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We investigated pulmonary hemodynamics and chest X-ray findings to explore
pathophysiological significance of chronic hypercapnia in patients with pulmonary tuber-
culosis sequelae.

One hundred and seven patients underwent examinations of blood gases and right car-
diac catheterization. The patients were divided into two groups, according to arterial car-
bon dioxide tension under room air breathing (Paco;). Group I (n=235) was defined as
45 Torr or lower of Pacos, and Group I (n=72) was the hypercapnic group whose Paco,
was over 45 Torr. In addition, spirometry was done in 34 patients of Group I and 68 of
Group 1II.

First, the values of blood gases, spirometry and pulmonary hemodynamics were com-
pared between the two groups.

Secondly, between 22 of Group I and 50 of Group II, the values of pulmonary arterio-
lar resistance (PAR) before and after 100% oxygen breathing for 10 minutes were com-
pared.

These comparisons were made by exploratory data analysis.

Lastly, we described in all cases with five items of chest X-ray findings and the extent
of each finding we had defined. The items were emphysematous change ; fibrosis,
bronchiectasis, and/or cavity (hereafter abbreviated as “fibrosis”) ; lung resection and/or
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atelectasis ; pleural thickening ; and thoracoplasty. We explored the items of X-ray find-
ings which may relate to hypercapnia by ridit (abbreviation for “relative to an identified
distribution”) analysis.

The results were as follows.

(1) Hypercapnic patients tended to have severer restrictive ventilatory impairment and
hypoxemia. Under an even level of arterial oxygen tension (Pao,), tissue oxygenation was
not poorer in Group I than in Group I.

(2) Hypercapnic patients tended to have more unfavorable pulmonary hemodynamics.
More than half of them had pulmonary hypertension defined as 20 mmHg or higher of
pulmonary artery mean pressure (PAm). Under an even level of Pao,, PAm was higher
in Group I. Although 34 patients of Group II showed Pao, over 60 Torr, 23 of them had
pulmonary hypertension.

(3) PAR after oxygen breathing was more likely to decrease in Group II than in Group I.

(4) As any mean ridit was standardized and adjusted to 0.5 in Group I, the maximum
was the mean ridit of “pleural thickening” (=0.67), next “fibrosis” (=0.65) in Group
I. The above two items of X-ray findings, in which each mean ridit was higher than in
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any other item, were more influential on hypercapnia.

We conclude as follows.

(1) Pulmonary hypertension is severer in hypercapnic patients with pulmonary tuberculo-

sis sequelae ; it may be mainly attributable to hypoxic pulmonary vasoconstriction.

(2) An important cause of chronic hypercapnia may be pathological changes such as

“pleural thickening” and “fibrosis” seen on the radiogram.

Key words : Pulmonary tuberculosis seque-
lae, Hypercapnia, Pulmonary hypertension,
Hypoxic pulmonary vasoconstriction, Tissue

oxygenation, Chest X-ray findings
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EWMER (Age-E, TB-onset, d [E-0]), B
fitgREMEME (% FVC, FEV,, FEV, %), Paco,
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100%BRFEWRA % 1057 H1T> C, MiERFHERZREL
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®1 NFEFOFRMER, ik,
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Hu Med Hy h
Age-E, yr 60 65 70 10
TB-onset, yr 22 28 36 14
d[E-0], yr 29 37 43 14
FVC** 1 1.00 1.21 1.64 0.64
%FVC*™, % 32.8 42.3 54.9 22.1
FEV,** 1 0.6 0.76 1.05 0.45
FEV, %** % 50.5 64.7 82.2 31.7
pHa 7.365 7.390 7.414 0.049
Pag,, Torr 55 63 71 16
Paco,, Torr 42.1 48.7 54 .4 12.3
Pvoy, Torr 33 36 38 5
PAm, mmHg 17 22 217 10
CI, 1/min/m? 2.65 2.95 3.42 0.77
PCWP*, mmHg 5 7.5 9 4
PAR* dyn-sec/cm® 195.7 266.2 381.1 185.5

(n=107, *:n=104, *x:n=102)
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Pvo, (Torr)
50 9
p =0.652 o
45 o N
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PaOZ(Torr)
B4 28 (I8 :n=35 L8 :n=72) IIBITAPag, LPvo, L DMK (M-I, -1 : HJEE,
H(U)-I, -0: kY8, H(L)-1, -0 : FTerVEEF, AP-1, -1 : K#$H
. MBERH, ol k- TerY, BEME NAVEORREIKLERL)
5, % X8, Pio, % Y#EICE D, 2BOMITHAK (X4 :

