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A Study of Respiratory Factor Influing
Excercise Limitation in Chronic Pulmonary
Disease Patients

Katsuki KOHMURA
Department of Medicine (1)
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(Director: Prof. Masaaki ARAKAWA)

To clarify the cause of dyspnea on exercise, 29 COPD patients were studied by stepwise
incremental exercise test by ergometer.

The main cause of exercise limitation was ventilatory limitation. VO, max correlatecl
with FEVi.o, % RV, RV/TLC, SGaw, VEmax and APaCo;. Therefore, the ventilatory
limitation seems to be to (1) decreased ventilatory capacity caused by intrinsic airway
obstruction, extrinsic dynamic compression of airway and respiratory muscle fatigue, and
(2) increased ventilatory requirement caused by low DLco and high Os equivalent.

Concerning to circulating factors, COPD patients showed low DLco, low O pulse
‘and rapid increase of hight of Pu on ECG. I think that low DLco and low Og pulse indicate
low cardiac output and rapid increase of hight of P1u indicate the elenation of pulmonary
resistance. Therefore, circulating factors also seem to be one of the limiting factors.

In conclusion, the main cause of exercise limitation on COFD patients was ventilatory
limitation, but circulating factors also seemed to be related to exercise limitation. And
the decrease of PaO; by exercise correlated with DLco at rest, especially in CPE patients,
it should be considered in case of introduce of home oxygen therapy.
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I. #

BYEHEOBRE LT, BAOERMEEBSHES k-
TETWAY, AREROZREAFE BHEEOHEMK
Er L bREFELL b - T, TRERBHER, i
PBMEEAZEMTZERE chronic obstructine pulmonary disease
(COPD) O#imIZE L <, oMK EhTW 5,
#Hic, RREZCREETIHEROBTIAYD 2, B
e ->TRAGME TS, BRCIEEBEREC
BASNDERANE . EEL, HIERFEThEHFLD
COPD BEFCHEBARMBBREZTY, (1) HERETA,
BOETRETYRE T2 BRI, (2) FEBFERE
DBEACHIY, FEORBRE L PaO, ETOMESLE
BEOREEL LW TE A 0EFEMCOVWT, HTOK
MNET-OTHET S,

1. % R

WRHRIZ @B LTV %, American Thracic Society
DEHCHMT S COPD BEDKAT, HIEREETN
FHRL VB8 5RFE Lic. TORNERIE, B2264,
& 7H, F4528~80F, FH63.7E6.5F ThHh-T. xt
SEGORKZEN, FE, ER RWHLEE bk
TR PR RE I & L 0, 1BMESIE chronic pulmonary
emphysema (CPE) 16 #l, U'% AMEPMISAE 4% difuse
panbronchiolitis (DPB) 4 #, &4 KE XK chronic
bronchitis (CB) 2%, KE&THWIRIE bronchiectasis (BE)
3flc, B4 HREEED COPD &2 LAl
¥l WREKEL CPE ¥ (1661 : P54 68.3+6.5
¥) L&EIHK (Br) B (96 FHES53.3114.7F)
D2FTTT, FE4DEHEEBFE L. Ebrav
o—§EE LT, BHEE (volunteers) 108 (B9#l, %1
B, #4525~32F, F3926.3+3.17F) LHEHEED
RFcH HEEMMZ interstitial preumonia (IP) £
T8 (B6B, 18l F453~72F, F63.146.6F)
FRET L7

il

InI. » &

1. RHEERALE
BEHYBVT, COPD BE & IP BEROW1T,
EREEHCRER T -7, AMm A bY—2 13.5L
Benedict-Roth # spirometer iz & b, BENRIE
functional residual capacity (FRC) (2EA85% He #
RETHEL, *hdEic LTRIHKAE total lung
capacity (TLC) &BEB X & residual volume (RV) %

B U7, Bhfh#hE diffusing capacity 3 1 EIFETREE
THEL (DLco), £DH AL gaschromatography T
S L. TLT, MEE vital capacity (VC) &
Baldman 5, ZTOMD/5 £~ & —{L Cotes DFHl
Kb, BEREYEHL, ¥THEBLL 7a—8Y)a—
20k, Wedge & spirometer %A\ T X-Y recorder 1
HE s, BAFERIE peak flow rate (PFR) %3l
EL. BRAKE2 Y ¥ 2 &V A specific airway
conductance (SGaw) ¥, FEH body plethysmography
FRHOCTHE L-SEBH & FRC LHEHL, ¥
REAN—vEBCCERMELY RS, BRBREMLOR
BEPAE maximal esophagial pressure (Pes max) &
Bz v 754 7 v 2 static compliance (Cst) % &
L.
2. EEBRN (BRRUEHEs) =R

