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[ E] BaY: i et ZEPE M (chronic obstructive pulmonary disease , COPD ) A1 &l 311 bk 5 F& (pulmonary hy-
pertension, PH) ## K COPD JC PH H 78 0 iliiz 3856 (cardiopulmonary exercise testing, CPET) WK 38 e [ 32 sl 2 1) 22
5, R CPET 7 COPD #H 5&M: PH TCRITEAR H A/EH . 75 3% - 94 Bl 2 I COPD R R A7 0> 45 - ¥ i 3l ik HE 4341 COPD-
nonPH 41 ,COPD-PH 4 .COPD-™ 5 PH 41, 43 il AT 5 MU DI BE B2 CPET K52 o 45 3R M4 T COPD-nonPH,, 7 & /1 PH J5 — %
Aot R oS I B TR (46.5 £ 21.8)% vs. (64.6 £34.0)%,P < 0.05], COPD-PH ZHIG{H D)3 IR It 5 WO THE 40 L W
N AR AE T WA S DK R 45 SRR R R IYAR T COPD-nonPH 40 , LI PH /™ 5 F2 ) ik — D FR A, 22 G B2 8 L (P <
0.05). COPD-PH 4Ll TR R A5 5 T COPD-nonPH 21, H.Ff PH ™ FFE R HH i 7+ (49.0 + 24.6 v5. 38.6 + 11.4 vs. 35.6 £+ 9.6,
P<0.05), WE{HF IPIAZHAR $8ERCRT- & SR Ak 3 FRAE A 21 W) 25 R TG A 28 L(P > 0.05) . Z5i8AHEL T
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Role of cardiopulmonary exercise testing in evaluating of chronic obstructive pulmonary
disease related pulmonary hypertension
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[Abstract] Objective: To explore the role of cardiopulmonary exercise testing (CPET) in noninvasive evaluation of chronic
obstructive pulmonary disease (COPD )related pulmonary hypertension (PH)by comparing the differences of gas exchange and exercise
tolerance in CPET between patients with COPD related PH and patients without PH. Method: A total of 94 stable COPD patients were
divided into COPD-nonPH group, COPD-PH group, COPD-severe PH group according to mean pulmonary artery pressure measured by
right heart catheterization. All patients underwent routine lung function testing and CPET. Result: Compared with COPD -nonPH,
diffusing lung capacity for carbon monoxide (DLCO ) decreased significantly after PH occurred [ (46.5 + 21.8)% vs.(64.6 + 34.0)%,
P < 0.05]. Peak load, peak VO,% pred, peak VO./kg, peak O, pulse, and oxygen uptake efficiency slop (OUES)in COPD-PH group
were lower than those in COPD-nonPH group, and further decreased with PH severity, there were statistically significant differences
(P < 0.05). The ventilatory equivalents for CO, nadir (VE/VCO, nadir) in COPD-PH group was higher than that in COPD -nonPH
group, and increased significantly in severe PH group (49.0 + 24.6 vs. 38.6 = 11.4 vs. 35.6 = 9.6, P < 0.05). Other outcomes such as
peak heart rate, respiratory exchange rate (RER) , oxygen uptake efficiency platform (OUEP) , and peak end-tidal CO, partial pressure
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(PetCO,) showed no significant differences among the three groups (P > 0.05). Conclusion: Compared with COPD-nonPH patients,

gas exchange and exercise tolerance significantly decreased in COPD-PH patients, and further deteriorated with the severity of PH.

CPET could be used as an effective tool for noninvasive evaluation of COPD related PH.

