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AN MESE (COPD) BEICBIIAREX
LERFIRA O tE R O EHREMBERESEICRITITE
REWNT 5720, BRMICEE L COPDAEHI2
BlAEHRIC B HEHIcHs7orso - (P) Kk
UCHz) vEITHBA4 7S boryasowq F (D
OWABFHEF OFBEERIE 21T > 72 P, TN D
RATHEED 1 HE (FEV.) OXREAR LT, B
HHBRICo2WVWTE, [D60ugBRAIRKOFEV, &K
L1 -7 (0.84=0.32 [ ¥ £SD ] —1.14%+0.39L)
7, PEOugEMBRALTOAREMLEMIIE L A
MR ZZBDIED - oo HRI2EFID S B informed co-
nsent D7 S N7z 6 FlicHLH 7 — 7 VIREEHETL,
MBARL = VT2 — % — o & B EFAMTOMEREE
ZPD20 u gRARIRTRIE Lo, REFREDIMBERE
REIPIRARIR TELAED o7, PIRAICED
EE%OPEMERE (mPAP), AZE—EHALSE
FE (RVSWD o EHES & SN [mPAP : 43.7
+4.4—34.813.9mmHg (p<<0.005), RVSWI: 32.2
+8.5—-24.7150g * m./m* (p<0.0D) ], —MEHEX
2 (Vy) @EmL 2 [970156—1152£235mL (p
<0.05) ], LIk, COPDEFEICH T 5 KB XILEH
DORA e NE X, EFMSIEORE %
BRLALERZRETS 1, TNRI[EILRTIK
ADKEZMRSRIC L 2B EBREL T NICL S
auto-PEEPHEDHF S LHERI & 1,

#®

ChronicObstructive Pulmonary Disease COPD)
BEE LU TEMEIC X » TH U A RAER 728 M EAZE
RETH B, AALEHISIBHRBICK T 5 IAEHIN
ATREFENIECICERNLERENRkDON D, T4

HH, KHENEHEL BERICK S TROBETHY,
ZERRSREE FHRICBI AEFEOH (QOL) @
WETH B,
COPDIIREED#EIT & & bk FEMM ST % =
7oL, I3l E?ss, Liz->1T, Lo
EEEZIET 2 Z EPCOPDEEOTFRICE > TE
BIRETH D, EFHCOPDEE OLYMEIRE
(mean pulmonary artery pressure ; mPAP)
OFROEBERELLY, MllE, HGLA2AND
EBICEREAEZ 2, 20 LOMEMTOBREIC
BREBAY RUOE 2 OMEWER > OBSHEAH
LNTVW3, &I A TCOPDOffEICHd 25E
FIRFIRAZI BRI > LW T RESHERED SATW
B0 EHFMERPECREIIHRICIOV
TRIPEHHoNTWVWER L, £ I TCOPDEEIL2H]
X LIRABEE LTR . RIBHTH L 7an 5o —
v (P) RUHizY) vRITHBA4 TS boro aTo
24 F (D ORAI K ZHfidEE I RIE TR LM
4% &312, informed consent DE S 7 6 i
XF LPIRAIC & 2 EEIFMEREEL CBRK[ER O
HBRIZH>VLTHRE L 1,

XRBRUAGE

FRIRANCEE LIoEBRE S LISV COPD ¥
1261 CEEFE#ER67.716.08), FIFl, L3I FE2HER
& L% (Table 1), COPD W3R, HEH
AR, BWECTHRE, MEBERERR, M&KRERR
15 ETRERIZIT » 72 P RO T ORABAHRERICD
WTIRP A0, 15 3040c&%20, 10, 10ug, &KW
TI1%290521c40pg, EBEBABAL (metered
dose inhaler : MDI) IcTIRAL, Hfilsge%x 3 + b
HBIZ N4 o2 —%— AS 1500i2TO0, 15, 30, 60,
90, 120, 150, 180 4MTHIE L7zo BIBICTI 2 0, 30
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Tablel. Anthropometric data of pulmonary function test in 12 patients with chronic
obstructive pulmonary disease (COPD)

Male

Female

Age (years)
VC D)
%VC (%)
FEV, n
FEV, FVC (%)
RV./TLC (%)
%TLC (%)
% DLco (%)
DLeo/ VA (mL,/min/mHg, 1)

9

3
67.7£6.0
2.50£0.81
81.7£25.0
0.956%0.32
41.8%£8.4
53.3%11.5
97.1£11.2
47.5£16.0
2.08£0.78

Definition of abbreviations : VC=vital capacity ;

)

% VC=percent of vital capacity for predicted

value ; FEV.=forced expiratory volume in one second ; FVC=forced vital capacity ; RV =residual
volume ; TLC=total lung capacity ; %TLC =percent of total lung capacity for predicted value ;

% DLco=percent of diffusion capacity for carbon monoxide for predicted value ;

DLco/ VA=

diffusion capacity for carbon monoxide per unite volume.

