resident gas MHCIGH L TRHENEH,
LMl 25 9% B 38 T bolus jli & resident
gas PN RERNDH B EEZ b, TRV Y
~A-THiA Lic bolus (Rokifigha & L Cligei-
23 LIS S0z A B Brid by 0 208030 e T
holus P CiE sequential filling v= X » Lhli& Tl
DM 7 ADPIEHE A U b O L %2 Bl
—f, RV LAEARETRGE LI T L DX
¥, LiehSoC L TN LT Ne &2 %
$, ¥R &S functional residual capacity
(FRC) v~ ALLEDBS TIETA X &< ORA
HFDTH LS T BBID, LA 5 C resident
gas PJHSIuT RV v 1 b BB total lung
capacity (TLC) U ~a & CIA Lz 100% Oz tiL
Wik 0 FINC %  BAiF h 3o, TLC L-=ATiLL
MV 2 HEEN N2 P25 < TPl i lBofs <, <
OFER LN E THICRERELVAECD Z LT D resi-
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Closing volume Ot (47 L)

dent gas #Z33\V Tk dilution difference 12X D
BEENELD EFLBRD, SOX SITRARIZ L
FHioHR»T AREEL LTS 2 h = AR LT
WHDT, OGS CVICHELSEY L bT
ENVEZ BN A, Kaneko BINE lung model 2T
02 WAMRIE D N EF 1L He-bolus DA
Ik DR UAEETED He WEEX DDAIVZ &%
RL, ZhEHE LT No-CV ik He-CV & D/hE
W EETFRIL, Oz WA 600ml D I -
A, TEEITIENC No BRI L N2-CV (138
kA ieh - B E & 0 FE (P<0.0D) iKk&<
B LR LTce ¥ Stanescu HANIFEME A Nz
158G N2-CV 2 He-CV & ORCHEO#EN %
Fo T B, BLED 2 & { Kaneko B, Stanescu
HOFEERY bolus {k, resident gas DA H = K4
O CVICHELEL - L 2R 54 0Th
Y, I bolus #: L resident gas Wi T BFIIGE
L7 CV EHE DA RDIH, = OFEFITTHANC
LiTHoLDTH D, I HICHESRMCRTE
bolus i, resident gas {:C 4 A OFFIZX b Th
LI D 7 A HRE AV, 885 C bolus
ik resident gas HiCIENT AT 4 270 L
3ELA L OBIE & £ 6 OIS T35 ik &k
Rich, FEHOBERE—» ABHEHC X 5 RIEHIE
ThH Y, VB D O IIER D4R A &St T
bolus #: resident gas idblc[{]—4fTtH b, Lic
BoCEDHREDIIBEELEROSH L L DO LH
2%,

EL Ar-CV & N2-CV & OEICE\ BT 42
Feds, & OBIFRIMALOTINC X » Chifich Tl b
Ar-CV & N3-CV THigt L7z Farebrother 522 mjk
B(r=0.820) °, He-CV & N2-CV THEf L7z
Stanescu BWDFEE (r=0.87) L—HT 5 L OT
Hotz. X BIS Farebrother 5243 Ar-CV & Ng-
CV OIABIRIFILAEAT & » T LB S hipy & s
LT b, AWFIETHL Ar-CV & No-CV IZEWTH
HOFEMNRD b Il AiE ORI E B RS b
fo2 & B resident gas Pi0Z T CV (% VC) Ml
FBLTHE Lo\ EE LD,

Travis BOGTIEEHIC ST RV O5F6 & airway
closure 13 & LTH DB HE L, Lvd airway
closure & RV F OENCILEEABE A e T
b, FOFE bolus gas & Nz gas LA L X 512
SH4 B A, ULh LFEWHITIE RV = airway clo-

