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It has not been studied enough on pulmonary function impairment of patients with pulmonary
tuberculosis by using Flow-Volume Curve and Closing Volume. We examined various factors of
pulmonary tuberculosis, Flow-Volume Curve, N,-Closing Volume, fraction of lung volume,
FEV,,/VC% and VC, % in 420 cases who were being hospitalized as pulmonary tuberculosis or
its sequelae at Tokyo National Chest Hospital and The First Department of Internal Medicine,
Nihon University School of Medicine. The results obtained were as follows:

1) With the increase in the extent of pulmonary tuberculosis, a decrease of V max is
observed, and an increase of each 4N,/L phase I1II, CV/VC%, CC/TLCZ%, CC/FRCY% become
stronger and the variability of the index of V max except V max 10 also increases, but the
variability of CV, 4N,/L phase III shows no relation with the extent of pulmonary tuberculosis.
Its variability is smaller compared with that of V max.

2) Confining cases to Moderately Advanced Ones (N.T.A.), the regression equation curve of
FEV,,/VC% and that of V max are steeper in higher age groups, and positive significant
correlation is found between them. The F-V Curve-Area of the aged is approximately one-thirds
of the young patients.

3) Though the regression equation curve of CV/VCY% in patients with lesions in unilateral
upper lung zone approaches by aging to the equation curve of “Buist and Ross” which is
considered to be the standard of the normal persons, it dissociates in cases with lesions in the
bilateral upper lung zone. Regarding 4N,/L phase III, it dissociates by aging from the standard
equation of the “Buist and Ross” in both cases.

4) There are certain number of cases with no clear CV (phase IV) among cases which have
conspicuous lesions on X-Ray in the whole bilateral upper lung zone.

5) In cases of pleural lesion, CV/VCZ% shows a slight increase, and 4N,/L phase III a

* From the First Department of Internal Medicine, Nihon University School of Medicine,30-1, Oyaguchi-
kami-machi, Itabashi-ku, Tokyo 173 Japan.
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remarkable one, while V max shows a marked decrease.

6) Confining cases to Moderately Advanced Ones, the influence of pleural lesion appears in

V max. On the other hand, in Far Advanced Cases, the influence of emphysematous change

does not appear in V max. In these cases, the usefulness of F-V Curve is quite small.

7) In the cases of complicated lesions with deformity due to surgical treatment, a decrease

of V max and increases of CV and 4N,/L phase III are remarkable. No significant correlation
is found among V max, CV and 4N,/L phase III.

8) In most of the cases with pulmonary tuberculosis which shows the decrease of VC, % and
that of FEV,,/VC%, a decrease of V max and an increase of 4N,/L phase III, CV are

observed.

Although there are many difficulties in evaluating F-V Curve and CV in pulmonary tubercu-

losis, we are able to point out that these new pulmonary function tests have some usefulness over

the traditional one in managing pulmonary tuberculosis.

I. #

DIEDMFERIEY, FRFI48EDEA K DO ERETIAD
12 XU EER, AR S JOHERR E L CIEFRCED
HAZRL TS, Ll - BEBEOHTOERR
R, OBAER b EkE TR, BEOERL
L, BRERL S - HERBEORFIRE L2 TW 2,
FiALERE, SRR X 2 AR AR RS Ot ikEE
s XU TRIRYE s E R RE DR Lich D & L
TEAIR TS, Zh LB DIFEZE DRfiAE
RHEEH IR TE TR, TTrFH??, REP, K
£, B, Poppiusl®, Kokkolal® & DR H 5,
L7 L Hyatt 512 (19584F)12 X 2 AP Z5HEE (V max)
LR E (lung volume) & DE§FR, T 70 H maximum
expiratory flow-volume curve °#3FED Dollfuss!®,
Holland#, McCarthy'®, Anthonisen!® 50D — 3 © B
e X % closing volume % Ff LicflitaERE S ot
BHEIIZEA LR DR, FHLIADICESY

i

BT, FFSHZEE DI AE % T # 5 L, flow-volume
(LUF F-V) fi#iss L o8 closing volume (BLF CV) @
FRR EDOEFEALIHL LS & L1,

II. WRAEE

1. #HExs

TR UL B2 I R D I W IR ZE 7R\
UNfSRE DBBIRE D7cd, EREFRRER JOEK
# 1 PIBRC ABErh D195% 2 781K & TDA206ITH 5 . F
DHEHRT OFIHE & FEHEREZEL Table 1iwR L7,
T BFILER46. T+ 15. 6%, £E165.2+6.8cm,
fA5 50.7+6.8kg, {(AFERH1.55+0.11m2, L FTik
4FH34. 8+ 14. 8%, HE1563.7+5.5cm, {KE50.8+8.7
kg, {AFKMETK 1.4620.15m? TH 5, FHH & H X A
N.T.A. 8 X 5 Min. 1096, M.A. 1616, F.A.
7961C, T Of, SERIIMBEZE616, FEs106TH
B, ZhbDeTIEEREY G0 % b D44fl, &
B 50T 5 4 D30GIEEA TV 5,

Table 1. Distribution of Subjects Studied by Age, Sex and Physical

Characteristics
(é%is) l\éllsée)s F ?f\ll%l)es Phys. char. Males Females
~19 6 3 Age (years) Mean 46.7 34.8
20~29 60 31 SD 15.6 14.8
30~39 42 19 Height (cm) Mean |  165. 2 153.7
40~49 81 4 SD 6.8 5.6
50~59 70 7 I )
60~69 46 15 Weight (kg) Mean 50.7 50.8
70~79 o4 9 SD 6.8 8.7
80~ 0 0 BSA (m?) Mean 1.55 1. 46
Total 329 91 SD 0.11 0.15
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2. BEHE

i) S ESEORE

Benedict-Roth 13.5L % Respirometer {Z J % Spiro-
metry &, He % Tracer gas &3 2 EAPAMHME L
CXAERKEUED 2 HEC I YV MRESTEYEEL,
BTPS ww#iE L7,