Values are mean®=SD.

Procaterol Ipratropium Bromide
2010 O g 40 ng
P—1 :LL ;L !‘ } & 1 { i
o 15 30 60 90 120 150 180 (min)
0 i5 30 60 S0 120 150 180  (min)
[->P !T — } + i } |
40 20 g 20 g
Ipratropium Bromide Procaterol
Fig. 1. Protocol for inhalation study. Pulmo-

nary function tests were performed at
base line and at 15, 30, 60, 90, 120, 150
and 180 minutes after inhalation. Def-
inition of abbreviations : P=procaterol;
[=1ipratropium bromide.

SHc %40, 20ng, P%120531220 u g A L [ERRIC
figgEZ/E L2 (Fig. 1),

INODEED DL informed consent DF SN
o6l (BHE4F, =25, FEERKE2.014.6%)
EXRIC TV T A — 5 —EHEFHERETT > 75 Table
2ICHREDOHRE, (KE, MiEE FHARIME A 254
ARER LI, ThoORRHEI, BAMLIC THRNSER
k& © 8 F-five lumen Swan-Ganz catheter % i
FiRic, $hx R -HEBRBBRICHEAREL,
EgRE (mPAP), MEMERAE (mean pul-
monary artery wedge pressure ; mPAWP), K&
UHIIEDOE=% — Fig, v—x v 2AHBEAIHEE
T A= —ZHVE—BREESHEMAE 6 2RT-
foo AMBRTH VT X -5 —DRITT 6 HfIHE
TEAHUEHBEOAM (19.2£6.6W) & L7,

EHAMIE Fig. 2070 b 3 - WREWVERBL I,
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THbE, PRAROES P-) & P20 uglA30
HHOEE (P+) %23000kEH% 13 S A THTL.
BEBB LUK 201 3+ R RM 300 %
W, LB X OB OMEREREEDOEIEE L
K4, LHER (R) IEHFBEN, E8 (E) &
EFK TEAOREEER 7o, ¥/, EEHIGER]
RUOESE TEANS, #4007 — 7 VRNICRAFIR
Mm%, EEBROFE TS 2 ¥ —4F & BRI A EREL
L, § &0 IL #8I1303ic T H R 247 21T -
720 ILMAHE (cardiac output ; CO) 3, HiEZDE)
IRI B & CEEGEIRIMOINK 7 2347 E, RIMFFST
DOEHENER (oxygen consumption ; Vo:) %M
W, Fick DFEEX0EHL 7,

EXERCISE PROTOCOL

Procaterol 20 ug Inhalation

Rest *
30min 30min

Ex for 6min Ex for 6min

oot

Pulmonary hemodynamics, Gas exchange

Fig. 2. The protocol for six minutes single st-

age exercise (Ex) test with a supine

bicycle ergometer before and after pr-

ocaterol inhalation. Blood pressure,

- heart rate, cardiac output, mean pul-

monary artery pressure and mean pu-

Imonary capillary pressure were mea-

sured, and blood gas and expired gas
were analyzed.



Table 2. Patients profile who underwent exercise
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Male

Female

Age (years)
Height (cm)
Body weight (kg)
VC (L)
%VC (%)
FEV, (L
FEV.,/FVC (%)
RV/TLC (%)
% DLco (%)
DLeo/ VA (mL,/min/mHg, L)
Pa0. (mmHg)
PaCO:. (mmHg)

4
2
62.0+4.6
163.5£5.9
53.4+3.6
3.10+4.6
97.6%=21.6
1.06+0.29
37.8£8.2
47.1£11.0
40.1=10.5
1.76£0.76
T77.5£8.2
43.58.9

Definition of abbreviations :

Pa0: =arterial oxygen tension ; PaCO: = arterial carbon dioxide

tension. See legends of Table 1 for further definition of abbreviations.

