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Clinical Significance of Cardiopulmonary Exercise Test for Pulmonary Hypertension
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[ Abstract] With the development of science, technology and clinical medicine, the clinical application value of cardiopulmonary
exercise test (CPET) has attracted more and more attention. CPET continuously and dynamically monitors lung ventilation function,
electrocardiogram , blood pressure, blood oxygen saturation and other indicators during human exercise, and evaluates the overall function of the
body by analyzing their relationships. The 2022 ESC/ERS guidelines suggest that CPET can be considered to further determine the likelihood
of pulmonary hypertension in patients with suspected pulmonary hypertension,and a number of studies have mentioned the predictive value of
peak oxygen uptake and ventilatory equivalent for carbon dioxide. This article focuses on the application of CPET in pulmonary hypertension,
including the clinical significance of early diagnosis, prognostic evaluation and rehabilitation guidance,in which prognostic evaluation is more
valuable.

[ Keywords] Cardiopulmonary exercise test; Pulmonary hypertension ; Peak oxygen uptake ; Ventilatory equivalent for carbon dioxide

fifi 31 Bk 75 & ( pulmonary hypertension, PH ) J2& 45 i
ZH S U s (o BRL) ARAS [v] 22 AL il S 3850l ot 5
Sty s RERE , 5 E W I 48 BH. /) ( pulmonary vascular
resistance , PVR) Fl i sl i F T 55 049 1 PR 195 B A= # 25
AAE kR RS A R E T . AL SER
% (right heart catheterization , RHC ) {F A il & i 7 24 1L
AN bR E” L] I IR, 1B R A B
RO VEE S R WA R i PRV 32 B — E BR A
AR, 0 Bl 18 3385 ( cardiopulmonary exercise test,
CPET) iy FHICA | A1 {58 | m] #2412 i 5 L, 78 i R
AR Z 0 . (2022 ESC/ERS Jii 81 Jik & Hs 12
FATTIE ) 45 th, CPET J&— T A7 sk iy PP A% T2,
ATV O il AR5 L 12 2l B B B I W TR X ) i A
PR, AT PH RIS SRR R R 3,

BE1EE . 25, E-mail ; wujing3052@ 163. com

1 CPET # PH gz

EACPR/AHA B HE4A k& #2016 EACPR/AHA F}
S L R R RO B 2t 56 R DAL
PO IR, 584 CPET 76 PH 2 W i P A
N . 2015 4% ESC/ERS k45 il 5 14 il 3l Jik =
FEiZ I 59697 46 ) R, I P U i 8 4B ( peak
oxygen uptake ,peak VO,) Jl TR MR PH
HIEk 3 R 28z —. 2018 EACPR/AHA Bl
RO H o FERR IV 7R () PH 7R 12 5 PEAY 05 ™
HPEE 5, CPET 32 2 258 i T i 77 xh iz gl
T Y o AT . LR BE DL B 12 Bl ik B il
B k5 . (pulmonary arterial hypertention, PAH ) B 4% &
PE PH G H, peak VO, = % fb ik 38 T Y &
(ventilatory equivalent for carbon dioxide, VE/VCO, or



DI E R 2024 426 A5 45 B85 6 W Adv Cardiovasc Dis , June 2024 ,Vol. 45 ,No. 6 - 507 -

EQCO,) I WS K — S AL §&% 73 JE ( partial pressure of
end-tidal carbon dioxide,PetCO, ) J& EE [t CPET 45 &
HATHFFE R W], CPET 7E PH rh iy i F 2R AL T
=ANJT I

1.1 CPET xt PH B2 B &

Correale %57 4 A 36 I BEAL PAH 19T T2 8%, 5
Ja#E3% CPET #1 RHC, #A4 3 lL# CPET H VE/VCO,
DL Je RHC Hr&F ok FE AR B | 28 il e ef 2 1 349 it 20 Bk &
1 PVR,#i%E CPET 5 RHC Miyish J12#2 %02 6 nl fig
AIAHSCHE . S5 RRITE PH 4, VE/VCO, 5-F-1
ftishikE(r=0.36,P =0.031) fl PVR(r=0.41,P =
0.029) L IEME, XEWSHE CPET JyHtill RHC Y
SRR MRS . RHC 1E 12 I PAH 1Y 4 45
W R BRI CPET RERSE 3 T A i 75 =X,
O RHC (925, 712 80 PAH St 1 L%