ii) Flow-Volume %t DRIE

BEit; F-V Curve Recorder OST-70D (+ A b
) #FWT, ELTHBEEC
EEH, PETEHRZ A TTI0hE, O ERERATFRN
EFTPOL VPH IR, LOBRRRRL E TR S &
WNT, BCTEIEH &8, D EDERFY, 25T

mouthpiece, nose clip

51

% F 477\, PEF, Vmax75, V max50, V max 25,
Vmax10 #FhFheEl L, BTPS o Lz,

i) Closing volume DEIE

N,-resident gas 3z L D CV 2BIEL S 5 L 5 EE
B LT, FEEICEEAL T mouthpiece, nose clip &
Eth, Z25% S EFRRERIOL, TKAMFRALE TR
H &g, k\Thallon Jd 100% O, ZHABRKAL =
TRASEEE 0.50/sec DIFTRAZE, 2~3F breath
holding &®7-D%, T 0.51/sec LIFOREHERE T
ballon box F~EARMZL E TRHI R, ZDEE
@ mouthpiece #> N, jEEEDZE{L (Nitralyzer, Model
505D, Med Science Electronics #1A{#fH) % Y#hz,

. .001
100 *{— p<0.001 p<0.001 100 0.01<p<0.02  p<0.00
. 5
3 2
g E
50 o 90
[69
0 0
Min. M.A. FA. Min. M.A. FA.
No 57 No 75 No 59 No 57 No 75 No 59
Mean 104.1 Mean 70.03 Mean 55.0 Mean 92.6 Mean 86.7 Mean 66.5
SD 134 SD 1506 SD 13.02 SD 974 SD 341 SD 1371

Fig.1. Relation between extent of pulmonary tuberculosis and

mean VC, %, FEVy,/VC%.

Table 2. Relation between Extent of Pulmonary Tuberculosis and Flow

Rates (Mean+SD)"

Ek“dex PEF V Max75 | V Max50 | V Max25 | V Max 10 M/Age
~ Mean(Years)
Min. 7.2 6.4 3.7 1.7 0.7 /
(99.3) (92.8) (74.7) (91.9) (89.9) 57
SD 1.9 2.1 1.5 1.0 0.4 3.8
P value <0.01 <0.01 <0.05 <0.1 <0.1 /
M.A. 4.9 4.2 2.5 1.2 0.4 /
(74.8) (65.1) (56.2) (77.4) - (43.2) 75 /
SD 2.6 2.6 1.6 0.9 0.2 47.5
P value <0.01 <0.01 <0.01 | - <0.01 <0.1 /
F.A. 2.7--| . 20 1.0 0.5 0.2 -
(40.6) (32.5) | (41 (35.7) (28.0) 59/
SD 1.6 1.3 0.8. 0.4 0.1 /

( )=Mean observed/predicted x 100

Definition of abbreviations : No=
Min, =Minimal M.A.=Moderately advanced

F.A.=Far advanced

Number of subjects
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1758 D78k (Benedict-Roth 13. 5L #jZ potentiometer
BUE L b ORMHA) X, ThZhoERHH
& LT X-Y Recorder (BW 133 H{LEHE IS 1=
Z8% L, phase I, I, I, IV #X3iL, CV/VCZ,
CC/TLCY%, CC/FRCY%, CV/ERVY%, 4N,/L phase
M2 L, BTPS itE L7z,

3. [iSEE DA T

FisE R E DZET D 5 5, M Vi EoREsE (7
N.T.A. £540), FRESE, SEE, RESRER X0t
BInELE A & B 4 E, 1PE(T), s,
F-V s 10 CV o FREC DT i 5t iR
L7,

III. BFZepciE

1. JRE&ME (B N.T.A. 5E) & oRG
i) VC, %o sftiz (Fig.1) Min. 104.1%13.4,

= Old.y=53.47+10.35%
—e— Middle. y=58.19+7.13x

=<

A E53% B1F

M.A. 70.03+15.06, F.A.55.0+13.02 T& R
»<0.001 THEEY LI, i FEV1/VC% D3
it Min.92.6+9.74, M. A.86.7+3.41, F.A.66.5%
13.71 &7 b, Min. & M.A. & Ti% 0.01<p<0.02,
M.A. & F.A. LT p<0.001 THEEER R, ii)

Flow Rates m#£&}giE11 (Table 2) jREEHIE E 7t
128, BEIIETFL, M.A. © Flow Rates (% Min.
D%2/3, F.A. X Min. ©1/3 THote, FEHHET
%8 L fE#E Mean Flow Rates!™1® 1 %} -~ % 3R
(%Pred.) Z45fE > CEHIT 5 &, () ook
FRNFRERTAS, Min. 70% Lk, M.A. 40~70%,
F.A.20~40% #EEL7c b, F.A. TOERTFTNEFELL,

Pz LC, Vmax 50, Vmax 10 ©i% PEF, Vmax
75, Vmax 25 |[Z bl LC, EBEECTHET 28R
U, i) WERTAE M.A. L LT FEV,,/VC% &
Vmax 50, Vmax 25 & QOEIFGLEERE (605 E),

7=0.63 0.05<p<0.1

y=0.77 0.05<p<0.1

==+~ Young. y=77.73+2.06x  y=0.36 p=0.1
3% 100
=
=
)
[
50
0 X
1 2 3 . 4 5 6 liter/sec
Vmax 50
Fig.2. Correlation between FEV;/VC% and Vmax50 in
patients with pulmonary tuberculosis (No 44).
(Background: M. A.)
Y
< 100
QO
>
=
=
=50
—— Old. y=41.54+40.87x  y=0.79 0.05<p<0.1
—e— Middle. y=58.36-+14.8 x 7=2.36 p<0.01
=--= Young.y=71.86+7.18% =107 0.05<p<0.1
0 X
0.2 0.6 1.0 1.4 1.8 2.2 3.0 liter/sec
Vmax 25

Fig.3. Correlation between FEV;,/VCZ% and Vmax25 in
patients with pulmonary tuberculosis (No 44).