1 ORUER» & 2 B8HILIAK, Monark #81 ergometer
PRVT, LENE- 2 -2OEER LMD, 1457
L OBRBMNEHEATRRET -2, Thbb, ¥Vt
TISHEORBOH, 14921 30 kpm & H LW
L, BEMCEB G C X oh - ok, MERULH
PO BT REDS5% i L8, R RERO HER
LicBie, Wik L. MR A, T390 (FEREE 100
ml) %L T, Chest #BUMBERNES RS-1100 X
D14GZLem# L, ¥ AIC #8 CO; analyzer
RAS-41 Iz & W EERFK CO, MELRE L. MK
ARG, EREBBRCEB Ly 7uvétin2gs
iR LT, HEA BB acid base labolatory ABL
3FRWTHFL, BoOoMEELL_—Y v H—F v b
FROLBREEEC L ABREE L.

3. BAOEHESE maximal voluntary ventilation
(MVYV)

EBARRERE KToREEEVT, 13.5 L Benedict-
Roth # spirometer T, 12BHEOBEABRE LT
W, 5EELTISdIhORE L.

4, BABRSZFZHH maximal inspiratory and
erpiratory pressure (P max, Pz max)

Black RO Hyatt ©J8Y LUK, ER 2mm,
K& 15mm O leak %9, FRC L O BABRK, ¥
KOBENEAE transducer TEIE L7,

V. # R

1. EaRHR
#£ 11, COPD #2f, IP BELEHEMECOWT,
BEEEORRBED £ /3T A — & — & M H 2 5HHE,
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Table 1 Parameters of respiratory function or resting and exertion in COPD and IP patients and

Healthy controls.

Subjects Grz9) (n216) (a2 0) ey | TS

Age 63.7+12.0 | 68.3+6.5% 53.3+14.7% | 763.1+6.6 26.3+6.6

@ | BVC 91.0+21.9 | 94.0%+18.7 83.4+23.8 | 90.2%17.4

£ | FEVio w 1.33:+0.71 1.1740.63 1.50+0.90 | 2.37+0.63

€ | FEV,.0% 46.1+14.4 | 39.0+12.1 | 55.4+13.5

E Y% TLC 114.3%14.4 | 120.3+12.0% | 103.1+13.4% | 79.7-£13.9

§ | RV/TLC (%) 51.17.2 52.6+6.4 50.0+8.8 32.84+7.0

S | %DLco 71.025.7 | 57.2421.6% | 88.1+22.4% | 56.8-+10.3

& | DLoo/Va (ml/mmHg) | 4.08+1.73 | 2.89+0.89%* 5.68-41.38%* 3.87+0.93

g PFR (L/sec) | 3.79%1.95 | 3.26+1.58 4.35+2.45 | 6.85+0.77

fg Cst (L/emHz0) | 0.305+0.128 | 0.3690.098 | 0.153+0.039 | 0.113+0.061

§ SGaw  (L/emHzOrsec) | 0.060+0.035 | 0.052-+0.028 | 0.083:+0.036

® | Pa0, rest (torr) 82.7+13.8 | 84.1+13.0 80.1+17.4 92.2+12.6 100.147.2
PaCO; rest  (torr) 40.4%+4.1 39.7+3.6 40.9+4.3 35.243.1 36.8+2.8
VO; max/kg (ml/kg) | 27.4%12.7 23.0£10.9 35.0+14.9 18.6+5.6 59.9+10.1