[Key words]  chronic obstructive pulmonary disease; pulmonary hypertension; cardiopulmonary exercise testing;noninvasive evaluation
[J Nanjing Med Univ,2021,41 (04):522-527]
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], A% (64.3 = 10.8) %, 1A 5 45 %1 (body mass in-
dex, BMI) (22.5+3.7) kg/m”. Fi A5 & ¥4 4 2017
[ GOLD (global initiative for chronic obstructive lung
disease ) $& B IZWIARUE : ALY IKAE 56 170
A SIS i (forced expiratory volume in one second,
FEV1) 5 H J1 i i & (forced vital capacity, FVC) kb
{E(FEVI/FVC)<70%, L FEV1<80% Wi HE , < ifi 2
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nary artery pressure, mPAP) fili /)N 3l ik #2 & (pulmo-
nary arteriole wedge pressure, PAWP) | fiii Ifil. % FH. /)
(pulmonary vascular resistance, PVR) /Uy JEFE %8 (car-
diac index,CD%5, PAFREARES T mPAP >25 mmHg &
SR PH, Al mPAP 4321 : COPD-nonPH £ (mPAP<
25 mmHg) . COPD-PH 41 (25<mPAP < 35 mmHg) .
COPD-/™H PH 2 [ (mPAP =35 mmHg, 5, mPAP =
25 mmHg R C1<2.0 I/(min-m*)"" | o
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B% 1 min, & 245 R Z M IR 25 < 5% , TE AT #3245
IR AR . PRT 2500 E 2806 : FVC . FEVIL,
FEV1/FVC &M S & (inspiratory capacity, IC) i &
i (total lung capacity, TLC) . 5% X & (residual vol-
ume, RV) B8 5l g8 HE (RV/TLC) . —%fk
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ik 48 <85% ; i £ & 1fil Hs (WL 45 =200 mmHg F1/5%,
#3k FE=120 mmHg) ; {1 (<90/60 mmHg) o5 5
fih 1. F#E=30 mm Hg; J Fol e 2 V55 HL I ST B
FEARSE RGBT RIS 8. CPET id 5 EEAR bR 4 -
WA B T % (peak load ) WA {EL £ LA o T HE A 43 1b
(peak VO.% pred) JE(E 23 T £ 8 it (peak VOu/kg) |
U (B A K (peak O, pulse) 5% A RCR #ER (oxygen
uptake efficiency slop, OUES) . CO, il S &R K 5
(ventilatory equivalents for CO, nadir, VE/VCO, nadir) .
I (B 0> >R (peak heart rate, peak HR) | I 28 f R
(respiratory exchange rate, RER) | $t & 30 K F &5
(oxygen uptake efficiency platform, OUEP) | J# K
T E ALK 4 (peak end-tidal CO, partial pressure,
PetCO.) 54 .
1.3 %itFsik

A SPSS 19.0 Geit Rt AT 8t sr i . Frfy
TH s AR bR 22 (3 £ 5) R0 LRI 45 L
B K3, & 2R ) AN 6] S8 BCR T B R R 5 22
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FRE

2 & R
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ABFFEIEA 94 6 i35, COPD-nonPH 41 38 {4
(% 34 B, 4 4 1)) , mPAP ¥J {8 19.2 (75 [l 12.0~
24.0) mmHg; COPD-PH 41 38 51| ( 55 25 5l , % 13 3] ,

mPAP {8 28.8 (7 [ 25.0~35.0)mmHg; COPD- /=
PH 4118 451 (}5 1061, 2z 8 f5i] ) , mPAP YJ{H 48.8 (FL [l
37.0~63.0)mmHg, 4E4H (0] S BMI 2 5%
TG FE (P> 0.05,%1),
22 EHM A bR By

AH# T COPD-nonPH 855, £ & /£ PH 5 DLCO
B i R %[ (46.5£21.8)% vs. (64.6+34.0)% , P <
0.05],1H PH /A [A] /™ #E F2 B 19 COPD /22, H: DLCO
ER LGB L[ (46.0+31.2)% vs. (46.5 =+
21.8)% ,P > 0.05]; 4 PFT 4845 FVC% .FEV1% .
FEV1/FVC .RV/TLC, & 410 22 5 RG22 (P>
0.05) . TEIML SN 127 )7 18, FiAE PH ™ 8RR (1 m
#, mPAP FI PVR B F+m s CLA PR3 (H 22 5
TG 2 (P >0.05,%1),
2.3 A BRI