(Background: M. A.)
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Fig.4. Flow-volume curves at different age

groups in patients with pulmonary tuberculosis

(No 44). (Background: M. A.)
50
40
30 I
20 I 1
1 p<0.01 p<0.01
10
0
Min, M.A. F.A.
No 41 No 40 No 11
Mean 15.2 Mean 21.1 Mean 32.7
SD 6.7 SD 81 SD 118

Fig.5. Relation between extent of pulmonary
tuberculosis and mean CV/VCY%.

80 _|_
5 T
| 1
p<0.02 p<0.01
20
0
Min, M.A. FA.
No 1 No 15 No 9

1
Mean 49.3 Mean 58.0 M 69.9
SO BT SD 88 _ SD . 88
Fig.6. Relation between extent of pulmonary
tuberculosis and mean CC/TLCZ%.
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100 T
© l 0.1<p<0.5 0.02<p<0.05
O
&
S 50
O
0
Min. M.A. F.A.
No 11 No 15 No 9
Mean 76 Mean 84.3 Mean 94.6
SD 123 SD 114 SD 8.2
Fig.7. Relation between extent of pulmonary
tuberculosis and mean CC/FRC%.
%
30
= 20
" -
]
&
2
% 10
0.02<p<0.05 p<0.01
0
Min. M.A. F.A.
No 43 No 47 No 10
Mean 2.6 Mean 4.1 Mean 18.4
SD 1.6 SD 39 SD 142

Fig.8. Relation between extent of pulmonary
tuberculosis and mean 4N,/L phase II.

FREERE (40~505%), F4ENE (20~39%) T THTHS
L (Fig.2,3), FEV,,/VC%, VS, Vmax50, Vmax 25
DEFETES, PE, BEBT N CERRIEDHEREY
AL, BESHESEEFOIRCEMNZ IR T L D,

Vmax50 X 9 Vmax 25 TEAINLRME, iv) HRE
F& M. A. 2 LT Vmax(liter/sec) D ER ZEMRE
oW THEEL, {43 & (Fig.4), F-V iigmE
HAEE TIERER OR1/2, PEBTIRERBOK2/3L
%, v) CV/VC% 1% Min.15.24+6.7, M. A.21.1+
8.1, F.A.32.7+11.8 L7 h £ p<0.01 TEE
EaWDe (Fig.5), vi) CC/TLC% i1, Min.49. 3
+5.7, M.A.58.0+8.8, F.A.69.9+8.8 79 Min.
L M.A.1x p<0.02, M.A. £ F.A. 1% p<0.01 T%
BRI A3 % &z (Fig. 6), vii) CC/FRC%i3, Min.
76+12.3, M.A.84.3+11.4, F.A.94.6+8.2 L7t
Min. & M. A. & D BOFEZEL 0.1<p<0.5 Thix
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Table 3. Relation between Extent of Pulmonary
! Tuberculosis and Closing Volume

(No 100)

cv/vey |cesriey | ARty

(Zpred)|  (Zgpred)]  (Zpred.)

Min. 119.2 160.9 | 222.4
M.A. 129.1 53 | o153
F.A. 170.1 175.3 | 1,327.5

wit, MLA. & F.A. [licid 0.02<p<0.05 THEE
# % - (Fig.7), viii) 4Np/L phase T/ (Fig.8) Min.
2.6+1.6%, M.A.4.1+3.9%, F.A.18.4+14.2% &
7, REHBENEERIZYE, 4Ny/L phase Il DFH
fEir k% &, BHHECEEELRD, ¥ FHAT

W OEB E1F

phase 20 =3 2 HEBAEFCOWTHB 32 &
(Table 3), CV/VC%i% Min. T#20%, M.A. T#30
%, F.A. T#70%, CC/TLCY% %, Min. TfJ60%,

M. A. T455%, F.A.T{75%, 4N,/L phase T |34E
WEFEA100L 35 &, Min. T 243, M.A. T%3
fz, F.A. T 13f%& v, CV/VCY%, CC/TLC Y%,
AN,/L phase I £ DFEREMEIZ Xb-+ % HERIXH bz b
H1L T\, x) coefficient of variation (ZERMFEE) %
Flow Rates D& 451z D\\CEHE T 5 & (Fig.9),F. A.
i Bk EEBOMITAE <A, Vmax10 3—E
DB TR Iz 72 Tz, CV/VCY%, 4N,/L phase I
s £1% (Fig.10), Min., M. A., F. A, Hc—EDMEE
&y, CC/FRCY%, CC/TLCY 7o & TLfRE

R E[E LcEEE CV/VC%®, CC/TLC%', 4Ny/L DIEAVNE DT,
100 [ Min.
B M.A.
s S
]
‘g ¢::$::
= 8]
5 R
S 50 5
5 )
2 Selede
8 So%o%s!
& o5
5] ]
Q 0%
© 2%
]
]
ossse
) SR
o LNof 57 75 159 | No| 57 ] 75 | 59 | Nof 57
PEF Vmax 50 Vmax 25 Vmax 10
Fig.9. Coefficient of variation for components of the flow-volume
curves in patients with pulmonary tuberculosis.
100 [ Min.
B M.A.
BEra
=
.8
5
-
©
>
g
= 50
=
5} —
é_)
S e
g S
&) ::::‘:
S I
]
) 1
SN
0 43147110 |No[11}115] 9 |Noj11]15] 9
CV/VC% 4N2/L CC/FRC% CC/TLC%
phase I ’ .

Fig.10. Coefficient of variation for components of the closing volume
test in patients with pulmonary tuberculosis.
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Age

70Years

55

Bilateral upper zone

No 23
30 y=0.7085

10 30 50
Age

70 Years

Fig.11. Correlation between CV/VCY% and age (years) in patients with
pulmonary tuberculosis (Adjusted for location).

Unilateral upper zone

%

AN2/L phase Il
w

0SS

Buist and T

o =

10 30 50
Age

70 Years

Bilateral upper zone

4N2/L phase I1I

o=

10 30 50
Age

70 Years

Fig.12. Correlation between 4N,/L phase II and age (years) in
patients with pulmonary tuberculosis (Adjusted for location).

% %

0
10 100 o o
Q
[« TS — o
80 80 S cc: .
A
o (o]
o . °
50 o o 50
[}
(o]
0l 0
VC, % FEV1o/VC%

Fig.13. VC,%, FEV,,/VCY% in patients with

tuberculous pleurisy.