No. 4, 1979

sure & DEIOBFI MRS LRI h TV 5k
BFELC WS B D He-CV 43 No-CV L D
KEVBEIE RV OFHRE L ENREOREREEY
AT HHRE L, —J He-CV £ Na-CV ik hic
KEVHEE RV OFAREFLL L, HEREOBE
EEr T ELDEELbIBEL, ZOLI
Lk bolus #: resident gas DL -Fhh—FT
CV %ETS XY L MECRNET B ArERT
BHbEIRART D, EEILRTIGE T bolus #: & resi-
dent gas YuZ X o TRIENE Lz CV ORCHEED
P VAT S M AN 21 TN S e A Rl P 975
EOHE L CH ool THA S5, LL Travis b
0D =& ITEET ISR TIL bolus & resi-
dent gas TV TEWGHBIILIN S O TR Ig
EHERMIR B A, SRR D F ¥ BB R
RBHDLT s, BDWiE Travis B OFETH IV
HOHBLD A 5 = RABSHIE D 2 5 = X2 VFEET
D05 b OMEC OV TS ERHPNiORE
L bolus i, resident gas ¥5iZ X % CV & OBEFHRO
HH A OB ERSDEEE 2 bhb, ZOHED
Bt CVHEO 2 51 = XA e s53 L T4
FRTURWSA, CV OREFV~OFHh O
DL DB & 5 BHhEETH bo
2. CV Efkfir

FEMEAGE & BUESZ OB & i\ C AR, {OBME, 72
WAL, TEHEROREMOMT CV (% VO IKHE
mEf L (Table 3), F7o&MAALICDOWT Ar bolus
ili3s L O resident gas Puc Xk B thEho CV (%
VC) DRI EE S R b s, Ar
bolus FEds X OF resident gas Pic kB CV (% VO
O A Ao Wi TS b (Table 4), §
b AR 2 AEARE DR S5\ Tha L AR (r =0. 863,
P<0.001) AEEmbit (Fig. 6), & 45 O Hx
CV (% VC) Do Eh Firic 2 LA RTLO
THh, WOREFEORKE—BTILOTH T,
Figioh Don BENL CV (% VC) THAL & JIRMLIC
BWTHAEORELeh o fc L& L, 7 Collins &
2, 457 L IRME TR R Dl o fo ERELTE
D, AR E ARV, 7 R7 E TEERON g
DTS LcRETL, OV o8R0
feur & XRTCL %, closing capacity (CV+RV) 2
RT3, OBARL, BREAL TR S Ik o
BTV EEh TV 519,

Table 1 iZRT ok < EWRMEI T Ar, N RE
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W

DA T BN LR IR ELL & SR EALD 2 2T TR
BHbi, Don H2L He bolus §Ji& resident gas
ECRNIC CV 28E L, fIFAMZ T He, N2 BIE
DRI 2 HFCRD BI L BT B, T
Te b bEMIRME T 59. 6 %VC, FEHUBMLT 60.0 ZVC
DRNEES AVa ) &, 262, MEAMLTiED B
5 IV ERE—F L ERE B AVe D © 25
Finid s LR LTy %, Don HWNE, (2) IVa
PR, Zhizi-Iii& & ¢ bolus # A LSS
IV 2 s T2 2 &, (b) MRS Lic P-V il
i3t % inflection point HAEFTICEITA IV HE—
FH L, WUEAMLIZR\TIE IVe & —FT 250 1Va 1
X Uigdrolc 2 20 2 2O HIAT Fe-3, THEA
feEiS BRI Z b5 TVa ik airway closure
Z XA LTI EIRRTVW A, EEDFMH R
THEMBMIIE 3511 5 IVa #HTlE cardiogenic os-
cillation & ERHTcn’, IVe T cardiogenic
oscillation D&\ LERLRELR D, ZOR
#d EEEMND IVa ML airway closure 12 X 5
e Z EERETEHRLEL bA, £ TEME
MTOEMREMD IVa 25 airway closure = &
BLOTRIETIIEBO A b =Ko, Fiebhbh
Bzt ZEWFDSTF & 5 MffofziEmE fRic &5 B
KD A g = K n OB HE D Hhill, Bl b oW
BoER, ¥oRmiiic 495 Ar, N2 ThZtho
PR X DR HEE S R B 2 2 OIS 2%
IV a A H B ORI R SR s Tk 2 B
DS EE AT 5, IV, fHCBY LClk Table 3 o
kAN, AMEAMED CV (% VC) & e %7
FELRRD B Reh o e & OF; B BEMSENLO
IVe ftk airway closure W33 L D r &z b,