Values are mean®=SD.

P20 1 g ABTIR 3043 O fiti B BE (3 51 B IS AIIE
L7

fal, ARA24RFHEIRT & » & ORE IIRH D5
Fhikant,

KBAEM G ESDT/RL, REEOZEILIF Stu-
dents paired t-test THRE L, p<0.05ZHEE L
720

w R
1. PRUI1OMDI BARER

MRI2EZDOP RUTOBRAICLS 1 HE (forced
expiratory volume in one second ; FEV.) @
ZA{tidFig. 3, Table 3icmRT T &L, P A%k
WA LEE (P—1) FEV, 8i{#E0.86=0.38LIcxf
L, 159k p¥mL, 9043#%1.12£0.421 ic £ TH
mifzs, 1OBRAICL O BEITEROHEMMES 5N,
15053#%1.18+0.44L (p<0.005) &7 »7tce —7F, 1
BHRICHA L1254 (J—P) FEV . (3HIf#E0.84£0.321
L1553k &k o#m L, 12053#%121.14+0.39L i
ML, ZO®BRP ZEMRALTHEMI
B oot M P—1 OREE (15053E) &1
—P OFK&EE (12053E) ICIZBEEELZRDEDH - 1,
RHMRIER (forced vital capacity ; FVC), 50
% ftifE BAL T DR AFERME (maximal expiratory
flow at 50% of vital capacity ; Vi), 25%iE
B TORARFLME (maximal expiratory flow
at 25% of vital capacity ; V) 3%%155% &
AR LD, (P—D, (I—-P) &biikEEICE
BEEAFDED -1,
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2. EFHAEFAR

i) P20ug®AICL BFEV, %1k

P2ug AICEHFEV,130.96+0.38L. £ 9 1.19
+0.38L ~NEFEEOHM (p<0.05) %R L7,

i) MEERENRE

Fig. 4, Table 4 icnd < MEREEEER
P (=), P (+) & bEHHMEICERZLD - 7285,
EHAEMICED mPAP P (—) 43.7t4.4mmHg,
P (+) 34.8+3 9mmHg& 50, P20ugBAI & -
TZzo EREESERICHE S (p<0.005), m
PAWP & E&Hic kb ERLAHP (—) 13.7£11.7
mmHg, P (+) 8.8%7.3mmHg&, ZD LR DR
BlmEi s na@m xR L1z (p=0.069), —4, CO
DEEC L AHEIEEIRP (—), P (+) TEHLL,
FM&EES (pulmonary vascular resistance ; P
VR) iK2oWTbREETH »7ce TRICKDHE—[H]

FEV: (L) po0s
13 .05
12 | Pl
L1 -—&— [P
10 ] | n=12
OA9 ] ns
08 |
Ll L T T ] L T
0 30 6 9 120 15 180 Time(min)
Fig.3. The FEV. changes after sequential in-

halation of bronchodilators Definition
of abbreviations : P =procaterol ; =
ipratropium bromide ; n.s.=no signif-
icance.

Values are mean=*SE.
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Table3. FEV. changes after inhalation of procaterol (P) or ipratropium bromide (D

Time(min) 0 15 30 60 90 120 150 180

FEV (L)
P—I 0.86%0.38 1.03£0.39 1.08£0.40 1.11+0.41 1.12%0.42 1172043  1.18%0.44 1.16%0.41
I-P 0.841+0.32 1.01£0.36 1.07+0.38  1.09%0.39 1.10%0.39 1.14%0.39 1.07£0.37 1.0710.38

Definition of abbreviations : P=procaterol ; [=ipratropium bromide.
Values are mean®SD.

Table4. Effects of 20 g procaterol inhalation on the parameters of pulmonary hemodynamics,
ventilation and gas exchange at rest and during exercise in six patients with COPD

P (=) P ()

REST EXERCISE REST EXERCISE
mPAP (mHg) 26.7+3.3 43.7%4.4 95.5%2.9 34.8+3.9°
mPAWP (mHg) 7.8+6.4 13.7+11.7 6.2+6.2 8.8+7.3""
CO (L/min) 5.80+2.40 9.41+3.05 6.54=2.08 8.89+2.33
PVR (dyn®sec/ cm®) 270.8+91.7 279.0+171.6 246.0111.3 268.2+105.9
RVSWI (g+m,/m?) 16.1+4.2 32.2+8.5 16.8+2.8 24.7+5.0*
HR (bpm) 82.2+12.1 109.0£2.0- 85.0+14.3 113.5+10.3
Pa0. (mHg) 73.5+15.5 62.7+15.6 68.5+11.6 62.0+14.3
PaCO. (mHg) 42.1+6.4 44.1%9.0 41.9+6.5 42.9+7.7
V. (L/min) 12.5+4.0 27.3+7.8 11.6+3.2 27.1+5.2
V: (mL) 651171 970+156 711192 1152+235%*