2. JRHIPLL & DEYR

i) HEEREG DT CV/VC%ik14.3(115%
pred.) CHHI_EMEHZEF o F CV/VC% % 20.4
(1249 pred.) THot-, CV/VC% DT 5 EF
WrakoTtas e (Fig. 1), WEFIECHBEEZRL,
$<0.01 THEMLD D, BEEOKELI R TV 3
Buist and Ross!®1z X % 4EHERR & FH L TARD &,
O EIGEHRZEGITIx, Ilis & & BIEEE L TV 525,
TR TR K L T\ % (Fig. 11),
i) B EIGERZE GO AN,/L phase IM % 2.4%
(202% pred.) ©, Mfl_LIGERZEFIDF AN;/L phase
ML 3.3% (251% pred.) THoths, THFENDER
T A R (Fig. 12) 13, % oiEEE L L7z Buist
and Ross?® DEMGEIFHIC LCili# & bR E Ak
LT3,

3. kg CV & Flow Rates

i) WPUREAY AOF L OV ERZESI T, T
VC, %1% 58.7+15.86, 35 FEV1,o/VCZ% 1%79.48%
3.15T, F¥ CV/VC% 1% 17.69+6.7(114.2% pred.),
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liter /sec liter/sec liter /sec
% ' %
40 16 4 4 4
° o
30| o i) [— gl T 3 3
o
o o °
20 8 2| ——s 2 ° 2
° 4 o - ! . T
o ° o [o]
111] I 4 1 o o 1 °
o 0O ] escacens S o o
..? ------- ° ° 45 © ) °
0 0 0 (I OLozcozenczo
CV/VC% AN2/L Vmax 50 Vmax 25 Vmax 10
phase III
(114.2% pred.)  (509.4% pred.)  (45.9% pred.) (50.4% pred.) (43.3% pred.)

Fig.14. Flow rates, closing volume and 4N,/L phase II in patients

with tuberculous pleurisy.

AN,/L phase II 1% 6.5+5.31 (509.4% pred.), Vmax
50 1$1.95+1.24(45.92% pred.) , Vmax 25 %0.93+0.71
(50.4% pred.), Vmax10 1% 0.42+0.39 (43.3% pred.)
THot- (Fig. 18,14), ii) HFREATE M. A ZREL
THBREOBELBF LTh5 & (Table 4), VC, %
T3 EE#NR L, FEVL/VCY TRIEEEIDRD,
PEF, Vmax50, Vmax 25 TILAEEENREL,
ot vig BTl b e RERELoFE L F.ATOW
Tk b &, Flow Rates &L, K[EMEE(LLE0F
THbDE, AHFLIEVL DL OMICEEELRI R
27z (Table 5),

4. SEHYIMEEER & CV 3 100 Flow Rates & DB

i)

Table 4. Influence of Pleural Lesion on
Pulmonary Function (No 34)

Index P value Significance
VC, % | 0.7<p<0.8 -
FEV: 7% (T) | 0.05<p<0.1 +
PEF - £<0.001 4o
V Max 50 0.01<$<0.02 +
V Max 25 £<0.001 ‘ f

Background M. A.

% (Fig.15,16)

i) MEERE AP 2610 CV & Flow Rates O
$fE1T CV/VCY% 29.3+10.3(166.4% pred.), 4N,/L
phase II 12.82+9.3(957.8% pred.), CC/TLC%72.26
+9.47(188.3% pred.), CC/FRCY% 98.4+10.85, PEF
2.84+1.4(46.4% pred.), Vmax75 1.98+1.11(34.1%
pred.), Vmax50 1.01+0.63(26.5% pred.), Vmax 25
0.47+0.3(29.3%pred.), Vmax10 0.22+0.14 (28.2%
pred) THolz, i) IEEHAHGID CV/VCT,
4N,/L phase T DT % ERHERZ KD,
ZHBLOIFENT TR L iR L IEOMB R R TA, BE
P72\~ (Table 6), i) F7-CV/VCY%, CC/TLCY%,
CC/FRCY%, Vmax 50, Vmax 25 & 4N,/L phase IT
DOEFHELIE, BOMBEAYRTHEEE X 7o\ (Table
s

Fig. 17 (372 LIHERC R EE OBAR MRZE % 4 2 34155
FHI(A) &l thoracoplasty & HUfiHRZE% 0405
BFHI(B) E DR TH B, (A)DF-V i PEF X
DD Benis TRERIMS A, (B) Tk PEF X b @ik
TReA L Tw%, (A)D Vmax50 3.8, Vmax25 1.1
(B) ®»Vmax 50 0.7,Vmax 25 0.2 T (B) 1% (A) D
1/5 £ 7c %, Single breath N, washout curve {Z-D\»T

Table 5. Influence of Emphysematous Change on Pulmonary Function

(No 59)
PEF |V Max 75 | V Max 50 | V Max 25|  PIF o
o 1 - |
. 2.6x£1.7 2.2+1.7 | 1.3%0.9 | 0.6%0.4 1.7+1.2
Compli. Go.1) | @y | 6Ly 9 (6.9
_ : 2.7+1.6 | 2.0+1.3 | 1.0+0.8 | 0.5+0.4 | 1.6%0.9
Non-compli. (40.6) (32.5) | (24.1) | (85.7) (34.8)
P value NS NS | NS | Ns | NS

Background F.A.

Definition of abbreviations : NS= Not significant

Compli. =Complicated
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% R % @ Thoracoplasty
100 —i ] 50 A Resection

. P, O Thoracoplasty
PSS, +
o . 401, Resection
e T 30 .
50 : .
2 T
'Y
N .
100 % 24
Q. l. A
_.‘_-_oi--
0 + + t t t ol
CV/VC% CC/TLC% CC/FRC% ANz/L
(166.4% pred.) (188.3% pred.) (953?’;;8;36&)

Fig.15. Closing volume, 4N,/L phase II in patients with surgical

treatment of pulmonary tuberculosis.

liter/sec
5/ @ Thoracoplasty
.o ¢ A Resection
4 R a O Thoracoplasty
. o +
. N Resection
A L) .
3 A i Sl b S
L]
. 0, °
. ‘ ° 0 o .o 4 ° oA
2 o, ——C .
: ° o st
. _‘_'__' _____ b - A A A
.
A .
1 . o e o0 _._. 0.._.._..
e a
L] A . 9 )
. o * oo oo . °
¢ “tade-i- Eeetenninn
0 . . N . . L s9eatesen e’
PEF Vmax 75 Vmax 50 Vmax 25 Vmax 10

(46.4% pred.) (34.1% pred.) (26.5% pred.) (29.3% pred.) (28.2% pred.)

