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RELATION OF PULMONARY HEMODYNAMICS AND VENTILATION TO
TISSUE HYPOXIA DURING EXERCISE IN PATIENTS WITH
TUBERCULOSIS SEQUELAE

Tsukasa YAMAMOTO * , Keiichi NAGAO, Osamu OKADA, Jun—ichi YASUDA,
Nobuhiro TANABE, Kunihiko KATO and Takayuki KURIYAMA

(Received 30 November 1995/ Accepted 27 February 1996)

We examined a relationship between tissue hypoxia and pulmonary hemodynamics or
ventilatory capacity during rest and exercise in patients with tuberculosis sequelae. Nine
patients performed exercise test until their symptom limit. Mean pulmonary arterial
pressure (Pp,) during exercise was plotted against cardiac index (C.I.) from rest to
maximum exercise in each patient. In most of the patients, the changes of Pp, showed
linear relation with the C.I., and a slope (P-F slope) was obtained from the regression
equation in each patient, and it was used as an index of circulatory disability during
exercise. At the same time a coefficient of oxygen delivery (COD) was calculated and mixed
venous oxygen tension (P¥O,) was measured to evaluate a tissue hypoxia at rest and during
exercise. The changes of COD were similar to those of PvO, during exercise. COD positively
correlated with PvO, (R=0.873, P<0.01) from rest to maximal exercise, indicating that the
values of PvO, depended on those of COD. P-F slope negatively correlated with S.I.
(R=-0.887, P<0.01), oxygen transport (R=-0.780, P<0.01 ), COD (R=-0.827, P<0.01) and
PvO, (R=-0.760, P<0.01) at maximal exercise. Whereas no significant relationship
between ventilatory variables and COD or P¥O, was noted at maximal exercise. In
conclusion, the patients with pulmonary tuberculosis sequelae who had a steep P—F slope

* From the Health sciences center, Chiba University, 1-33 Yayoi—cho, Inage—ku, Chiba—city,
Chiba 263 Japan.
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showed low mixed venous oxygen tension during exercise as a result of limited oxygen

transport in consequence of low stroke volume.

Key words : Late sequelae of pulmonary
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very

F—0—X : [EEMREEE, E—RERMG MR

&

ks % EAE (Tb seq) (318 HEIREBCRE itk LD
EREEDO—> & LT, BiMAEEMER (COPD)
LLBRABIBOWTEERKRERTH 5, MEHOH
HeAL, SIS & & ARMEROBITINA, MK
PG PE S (EEERIME P SRR A A MAEICL BT ¥ F—
v 3, HEREMTS MEEHE ORI & 12 0 s> 72
Db, F1Z OMEMEDOEER, EBAMROERR
MEERT ¥ F— ¥ ZIicpE) MIlEEOBRE SV E -
T, HLVBRAEMOMAEEIZEI T, 0T Lh Sl
MEERERIc BV Tid, EBt 0O HE OB Fl
MR% =7 L, fARHMERRHRAE 2B LS & 5N H 5 &
ZZ oMb, 21T, SEIRMEKKEBECEVWTHERE
HICit 2 o N A RAKAME E CEBAMETY, EHH
Tois D B MG BE B E & MR SRIE D BAFRIC > W TRET S
LT EEEME LI

x&ELUHE

ZEEWIC & B BRIAMEMFS I EE 9l (BH:54, K
HA4%) 2RI L, FEERIZELTRTH 5, 1
XA RONFIZ, 1Mo MBI TE 3 Fl,
PRI 2 61, 1 (URIRSEERE 141, G RA LS it
FTB0 1B, A0 B L B & OV RSN + g AR
10, GRS LS L 0BT LBITH - foo AR
ZEE I IHSREIRES, MIEA 2R EITV, ZOR1E
AL i h 7 — 7 VIRE & HE1T L 720 Swan—Ganz
#57 —5 v (Edwards €8 2V, HRIERRS D
WAL, BETICAEMBRAICEE L, AEEH
kv 20G7 78 vEtEFAL, LERE S I
IR, BEEEIRO LN ERGCERL fco WK, ERERE
LEWK, BERNIRARKOLHE, MEMRE (Ppa), L
g (C.0.), BEBIRE (Psy) %RE LEKRICE)
IR, 7BATIRIO MK A 2347217 - 7o