8 | V& max (L/min) | 37.7+13.2 34.24+12.4 42.5+16.1 52.5+16.6 73.1%9.1

5| HR max (/mn) |126.9£22.1 | 121.4%20.5 | 139.4+21.8 |125.1+20.0 160.5+15.4

& Oz puise max (ml) 11.1+4.4 9.7+4.9 12.3+4.5 9.24+2.2 22.1%2.3

E APa0; (torr) 12.4+10.3 | 17.7+9.6% 6.2:7.4 22.9+8.5 1.1£9.0

¥ | 4PacO; (torr) 3.943.3 4.6+4.3 3.9%+3.4 1.3%3.3 0.1%4.2

E A4AaDO, (torr) 14.7+8.84 17.1+8.0 11.7+7.3 25.5+7.9 13.6+5.0

; AVp/Vr 0.14+0.09 | 0.1240.09 0.18+0.10 | 0.08%0.06

A& | Pt max (cmH,0) | 41.1%13.3 87.3+23.4
Pr max (emH,0) | 33.2+16.1 108.0+28.8

* CPE vs Br p<0.05
** CPE vs Br p<0.01

BAHEBANBOZ S A —x—, mMIEHAFTHHE,
AaDOs, Vo/Vr ORERE L EBROEY, ThLhF
BHETmR LT,

CPE #& Br BOMWWEBGE 5 A —2—% 45 &, TLC
DOFHEC T 5E4 (BTLO) i, 4 120.3+12.0 &
103.1+13.4 %, DLco OFHHBEI T 5E4& (%DLco)
i, &57.2+21.6 & 88.1+22.4 %, DLco Offiluifs i
w4 BME (DLco/VA) X, 2.89+0.98 & 5.68+1.38
ml/mmHg <, MM EEERZ bR,

EEIREOBHREY LD L, BRAOCEBAB L I
B, wEHDIEXSRENLSATS-72h, Fohk
Hhid, MEEAS1HA, B EE 64, LEBET
ST &TF 0.2mV LLER1BTH- . FREHES K
2T, Hbdk LcERIZI4BITH » 1o, TRES T
LBLORTHASRE.

COPD BLfE0REM T » ORABEEIE maximal
O, comsumption per minute (VO, max) i3 27.4+12.7
ml/kg T, BEFEO 59.9+10.0ml/kg DELSLTT
#-1-. COPD #orTid, CPE §4% 23.0+10.9ml/ke
¢, Br B0 35.0+14.9ml/kg K, HEEZI -
foit, EVWEERE DK, ¥4 IP BEd, 18.6+5.6
ml/kg LIEEAR LR, VC OFHECH T 284
(%VC) i, COPD Lol EN -k (IP
B£:90.2+17.4%, COPD ¥ :91.0+21.9%).

EE AR A S E minute ventilation during
maximum work (VE max) &BABREEHOKET
H%5 MVV EOBHRAE 1-a wR LM, COPD #
i, BERCEST RREHEMCE W TRIELEKX
BRicfT T\ bWk b, 7, Ve max & Vop max
FOBREA S E (B 1-b), MEIRE0.787 L5\
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B%mR L (p<0.01). &5k, B lc ik Vo, max &
—[E#FE tidal volume (Vi) OBIRER LM, Vi
LTS 2 LT E BRI Y, BVEE
TS - Tt

B 2-a 13, &8, EBOPEE BRANRCE
05 O 4k (Ve/Voy) ¥RLESDTHS. BKIE
FTLTW LI, 855 ISR »EE & Rl X ¢
b BbhBE, Z06RDRE 2—vEE 2b, ¢ 10
R BRRO3BIKL, EHO 3 MIZESHEETC

VT 584 L, BEE ) »EBCHN L Tk < H
BRI, & 75 - T T,

Wiz, {EBRROBACHE heart rate during maximal
work (HR max) %4 5% &, COPD #£L6Tli¥Ey
126.9422.1/minT, BHEE D 160.5+15.4/min &£
B otont, IP B (125.1+20.0/min) S BIERLCT
Bt (F D). BRACR, CPE B3 121.4+20.5/min
T, HE#EL WA, Br # (139.4+21.8/min) &b
EWEHE S A D R

(e) vr
(a) O, Equivarent (L)
8 1.0
5
05
4
1 2 3 4 §(min)
2
o—o CPE
e br (b)
I control
0
Rest Ex.max
m\\ type Vo max 7561 £ 2390 —oettlo

1
:IP< 0.02
13489 % 5431
e

19288 & 804.5

(2) ™\ type Vo max
@\~ 1 Vo,max

10|

1 2 3 &4 5 (min)

Fig. 2 (a) O, equivalent at resting, middle of exercise and maximal exercise points
in COPD patients and healthy controls. (b, ¢) Change of frequency (f) and
Tidal Volume (V1) or exercise in COPD patients.
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O O ‘/.
’7// o—o CPE
//4/’1.’//;’:'}’. —s Br
sf
o -
Rest 1 3 5 1 9 1 13 15 17 (min))

Fig. 3 Time course of O; pulse in COPD patients.