Fig.16. Flow rates in patients with surgical treatment of pulmonary

tuberculosis

Table 6. Relationships between Some Pairs of Variables in Patients with Pulmonary

Tuberculosis

| Patients with surgical treatment (No 28)

Patients with pleurisy and
pulmonary lesion (No 30)

Relationship ‘
| R.E. R |P value R.E. | R |Pvalue
CV/VC(%) : Age ©17.4140.22A £10.9 0.169 | NS 11.61+0.24A +11.7 0.298, NS
Yrs) | (Yrs) Yrs)
4AN,/L :  Age | 10.94+0.0051A £7.49 | 0.006 | NS 3.88+0.138A+11.28 | 0.18 | NS
(Phase W) (Yrs) | (Yrs) Yrs) \

Definition of abbreviations : R.E. =Regression equation

NS=Not significant

No=Numbers of subjects
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Table 7. Regression Equation between Some Pairs of Variables in Patients
with Surgical Treatment of Pulmonary Tuberculosis

Relationship Regression equation SEE R P value
CV/VC(%) : 4N,/L(Phase II) y=25.556+0.15 X 10.23 0. 46 NS
CC/TLC(%) : 4N,/L(Phase 1II) y=67.66+0.16 X 7.92 0.22 NS
CC/FRC(%) : 4N;/L(Phase TI) y=95.584+0.17 X 11.35 0.16 NS
V Max 50 : 4N,/L (Phase 1II) y=0.89-0.012 X 0.38 —0.37 NS
V Max 25 : AN,/L (Phase 1I) y=0.42—-0.004 X 0.19 —0.28 NS

Definition of abbreviation : SEE=Standard error of the estimate
%
liter /sec A 30
Male 34 (yrs) cv S
Vmax 50 3.8 W A B §
8 A SR FEV,/VC% 832 750 | S
6 Vmax 25 1.1 % VC, % 810 404 | =
® CV/VC% 158 333
g . B CC/TLC% 533 698 110
> 3| \g Vmax 50 0.7 CC/FRC% 752 106.9
. Vmax 25 0.2 Male 40 (yrs) ‘ / 4Nz/L(phasell) 4.0 11.0
0

TLC TLC

Fig. 17. Comparison of flow-volume curves and single breath nitrogen washout curves
in patients with pulmonary tuberculosis.

Table 8. Analysis on Patients with Pulmonary Tuberculosis with No Definite
Phase IV with Rising Alveolar Plateau

Age(Years)| Sex Chest roentgenogram findings VC,% |[FEV.,/VC%
55 M Bilateral, upper zone 70 79.8
75 M Bilateral, upper zone 60 36
59 M Unilateral, upper zone 76 70.3
56 M Bilateral, upper zone 45 47.2
73 M Bilateral, upper zone . 60 50
67 M Unilateral, upper zone pleurisy 68.8 69.5
46 M Bilateral, upper, lower zone 26 78.5
36 M Unilateral, upper zone 79.5 75. 4
70 M Unilateral, thoracoplasty 42.5 78.5
2 M gﬁﬁf’creilz;l,d;%gificoplasty 38 63.8
19 M Bilateral, diffuse 26.5 90
69 M Bilateral, upper zone 42.5 46.6
61 F Bilateral, upper zone 48 64.5
51 M Unilateral, thoracoplasty' diffuse 33 82.3
60 M Bilateral, upper zone pleurisy 35 70
1%, (B)iX rising alveolar plateau, (A) |% normal RN (W
alveolar plateau T (B) @ 4N,/L phase Il (¥ (A) ® 5. phase WOBBRREFPLICOWTHF L TAS L,

156 8 41(53%) AW LITEFRE BT 51 TH D,
VC, % % X0 FEVy,/VC% DIET BN\ ME 235
btz (Table 8),

#¥3f% (B) ® CC/FRCY% 1% 100 % EE>TED,
FEV,,/VC% 75 it L, CV/VC%, CC/TLCY%,
CC/FRCZ% o LR <, (A), (B) ORIZEEE AR
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Table 9. Results of Pulmonary Function Tests in Patients with Pulmonary

Tuberculosis
VC, %=80 | VC,%<80 VC, % =80 VC, 25<80
Index FEV1,%=70 | FEV,,%=70 | FEV;,%<70 | FEV,,%<70
(T) , (T) (T) (T)
Age (Yrs) 36.4+14.4 ‘ 41.6+10.4 58.6% 5.5 46.3+ 7.1
Subjects (No) 23 [ 8 10 10
RV/TLC(%) 43.3+ 6.5 49.8+ 9.4 48.1% 6.6 64.6+ 9.3
CV/VC(%) 16.1+ 7.1 22.4% 6.5 25.1+ 1.7 27.4% 12.3
CV/ERV (%) 41.2+19.8 63.4%35.9 6l.4+ 7.7 131.7+113.2
CC/TLC(%) 52.4% 7.5 60.6% 9.8 61.6+ 6.4 73.9% 9.3
CC/FRC(%) 77.7+11.5 87.1+11.2 87.1+ 5.4 98.9+ 9.9
AN,/L (phase 1I) 2.5+ 1.3 4.7+ 2.7 3.7+ 0.5 24.3+ 17.9
PEF (L/S) 6.2+ 1.9 4.2+ 2.1 4.6+ 1.9 2.2+ 0.7
V Max 50(L/S) 3.8+ 1.5 1.9+ 1.3 1.6+ 0.1 0.5+ 0.1
V Max 25(L/S) 1.7+ 1.1 0.9+ 0.5 0.7+ 0.1 0.3% 0.05
V Max 10(L/S) 0.8+ 0.6 0.4+ 0.2 0.4+ 0.1 0.1+ 0.06

