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Fig. 1 Relationship between closing volume as percentage of vital capacity and age in
normal nonsmokers taking sitting position.
A indicates subject’s age in the regression equation. Correlation coefficient r

was 0.79.
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RiT, AL, BWEAALE XU TOIERIE

o normal nonsmoker
e normal smoker

a abnormal subject

L . s " It L L

45 60 Age

Fig. 2 Alterations of CV/VC during measurements repeated more than three times

in sitting position.

The range of measured values of closing volume in each subject fell within
+2.89, of mean in normal nonsmokers group.
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+2SEE
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CV/IVC %=041A-23130

© normai nonsmoker
® normal smoker
4 abnormal subject

n " " " L L L L " i " It L " " L n A s
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Fig. 3 Relationship between CV/VC 9, in supine position and age in normal
nonsmokers group.
A indicates subject’s age in the regression equation. Correlation coe-
fficient r was 0.91.

~
CV/VC %=0.35A

© normal nonsmoker
® normal smoker
a abnormal subject

" 4 L

)

L s L

15 30 as 60 75 Aga

Fig. 4 Relationship between CV/VC 9%, in prone position and age in normal
nonsmokers group.
A indicates subject’s age in the regression equation, Correlation
coefficient r was (.86,
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CV/vC %

20+

Bi IO o normal nonsmoker
- [s
. I I I [ e normal smoker
2

A abnormal subject

15 30 45 60 Age
Fig. 5 Alterations of CV/VC during measurements repeated more than three times
in prone position.
The range of measured values of closing volume in each subject fell within
+4.0%, of mean in normal nonsmokers group.

Aec %

CV/VC %=0.3%A -4.2

L 4.8
)
r (2)
+

CV/VC %=0.37A -3.3
+3.6

20

o normal nonsmoker
e normal smoker

I a abnormal subject

P N S S R S S S S S S

15 30 45 60 75 Age

Fig. 6 Comparison of mean values between first and second run in repeated
measurements in sitting position.
Arrows indicate the second run. (1) is a regression line from first run in
normal nonsmokers. (2) is a regression line from second run in normal
nonsmokers,
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Fig. 7 Observed ranges of CV/VC 9%, in repeated measurements.

Each bar indicates maximal and minimal values obtained from each subject
during 10 to 25 runs of measurements.

e %
301
| Supine
Sitting (1)
L .
| // Sitting (2)
I Prone
20+
10} .
Supine 0.41A-23%+3.0
Sitting (1) 0.39A-4.21+4.8
(2) 0.37A—3.3%+3.6
Prone 0.35A—-5.2*46
15 30 45 60 75 Age

Fig. 8 Regression lines of normal nonsmokers in sitting, supine and prone position

respectively.
Sitting (1) is obtained from the first sequence of measurements and sitting
(2) is from the last sequence of measurements in sequential positional change.

The values of CV are the lowest in prone position getting larger in sitting
and supine in order.

There is small difference between the sitting and the supine position,
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upper lung

Nitrogen concentration

Closing volume T3 5 EERHITL & UICEEKIIR

— 21 —

Sitting

Lateral decubitus

Nitrogen concentration

Expired volume
Fig. 9 CVa and CVDb indicate the first and second

deflection on nitrogen curve from lateral
decubitus position respectively.

CVD corresponds to CV on nitrogen curve
obtained from other body positions.

D1 (Ko & mD) ZMBARLAA DIRGL D 518 ©
Nich—vvRF a—72HNIE0KOCV E
BIOMBANL TG/ CVD &—# L7, (Tab.
)

fower lung

Expired volume

Fig. 10 Differential single breath nitrogen curve from one of four volunteers.
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FARETHCE ®1LE $1, 25

Tab. 1 Comparison between overall and differential values of VC and CV.
The total of differential CV in each decubitus position was nearly equal
to CVDb (overall) in lateral decubitus position or CV (overall) in sitting

position.

LLD (left lateral decubitus position), RLD (right lateral decubitus
position), nondep (nondependent region), dep (dependent region)

OVERALL DIFFERENTIAL
Subject Position VC Ccv CVb CVa Position vC CvV
N.O. Sitting 2440 280 LLp Rhondep 1120 60
LLD 2080 200 800 dep 810 220
RLD 1800 240 880 RLD nondep 1000 60
dep 960 220
O.M. Sitting 3460 780 LLp Pondep 1940 230
LLD 3190 690 1210 dep 1350 360
RLD 3110 600 990 RLD nondep 1670 230
dep 1560 410
N.B. Sitting 2280 320 Sitting ?eft 1200
LLD 2280 280 1020 right 1000
RLD 2280 280 1000 LLD nondep 960 20