HIERTHR, ERRIRATTHA 7V VITA =Y —
(Ergomet 300, Siemens Elema) %M\, MEAGLI
CEBEM 2T - oo EBAROLER, 20 watts &

DEIEL, 3AMEICRIEREIC 510 watts TOBAME
RS ¥ 5 L BREEIEEE RV, EERAEC RN
BAAREDI T, NS 28MEBE, REMBICE
R THEFT U - BB AT I K 0 B o h kKB RES
ZL L, BERICH O UDHE L, BfE, A
1538, AR TEICHBIIRERE, OHEREONIEZ
TV, EEEIREOREEIT - oo £ 35004, ¥ T
B BIRIM, BAFIRIM O MR A R 537 21T - 7o

SEEFHFOMEREEOREE L ERILT 2 HikE L
T, SRS & 0 ERRBRMEICGE R AT -
B2 BN AR E — R BB H W e ROKEE AR %
DI BT ET, RO A OEBEEE R S & & b,
ARBEBOAMEMNE 3AICKEL, SAML VTS
WTHHERR, HKEESSERIRIEIC IS - 70 T L 2R D
b, WEET- o TOEBENPDO P,y 2YH, C.
. QITFicER) 2Xdfic7oy bL, ZOEUFERD
fFx%ERkDIz (P-F slope). FHMKEERICOVTA,
3 FERFHE RM300 2 H Y, Breath by breath
method It THRNEE (VO,), HH#mGE (Vo)
—EHGE (Vi) ZRIE LI, et FHIfENT I3 paired
# X0 unpaired Student’s t test 2V, EERES
RLITAEEE Lk, MEREKHRS LU COD Off
BIROAD SRKD 72,

C.1.=C.0./BSA (I/min/m?

S.I.=C.I./HR (ml/min/m®/beat)

PAR=(Pps—Pw) x79.968/C.0. (dyne * sec/cm®)

0, transport=C.I. x CaO, x 10 (ml/min/m?)

COD (coefficient of oxygen delivery)=

Ca0,/(Ca0,—Cv 0,)

Ca0,=1.39 x Hb x Sa0,+0.0031 x PaO,,
Cv0,=1.39 x Hb x Sv 0;+0.0031 x PvO,

0,-pulse=V0,/HR

RF=Vg/Vy

C.0. ; cardiac output, C.I. ; cardiac index, S.I.

; stroke volume index, HR ; heart rate, BSA ;

body surface area, Ppa ; mean pulmonary

arterial pressure, Pw ; pulmonary capillary
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wedge pressure, PAR ; pulmonary arteriolar
resistance, CaQ, ; arterial oxygen content, Cv O,
; mixed venous oxygen content, O,—pulse :
oxygen pulse, VOZ ; oxygen consumption, RF

: respiratory frequency
¥ R

1) FhkREM A, EBAWE, EHRI% OGRS
8, Ik 2 0%t

WIS RS 38.8 %, %—FbHH3 83.1 % & K
BENSEHTH D, BXE (RV/TLC, T&THE
13 49.8 % & @i D e, MifkERE (%DLco, 4%T
MTE) & 45.6 % LEMOBE[I AR L (Tablel), &
REB B, P OEBEAMRIL 27, 2 watts, 104
42020 watts (55 1 BRBY) CTEBK T EE -7,

Table 1 Anthropometric and Pulmonary
Functional Data
Ht (cm) 158.0%9. 3
BW (kg) 50.1+10.5
BSA (m?) 1.48+0.17
Hb (g/dl) 12.9+2.1
FVC (L) 1.10=%0. 26
%EVC (%pred.) 38.8+12.7
FEV, (L) 0.90=0. 23
FEV,,% (%) 83.1+12.7
%FEV,, (%pred.) 38.1%£8.0

49.8%19.0 (n =7
45.6%18.2 (n=4)

RV/TLC (%)
%DLco (%pred.)

mean*+S.D.
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EHE T OIFRANL, FPRAEER S U R FTEOEHTH -
Too LEF OV NEIRIEST (PAR) (2 188 dyne * sec/
em® TH » oo LD O RACEFEMIFIZH T TPpy
3 17.4mmHg 2 5 39.2mmHg ¥ TEH L, EHE
FHC & 0 2fl, FIHSHEIRE D LR 2B 72, IR
DZAkiE 3. 24 L/min/m* 7 5 5.84 L/min/m? & 2 f&
55D T H - 72, Pao, & 72.8 mmHg » 5 58. 2
mmHg IZ{XF, PaCoO, & 47.9 mmHg # 5 53. 2 mm
Hg ic¥&hn, PvO, i3 38.8 mmHg 75 29. 0 mmHg i<
EF L7 (Table2),