Table 10. Results of Pulmonary Function Tests in Patients with Pulmonary

Tuberculosis
VC, % =80 VC, %<80 VC, % =80 VC, % <80
Index FEV10%270 FEV10%270 FEV10%<7O FEV10%<7O
(T) (T) | (T) (T)
Age (Years) 36.4+£14.4 41.6£10.4 } 51.1+£14.7 46.3%7.1
Subjects (No) 23 8 | 10 10

CV/VC% 118.6 (%pred.)| 146.3 (%pred.)| 122.3 (%pred.)| 164.8 (%pred.)
CC/TLCY% 156.9 166.9 138.2 192.8
AN,/L phase I 207.5 367.9 269.6 1,855.7
PEF 89.3 58.6 74.5 31.1
V Max 50 86.4 45.0 42.1 11.8
V Max 25 79.7 50.0 45.6 14.4
V Max 10 95.2 39.2 50.9 13.4
6. IEW, ik, PAZEMR IORAGMHEESE Flow WhLTwe, BAEW®ESE ik CV/VCH 64.8%,
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Rates 7z bOvC CV DAJRE L OB#ZHES L T4 2
&, IEHPICH-, #EE T, Flow Rates DX
T, CV o L7 %2R, HCBEAEEEC L ORI H
<, %% CV/ERVY%, CC/FRCZ% Dffi» 100% F[E%
LDLH % (Table 9), FEIHET % ok L7cER #E 5715
CV, Flow Dficx4 2R AHHE LTAh5 & (Table
10), FE#pFITix, CV/VC% 18.6%, CC/TLCY% 56.9
%, 4Ng/L phase II 107.5% o¥imz 4 €\ 23, i
HREEGT1X, CV/VCY% 46.3%, CC/TLCY% 66.9%,
AN,/L phase Il 267.9% o#§fn% 7+ L Flow Rates
TR/ LT e, PRZEMREESI T, CV/VCYH
22.3%, CC/TLCY% 38.2%, 4N,/L phase II 169.6%
DA R L, Vmax 50, Vmax 25, Vmax 103§71/212

CC/TLCY% 92.8% o¥ihn, 4Np/L phase II 115y 18
frpiiina 7L, PEF 13 #1/3, Vmax50, Vmax 25,
Vmax 10 13#1/5L Fic 2 2R LT,

IV. BELRLUVICER

IS RERE DA BT AR OWM E > R D &, T
BP0 3G & B A b e T, REEEOK VLD
12X VC,%, FEV,o/VC% DETRAH bR, HRt—
FeT 5 & IR 0K EIVC, %, FEV.,./pred VC Y%
1w bbh, FEV/VC% Tikdbbhic <, i
[E&ptE D VC, %, FEV1o/VCZ%, FEV,,/pred VC%
e ) DIE T ED 5 &\ D, DM O\ T,
F.A. TIMAZREHECERNEIZRD AT, MA.
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TBE CIERNZE LD, FRAREDERIERYET 2
B> VC, %, FEVyo/pred VCZ & PaCO, 1k X {#HBY
THERMLTV2, EEHDORBETY, WEBMMEIEE
e 512 VC, %, FEV, o/ VC%IHET L, 72 VC, %,
FEV.0/VC% DIET#iTik RV/TLCY 23k 3 %,

SHIGFERMENEEC L iy, E & U T
IEHOETIC L W RREIMIMERER2AR P L, 2 h
IR S DIET 3 X OV RGBRAZE R E2Minds B e
EBbhBb, Hyatth2 13 F-V i f & iso-volume
pressure flow curve? r ORIFEA R LT, Vmax A%
HE3 553 /sbbIiEED 75% UT O 4 %
effort independent, #75% LI D554 effort depen-
dent LIFA T %, Mead 5% 1% Vmax HBlA SE 5
HCHRBL, HERTE LT, Hhidd G ) elastic
recoil pressure (Pel) &% & L » K M © upstream
resistance (Rus) # BT 7z, Pride 524 (%, = ofic&5E
@ compressibility 2Nz, * 7z & B 2%, Pel &
compressibility #[F—B % & L, KE&Z D collapsibility
LS EZE S flow-limiting segment (FLS) X h KD
SEEOMBCEN SN D LD RMEBNTN S, F
FZORACE, MR REE NRECR 212 2R,

Vmax 13§91/332MET 3% (Table 2), Zh b&ENl
DR HORFCBET &, FERECHERC LY,

Tika%&te#fko elastic recoil pressure(Pel) KT,

upstream resistance (Rus) o340, alveolar pressure
(Palv) D{E T HIZ&E D collapsibility 1izf{EIh 5%
CORTFIBEIGS 2 EE2 bR D, F A ki 540
SEIRTO Vmax OBWETIZOWL Tk, B |13
effort independent ¥FDOEMRERA~NDHEA ZER L,

F-V fh#g o®i 2412 mechanical property dependent
P OEEN, T TCRMIN TS EELTED, —
R0 large airway 1CfE®ENH 5 &, mechanical
property dependent #f, #1545 & small airway Dfi
EXREOLWTLED LOMKT 2 A~ TRY, &4
BOBHEET2HEEL L5, M A, T Vmax10
CAET A3\ 2%, upstream resistance | small airway
resistance T7r <, Jifid> elastic recoil pressure % B4
FTHZOTHT LY small airway DFEZRER LI\ &
#x i\, F-V o effort independent 4z %f 3
SHFFE%, Brown?®, HEE bR O beads [z
B, Gradiner 539 o bronchomotor tone D52z B4
7% retrograde catheter %\ 7-5EEx, Gelb 53
F-V g ORRIIRGE, €O < B % 23, effort
independent #iX 43 L3 small airway o & £ % K
% 4 DT <, MM elastic recoil pressure
TIX&aE D compliance 23k X {75 &, S SITPK
Fz, small airway resistance VK& 75 &, E
WHRCBET 5, O &SR EDRINC L BER