Vo: % HR TH L-BEENR O, pulse ¥, 1ELLIH
HELMEET 2L 0hRY, LEELRALTWLEA
EqND. TORKEBAMRKOME O, pulse max ik,
BEE 22.1+2.3ml/min &% L, COPD #4445
11.1+4.4ml/min , IP ¥ 9.2+2.2ml/min &,
VR SEMER L. ¥, REAICiIE, CPE B
9.7+4.2ml/min, Br #» 12.3+4.5ml/min T -
. 3 1%, O, pulse DFERHYE{L% TS, CPE B,
Br #:3d, B EBLTWEAL, BFECERL
TSR EB i BN L b i,

MW H AT BT, APaQ, & APaCO; ik, &
R . R OEB AN OZEAERT. 4Pa0sidk, COPD
FeE 12.4+10.3 torr C, BEFHOD 1.1+9.0 torr
LN, BEBRET L. BEJlcik, CPE B2
17.74+9.6torr T, Br D 6.2+7.4torr THN, H
BET LT, ¥, IP i 22.9+8.5torr T,
COPD #4&#i® CPE Btd& b, BETORBENKTS -
7. LiE®D PaO, ORRE{LAZE 42 R LL. Br
FTh, PaOy BEIRIET LTV S BDADE AL bR,
CPE #% IP BT}, BEALOFBETEREZRL
1.

5 id, RERFERXESHAHIFO PaO; 0%
KL, |2 2, CPE #4& Br #0 APaQO; %
Rl BEOIBEBCIEFTEN L, -1, (CPE
$£ 1.1740.63L, Br # 1.50+0.90L) 4PaO, ik
HEEEMNL LN (CPE ¥ 17.7+9.6torr, Br 3

Table 2 Difference of APaQ; between CPE
and Bronchitis groups is shown.

CPE Br

(n=16) (n=9)
FEVio (L) 1.17+0.63 | 1.50£0.90 NS
APaQ, (torr) | 17.7+9.6 6.2+7.4 p<0.05

(n=16) (n=9)
FEVy, (L) 0.98+0.16 | 0.96+0.20 NS
APaQ, (torr) | 13.6+7.9 7.4+7.2 NS
APa0y/ AVO, 2.50£2.36 | 0.80+0.96 NS

6.247.4torr). %7z, 1HERREALBELTHS CPE
FE1041& Br BefIAHH LCHELTY, AEER
7 oot CPE BEHKEWER AL SRz (CPE #
13.6+7.9torr, Br B 7.4+7.2torr). &5, EH
BOMINCKT 5 PaO, DIETF 53T APa0,/AVO,
#HET LT, CPE ¥ (2.50+2.36 torr/L) D5, Br
B (0.80£0.96torr/L) L HKEWERTH- .
Wiz PaCOy oW Th % &, COPD B4,

BAEB AR, KRB (40.4x4.1torr) &0
3.94+3.30torr LR L7z (FE D). mEGI<lL, CPE #
D LR 4.6+4.3tor T, Br B0 LE (3.9 +3.4torr)
EOMEFBE R L - . 4-b 1, PaCO, Dk
BB L% R Lok, COPD BELFITE, PaCO; Mt
EAEBE LWL, RECERE LT EMRL
Lbhtod, CPE B & Br #E oM, MElicksER



608 FRESRME B107E F7E5 FHSETA

(a) Pao,

(torn) .\

L eew

—s Br

o—a | P

13 15 17 (min)

Rest 1 3 5 71§ 11 13 15 17 (min.)

Fig. 4 Time course of (a) PaO; and (b) PaCO; in COPD and IP patients.



FH  BYMAEEMEBREEOEDHH BRI TRERT O#E 609

Pao,
(torr)

100

90

80

70

60

50 o—o CPE

-+ —s Br
Rest Ex.max .- control

Fig. 5 PaOs Levels at resting and maximal exercise in COPD and
IP patients and Healthy cortrols.