Definition of abbreviations : P (=) =the values of parameters without procaterol inhalation ; P
(+)=the values of parameters with procaterol inhalation ; mPAP=mean pulmonary artery pres-
sure ; mPAWP=mean pulmonary artery wedge pressure ; CO=cardiac output ; PVR=pulmonary
vascular resistance ; RVSWI=right ventricular stroke work index ; HR =heart rate ; \./EZminute
volume ; V:=tidal volume. See legends of Table 2 for further definition of abbreviations.

Values are mean®SD.

*p<0.005 compared with the values in exercise between P (=) and P (+).

**p=0.059 compared with the values in exercise between P (=) and P (+).

*p<(0.05 compared with the values in exercise between P (=) and P (+).

##5<0.01 compared with the values in exercise between P (=) and P (+).

HHHFERE (right ventricular stroke work Z =

index ; RVSWD O¥InEEEP (—) 32.2+8.5g-

m,/m?, P (+) 24.725.0g*m ‘m* EHREICHIH COPD BEODOFH% XU ADL <&, Mg

Ehi (p<0.01), (B THFEV) RURMSMEY K& EET
i) #RAIH %, F9hHHEERITIX, COPD WifilamtEic L - T
B R MER#E S E (arterial oxygen tension ; HUTHBD, TOREI LTS ETUERARICHT 5K

Pa0,) @QEENCIOETLEY, P (=), P (+) EZiRt+oPEFETERVLOD, [ERLD B HIEF
EBITERTE - 1o BRI _BALRBENT (arterial Rkuopgta ) vHBRANB—EDNEEH T B T & HHER

carbon dioxide tension : PaCO,) &P (=), P IhTWBE™80  SE FHeid L. FEFK (Foh
(+) LHEHFRTHEOERIEZRD L - 12 Fa—u) Roga) &l (A 77 beEvsaro=
(Fig. 4, Table 4), 1 F) IRAD FEV. X E o3 23R % HERE L
iv) #IGER too 7OATO—VBARTEA TS brtEyadn
EHC & 0 HEHESE (minute ventilation ; Vi) <4 FIRADEMREZZ DM, ZoHEFE DO
RUO—[A#EE (tidal volume ; Vi) (20U 72245, ¥, FEV.ORERA 7 bobvaTowf FHM
Vel P (=), P (+) EbicHEEMLL, V2@ P TRALM - 12,
(=) 970%=156mL, P (+) 1152£235mL& P20 ug Douglas” 50#&ETIZ, COPDEE® FEV, it
WAL, ZOEIEESEE (p<0.05) I{E# A7SroEvLaTowA N80 uglkAIZ L D0.58L
a7z (Fig. 4, Table 4), 1 50.73L (p<0.01), #17 % E—1200u g’ A

£ 00.58L 7 50.69L (p<0.01) &MY 575, WiE
(70)
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mPAIS’gang) e p<0.005 mPAWP(mmHg)
] 307 n.s. p=0.059
40
30 | 20 1
20
J 10 1
10 4
0 v : 0
Rest Exercise Rest Exercise
RVSWI(ge m/m2 ) CO (L/min)
01 n.s.
40 n.s. p<0 12 -
301 8 |
20 A T
4 |
10 4
0 v 0
Rest Exercise Rest Exercise
PVR(dyne sec/cm ° ) . .
Vi (L/min)
500 - s n.s. n.s.
30 4
400 -
300 20
200 4
10
100
0 338 H
0 Exercise ' Rest Exercise
Vr (mL) . p<0.05 PaO; (mmHg) . n.s.
80 -
1200
60 -
800
40
400 20 -
0 0
Rest Exercise Rest Exercise

Fig. 4. Effects of B2 agonist (20ug procaterol) inhalation on the parameters of hemodynamics,

ventilation and gas exchange during exercise in six patients with COPD.