2) EHAAARORSER, BAEEMIE COD B
L RAFIRMERSE (PVv0,) OZEAL

SRR I LF I 9.1 L/min » S R AKEB) & i
23.0 L/min & TN, —F#&E 13 393 ml/breath
» 5 560 ml/breath £ TN L /2 (Table3), A
BRI — S E SRR G 284 (V/VO)
1349.5 %123 L foo BRFREMAE 1L L 538 mI/min/
m* 2 5 B KGEB) B i 857 mi/min/m? ¥ T, BEN
#1813 4.8 ml/min/kg » 5 BAEBE R 14.6 ml
/min/kg ¥ TO¥WIMCEEFED, CODE4.205 2.3
F TR L (Table3)o BT & » TEEFREMAEDS
KE LML TV AREFICB VLTI COD DIE T OFEE
DINE WA S i, BRI VLT COD &
PvO, 0ZLE A5 &, BFEFlICBOTIEEMICET
BB, FHART Oy MIOVWTOMFREA S &, i
E ORI (3 RIS EOMBIRIR 220, mAEB AN
12 COD MMEAE & 75 B ER R [EIFFIC PY O, bIEHE & 72 5
=D 72 (R=0.82, P<0.01) (Fig.1),

Table 2 Changes of Pulmonary Circulatory and Blood
Gas Data from Rest to Maximal Exercise

R E—-max
Pps (mmHg) 17.4+2.4 39.2+8.5 **
C.I. (I/min/m? 3.24+0.51 5.84+1.03 **
S.I. (ml/beat/m?) 37.9+2.1 49.3+6.2*
HR (beats/min) 86.7+16.8 116.2+18.0 **
PAR (dyne-sec/cm®) 188+43
P—F slope 8.8+3.4
Pa0, (mmHg) 72.8%13.8 58.2+15.9 **
PaC0, (mmHg) 47.9+6. 1 53.2+8.4%
Pv0, (mmHg) 38.8+3.6 99.0+4. 4 **
R ; at rest * ; P<0.05

E-max ; at maximal exercise

*% ; P<(0.01 Rest vs. E—-max
mean* S.D.
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3) EHFFGEIIRE— R R

LD O EBK THICE S T Py B&
U Cl #[E—FH Eic7ey b4 5&, ZOBARIE Fig.
21 1PlERdT L5, BFRERERSGON, C
DOEBMDOEE (P-F slope) % EBZEE D IfifEBRIEE D
e e LT, [A—ElicE Y 2:8E8ho 7o v b
iZ, WL TTHY, ThoORFREIRVWTADIE
BlicBWTH 0.9 ETH -7 P-F slope DFHEHE
13 8.8 mmHg/L/min/m* T& - 7= (Table2),

4) AEEEREEDO PvO, (Pv0,—E) 8L U COD
(COD-E) &IMifEER, #Hsaasi o

Pv0,~E 8L U COD-E &, &AEFE RO
HFHEE (S.1L-E) (%4 R=0.807, P<0.01, R=

K ENLE BS S

0.700, P < 0.01) ¥ & ¢ P-F slope (% % R =
—0.760, P<0.01, R=-0.827, P<0.01) »EFZ
B %, RAEHEAMRFO—FHHHRO/NS WE,
BEL U P-F slope O & b 2AIEE, RAEBEFR
D COD BLU PvO, MMEL B B HHAEZFD I, LoL,
BRIk v 28, MiHSEEE S COD, PvO, & Oflic
REEBEOEZRIIED A - (Tabled ),

5) P—F slope & & AEBEMRFOBREZERIES X
U—[ElHH R & DB

P—F slope &mAMEIE MM ORREMEEL L O—
R & OEIc W T A B E, WFNLEREOR
DHEEED (B4 R=-07170, P<00, R=
—0.887, P <0.01), P-F slope OREBIERII, &
KIEE A i b 1 BR TR E R & — AR O HIBRDFE® 5

Table 3 Changes of Ventilatory Variables, Oxygen
Transport, COD from Rest to Maximal
Exercise and Work Load Max