W OHESSE B1F

50T, RERFHECIL, THFEBENPLETHA,
JiitaE & hnEvZBE LTk, F5E?, Cotes??, Comroe3®,
Cole3® BOWFFENRDH b, Mol £ D —f#iz VC,FEV,,,
FEV.,0%, MMF, rEm%#57, fifielastic recoil pressure,
Pag,, A-aDo,, DLco 72 & D{ETFiZ, RV, RV/TLCY%
D5, BRI ORE R ENHBLLTL % L#8E
EhT\b, ZHORETH, FEVL/VCY% & Vmax
50 35 X0% Vmax 25 (2inlih e & 312, £ DA R
THEDOEOHBEETRL T3, Zhit FEV,/VC%
EMSESR, e Vmax25 OENRET 5 L&
¥ LC\ %, Cherniack3®, Bass!” kB X OVEE® S0
A2 X D Vmax50, Vmax25 & LIZfE T35 & LT
%, F-V i b e X RT3 % 2%, chiix
large airway I bsmall airway 2k 52851k, [fiffk
DIEFI LI X OG5 FERESEE D2 (LN R { BI S
FT5LDEBhIA, CV 22Tk, Holland H1® (%
phase IVDi4 % A% &l dependent airway o closure
DA E SIS E &% % closing volume & Ay Lic, 7=
Hyatt 53011 “flow limitation theory” »#2FE 1L, 5@l
H g oflow limitation (235 { dynamic compres-
sion 7% phase IV OFAEMFICEST % & L, BE,
0.51/sec LT DR EREE Tk phase IV O HBLEGRHIFE
H o flow limitation J », dependent airway ¢ closure
ZEAL0EIRTOBY, FOMITERMN D inflec-
tion-point3” & OBIEMELIEHIN T2, Il k5 B IE
ZRFHEZORETIE, RREEOERIZOh, &l
g T CV AEHEL, CV/VCY%, CC/TLCY% fED
KEWT EDNbDT, Zhik dependent airway 7s 5
nondependent airway -~ rising closure D EfiliK &K
TOFerk: LI elastic recoil pressure DKFELANH < BY
Lz Bhh b, LeBlane b3 iz & hFRC
135 EDZAEL 7 v Y, CV LT 5, LicnioT
CC/FRC iz L, IE# ADIAL (erect) TiL65 T
CC/FRC>1, BA{i7 (supine) Ti¥445% T CC/FRC>1 @
s 2D LHE L, ¥ Craigh’® 1k, CC/FRC
Hor A HOFREE LTV, CC/FRC ooz
slow space DIEHN, O TIXBRZ ML DK T =
shunt OF% %4, CC/FRC>1 13HEM TFTIZE
SERAZEREER R L, Fh X D EMD trapped gas O
I#E s b alveolus closure &75 0, # AZHFEEN
FERZIe D EEO T D, FHEDOWM T, FA Tin
51zL CC/FRCY% 13&<7eb, 100 % LEA L DL H
BN, ZHAUTILEERL T airway closure & i AXCARE
EDFERHER S, MHOEKILE LREL TS LW
% X 5, alveolar plateau o sloping (i # A4
BETHITTFRITR Y, HAGHITEERHIUTE
fla T3, Z osloping DEFHT DT, stress strain
40, regional?®4® 7e\ s L parallel 7g7RIg% 42040,
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series DG L2040 3 2\ 1. stratified inhomogeneity
2040 Fr LNE T D, o D sloping D quantitative
analysis D#gET H % 4N,/L phase Tl DOfEILFHEE
FOERBCEDTRE Y, MA»AFAD inhomo-
geneity 2R ESHZ EEREL T2, FMEFTLD
normalize L7~ Buist and Ross!®20 D{EIZX} LT,

F.A. wicdillkRirm e, RERE? CV/VC
%, CC/TLCY%, 4N;/L phase Il 5% » &I THE
(Table 3), Flow Rates, CV, 4N,/L phase Il DfE
@ variability 1T populatioh study 1IZ B\ T4 &
L%, Flow Rates % VC#, TLC#, HE® (m)T

WIELTYL variability 13/h& {7 bic & LT 54D,

VC, TLC %% o TIIZE b3 % 0 THA T
L\ 53 B H 54, Flow Rates o variation coefficient
ZXhuE, F.A 2/ 5 & Flow Rates @ variability
1tk <705 (Fig.9,10), Vmax 10 T variability ©
J/ME Min,, M.A., F.A. gcizdizv, CV/VCY%,
CC/TLCY%,CC/FRCY% i1 Flow Ratesiz [t L CLMBAY
1z variability 137N & 2%, ANy/L phase TI ¢ variability
1Tk X\, %7- dependent lung 1= i3 % gravitational
effect®® DEHFZE D 2\ % W EMEHREFIZ OV
THisl§ 5% &, gravitational effect 12X » RV {2 TR
&3 %34, dependent airway 1= closure 235D,

nondependent lung =% A543 %, LU, @
o _LhEE, #2539 % & nondependent lung ILFEE % b
DTE D, FASMIEEIR D, CV/VC% O
fBD % pred. 11L& HiciginL T\ %, Zhik dependent
lung 12 ¥l % airway closure DEWHEAREL, K
# <7 bronchomotor tonel®, surfactant!¥, nondepen-
dent lung @ overinflation % D fth4 { DEFDHELNE
Axa#Ex2 &% 5, Min. DFfil, Min. X' M.A. ©
LIS RRZE G ANp/L phase I 1%, Buist and
Ross?® DRI OEEHREEC S LT, R HlDF5ETH 2
£z, WITH 2.5 f5&7c D, regional 7o\ »L parallel
inhomogeneity, stratified inhomogeneity DEJH-/13E %
Hh, MERC XD E S b, BIBIRERC
i, MEE L —Biasee & 0B RIxHertz4, Schmidts®,
Koster'®, /Ng*” HOBIIRICEH: LV, JHRFEZT X D
VC, M.B.C., T.L.C. 2MET$5%Z &2 —FL o ik
BThHD, FHPOIERETFE M ACREL, Niifs
PAEEE DIBEILE O Bk ik — B LTHE LT
HbHE, VC, % THEEXEERDN, EFVyLy/VC% T
WREEEXRVERRTWS, FEEHEORETL, VC, %
ET LTWa2y, FEV,/VC% FHEMEZ L L TE
T LT, FizFlow Rates D{ET & 4N,/L phase
I OEEIAER & E AR Uiz, Flow 1ZiZfifi> com-
pliance, elastic recoil pressure, bronchomotor tone 75