M2 T LA ), COPD-PH 4 e F i Th % |
peak VO,%pred . peak VO./kg.peak O, pulse & OUES
PIIETF COPD-nonPH 41, HLBf PH /™ B iE— 2 %
%, %A 5112453 X (P <0.05), COPD-/H PH
ZH VE/VCO, nadir>COPD - PH 2 >COPD - nonPH £H
(49.0+£24.6 vs. 38.6+11.4 vs. 35.629.6,P < 0.05), H
Hr 55 N peak HR \RER ,OUEP , PetCO, 7E4% 2 6] 2
SIGI2EE (P >0.05),

3 it i

TATI I IE B A2 PR B 5 —
KIEPH BH KR RIEZF LT, Xk s g b
T R W2 W FEAl I G B ATR YT TR, X
5 R B IR N U HAa EEE R

T 1P P A ARORE 2R ST SIS R Al
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Table 1 Demographic, pulmonary function and hemodynamic data of COPD with PH and without PH patients

(xxs)

4151 RIS (%) BMI(kg/m*) FVC(%) FEV1(%) FEV1/FVC
COPD-nonPH 41 (n=38) 66.2 +10.4 23.0+2.8 69.4 +23.2 45.8 +23.1 51.0%14.9
COPD-PH 41 (n=38) 63.6+11.8 22.0+3.9 577175 36.1%16.9 50.8 + 16.7
COPD-™ PH 4 (n=18) 61.8+9.1 22.8+4.7 66.0 +32.8 49.0 +29.1 57.7+12.6
P1H 0.315 0.438 0.088 0.072 0.265

2151 RV/TLC DLCO(%) mPAP(mmHg) CI[L/(min-m?) ] PVR (woods)
COPD-nonPH 41 (n=38) 63.8+11.8  64.6+34.0 192 +£3.7 34+08 21209
COPD-PH 41 (n=38) 653+11.6  465x21.8 28.8+3.1° 3.2+0.6 37+1.7
COPD-/"H PH 41 (n=18) 612+15.1 46.0 £31.2 46.8 7.2 3.0+0.7 7.6 +3.6"
P 0.526 0.035 <0.001 0.198 <0.001

5 COPD-nonPH 4 b 4%, "P < 0.05; 5 COPD-PH 4H HL#5¢,*P < 0.05.,
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Table 2 Comparison of cardiopulmonary exercise testing parameters (x£5)
25 peak load(W) peakVO,%pred(%) peak VO./kg[ mL/(min-kg) ] peak O, pulse(mL/¥X) VE/VCO, nadir
COPD-nonPH 41 (n=38)  70.1 +40.8 72.8 £33.5 146 +5.9 73+23 35.6+9.6
COPD-PH 4 (n=38) 50.4 £23.9° 57.3+17.8 124 +34 6.0+2.2 38.6+11.4
COPD-“HE PH4L(n=18) 46.0 £27.6 445 +204" 11.3£5.2 52+23 49.0 £24.6"
PIE 0.009 0.006 0.036 0.003 0.006
215 peak HR (%/min) OUEP OUES PetCO,(mmHg)
COPD-nonPH 4 (n=38) 1264 +254 1.0+ 0.1 304 +7.7 1.8 £0.6 38.4+8.5
COPD-PH 4 (n=38) 126.2 +22.5 1.0+£0.2 29.6 £ 8.5 1.6 0.8 399 +10.2
COPD-/"# PH4H (n=18) 131.1 £23.1 1.0+ 0.1 26.1+94 1.1+£0.6" 353+ 14.1
P{H 0.744 0.952 0.186 0.001 0.311