Y.H. Sitting 3520 210
LLD 3560 200
RLD 3280 240

1800 Sitting

dep 1000 260

LLD nondep 1280 40
RLD dep 920 160
left 1560 80
right 1680 120
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HERED SN - o,
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zhzn Fig. 13 & Fig. 14 L ic;Rr L7,

Tibb, AFN(T) LESEO B r=
0.53(P<<0.01) # LT AFN:(T) &% CV/VC
& DORITIE r=0.56 (p<<0.005) OBEFKAA SN
725

£ ES
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Fig. 11 Single breath nitrogen curve from a subject

in lateral decubitus position (upper) and in
cross decubitus position (lower).
In the latter experiment the subject was
instructed to breath 1009, Oz from RV to
TIL.C in left decubitus position then expire
to RV in right decubitus position.
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D3, WEAALEBEEAML EICB T AiomE iz iE
Fl—&Bbn b, &35 &0, MR H
WElEZ I U COREEME 72 & 6520 5 £ 1%
MEERKNFICR LA RENREZL 6N 5,
WINIC LA, TEE-stefkfiics s CV
EOHERE THRAOERERZNICH S L3

Closing volume [CRE9 5 EERHIL & UICERIRAITIFE

% aN(750~ 1250cc) ©

20

ANA{750-1250)=002%Age+0.3

o5 ° r=050
° P<002
o 8 a
1 1 1 A 1 1 1
20 40 60 80 Age

Fig. 12 Relationship between 4Nz (750-1250 ml)
and subject’s age in normal nonsmokers
group (O ="female /\ ==male.
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% aN2(T)
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40+

30

A N2(T)=0.27XAge+2.07
r=0.53
P<001

20+

1 . 1 " 1 . L
20 40 60 80 Age

Fig. 13 Relationship between the terminal nitrogen
concentration of phase IV and subject’s age
in normal nonsmokers group (O=female
/\ =male.
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Fig. 14 Relationship between CV/VCand terminal
nitrogen concentration of phase IV in nor-
mal nonsmokers group (O=female A=
male.
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EXPERIMENTAL AND CLINICAL STUDY ON
CLOSING VOLUME

Part 2: Clinical study on closing volume

Hisakazu YAMADA

Department of Clinical Pulmonary Physiology, Chest Disease
Research Institute, Kyoto University

For the purpose of detecting factors affecting the measured values of closing volume (CV),
postural effect on CV, reproducibility of CV measurement and gravity effect which is responsible
for closing volume phenomenon through intrapleural pressure gradient were examined on total
92 subjects both spirometrically normal and abnormal.

Measurement of CV was performed using Oz single-breath method according to Anthonisen.

Nitrogen concentration gradients on signle breath N. curves such as 4N, 4Fy, (IV) and
Fr.(T) were also compared quantitatively between control and study groups.

The results were as follows.

1) CV/VC measured on individual subject showed the least value in prone getting larger
in sitting and supine positions in order.

2) Standard deviations of regression lines obtained from CV/VC values according to
various age were within acceptable range in spite of subject’s body position.

3) Time course change in CV with repeated measurements in sitting position was almost
negligible.

4) Postural change from one lateral decubitus position during inspiratory manecuver to
another during expiration resulted in inversed phase IV in N2 curve with less steep slope com-
pared with original phase I'V.

5) In lateral decubitus position biphasic phase IV (CVa, CVb) was observed. The mea-
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sured values of CVb were more close to CV in other positions compared with CVa in lateral
position.

6) In differential nitrogen curves from nondependent zones of lungs using Carlens catheter,
N2 concentration over phase III took higher values and phase IV inflection was less clear com-
pared with dependent zones.

7) CV and slope of phase III both of which could be a useful parameters for detecting
abnormalities of intrapulmonary gas distribution likely reflect independent mechanical abnormal-
ities of lung.

8) A positive correlationship between CV and terminal nitrogen concentration of phase IV
was demonstrated.

A study on gravity effect on intrapulmonary gas distribution was done with experimentally
induced noncardiogenic pulmonary edema in part I and with human subjects on various body
position in part II.

Conclusions were as follows.

1) Lung weight resulted in distribution gradients of RV within the lung.

2) The distribution gradient of RV caused N2 concentration gradient within the lung
following Os single breath from RV.

3) Small airway closure resulted from intrapleural pressure difference due to gravity effect
could be detected on nitrogen curve following Oz single breath.

4) The increased lung weight as a consequence of pulmonary congestion or edema resulted
in changes in measured values of CV.

5) Although evidences which indicated that the phase III on nitrogen curve could be in-
fluenced by gravity effect were obtained, determinant factors for phase III were likely sequential
emptying from various lung regions apart from closing phenomenon.