Table 4 for definition of abbreviations.
:I :before procatercl inhalation;P(—)
:after procaterol inhalation;P(+)

(7D

See legends of
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OHFFICE D EICHE (p<0.01) oEmMBESNS
LT3, Ff, Petty>? 6b1 77 botdv sy
oA F0ugs B . ®EHOT VT Fa—-120ug
D, FNETNHEEBASB L UHARAICET SFEV,
HESRZ 28R b7 2 BIHEHBAGR THEL,
B A TIRATED24~27%, HFABRATIZ31~33%
WETDHLWMEL TS, —F, Gross” 57+ o
E0.75mg® 1 Bl 4 Mk Alc & v, COPDEE
DFEV,121.19+0.30LA> 51.51£0.33LF TH#EM$ 3
B, Y75 E—L 360ugEEMBRALTHFEV,
BEMLIEWI EL S, T ot yBMTFEV, D&
KOKEHGRENEBONZ L LTVWE, ThEFNEA,
BEBULEPREZ-OHBEZEL VY, Blo#E
TR ) YR B RIBH LD 5 W idE Ll E
DTBEILRHIEE 2" L Ebh, BAOHED
EHTH 720 COPDTRIEERIPK[E X LB
DrF—XRRHEIBESNTEBY, IhxXfilds0
PREIREHRETH 2, L->Tha ) YErEHTH 3
S EEBZONTVWE, 7, I WBRELEEELAK
BIEESRICBOT R F#A LT ) vEDOELE
PTHBH, SHROFFMEL L CLMEROEIER O
WILEP O D, o) YRIBHERINW TV, RIS,
fiElEIC>VWTH B E, COPDEADOLEHEE mPA
P RHBHBRETH 205, EHFICIFLL LRI
LEBHISNTV S, EAKT &M HEsE o v
Ix— 5 —ZERMBEAN (58.6X£16.8W, 6.8£3.443)
T19.0£3.6—+35.6£6.9mmHg, Burrows® 5 3
BABIHEE L 0 X — ¥ — I & B8 OFEHEMT25.
9+11.8—>38.3=14. 5mmHg & WME L TV 3, COPD
BESMROEZRTEBE LTE, MOEORDP
BEBRFZEMUINENSE (hypoxic pulmonary vasoco-
nstriction ; HPV) &z 5hTWwW3, BEM T
EHEO.OHHERE KIS LIFME B E X Ok
L, FMIEERSETFT 2, SO mPAP O EH
BEBEIcEEEELE05Y, L LCOPDTIRIH
MERBDZ4 CREBEOETHBD Sh 5 &[Ek
iZ, HPVOHEAE 2L D, mPAP LROBEMNEE
KRB EEZONTWVWS, COPDOMiEMEICH
LB IBREABACKEMEILERA GRS STV S
B0 [EKHLERAITR A 0 E B i e I 2R
OIMFEFIRIZOVTRAISA TV,

ZITE~LR, BARESINERE LT oA 5Fo—
NV (P) #MDI TEHBD2H’KA (20ug) &L,
Z OfffERENERIC RIZ T RHEBERET Lo, BEBRA®
REIMENIRATIRILHEL D mPAP OKTE,
RREECEELEZ 50, ARHEDOPRADHT
FIMEA R, MERBBICEROEH L, B &
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BHRIOMPBITICLIHEBEIBHATEZ0LEELS
Nt EHHMPAP O LREERFEICIH S 1
(p<<0.005), mPAWP o FHEE bMEIEE (p=
0.059) 2/RL7, ZDFER, AZE AL HEREEK
o LAEEIHI SN (p<0.0D) —F, EEpi—
MR} P RAICKODERICHEA 0 (p<0.05),
SRR RICEERL, BIUPOHEN LIS
NTWi, PBRAI X 2 EER mPAP ERIIE D&
Hicid, TOXIBBIIROREBILLEZSDONEL
55, T1bH, Butler SRUZFDMOHEE
EP DR LD, EHEESRRKEOE MY
air-trapping #3858 L, ffifasEd» LRI 2R
mPAP & mPAWP O EHEM b5 N5, LHL,
PRAI X O RHSEDAZESEREE S —HER S N,
EEROEREROENIICE LT b —ERK OB
IRENBB|ENRLEICLD air-trapping DD
Bebkoadnd, ZOKKE, EEHHFCET S auto-
PEEP O 2 1 = X £ DR ED, EFE mPAP @ Lk
FEEOREBCEETHLLDEHETFEESNS, Belm-
an® 5, B.HEK (7r7Fa—1) 300ug DB
AL & H COPD #B#E D EEFfhEER DR E 0 B
SNBEIEERLTEBY, IOEZIRTHTS, £1-,
KUKEOHBERLEICL 5 HPV OBED, EF)
D mPAP O ERMENBS L TW 2S5 5
s, SEIOKETTRMMEEL, M@ET RSP
WAL >THARETH B L L DBEEMTH 5,
Pk, COPD &Ficxd 5 & X kA B AR
&, FBSEEMEIIE D0 T B OMBRERECE L
THHFHELEZ, MGMEOERENHIT 2 &
%2Zoh, COPDBEOTFROXEBCHLERATS
3LEZON 5,