Bdohishofz, ¥h, IP BETR, EEBSE PaCO,
R ER LR, BERKARKESLK2hT, BUE
T aERRA LR,

LEROE L, SES AR OREL I 519, EOGI
FEOPHEOFEIOEL (APn) & APaO; OB %
#at Lz (B 6-a). COPD B&flTiz, mEOMIIE
£ CHBIRA L it~ T8, CPE B3 &, PaO,
DETTAHREPHEOEENKEWVERAXA L.
—7F, EHER{FMFHRTEIEMTE, PESBL LA
ERAA L RIH, Dl EEE CIRREREAY R TH
Wr U fERle b, PESBBICE LA ERARS - 2.
%270, Vop max k5 PHEOE(LE O, pulse &0
BmsHa L (H 6-b). TR, mEOMI
y=-0.652 (p<0.001) O\ EOHBERTEDL DRI,
Thebb, PESEHCE LAEERRE, O, pulse max
DI T - 1z,

2. Vo; max ($3L(E Vo max/kg) &=
BEFREE, APa0,;, APaC0, &R

% 3 1T, Vo, max & ZHESOIPRBEE NS A — & —,
APaQy, APaCO; L HHELI-EBRE2R L. L,
BETHBELTHE T A—Z—m 2Tk, Vo max/ke
LB L. FORESR, Vo, max 2 —®& forced
expiratory volume in one second (FEVi.q), %RV,
RV/TLC, SGaw &\ REAZEMEELRTKESL O
fllcim B AL bh, ¥7%DLco, DLco/Va &%
EELHEBEAED ORI, b, B®E LEERAS126
EN -, P max, Pg max & ORI Y,
HEn A bR —F, EBAMCLD APaCO; ® Ve
max & DOE LHBERL Bhih, APaCO, & (X4HE8
Lot

# 4 13, APaO., 4PaCO; 2 HLREBBOTILIC
%45 APaO; (APaOy/AVos) &IFWHEEE, 5 2 — & —
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APy

> CPE
* Br

(mv)

0 10 20 30 torn  Pal
copPD n.s
CPE i r=0.505 (P<0.1)
APy ¢
/602 max
4 .
3
=—0.652
P< 0.001
2
1
* 0,pulse max
0 10 20

(m/lﬁeat)

Fig. 6 Relationship between (a) Pr hight and PaO; at resting and (b)
AP1/VO; max and O; pulse max on maximal exercise in COPD
patients.
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Table 3 Correlation between VO, max or
VO, max/kg and Respiratory Fun
ction or Blood Gas Analysis Para-

Table 4 Correlation between APaOz, 4PaOy/
AVO; or APaCO, and Respiratory Fun-
ction or Blood Gas Analysis Parameters.

meters. : (a)
VO, max/kg APaO,
%xvc n.s %vC n.s
FEVi.0% n.s FEVio n.s
%RV r=-—0.373 p<0.05 RV/TLC n.s
RV/TLC r =-—0.498 p<0.01 %DLco r=-—0.382 p<0.05
%DLco r= 0,456 p<0.02 Csr n.s
SGaw r= 0.464 p<0.02 SGaw n.s
Cse n.s PaQ, r =-—0.502 p<0.1
VO; max PaCO, n.s
FEV1.0% r= 0.645 p<0.001 O pulse max n.s
PFR n.s (b)
DLco/Va r= 0.522 p<0.01 APaOy/ AVO0,
FaO: s 9%DLco r=-0.479 | p<0.01
PaCOq n-s DLco/Va r=-0.433 | p<0.05
P1 max r= 0.757 p<0.01 Cer n.s
Pe max r= 0.729 p<0.01 O, pulse max r =—0.628 p<0.001
4Pa0; s Pa0, r=-0.500 | p<0.01
APaCO, | r=-0.442 | p<0.02
Ve max r= 0.788 p<0.001 )
APaCO,
EDOBR%EIR Lic. APaO; i, %DLco LOXEE L %¥VC n.s
HERA LR, Fi, ZHEF PaO, HMEVRE, APaO; FEVio r=—0.556 | p<0.01
REBRAZr-%. Zh¥%, CPE #& Br #&0M RV/TLC r=-—0.565 | p<0.01
THE LD, WIEhLEAED DL, BBEET L, SGaw r=-0.594 | p<0.01
7o, CPE BT, KEEE PaO, & APa0, DK 9%DLco n.s
AOHBEPANA bR (y=—0.470 p<0.1). APaO; PaCO; r=—0.651 p<0.001