CV it IV AHOHBIL Dollfuss HVAMET
WA E LTINS L B IEE AR OMEHESC X 5 1
O EFHUE, EREROERALT X O IR A oKl
[ERGFIME L, FOfERE CVILRMc X v 3kT5 =
EPMRTFHEENDDY, T TR S & L s
U DAL DRRAIZ I THRLD CV s ks XIg3i
Biriiwbhihotc, LavL, EBEORMHCKWT
TRIEAT & AL & iz CV (% VO) Wi
REDTH, IO TR L o g o i
W, BEEREEERED CV (% VO) i ke
BT OWTLEETHC EANELEL BN, 4%
BT REC L TH S,

3. CV LIufE

492

%

il

Travis BOL moderate ¥zl heavy cigarette
smoker {2\ T Na-CV ik He-CV X W F i (pg
0.02) W hSdhol tHE LTV A, Leblance B2
1 non smoker & heavy smoker & ORIz %E,
3 (P<0.05) BB EMBELTV-D0, #g
DA CHIIEVERE S - WEEH - O Ar-CV, Ny~
CV It HHExildith o lce T hixELoxas
FARETH O VEEE S o RIS T A
X HDMENELASVLI LIZIEDTHAS, B
DR B L A RNZE~ O T B L
HiL D 28 CV ol cildon b4
IZUE S DIZFRl R 2 de v 2 & D4

%o

4. CV LPGHIHE

CV iz 2T & LT OWPSEHE OEHC o
TG R BHBOH B L ZHTHBM, ZOHZHE
5 3 OBRFCIERRIEE — SRR O 2~ i
o X ETA L LR EE O R TV o
RFMEIGEWIRA L TV ARV & 7 b 1T HSE
YT A Mc 5 B, cardiogenic oscillation 3§
DAL BRI, Jones B, Millette BV DHL
EFIRI S S o 7c, Z OEERLL O TEERE -G8
Mg ¢ 2 — v Ofiid Bk IV oA X b K
¥re B k4 5 B TREEEL 0.5 1see BUTF AR
X OiEIchB EHFEL D, —T CV (% V), CV (
1) X Table 5, Fig. 7 ioiRT o &  MEEGEE OB
WPESThES D 0.5 I/sec & 1.0 1/sec Lol
T 1.0 1/sec T CV (% VC), CV (1) X0.5
I/sec @EN X ORIMLTODAEEOMEL e o
foo LML 1.5 Usec AL TR CV (% VC), CV (1)
Db 0.5 1/sec To T I LTHEILRT
HHZERED, OB EL CV (S
VO) d L CV (L) 3RAGHIED 1.0 1/sec LIFT
PSSR T 0, 1.5 1/sec DL GHIMA,
SEEERFECh B v B, ZORCE LT Travis
55 i3 He bolus & resident gas H:C0.3 1/sec
& 1.4 1/sec ORICHEMRE L CV (% VC) ki
Rab b MDA IR < 1.4 Usec U T
RSB Lis\ & L\ %, Rodarte P32
resident gas W CHESSERE 0.2, 0.5, 1.0 1/sec TO
WEPC CV, closing capacity (CC) & 4D
REIIC LW A 35 (P <0.001) K7 & k%l
Wiz L LTV AR, L LAR CV HIE DR
SR 0.5 1/sec AT 5 o —iTh 5. &5

s
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Closing volume iz} (47 14

ML CV & P-V g ko flow limitation
LOEEILBETS - A GRS b, Table 5,
Fig. 7 VR4 & & ¢ CV X F-V 1o flow limi-
tation DIISEEALY D EIZEMEEN TH - 1o 250
FEOEIIERGEE O & e LT (Fig.
8, Fig. 90 T /b biFElE ORI Licd » T
flow limitation D&M E CV DisE AllilisE &
HEEZT SIS o ot L LiEsE o7
LBt AT i, 2.5 U/sec ¥ TILFTE QNN
Mhbhtc (Fig. 8), Travis H® (% 1.4 1/sec AT
OVEFIERETLE CV UL flow limitation o Jifi%g & &

DEZRE L, WEGHREA T B TV & flow
limitation {XRIEHE CHISEMN Tk 2 % 2T
B, Travis B X ZOEE 2 5 Hyatt HBOW 5
IV #4x flow limitation 2 33 < dynamic com-
pression IZ L AL DTH B LT % flow limitation
theory (25F L Cy  fREHESET U UL RREEEE 25 38
BETIEAD static RIS L THLES LR L
f2. L& L, Rodarte & Hyatt 3L Ziucwt LT
T flow limitation theory TR LTk, M
ML IV M & oBRE H CV OFEBF 4 M+ 2
IS B RHENNETH D EEL B, DN