1. COPDEEL2BIcK L B .KIBHITH B ForF
o—LVRUHRIY YRITHEM4 TS5 oLy LT
<4 FOBAIC & BIMEEREDREFML, >
6Blic7 oA 7 o— VIRADESSIGEREEICS
A BEEARITT LI

2., 7oA Fo—-VIZTFEV,30.86+£0.38L » o
1.12+£0.42L £ °H¥ML, 1 75 toEyLaTrow
4 FIBIMEAICE 01,180,441 F THICHEML 72,
AT bayarav S RREDES, 0.84
F£0.32L 2 51.14=0.39L i THEML 7248, 7o
A7 a—VOBBMFEEEDLH» - 12,

3. ToAhFo—VRAIC KD EHE MPAPIZ43.7
+4.4mmHgh 534.8+3. 9mmHg~, mPAWPIZ



13.7£11.TmmHg» 58.8 £ 7.3mmHg ~ & ] X
N, Thicid, EE KB (970
156mL 7 511524235mL) I & B HKHRKE
HH5LTWBEEZ SNt

4. VIE& 0 SREZIEAIRA S EE R O E BRI
BEREEICITTEEEE5 %2, COPDEED ADL &
ERUTROEN S GERTHEEEZ SN

E
RERZICHDHEEE, HKRMBY £ LAHE
REFE-ANRREILDEEHR, R CICHELmL @
&8, HEPSTEOE LA REE—-NRATHE®E
BICEC BB L 29, £/, APIEICHBATEIL
F L 7o REE—ARELE RS Ot A IS
LEd,

SE#
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Effects of inhaled bronchodilators on pulmonary function
and pulmonary hemodynamics during exercise in patients
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ABSTRACT

For the patients with COPD, quality of life (QOL) is severely impaired by irreversible
airflow limitation and the prognosis is intimately associated with the severity of airflow
limitation and pulmonary hypertension which are induced by alveolar destruction provoked
by tobacco smoking. Two kinds of inhaled bronchodilator, anticholinergic agents (ipratropium
bromide ; IB) and B2 receptor stimulants (procaterol ; PR), were examined for the evalua-
tion of the beneficial effects of inhaled bronchodilators on pulmonary function in 12 stable
patients patients with COPD. In addition, pulmonary hemodynamics during exercise before
and after inhalation of 20 ug PR was examined in the six patients of them through the
right heart catheterization with supine cycle ergometer.

Both bronchodilators showed signficant bronchodilating effects. The time to reach the
peak of the improved forced expiratory volume in one second (FEV 1) was superior PR to
IB, although the maximal bronchodilating effects were superior IB to PR. Additional inhala-
tion of 40 ug IB after initial 40 g PR showed significant increase of FEV 1 from 1.12%+0.42
to 1.18£0.44L, but additional inhalation of 20 £ g PR after initial inhalation of 60 ug IB
did not. The results of the effects of inhaled bronchodilator on the pulmonary hemodynamics
during exercise showed that the mean pulmonary artery pressure and the right ventricular
stroke work index were significantly decreased (43.7£4.4 to 34.8%£3.9 mmHg, p<C0.05, and
32.2+t8.5 to 24.7+5.0g *m “nf, p<0.05, respectively), and tidal volume during exercise was
increased from 970+156 to 1152+235mL (p<<0.05).

We conclude that bronchodilators, especially anticholinergic bronchodilator, have beneficial
effects on the pulmonary function and reduce the severity of pulmonary hypertension and
the right ventricular working capacity in patients with COPD. Inhaled bronchodilator to the
disabled patients with COPD may improve QOL and the prognosis,
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