Held %" G AGIT T 42 (81208 P 14 1 E 4
fili 1 ik & J& ( pulmonary hypertension due to chronic
thrombotic and/or embolic disease, CTEPH ) 1 £ # il
51 FTEH % RALR) CPET 2808 & ¥, CTEPH &
55X Z | 1) VE/VCO, R 4l R Y &
(ventilatory equivalent for oxygen, VE/VO, or EQO, ) |
EQCO, . Jifi #3-3h ik 48 43 [& 2% (alveolar-arterial oxygen
partial pressure difference, PA-aDO, ) . PetCO, . Jj JJk-IFF
HR Z & Ak & 4y & 22 (arterial to end-tidal carbon
dioxide tension difference, P, ;,; CO,) A B EHEZ R (P <
0.001) . P, CO, J&BURME IR (85. 7% ) R 5 M fix
E(88.2% ) WMk — &%, 4-P-CPET, — i35 VE/
VCO, #}% PA-aDO, P, ., CO,  PetCO, At DU ZE 4 vF
51, S HE 5 WURAE Ky 83.3% , KE AR 92.2%
£ 42 5] CTEPH i 3% v, i .0 3l K $2 78 PH 2R
29 ] (69% ) , R WS R 13 41 (31% ) o Frffao
WA AR BOIC R AR, CPET £ 1 5 oR
TR . 13 B E TP AT12 41(92% ) g CPET 3
SIR S . PR, ZEPRBE CTEPH £ PH {H & 0
ZEIR DL H I, CPET & — A R0 o Q12 Ik T A,
Horp 4-P-CPET PRI 5k doe iy SBUR R

CPET fEJy—I TGk A, X PH B2 W HA — &
Wl HARESE 2818 RHC, H RTUE A b 78128 W7 5%
HiBhZ W, WA S 2 RTIEYE 2 O 9 RAEAS I TR
WFFEE— LIk
1.2 CPET xf PH ByF/aiTf

— IS Ak B R AT LR A
I PH MBS . WEIENA 116 57X i 5l Bk (35 +
1)mm Hg(1 mm Hg =0. 133 3 kPa) iy & [ FE 08 (64 =
1) % ], #:5% CPET } RHC, By 24 A, LLRAFIE &

(n=87) FARAFIE# (n =29) B9 CPET JELRFFIE, &
PRPZH 2 (6] VE/VO, (42.1 £2.1 vs 56.9 +2.6) Fl
VE/VCO,(47.5 2.2 vs 64.4 +2.3) R EZR(P<
0.005) ;peak VO, =<10.4 mL/(min-kg) { fH 7E A HK
24 4~ A NFE TR IEm 1. 5 4%, VE/VCO, =55 #
7.8 4%, il -2 ik 4 o s 22 =55 mm Hg y 2.9 4%,
VE/VCO, ##=60 Jy5.8 1%, BT REH kKR
TN R TNBR S peak VO, Sb, X filjs BAT E 24
HIE SRR SEL

Morris 25 g A 25 f5i] PH 4P 4k (54 = 11) 47,
PRERE(31 £7) kg/m’ | BINIE SNI7 LIRSS . HAH
BELE 10 JH 58 24 ~ 30 YA W Ay L liliz Sl 2k, I
SRR O FAE R T0% ~80% , R JH] 3 WK, 3K 30 ~
45 min, YT 210 ¥4 CPET J1iF 6 434h
AT, IR 6 23 B AP A7 1 0 B B A A AL, K
25 4321 7y =20, 10 451y HI 2 (High, >42 m) ,
11 ) LI 20 (Low, 0 ~ 42 m), 4 | 5 NEG 4
(Negative, <0 m) . 55 % B, HI 415 NEG M,
VE/VO,(P =0.02) ,VE/VCO, (P =0.002) , PetCO,
(P =0.016) FIigl < (P =0. 016 ) WE(E I A fr itk 3.
5 NEG 44 AfEL, LT 4% VE/VCO, W{E (P =0.003) Al
WA (P = 0. 041) A ek, DIERIBERE R
B, AR (VE/VCO, ) FRS PH 3% BUS A RAH
K AR IERIE R LW, VE/VCO, FERF5 PH B4
FIBHDIRE T [, & PH B E BB AT IR 5O TR Z [H]
AR R PR 2 il