EWMER & Paco, & DBIRE R 1IIRY,

WMAERER L Pacoy & DBERIZDOWT, FREERO
#HiPAI1X 63.5~687% T Pacoy 25 VB D H T IX R A W4
WOBVEZSHFELD, HEIZHS 2 TERPo7
(p=-0.271), WBEFERER, HEERD> ORERAT
T TOERIEL BIT, Paco, E DMK L Tid%
oz,

FfibEEERRAS & Paco, & DBIRE I 21TR$, % FVC,
FEV, & Paco, LBOMHE %o/, FEV, % T BH
SAFOMED 535~100% DL D% & ), HBE
BOKEEDILD, Paco, L id—ZE0M@EAIFRW72ZE
3, Wo2&PKENT,

pHa, Paoy; BL U Pvoy & Paco; PBIREZ K 3 127K
T, NBITIBICHN, pHa, Paoy iZf&2 > 7227,
pHa & Paco, & DMBIIH L Tl > 72, pHa ®
IEW#AZ7.40+0.04& T4ULY, PREHTIE Paco,
DfEEMbT pHa=736TH Y, €4 TH pHa<
7.36& 7% HIEBII20BIT, ZORTINFHIZET SHDIX19
BITH o7z, Paoy i, FHRAETILTHT65 Torr LI,
TerPTIIIETO0Torr LETH D, Paco, 5E »
13&, Paogy dMEWBINEH o7z, Pioy & Paco, & D
BB & 2 Tld %\ 2%, Pacoy = 50 Torr Tid, 31T
EHLLEDOBIT Pyoy, < 35Torr TH o7z,

—77 COPD T Pagy, 7MEMETH 534, Pios d
BEEZBLIEDFBDOOLNT VB | ZD7% Pao,

FRIRELER - & v UELERE T TSR T, T CIIER
TERL, [BOBESATRIIOWTIEAREEL .,

ZHNIRDTORGE, M7 THRETHD) G L7z,

B4 12BWT, Pagy BMEWEE, Pio, bEMETIED
HHE (p =0.652) 2RO, HREPFE Py, & D
BfREAD L, Pipy=35Torr £ %25 DIEBBLRAI
T Papy=60Torr, I#H TPapg;=55Torr TH-o72,
IBESATRICOVWTIE, TEZIBLD Pag, 7Y
WHENRALL Tz,

IifEERFER & Paco, & PBRER 5 IIRY, PAm
& Paco; EOMICIX, IEOMHB %R, FFICTEIC
BWT, HRMEIF PAm 2 20mmHg THo 7z, Cl &
Paco, & DEICIZAMBR RS S b o7z, PAR
1 PAm & FRRIC Paco, & IEOABBEREZ RO 72,

Paco; BEWVHA, PAm &<, Pagy idfEWwI &
PFRED NIz, Papy, & PAm L ORICIZE OMHBM
BARBDENTVWE D DT, PAm % Y #, Pao, % X
2L oT, 2BENZTROFREM, IR, B
JUBBEL AR LB L7z (R16). Pao, BRBEDY
&, PREMERET S L, TEOFH» PAm I E1E
EnY, THOLEe Y VHENE, BBt IO RE
BrET e s VHBROMICHTE L7z, 72 RO B
iE28IC PAm =2 20mmHg I2& ), Pagy; > 60 Torr
DEEIEH23% (67.6%) \ZHiE MUEREDFRAE L 72,
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_8_



593

(QAEZ TRMZEOI U ‘B c2adl - T ‘Bfd ‘UPLHE W WHEE L
FOFHBRHNUVL) BHOEEEHNIO (69=U #IRNYUVd 144 1 2L=U " HT ‘Se=U: 1) H#?z SR

(110,) ¢00egq
0L 89 09 s 08 414 0y Ge
L 1 'l " I | Om

= 00T

= 002

= 00

(1) H a . = 0001
Gzy0=1¢ (gW0,/998.uAp) YV d
(10,) ¢00eg (a10,) ¢00Bg
0L 99 09 S8 08 74 [1i% Gg 0L g9 09 44 08 4 0y 44
L A L A A A L | . A L 2 L 1

199948 A

=4

S

8000=¢ O

ANE\EE\H.V 10 705°0=¢

= 08

- 07

AMIEEV wyd



594

O OBTAE 585

PAm (mmHg)
50 -

40 50 60 70 80 90 100 110
Pag, (Torr)

6 28 (I#:n=35 0I&:n=72) BiFHPao, & PAm & DMK, (#iEF, BELATRD
FORIIX 4, MR, ol k- Ferd, BEE AMEoFRTRERLIEEL.)

