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B Mm% (pulmonary vasculopathy)

T2 14REZEM4ABR (chronic obstructive pulmonary disease)

7E/0JA (coronary artery disease)
&1l (anemia)
B2 (pulmonary embolism)

E{FMEFENEFAKRSHZEE (hereditary pulmonary arteriovenous aneurysm)
CEAFIRBIEHER DR (ventricular septal defect with bidirectional shunt)
BFAH#E({REF (hepatopulmonary syndrome)
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fir B A BRI SEEEATEE (Sp0O2)<90% B4

Sk TR RS >3% » ILACFRIBACE - e
Sy - TNV A% B I L
FIRER % SIS HIANRATE AR <80% THIHE -
— I (E =) LEKE D & ST BRE (AT) (K 40% AR E w7
#4721 (GEX) 22 B8 7% 40 VE/V'O, SRR LSR5 o Fil A% 3 F R 22088
(Eq0,)>31 ~ V'E/V'CO, (EqC0O,)>34 * V'E vs AR R At o BE— % T TRYRF Ik
V'CO, B (VIE vs V'CO,S8)>29 F1LAIMM R L -

B : IEMROVRENMES 2 o MIMEYR (CVD) ~ COPD ~ REEIREE (meta synd) ~ B4 (osteoporosis) ~ &/ B8 (anx/
dep) BRERFRA 2 - BHERKEREF - fIRRBREY) - NEENSIEE - L COPD &6l - fEiMEialfT £ AlihkE  [AE
IBMREX (CB) » fEMAN (extra lung) BITIFTEREBAR ~ 885 (BW) BRE ~ IAZEEANAME - FEBIMERE (PR)
¥ (x) fIMRREZZ -

B= : CPET L= $fY Gas Exchange B » RXRBRRBRENIEFEE 0 RR S (VE) Bt —S{tixBELEE (V'CO,)e
RENERRIES (Eq0,)  —HILIRRESS (EqCO,) © MERFIE (Sp0,)0 MMt EE D e dl o [ &
FHE) 020 EFHRXR  MEERERHE @ TESHE (AT Eif ) ARIEBAY EqO, <31 EqCO, < 34
©Sp0, £12E >90% HN1T<3% 0@ £ AT ([EfR) 15 RIRBIBEDE (PETO,) B8 £1% ~ BRFRBR _StixD
& (PETCO,) RIE S RARE 2-3 D& & PEEITT - @ ¥IEIZETE 0-0 BEEE A PETCO, FHERXRITT - RIB
BEARI PCO,(PaCO,) RIE » CO, FEMIMARD - BEEZ DR * REAEIR * B|iEHEE CO,  MfE PETCO, #F
1B{E R PaCO, RIEER (BREIR) °
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~ DB (BY) © JUE i EH
DERfR R HE 85% e AR THENE (&K
DHRTHHEIE = 220 — Ffk) » MEAITIREIE
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(dyspnea index)>0.7 (B 0.72+0.15)*° B[] &
TETHRAE T F 2 (ventilatory limitation)

HUREHEME - ISR R SRR RE T
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B35 2E 73 1% 168/60/21.3 cm/kg/BMI (' &
$5%) » COPD GOLD 11 i 5@ fH ZE 1 22 S A i -
Bt SR K GOLD #8551 » il & EAY IR AT 32
S ¥ 7R 22 (Spiolto & H 2 1z » Berodual 2 1k
prn) * RENGAIBIANGS « kS EKG 1%

B : CPET N=4&8PH) Deconditioning & @ L (HR) ZENZFIRIE> 85% FEAIE * SAKE (0.P) B8<80%@ {EL

BHME (AV'O/ AW) BBERIER » Bl V'O, EITRRBERREE (W) LITRIEZER - VO, IBERE € 183 LRIRAK

(AHR/AV'O,) » EERIERIE (<40%) HIER ©

NEIEN - BEERERL - 21 V'E BRAIFIREE

BR : L= 0 RE (VE) BIR @ REIHEL € inEl o [ HTHIE |0 HiLEE VE (L/min) BEIFR (min) F
(MBC 3 MVV) Lt{&E (VEE peak/MVV) @ BIRIRE 2T EER