5 COPD-nonPH 41 [14%,"P < 0.05; 5 COPD-PH 41 [t 4% ,"P < 0.05,,

Wi £82 958 DI BB, I3 IR BT R R B, AN R
B FB I RT R AN TR RERE
KV fEJ& COPD & iz gl i T R IR [ 2 — 1,
MFE 1 H A LLE ), 5 COPD-nonPH 1A L , COPD-
PH 41 32 B S ™ 2, M T 3 8062 shad F b 48
ST R A B St R R, b, ik
J& COPD-PH 413£ j& COPD-/™ & PH 41, DLCO ¥ #]
AT COPD-nonPH 41, $ /R 9K HLRE /1 T Bt v] fiE
=58 COPD M 561 PH iz Bhiit i R (A 3Emt . (E
HEERSE, COPD-H PH 41 FEV1 5 COPD-non-
PH AL, A2 %Ak, PH A HEJE COPD (A
FEAIE , AR I R AE", BEEE PH AT BEJE 1 B2 i 77
TR EZERZE, —WgNA 9314 COPD B RS
S AR AR A7 S 802 s I 2B,
IR A U (B S i R (D) 8 0 25 R I, CPET s #rp
1 B SFMICAUIAE 5 PH ST A E™

S DR B 1) 1 O i 3 Bl 6 S — i rT D25 5 0
A Z i 12 SN GO LA MR A2 R DL K
PRI RGEDIRER TN AR AR50 45 5 T &0
TEA O il T BE it 25 A D) BB A2 AR . A, it
CPET Il s FVEUHE 115, 18 RE 54 34 e {2 %
PE 545 RO o 6 min 26473855 (6 minutes walking
test, S(MWT) FL 8K 9% FHAIG 3R 7 4, (H IR RE &0
w2 32 3h 32 FRAGHERG R A . CPET I %E /Y peak
VO, & peak VO, %pred RENE [ BB B KA E AR
R 1 FLC it 2 B8 T, BN A & PPN Z Sl 1 1 4
FRUE™ . AWFFEH COPD-PH 2 1Y peak VO.%pred
peak VOx/kg Bl B Ak F COPD-nonPH 41 , #£ 7~ COPD-
PH iz St Al A RS 2, (Ef5CER
J&, COPD-™ & PH 41 FEV1 % COPD-nonPH 2 B& 4
o, R 22 5 I RS E L H peak VO,%pred

G B, Bl s 2, 4 FEVL AT REJ
ANREIEE COPD f845 (W32 BTt ) , PH &5 COPD
BHEZIEIIMEERNER ., AEEHINN, peak
VO, B A B T BE R A M dE FEVL™Y,
I, 0o itz S 1T 58 5 AE 42 10 PFAf COPD-PH 3%
FPIRES

R AP Ty SR Al I S 328 B i o ) T LS b . B
EPRIERE, COPD B H I ILE AR LN ZE 8
Az sh e LA A A RE ) T R L FLIR HE R
B, 32 s AR AR . ASBESE o COPD-PH 41
[ T 2B A T COPD-nonPH 4, ELFf PH ™ 5
FREE RS it —20 R 1%, 32 W] COPD-PH K iz 3
1 a7 58 COPD-nonPH iz afjifif £ 5 22 .

WA AR SR R DA O T, A BR 2 2 ¢
SRATCNEAEBRAE bR . SAUKRASRE B i, T E
VO/HR TR H . — AT e o R, Ok
T SEIE B O A SRR, L T n
ODREAMN . FEOIREARSRHI T, i TR
HICHLKEIZ ) 67 far B4, Seesk S aE s e
s St (ELOZRBE N, VO/HR FCE /N, 3 26 .0
IE B G & RE IR A 9T R4S COPD-™
PH £ 3 WG (00 R A P 2E s A 3 P, {HL 3 4[] 22
SIFTHGIT2F X, LG R A —E PR
X} COPD AHSCHE PH I &, KM PH S804 O I REAS
EERINY T TR 8 A ) PO o AN s o (AR o
PR, TR R 4 B 25 RGN AL, T30S i
W R, AHFSE Fh COPD-PH 4H (1 06 {5 40 k4
A AT COPD-nonPH 21, H. PH 8™ F e {1 4 ik
R, S T COPD-PH S D I fig i dk . Xk
B COPD-PH % U HE COPD-/™ 8 PH H ¥, 82
PHEEADINREA L FECEThRE S T %
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VTR, B S 50% (oxygen uptake efficiency , OUE )
5% R VF 38 3h i ) 19 8T 48 bR, AL 5§ OUES.,
OUEP., A WF5E W], OUE RE % 35 ff- Mo 2FAk 0 Jili i
K UIRE, R TILCr ) 5 vy e E R B TS . A
AWFFE T, AH# T COPD-nonPH 41, COPD-PH 41 }%
COPD-™ i PH £ ) OUEP &£ T [%i#4 %, OUES T [#
H2ZESA 0228 L $ER 750 COPD AH M PH
BB 2 Bl 1 A8 AL IR TR ST AR