van der Plas %' B 55 T 5 Jili 3 Bk ik 45 &
(pulmonary artery systolic pressure, PASP) J} 5 #H 5% 19
T 12 3 2 5, BN R R I 2F 4E 4 (idiopathic
pulmonary fibrosis , IPF ) H# A: 77 57 S AN {H . D[R]
B s s 5 A0 2 v LIS TP SR e 2 2 R N AT
CPET FlEE 7 .0 8l R A 1 ie 5% (n =38) K8, 11 {4
(29% ) i+ PASP Jhi5 (=40 mm Hg) . MrA Tl
CPET ZH0RF , RATELABER , PASP =40 mm Hg
i E# 5 PASP <40 mm Hg &1 VE/VCO, £ .3
#25% ROC Hi £k F i AL 0. 77 (95% CI 0. 569 ~ 0. 970,
P =0.026) , 7l PASP=40 mm Hg [IlE 5L{E M 45.0,
VE/VCO, >45.0 fy e H AR KT VE/VCO, <
45.0 R (P =0.001) . FHILZ T, PASP JfARET
A A7 2, VE/VCO, J&ME— 5 PASP J} & 4 G 1
CPET Z§(, 7 101 B i 43 1 ) T QAR 75 900 , R
SEHER LT AS TPF B U5

PMTAT P a5 R O B R B R = R I 4
Wi # ( tricuspid annular plane systolic excursion,

TAPSE) LA, T3R8 gl i i i A A2 o e k%



- 508 - OB db B 2024 4F 6 A5 45 255 6 W] Adv Cardiovasc Dis , June 2024 ,Vol. 45, No. 6

PO I 75 AH 6 12 ili 3 Bk 75 JE ( congenital heart disease
associated with pulmonary arterial hypertension, CHD-
PAH) 8 E SN ™ FFE B2 0 PPAL (B, A5 [0 Pk 43
Fr 1 2011 4F 10 H—2017 47 H £e_ F i il 2 B s
TEFARHIERIZ BTG 85 5] CHD-PAH (25 F1 30 fil4F %
AN VCBC A (X BR 2 o T CHD-PAH f 3% 24y ik
T Thfets A k.03 & CPET & RHC, JF 4R 4
SRIN I RESCE , e e X B2 R AT 1 i D BE A CPET A3
W, #F9E % B CHD-PAH 835 5 fd Fe X BRALAH L, &
H 0 IB B O W2 RE LA G SR RO Y 7 2
o BAHFIARBEHME T, peak VO, 5 PVR S5 AHK
PE(r=-0.442,P <0.001;r= -0.325,P=0.017) ,{H
5 N A il f AR HT A A AR SE (r = =0.277,P =0.007 5
r=0.021,P=0.865), P4 H TAPSE 5 N =K o i 4l
BERE(r= =0.30,P>0.05;7r=0.24,P >0.05) Fl
PVR(r=-0.21,P=0.165r= -0.24,P =0.04) ¥ 75
M. X RB B Zh i i 19 S 4L peak VO, % TAPSE
A RE S EAT S e A e T B AR A

T g R AR O R A v i Bh Bk R
(idiopathic pulmonary arterial hypertension, IPAH) Ifi &
WG . A 64 4] TPAH B %, ¥y kAT 6 738l P 473
5 O I2 B D) RE S A ek L, P SRR U5 (29, 1
15. )4 H , X058 NRERY FELR A 2017 20 B 521
K, 5K & A K AL 2544 ( non-clinical worsening,
non-CW) 41 A t, & /E Il K % 1k & £ ( clinical
worsening , CW ) 2H ) JG 48 |3 B 5 44 &t ( VO, at anaerobic
threshold , VO, at AT) . peak VO, . & 48 ik i o & f%
i, 7o A B ) = 4 AR B R & (VE/VCO, at
anaerobic threshold, VE/VCO, at AT) i ¢ J} &, 7
CPET 41, peak VO, (HR =0.702,95% CI 0. 598 ~
0.823,P <0.000 1) 1 VE/VCO, at AT(HR =1. 040,
95% CI1.017 ~1.064,P <0.001) 2 CW ) i 3%
FRHE R, 2 B R AR p 7R peak VO, VE/
VCO, at AT 0> IEF8 %5 ( cardiac index, CI) 2 WF 75 A\ B
CW By S HU A 3R . WF5E R W peak VO, \VE/VCO,
at AT L CTXFFRIN TPAH F8 & Y i PR TS HAT B2
B

A EIRE R TPAH 15 3 AT 32 F1 U5 19 3
s & . Badagliacea 25 R4l 4700 % 0 75 0 3
[ CPET X ix 26 58 5 K s i 3 i U (e, BF
FEAA 130 i TPAH F855 P17 R BE PR BE DT, 45 R A8
Hkfis (528 +304 ) d (RN, 54 BLEE LT CW
(53% ) o INAGBRSLENEFT CPET A8 &5 , W {1 4 i
Jikift (peak VO,/.0> 32 ) 470 28 T AR AS 4K 73 %5 (right
ventricular fractional area change, RVFAC) &5 T il J5 15