%3 APAR, %APARE(PAR, PAR-O;, Pao; B LU Paco,

& @ Spearman JEMAHBIfREATE. (n=72)

APAR —0.045 —0.308 —0.143 0.062
% APAR —0.209 —0.482 —0.061 0.022
PAR PAR-O, Pao, Paco,

100% B £ A 10534 D PAR %4k % T 82260, 1
BS0BIIC DOV T HB L7z, 100% Bk 3% W A B £ o fifi /s
BIRIEST (BT : PAR, % : PAR - 0,) 8X U Paos,
Paco; £ RPEAPAR (=PAR—-PAR - 0;), #B4
% APAR (=APAR/PAR, %) & OB ORI
1150 % £ 31T T, MHBREIE Spearman O NEAZHH B
BHEERW, ZORTROMMEOKE LA LR
AL, APAR % Y#iiZ, PAR- 0, % X #il2& D
iR, k- Ty VB X OBES AR AR L
2BHEOERITo72 (KT),

ZZTHINYy FIZEETNBHHIL, PAR - O, D/h
EWEPSIECTIET, 7, 861, I#IxS8, 8, 8, 8,
9, 9BITHB, MTTIE, IBOBELATRIIHED
FRIZEEIND L) IHFET S, THOLe Y V#
R T HEOFREPILIZIZ—HL, SHIEIHOLE
UMM I HOBESATRO LHICNEBE L, ik
OB LY, FABED PAR -0, TH2H4A,
D#HDOHH» % APAR KEL %5, $hbb, ThiZ
EERWARTO PAR OEVSKEV L2 EKT 5,

(3) WREEN AMAEICRE % RT3 X #ET R
DIET -

RK2WZEDSWTHEL DEFIZOVWT X MEE % ik
L, FREERKLALLZ A, ZhZho X EFTROI
DL THERSMIRE DL ) IChotz, TH&K
D IEAEER TobBFEHY Yy bR05ELT,
IHOZRRADOFEY) Uy b2EHEL, Thoxl—5—
Fx—PFCERRLIEZOPRHITH S, IHOFY) Vv
ME, REWHELSFHRP, F, U, E, ROJETH >
2o Tbb, ZOMETIELY BILATYHFREVHE
FER AT DIRIL 2 RO 72, BRI, BTR P, FTEYI Iy
MEZNZN0.67, 0.65&L MO RICHNTRE 2%
Loz,

% =
(a) T RERA A MAE & MR EREAE .
NP R T, A B A IR PR R A R0 AR 3 Ak 1
RO LT, WENELS, KERFEIE IR
) GIES & OMMBEAEOZ L% & DBERAHHEIH
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300 500 900

PAR-0, (dyn-sec/cm?)

B7 28 (I8 :n=22, I8 :n=50) X875 PAR-O, (MEHETHER) L%APAR LD
Bt (BLEF, BEZATBOIRIIR 4, MR, o, £ - TFTery, BEE SnE

DFRIEEL EFL.)

143

BWD—O DO WO AWN—O AWNDHO

Chest X-ray Findings and Extent of Lesions or Thoracoplasty

HEDE > THBIMEENKIL TV EEha W,

—7, BREETAMEIMERS 2 KL TH Y,
i SARBR SR 12 & o THERE & N 5 KB TR Ml I 548 45
BELRVHBS,

R A DB B RE OMERBR C B LIZTH
82o\C, Kilburn & 12 1310% REEH AR A & -
TEIRIMAKSE A A+ i85, FBIIRE S & OR/NBIARIEHT
A ERL7-ELTHY, Enson b ¥ idREAZF MY

40

Frequency

8 2BICBILEXBHRD Y] DA FS5a, (I8 :n=35 0&:n=72)

T ADEBRIEAI LY Paco, & BRI pH % L& &
Bl ZAMBREIETLAZLELTWS, ZhbD#
HREL L TEUREARZDDTH 5,

Z 2 Thhvb i aiEc, LiZLidBEsR
BRAAMAELED Z L I2HEB L, MiEREELRE L,

SEDOKET, Pacoy £ %BFVC $»5WiE FEV, £ D
HIZIZBOHBEI D O, LA L, Paco; & FEV,
%EDBBIIHS 2 ThPo7, TN Pacos &
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