R E—max
Ve (L/min) 9.1+1.4  23.0+4.4**
Vr (ml) 393+101 560190
RF (breaths/min) 93.9+3.7  43.3+10.1%*
{0, (L/min/kg) 4.8+1.3 14.6+1.6"F
0,—pulse (ml/beat) 2.740.4 6.0+1.7%*
0, transport (ml/min/m?) 538+66 857+151**
CcoD £92+0.7 2.34+0.4**
Work Load (watts) 27.2+£9.7
R ; at rest ; P<0.05

E-max ; at maximal exercise

COoD
el

r T T T T

1 mmHg
20 25 30 35 40 45
Py G

Oat rest
@ at maximal exercise

Fig. 1 Changes of COD and Mixed Venous
Oxygen Tension from Rest to Maximal
Exercise in all Patients

; P<0.01 Rest vs. E-max

mean £ S.D.

Ppy
mmHg
40

37 R=0.985

30 - P<0. 001

25 1

20 1

15 -

é I/min/m?

Fig. 2 Pulmonary Arterial Pressure—Flow
Relationship during Exercise
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Fig. 3 Relationship between P-F Slope and
Stroke Volume Index, Oxygen Transport
at Maximal Exercise
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ftifEA% % EIE (Tb seq) &, ElnfbCHiMREDKT
L& BB AL % & 2T HEAE LY, MiSE
FEP OO RRES & LT, 1EHEZEEMESE (CO
PD) &B 5 UAPITBVTREELMEE H 2R
HTdb, EN, BRENSERED» SMEMEE X3
TEBEW,

COPD i 8\ T 2 MiEIMF & KB HRIE 3 Fk o
HMERTFTH B EMMESNTH?Y, BHHLK
FIEH TR UET B & IS M P A S ER TR IE
DI X B AREMELIER S T VLAY, IEIIE R
RHERRIE D FIEDS, MifSRBiEIcB VTS, FRIC
Bt 2 AlhEMEA H 0 °, (KERFE ALK S ARBITX LT
b EIMBBRBEMSIL TS TV 5, REED IR
HEEBLC) NE) OfREAEITS BT, ST &5
EERFRIEDRRE %, LRI D TESHIERFITB VT
SILETELBEETHDLLEL SN S,

SlERR & UIRERI D FEIIREAE (Ppa) & 14—21
mmHg Ofic & LTH 0, MEME (Ppy>=20
mmHg) 22 L TORIERIZ 2H1TH - 7o, EHEhhs
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Table 4 Correlation Coefficients between
Physiological Parameters and Pvo,

or COD at Maximal Exercise

Pv0,-E COD-E
Pra-R 0.538 0. 063
Ppa-E 0.519 0. 406
SI-R —0.338 —0.633
S.I-E 0.807 0.700
P—F slope —0.760 * —0.827"
PaO;—R 0. 506 —0. 056
Pa0,~E 0.537 —0.085
VO,~R —0.348 —0.510
VO,~E —0.139 —0.384
Ve-R 0. 025 0.376
Ve—E —0. 042 0. 064
Vr-R —0. 064 0.181
Vr—E 0.372 0. 269
R ; at rest x ; P<0.01

E ; at maximal exercise

IS RAERI DS E RS IEIRE D LRE /R U fc, EEjic & »
THRWNES L9 2 &, TBIRELAE O BRI A
#U <, EBth O FEIARELAERIE A Bfrric K<
B - 1o, ShIffMEER b 2 88t o sk
EOFMiAEE LT, MEIIRE & MR OBk % ER{b
T5EERA, COBREEREDNG L TH SN ER
D= (P-F slope) % EEhOffifEEREEDHEE L
LTHW, ThE TobhbhoRE TiigtkezERE
fRBICBWT, ZOBEFKRIIIZITEROBEZENE S,
L ERE P I KB FR T B R & B L, RO
LEDbNIN®, SEOEHT b BIFSELRERORMG
BE SN,

HRMERRIEE T HFDO—D & LT, MioH AR
PAECIHIEERBIRE DR 1T & © BT EMBEMNE T4 5 C
LDELOND, ARG, ZHEOLE S EBERE
A TOIRBET, WkEREREIE OMREE R L DIREES, [
H A RBREC RS IEIRENRE L 5t bhd 5 C T k D it
1T 12,