EDEEBIET B L Bbh, 7 ANy/L phase I
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=X Uiz laiER g s A3 % compliance ¢ regional
BT X BEEME D time constant*®~50 % 3, Ofififlakt
TR MEOMENBIET S EBbh D, L LER
BT & LTCORENERECER Lich O Tk, F-VIHliR
DEBEIZEA LR D LEBELHEDORME T 2
7z (Table 5), FHAEHE DR DSHEMETDOVTL, 7
TEHEDOHREHL T 5 Lo, IiERE KEX
Wl DERER R, (LA, SHRHRIINRER, FEi
SEEOLHHE, Aging, BOBiE L L TORRREZ Offi
E, % ORELED THESC I Y, Th b
R OISR B— TV D & LTV B bl TH 5,
BEORBE TS, ARHIIMEER 2 &0 2 BHORE
% LoD CV, 4N,/L phase I D#Efnks LU° Flow
Rates DIETIZEH TH H72%, CV/VC,4Ny/L phase
M OEBERERITERCHREET, CV $XU Flow
Rates & 4N,/L phase Il $BZCHBE L2 & XD
BIE IR e\ &V 2 B,

Fig. 17 TR LIcBRERZES] (A) LSRRG
(B) D 2 iz o\ THMET % & (B (A) I LT
BEH#i X b Flow 238 ET L, MiSEINCFMTE-S<,
(A), (B) & %1z Vmax 50/Vmax 2513 3 L TR
T EBEDTNS, L time constant DARIE
WA OEENE 2 bhb, (B)D alveolar plateau (%
&R LT (A) % parallel &42% & rising T,
AN,/L phase Il »&E{H% L, regional 7g\~L series
DI # A HE DREEN G <, CC/FRCZ% DfEM
B, FUE(L T4 I, airway closure DFFEFEA TR LT
W%, Np-resident gas yic X 2B 1k, CV(phase
) »MEHEE LEEAREE 2R3 OB
(nondependent lung) DIZIFLIKITHE R b2FITEH L,
& it Milic-Emili 54 o gravitational effect DEiEAA
bRV TRE BB TS & FCREDD 5 LIHE »
ADSAHFEZ 7\ T, dependent lung 12 AD5
frsE b, CV s e/l iehed N S h
o Bl L7z X 512hesk, MifsiEizE & LT VC, %,
FEV,,/VCY%, FEV,,/pred VC%, RV/TLCY% 72 &%
LIGEE D pattern GHLHRTE 7z, LnL, Th
SOmMETEFHBELAIRI R WEH A T, CV,
AN,/L phase Tl ®#4fHn, Flow Rates D{ET#iRD D
FEGIN A7 I 2 EdSon DT, 12 VC, %, FEV,,/
VC% MBEIWCET Li-fio CV, Flow Rates X large
airway DEE/ Dy small airway OREERDD, i
B LRIRE T EgEch by, F-V ilifge CV
LOMEHEOMRIZ L D, RicOMIREBNRRIENRD
LAFHEZBRDDT, T OFMCIXEE BRI L
mEELID,
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V. #& B

BkSIEOERTF & F-V g, CV, iXE5E, 1
BER(T), WIEESLIIER LkomREx B,

1. JFHEHEOMBIZ XD, Vmax OETFE 4N,/L
phase I, CV/VC%, CC/TLCY%, CC/FRCY% ni¥
2R L e b, Vmax10 P Vmax 0fED var-
iability k& & 7t % A%, CV, 4N,/L phase Il ®
variability 1213 FEEEFECE LT, —EDMHEAILR <,
Vmax 2t LT variability 1T/ E W,

2. ETEHM A KEE LK FEV,/VCY% & Vmax

EUFEMROEANIEFEE I LR T, FECIEDHEE
L, F-V iR EERE001/38 785,

3. ARl EMEHRZESID CV/VCY Diffn |l F
IZIEHEGIDOEESE L X b Buist and Ross DEREZ AN
e X 0T 2%, Wl EREHRES L EEET D,
4N,/L phase Il =B L Ti, A, WHIEMERHER
& 31 Buist and Ross DI FIOEREES L b nEiz
X DR,

4. VR EWH_ERE &8 BRI RE Y b 2 BT
CV(phase IV) ORB7FIN D70 L 7o,

5. MBSRZEFITI, CV/VCZ% 3REEY i, 4N,/L
phase T 3R L, 7= Vmax [3BVETFT 2R L,

6. TrE MA. CRET? LMERZE O ¥
Vmax cBlhz, F A 25 LT 2 BB LOPE
3 Vmax i3Bhd, hboficir F-V iigos
Bz,

7. AFHOIEEEN & £ D HHORE 6 T,
Vmax O{ETF, CV 35 X0 AN,/L phase I DOHEpnss
ZHTHD, ZHBHTIE Vmax %10 CV & 4N,/L
phase Il & DORICHELHBIIZFRD Bive 27z,

8. MHERID VC,% ¥ LU FEV,,/VC% DIk
THNE, ZHHIT Vmax OETF, CV &I ANy/L
phase Il DA = L7,

HE, HifSEiED F-V ihigR, CV ORI EEE e &
BEWR, FERDIMBERECILE ST, ThbofL
WBREESIREBAE OFE E, FRAMA L0 LR
Lz,

(KRR OEFILEES1E S X O 5E52H B AFEFREAE
LR NTHEELE,)

Wkihb o fa, CHEE CBMEBLD LR
EMARIR B CEE 7r DO R B, SIS RTE
e BARER 1 IR RAR—REE, BESHEERCH
FRAREFREEERCECRH LT, BN
TR EER R REERT BFI T, RrENR—H7s SOt
CERDHLES LUHARES 1ARET, 8HIEE

K OEE B1lF
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