T Kryger B¥IIEE ORIk % & A He, air, SFe
# B CORGGIUE & CV OBARE R LTV B35 %
DRFHIEETE L% X 5 Bhis,

5. CV & PEEP

filion 2 725 oo HIWC PEEP (LRI CH H
INTETE D Craig B3N CV & FRC DOE§HRA
b PEEP o diint LTy By SRR ©l:
H Xt PEEP 2 CV IS4 g 2o, RfELi
Ve OV VRS T 7 £ o HCHL orifice
e ARy, MBI S o v E R
AN ZOEN CV SIS BT L 25 1)
W% &% T Table 6 O 2 {K&EEE 10, 20cmHz0
DETEDDI o T L2 BEE L, JEORIN Uicad:
2T CV (% VO) Db iR I REET & PEEP
10cmH 20 OICIZATE AL RD b o fe, T
TIPS B LT m s 10emB 20 DIE 5
LI EA 1T - Ch CV (% VO i Ligu 2w
5 A o, Craig BINKIOMI O (B3 3
(i, JEMLE.E 7 (D) WD\ TARLT PEEP @ CV i
T BF Lick 2 AEHOK LM L L 51
FEoRmz Lichio CV (% VO iRl LA REE
& PEEP SemM 20 CAf#7ei%7r { PEEP 5cmH20

No. 4, 1979

& 10 emH20 THEAELRDI LWEL TV 5,
PEEP Do\ Cik FRC v & CC =D
BIfRE 0Bl B L%, APMETE 10
cmHzQ ¥ T CV i B FEIA /e, Phdtd
D CV DD B 10 cmH 20 ¥Th PEEP Tk
JIEER b B m B,

TR E KL E ORI T O T H B A 0em
H20 Bl L:d PEEP T#M 7 CV (% VO) DR &R

Wi la R LR ) S HIE I AT OB AL
EHz T B,
Vo # &

closing volume (CV) OABEEREN] o B iy CHBEE
TG & VEESWES B v C Argon bolus
BB U resident gas B X B ERFROFER
JE — SRR, ?ﬁ‘%—ﬁ%llﬂﬁ’c%ﬁﬂﬁ’ IR LR
¥ t- Argon hbolus {42 X B CV (Ar-CV) I O¢
resident gdS (_1 XA CV (N2-CV) & ik L,
Fho CV ISt T b, "WREEE, ST
positive end»»expiratory pressure (PEEP) 7/n&d
BT O\ TR Ao B T Ik DR R A o

1) Ar-CV i1 N2 -CV iz Jb LRz b2 BRI 4535
CRTH » 1o L LFEOMICE VRS -
12

2) CV LbAL & OBIRILAEMEAT & BHERL & 0]
AR RS, M 2 AL, AT & JERIEA
i, MM & BRI, {DEAGE & ZEQUBRGL, {MBAGRL & TR
{75 & O BARLDOMI A TEED T o oo T AL
EMEARL & Ok ED e, Lvb g Oz
TR D 1,

3) CV EIREME & D BERIE 0.5 1/sec & 1.0
V/sec & OBCEEEA VAL 1.5 [sechl BT
0.5 I/sec iZ b LEBIZK TH oz, LicdisTCV
{EREAHE 1.0 1/sec BAFClk flow independent T .
Hbh, 1.5 1/sec bA LTk flow dependent TH5 Z
LERBDI,

4) CV Liig—S%EiEE o flow limitation ¥
FHNIEE (VL) &ERHEEOMINC & b7k
BIZIT3 B 2.5 1fsec BUF G EE—F Lich o
oo

5) CV RSN 1 By ~ o A 3 JE (PEEP) 2%
+10 cmH 20 AT CIAKIED & & ORI E 4T
oS, +20emH 20 Tl +10emH20 kb LTS
ZNTCH T,
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AHLOBEEE M AL T EBELRS
(HE, 1977424 ) 12k \WTHEHE LI,
ﬁ‘“wﬁabav*ﬁ;&?ﬁlféifﬁr&ﬁ%zﬁﬂ&bofﬁ“'
SR ELE D BMoBYELES, Fl
a*uiézs:u%oww.ﬁﬂk £ 3 IR E S R
LUV g 2 ) = v 7 O FEEFRE TR 7
LET,
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