EEBROB(LERT AVoy THRUIAE (4PaOy/AVoy)
Z2oWTiE, %DLeo, DLeo/Va & D, APaO, L9
BMWAOHEBERA LR, ¥, O pulse max & %
HWOAOMBNRED bhic. —7F, APaCO, XHEM
EL T EBREFRRBE S A~ %— (FEV..o,
RV/TLC, SGaw) &R, HEERL BRI

V. # £

1. HERORUIN, EHgeE2BTE T 2ER
COPD BEDEBEHBr->w TR, BARETLE
RERESTHRATWAR, WFhbFoEk 3 ERIE
BEBEDETR LA L T—H]LTWAYY, 4HED
BEHERETY, ¥ 3 WRLEESK, Vo max i3 FEVy.o,
%RV, SGaw 7 &, FAZEMHEECBHRT 5HEE® Ve max
EHEGHEBIRS Y, BEOWNMTH LAV B

Vop max B L2 EVWHIRERTH . Thic
¥, COPD BEHDOKEMFEL Dynamic compression 7%
BEGRLTWAD dunwbh3. ¥, APaCO; BAAKE L
£ Vop max »/hE L, HILEB L 2 ERRLADOM
MCEBOBREP BT R, LWHYLIBRIBFEDE
THHESHBROE 1 0BRLEL LI 5.

XHk, EEBICHEWT Vi AT E BERRE Vo,
max 3E< (B 1), ¥%, P max, Pr max &\
TR IE LAEBERL (R 3), MoEsEE
W AR & LAz b, #4& generator TH B0
BHOBEETE BIBBETO—DEHRTHS &
Ez2bhb., FREGEERIT, trans diaphragmatic
pressure (Pdi)®, tension-time index (TTdi)®, #
REAF B 7 & OFK BRSO, FERAYC paradoxical
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monement® % rapid shallow breathing®, respiratory
alternans® %t EAWE IR TV 5. 2-b, C it
L5, BREOCIIER S ECRED, RHRGES »FEDH

LTWwbEEbhEA, TTd 2/0& < LTRRER
RRATELDOBROTRE S\ 2510,

Voy max (4EEAE S & HEBIE R Lic s, Mg me
FROBBIC & > TREMFTEE CITF Va/Q F%)
DR E 0, EBECEEELEAOLD, B UBERERT
BOBMI NS DEL LD D LA RKSEBROE 2 0
BEREEbIE. B 2-a LHWT, Ve/Vo, (HEEEE
AT, 3EAVThLEET, EBHicLs Va/Q F
BWERORELBETHH, BRELBEROBIIRENT.
12, Ve/Vo ORBT, WIKET LT IEM (B
2-aF (1) &, MOER L D FH Vor max HEE
TS, BRRLTwiLS, ABEEMES 30me/d Ll
TT, \Wh¥b Anerobic threshold ¥ C&E L/ T
BEERBHB L EBLLNS.

COPD BEOHE, BHRARNTIEEINHERT
b ETABMENRSLHADD LB HF R
BAECESE, OHHENET ORI, BRRO
BAD12Z2FbTEELLNS, LB THRAME
D85% LA LI B LoDk 6 B iz d, Og pulse 43P
R TR LT, o0 LERAR L, B8
FRLIMb>TW2EEbh3. BRREETFO1ISTH
HMERESVWTE, BBATC L - T, MOEER
METH, MEBIRELE LI LD, FEEFBROE
HEvwbhTw319 5, BIFEcEich -7,

LT AT, PER, LENIERE:EBOBRSRICL -
TEHERERLOTHEH, BEIFECEEL, B
BRkERBZENRLOLNTWA, PZ, EBICL->T
RECEBEIEAT LN, ThCRTREBROBETE
POEHEREOMAR S HFEE LTEy, BBRLER
HELPEERYHAIELLVWHAEYW, B 6b T, #E
BECRT 5 PEEOHMA (4P1/Vo, max) OBEMN
AEWE, Op pulse max M/ PEWI &R LI,
PHEEOHEKAMMEEN LA X 2 bBIRE L7 & BY
FLTWBEE2 2L, - OMBIRE LAEROHEED
ez TwbEELLRE. ERMEMEOELEP
EEOFEE, B 6a Lk >i, CPE Bro
LZABAEE A L b hichs, CPE BT, HBENEE
ES, MRamEROEHE LR LT 5. ZOkd,
EBic L 2 MBEROFHENTRELT, Va/Q FH%
OHEIVNE L, EBRMESEL L ELHRD, —7F,
MBS O LR & 0 OIHHBEASIREh S EE LD