RIS (ROC 0.81 vs 0.66,P =0.005) . 575 RVFAC
+ 7 Sk PR B, G RVFAC + IR 42K o 28 &
RVFAC + Ik A8 8 9 IXURS: L 43 038 i 1 99. 8 Fil
29. 4 (HHXS XU 43500k 41.1 #125.3) (P =0.000 1),
I, A B S CPET AT S AR SC I R A B 15
LK RVFAC + ISR o i 82 B 0 v 9 e R %
RS

Badagliacca 216l e CPET 7£ PH B F i
MG IR T X o K RY7 1 )G non-CW (R RE & 1 st (%
PEFIZSY)IE PAH 5 53 AN AAE 41 (n = 80) A
WEZH (n =80) , Bl 3 4. 450 41 FlHE S4B HTE
(722 £349)d N EH CW(51.2% ), WHO 43255 CI
A CA) FAT O s R 7 4 % (B 2 CW (%) 2y 37 5 [
T fEMA CPET ZZ &5, peak VO, H1 ACI & 25
TSR A R, ROC S i ) ACT AT peak VO,
FAE(E 4508 0.40 L/(min-m?®) 1 15. 7 mL/( min
kg) (=60% TMAE ) . 29 i 55 ik 41 £ & 7E (710 =
282)d IR CW(36.2% ) , peak VO, FI ACI Il FLE
ARG E LT 4 4. X F 5 ACT Fl 5 peak VO,
HE 1A 2 AEF 3 AR To S A A R 400 100% 5 4%
ACL/ & peak VO, 4351k 100% 88% F171% ; & ACL/
Ik peak VO, 43 51 80% . 54% 1 40% ; ik ACL/AIK
peak VO, 5351k 72% 54% F1 33% . W57 3 B HL 4%
peak VO, FIBEV W [A] CT A2 A0 1% 41 & X e Pk s A%
PEFIZS Y5 1) PH AR S (3 B TS B 0

IRBFGEFR B, CPET Rt X PH 1 ) 15 P74k
Tt H: peak VO, VE/VCO, %5l PH 5 2 1l oK #iU5
HAEZEE X,
1.3 CPET 3t PH YR EIES

Missana %"3“” ] CPET K iz 3l 2k % iz 3)) e
T3 AETE B EFOIE R RA A . RN A
11 g tEta e i PH B 352 8 J iz shil gk (5
3 A AN, B RIEFHATHE B ), O REE
HI e b # R G B [E] L CPET (SF-12 T5 AR 3 Jit i [n) 45 55
HATIRIR P o 45 R R B CPET S RY)F (P =
0. 008 ) FHFELIT[H] (P =0. 001 ) A fir 2 i , Jo 48 15 {1l
peak VO, B &= (P =0.01,P=0.03), #@E.03)
B 7R A0 FE ISR i A5 B8 T, BV 1o Wi 4 0 06 Dy 2%
BEUEE(-3.9£4.7)% ,P =0.03], ZWFEEY,
LA CPET %0 i.O i BR A IGY7 AT 4t i PHOAE B 19 A=
G i Fs BRe T, i T PH R MG R s 4k

Schwaiblmair %[18] wmib T PH B E L0 iz 8
YIRS CPET P50k, 99 A T 49 fi] PH iR
& ish ks 45 mm He, 7245 5 245 (538 38 FH
T R N B RS ARFE B T 9 B 3R RN B IR R il



DI E R 2024 426 A5 45 B85 6 W Adv Cardiovasc Dis , June 2024 ,Vol. 45 ,No. 6

-+ 509 -

WD IBITIE 52 3 A A WD lis il 4. YIZRaT
JGEBE I T CPET, i i S B b, WFoR s R A&
M, peak VO,[ (14.0 £1.0) mL/(min-kg) vs (15.7 +
1.1) mL/(min-kg) ] i3 W3 (P <0.001),
ENZRT LA PH R 1.0 Il D) RE Aif 4 | I
Tl J12 VRS B RS piC BIR 2SR AR T TR
PL CPET iz ik T, LA 3 D % 25 ks sz, 1
Wil PH HEE S hnis sh iR, o PH AT I IR
SR S5 B o
2 Bg
H AT RBFSE 2 B, ZEPEAG PH AR5 I PR IT 2R T

J&J7 i, CPET J& RHC ) — /M AH X4 F8, peak VO, .
VE/VCO, XJ il PH 835 1l R Bl f5 AT 2 5
B EF X £ Bl AR ) aE AR 1) — A 2 IR YT, %u
CPET , A5 0o Jili B &2 W1 2R 5532 iRy, nl LA g 3 0
BRI AR o Bk B £ IR R T CPET 7
PH RH2 I WG VRS DL & R 38 S .