MBEBRIEOCKIEEL LT}, BABIRMOEEST
(PvOy) B & U FEWIEE COD (coefficient of
oxygen delivery) %M\ 7z, HE{KICEB 1T 5 HAEEHRL
3 E 4 DRI & > TREOIRESRIL B 7129, 250
BRI LOIRELFEMT 5 720 1i3, K D aFEists
ESLETH B0, TOEBEELSH S FIMBRER
SHE, BEHRMEBRSECEE-KTILEDNT
WBP, F IR B VT bR E A B
+TPvO, B T & H Mithoefer 51z & - TS



336

micsnk®,

—7 COD &, MM RIAMOEEL & nind?,
COD % Fick ®= CO=V0,/(Ca0,~Cv0,) TZIET
% &, COD=C.0.xCa0,/V0,=0, transport/V0, &
10, BRFEMAELBRENERCHIEL o & L CHER
T& %, THOLSHMBERZIRELFMET 2 LT, COD
WBEERERICKE L 2 BRERFALTVWELEEZL LN 5,
BAFIRIBER T SRR REMAED, IEH 0% T2
LAEMIZETT A EMNMoNTH LY, MEEL
FE TR FERBEOTEEMIIH S TH 525, [EIFICER
FIEM K U AR RIRE DRI BV T COD
BEHTh2EEZ LN,

L LKA IR I3 TOER 0 2 1T iRIE T 2 b Tl
15K, EEEFL E T RIEMERO AL EMIME R
DA L TERSILEEEEE SR N S 3 SHR L N v T
ORMEHET V1B B 720, —EICTRBRMHARY O Tl
OREFALDORIERFET 2 2 LI TER L, §HbBERK
WA DEREME, F & L Tmks KT omkED
PO 2 > DERIKELTWAD, COD & PY0, %
BRI HIE LR T 5 T &2 & » T DIKIEDTEE %3
mLgs",

AEIOFEFITB VT, T OiE OIS IZE VAR
b o, F—iERTOEBRBOMOEEH S &,
EHIT X > T COD D& ik - TEBEIC PYO, bIET
LTH0 (Fig.1), ThoOMEROERHOMHRKE
FRIEOWER, AN BIGER DK T IKE T 2 16AR
MWW EERTEELON D,

AEoKEHcB VT, MBEBRECTEE X P-F
slope TaFll L 7z B D i fEBRENAE D AL OFZRE & BA
HhH b, RANEHAMKO COD, PvO, wihd
P-F slope LHFEOHDHEBEZRD, P-F slope @
2E7S b 0 13 LEBEE O BILEREE L E VR LD S
N, & 51T P-F slope &&AEBEAREO—[EIHH
BRESEOADOHEAZAY, P-F slope &, EBEM
Bo—EHHEREERET 2 ERO—2 L LTEETH
bEEZ LN,

TS RIRIEIE 1< B O T IIYIBR R BRI & & big,
JEI BRI RS 0D FE DL AL I & B RIS & D RIS ZE
(LB EHMIMERBRDOORR & LTELSRPP, &
o MR 78 & i S IR b KER FRIMAE R R
HRAMIEOWEAL X 729 T & TIMERHEIC £ % BREINH
MEBDICHEET2EEZONEY, ThoOBFICE
D ISR D S B HIBERERIRVD DFEEE A3 R & WEEFIC B
T3, ZEEEC Il T 2 320 78 WIERIT B W T b &S
HOHOBARMDOANIKE L, —EHHERE+58m
SEBIEMNTERVLD LR EIN S,

SEoEHE MR, 20—30 watts & W D HEFHE

% ®mIL & B S

an

THRBIEET 2 EHRTH Y, ThdORRIINME
MEIRE > TV WERIC BV T HBEIETHS IS
MEIgEsh, HEEEVCHBERRZRECEMPNT
WATEREME A RT D EEZ 5N B, TRbBMEIME
DR A4 OFREEAS B WEEFI T d, BHRAEEDP Y
NEYF—va viEEERITH BT, Hx ADTEREEEY
HLEMROBEAEL CFHEL, BYISESRMRE R
FEL, EOMAVAETEEELITOLEND S b2,

WG ST LTI 72 BB LR IR S H RS
SR LET,

A X OB EIIE 69 DiEREaRe (B
BOLTHRELI,
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