h3., Zhic, REK O HE (PaOy) EFILLA
hypoxic pulmonary vasoconstriction 3% {5/ %1
HMLTWA, i, MEKEARL O, SHEEE (AaDO,)
DRAORENKE L, FEMEE (Vo/Vr) DEER/DE
WZ kB0 EEEOBF T, LHHEOSENHIR S
HTBHEEbhB.
2. EBHICLD Pa0, DETARHEFREND
FRTEDM

APa0; 13, FHBED 5> HIkBEES OXHEBOHENRH Y,
i< k5, CPE BT, LBROMBH 25
FERBRrs -Th, HEBIC L - TABERREL 5T
BEEASLEEDRS. Zhid Jones HOHET L
LThaH, *0BBLs0oBERrH, BETIE,
I LD Pa0, DETORELTFRHTERVL LW
BRABERTH A9, SEHOBKIER Y, 1PE
D& AEECERATH~TS, CPE BT, Br ##
CHANT, PaO; DETOBELAHAEL, RER
LAERELRE. LirL, Br B6TY, BEEGITHE Dico
PMETT28B805 0, ZOL5IcEATIE, APaO; &
KEVCERTH -7, Th, TBFED PaO; BMEVE
&, APa0, WHEIAX L, MRERS® Va/Q T
WEREL L -T, BT TERREE R >TW 54
T, EBiC L ABRECMBOMEETREND & HIER
EHNRELZ LIIMURELLND. iz CPE #Tik
Va/Q THEOK X WEMR Y, EHic kL hREEH
MEBCENTETE, MROEROTEE, SBEO
P At aric i, BEEMES L VD HEET S &
Exbhb.

APaO; % EBBEOE(LTH S & (APaOy/ AVoy),
HRBRBE &2 X eV HEBEA A b h, O pulse max A3
INEVEEFIIE E, B PaO; OETHAZED LR (A
6-b). Bf, PaOy B3 Th<, AoMmELLrEDLT
EVvbh L ERN Oy 4 (PvO,) BIEOEEM:
BRI I T35, Fick ORX»hb#lhhs ko,
PyO, DETIL, PaOy DET & OHBHBOETE LS
4 DT, DLco DEWESIZERR hypoxia AL DEkL
tEZLRS.

DLco DETHITIE, EBIF PaO, HMETT S A
CdBHT L, HMESMERLG T, HEEMESR
THIFWE TS, LHL, Owens BV DL >ic,
FOBGER - 2 VBB TWABREIV . EEHE
ERALENRS B, PaO, DETHEBICLS Va/Q
REEOWADNEREEL LR TED, VA/Q TH%
D—EETH S Dleo 13, LB EFEEAOBICE
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B Anb~eigETHL LEbRS.

Vi. # E

COPD A 200 bl BB AMER LTV,
EESIBRET & PaO; BT oW T L. EEH
BofRARTFIZ, FRERTCTHIBIHBT, Chic
132 SOBERLSE 2 bt Vop max %, FEVi.., %RV,
RV/TLC, SGaw, V& max, APaCO, LHBIL1C &
IR ENAEERAESL dynamic comprression 7%,
% 1T, Vo max & Pi max, Pr max OHBORE <
BIERCR N AFRGRS NES L, BIRAED
ETFTHE1OEET, DLco DE[ER O, UBEET
RENLBEEROBEAVE20ERTHS. BFERHE
Fi2, EEOHBIIZR bW, DLeco ® O pulse
DEFTERLENILAHEFRCLERN LD P1 &
DOWAKTEDL ZhMMEEAO LANBERLTHS &
Bbhhic.

¥z, EBEC LB PaOy DOE T IXEHEE Dlco LM
BIL, ¥ CPE TR+ DOBEGRIM <, EEEREE
OB ERIANDL & & Bbhi.

Kor, HEELECFRAFELRSE 2 AR
PHE, WIERSE, ¥, SHRIE2ECET
mEmRBERE BEE, F2 IR RER R S
N— TR LT
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