T 5 22 ) R BB U 2 FF 58 00 52 Wfe PR S 500 2 1

RS S B, 43 A CPET R 8 2 114 1 IR 1
m‘{ﬁo

% 3z #k

(1] PR A e NP IR~ S 2 T 2 15 Il L6 2 L, o ) 0 2 O R I Ui
G ox IR 28 S5 I LA AR 2R 52, 4 A 28 5 I L A By TR MR AL,
A5 T E Sk s RIS TSR T IR (2021 Ji0D) [T]. AR 2E 2k, 2021,
101(1):11-51.

[2]  Humbert M, Kovacs G, Hoeper MM, et al. 2022 ESC/ERS Guidelines for the
diagnosis and treatment of pulmonary hypertension[ J]. Eur Heart J,2022,43
(38) :3618-3731.

[3] e, P0G EE WAL, 45 il ik e e A6 A 0 I A2 3l 2) Al 1) 45 A 4k
W e FU PR S5 7] o 5P A R e, 2013 ,33(S1) 165

[4] Guazzi M, Arena R, Halle M, et al. 2016 focused update: clinical
recommendations for cardiopulmonary exercise testing data assessment in specific
patient populations| J]. Circulation,2016,133(24) :e694-e711.

[5] Galie N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS Guidelines for the

diagnosis and treatment of pulmonary hypertension: The Joint Task Force for the

(6]

(7]

(8]

[11]

[12]

[16]

[17]

(18]

Diagnosis and Treatment of Pulmonary Hypertension of the European Society of
Cardiology (ESC) and the European Respiratory Society ( ERS) :endorsed by:
Association for European Paediatric and Congenital Cardiology ( AEPC),
International Society for Heart and Lung Transplantation ( ISHLT) [J]. Eur
Heart J,2016,37(1) :67-119.

Guazzi M, Arena R, Halle M, et al. 2016 focused update: clinical
recommendations for cardiopulmonary exercise testing data assessment in specific
patient populations[ J]. Eur Heart J,2018,39(14) :1144-1161.

Correale M, Tricarico L, Ferraretti A, et al. Cardiopulmonary exercise test
predicts right heart catheterization[ J]. Eur J Clin Invest,2017,47(12). DOI;
10. 1111/eci. 12851.

Ruopp NF, Cockrill BA. Diagnosis and treatment of pulmonary arterial
hypertension : a review[ J]. JAMA ,2022,327(14) :1379-1391.

Held M, Griin M, Holl R, et al. Cardiopulmonary exercise testing to detect
chronic thromboembolic pulmonary hypertension in patients with normal
echocardiography[ J]. Respiration,2014,87(5) :379-387.

Schwaiblmair M, Faul C, von Scheidt W, et al. Ventilatory efficiency testing as
prognostic value in patients with pulmonary hypertension[ J]. BMC Pulm Med,
2012,12.23.
Morris Z, Chin L, Chan L, et al. Ventilatory efficiency among patients with
pulmonary hypertension with varying levels of adaptation to exercise training
[J]. Med Sci Sports Exerc,2019,51(6S) :421-422.

van der Plas MN,van Kan C,Blumenthal J, et al. Pulmonary vascular limitation
to exercise and survival in idiopathic pulmonary fibrosis[ J]. Respirology,2014,

19(2) :269-275.

PMTAT. CPET X CHD-PAH 5% ™ EAEEE RO ME[ D], Ei: [R5
K ,2018.
Wit i [ B2, S0 fede, S5 o3 2l i R 1 37 3 g 25 A6k R R A i 3l Bk e

FEEFBURPEMLT] . EBRIF A5 ,2017,37(10) :752-758.
Badagliacca R, Papa S, Valli G, et al. Echocardiography combined with
cardiopulmonary exercise testing for the prediction of outcome in idiopathic
pulmonary arterial hypertension[ J]. Chest,2016,150(6) ;1313-1322.
Badagliacca R, Papa S, Poscia R, et al. The added value of cardiopulmonary
exercise testing in the follow-up of pulmonary arterial hypertension[ J]. ] Heart
Lung Transplant,2019,38(3) :306-314.
Missana A, Azzolini-Jacquin M, Baudouy D, et al. Rehabilitation in pulmonary
arterial hypertension: REHAB-HTP [ J ]. Arch Cardiovasc Dis, 2020, 12
(1) :149.
Schwaiblmair M, Faul C,Scheidt WV , et al. Influence of specific drug therapy on
cardiopulmonary exercise testing parameters in patients with pulmonary
hypertension[ J]. App Cardiopulm Pathophysiol ,2011,15(2) :71-80.

KA B 47 :2023-08-19