VE/VCO,.RER . PetCO, %545 b5 e Bt T @S 194
Rk VE/VCO, MFR S Akl <4 & (EQCO,)
2 it SR N CO, A 1l 1 H A, 32 AL G VE/
VCO,IEME . VE/VCO, &£HEF1 VE/VCO, nadir, B T
BRI S ARSI BE 7, AT T 0P O0 il T 5 3 v A
SR AE o [ A 0 ™ AR . Holverda 25 & 9K,
COPD-PH 41 VE/VCO, &% 1 VE/VCO, nadir it 2
w, Hiz g b A A E R B, X 5 BEAE R &
PRl 2l ko e 45 R — 80, A EGE , VE/
VCO, nadir > 34 J& COPD & B AL FEBEE 1%
B AR S 4T, FLIE: COPD £ % 4 B B8 T 1 7 7 i
WA - FEARWFSE H, COPD-™ 5 PH 41 /8 3%
VE/VCO, nadir % COPD -nonPH 4 B & 7} & , $2 715
COPD £ 3 & ' PH J5 AT 3F — 20 e Il <A 3k .
X AT e i T A AR il stk R e il 76 7 40 i A5 I
TRVE T 25 T B I A PR T AR D 3 U T L
B PRI, B 3 A, DT 5 | AR A AR
T B, PetCO, IS R LS ARSE M S HHR bR Z —
AWFFE o, R Al 3 K 55 R A8 1Y) PetCO, TC 1R
FERE BB B, I RV 2h [ B 35 8 S AIK T (aR xot
HR2 AR FFE o, COPD- ™ H PH 4 PetCO, AN T
COPD-nonPH 2, {H 25 3 o4t it2= 8 X, Al g 2R
HARX R | R 8L T B E— 59T . RER /& CO,
HE S AR R UM, IE#{E7E 0.70~0.95, 21X
EHREH TR AR, = 1.0 PR fe K B% 19 £, T AR
RER {8 H| Wi 52 180 % A iz gl B e 8 1. At
TS HIITE 1.0 AT, 22 R IG 248 3, BT A
SHARBIEGE T B SRR O 8 R

AU AR A RS W B K = R R A bRt (3
W T HOR A BI3AE, 2R, HRRAEIE AR
A 5, AN E AT A8 AR 2 N T
COPD FHCHME PH B & . 5.0 3 kA H T8k
JEL W COPD A& PH (1 1 16 7 2> (B H W 32
e % AR AR R, (A — a2 22 Ik
b, R 2 AN RE R 4O g, Tk R B COPD
BE B IIRE, L 2 & HAL TG A F B g &

PEAL , 4 COPD PEAR I 45 bk A I . CPET, A —
I T B X R PP A4S B, CPET W 7 e R I
it B VP 38 S E B ) W — A
T.H. Holverda 55" BF5¢4s th , )R8 H A PHIY
COPD £ # W {H iz 2 fig J AL, {0 CPET £ 2 /%
COPD AHIGE PH f5 35 138 S50 1 AR
AHFFELE &I, 5 COPD-nonPH 4%, COPD-
PH /) DLCO% B &~ [% , CPET 8 b 40 0 (L 2h =% |
peak VO,%pred , peak VOu/kg . W% {H & ik # A& OUES
B0 8 F /¥, VE/VCO, nadir [TV, FLF 2 bk & 71
T H s E— 0 AL 48R COPD H e & 4 PH RO
U At 2 D) R B /L Jils PR A o B 2% | ds Bl i i
FREEIR . ARBFIERB, CPET il LI/E A COPD AH
Ktk PH JGHIE COPD-J™ 8 PH g1 ™ SR 42 T
ARG TH Y88 AN B 75 2 i — 25 1 I
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