FAROVELEISH - BIBIEIRIRR IS (dyspnea index, DI) » [ZIR{EfE (BR) + DI =1 EEARBREDI <07 &
207 RRXZFIRFDE - BEEAER  RARRKRKEHRSLHIR - @ FEINETVESNNEILI - V'E thigil - &
KETE (Vi) [RERIZI0 - BRIFEEEE - SR @ WRIZNT - BRSEEZLHMTT o ## Vi B2fhs (TLC) »
ffEE (VC) IRRBE (IC) 18Lt - THETRFIEHELRE - BERIRF VUTLC &I » IEE= 0.3+ BB AE
ER< 0.22 ' 1FBIIRRSE (IC)<80% FERIER *° » [TIRFER (Bf) (5 20 R/ DFENLIRE 50 X/ 2D EFE=R
<50 » [RH#IAY> 50 - PAZERYKY 35 - BRAI MVV REEE © - © FENE L - |BEE (V'O,) TNE - %D E (Borg
score ) B#R E1T - FIRMOERKERNZE - s GE IRV
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ZHE 2D) RS LB HE ST ER (LVEF) 57% » 450
ICHEEE 39 torr » AR (Hb) 16.2 gm/dL °
Dt EB A (EE) 23 1) [HIER KR
SR~ BRI R R - AR o (A
IME R - 2) DEEEHNIALH - 3) EHEHEE
(R JER o R IEAR R LA « DA Ry all
BT H - IR E DL AT B EF IR LG8, - i
AT SEEHIE - (HA[ RN —F 7 JJEETHE
>31 L ~ Borg i 53 85 4 800038 >110/ 43 (bpm) ©
FRFENG B oy S FEI T A SCES) 20 /3 #EmR
PRAE » ARDLEFAT » HRBIRTRGIN 0 - ] -

87\ : CPET HEBREZEE -
(A) Dt Peak V'O, (IBES) BB -

oA

SEINERR T - (EREE AT Ak » ATREAVES - EH
BN 10% JIRE - R AN SRR E - 5558 3
Kl - 8 B Ry—HA -

=H =

B SR 58 3% 170/76/26.3 cm/kg/BMI > [K|Hf
b B - b ~ Bl XOBRIIRERE EKG #6
IEH ~ CREF A H s SRR
PR B AT -

A8 Lo fii 3EE B A B A 2 (R ¥ 1T CPET) »
SN AL SR (Hb)y=4 gm/dL » BREEZI © [B1 3155

> 80% AIEH ' <80% A% Anaerobic threshold ( AT, 51Tk E )

> 40% BIEE » <40% A max & * *V'Opuar K0 V'Oomax TEHR{E 2 LL/E®) Breathing reserve >30% AIEERE

BETD  <30% RIE (RREZRRAR )

& (C)B

» *Breathing reserve=100%-V'E/MVV% 2 100%-

V'E/(40XFEV1)% @ PETCO, ( #&K#i% CO,) FFBEIK 40 mm Hg (K torr) - SpO, (MEEEFE ) #F
BRI 90%  HEMMBREHETADR & PETCO2 BUEEFE - ALMBRE  # B)B -

(B

~

BO# 02P (SIRE ) ~ HRR (ILWREHE ) BB ' low HRR < 15% IWR2ERNDIEHE » 02P<80% A1IE

@PRENNERESIFEM ; & O.P 280% RIEE @ RIAEZMERE G NIRS (FIIMRNEAS ) Bif
FTREER - TriBA0EERIA - total Hb ~ HbO, ~ deoxyHb B4 #E# Ho #22 (= HbO, + deoxyHb) ~ & 8870 Hb ~

Z5E8F0 Hb » RZEMPEI Hb ©

(@)

%) ' TLC (2fhE)

* DH

B¢ Ventilatory impairment B85 * VT/TLC EEEIBEAHRIE2E @ Bf (IFIRIEZR) » RSBI ( IFRRIRE
' VE (BDERKE)

(BRMMABERAR) o VENO, RRIREME » kIE

V'E/V'O, F07E AT 589 VENV'O, tHE » RRBRRESBRENDILUNRIE - DH BURRIUERBEMANT ICM (IR
RESER) EHE DH - thAFFERS flow-volume loop (R - iEETEE ) EHHE DH AIKRIBIR - fAIE

RRABREAGIEIR -
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s FHEURBIET2E 10 4 0 R REHR AR
methotrexate, azathioprine FI leucovorin 3 6 &
BN CRBAE IR - R G FHEE  MIREHEE Al F]
B Ry B2 VE IS A E I » (2 EEGER I - 2
i CPET ZE AT A& B0 M D REREREAHIA] -
RILLAEBT TR - FESC T % Hb B - HLAURY ey
LIS DI RERRTEE Ry B K i S & <80% TEIUIEL » L
3% >85% THIAME » SR (oxygen pulse)<80%
TIME > 1ETAHAUE (VIO/WR) RE=REE - fE
SR BIE <40% AR AR THINE » s
HIASEFHRRAEIR - BUSRSCR IR B2 -
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{5 5 2E 64 5% 172/80/27 ecm/kg/BMI » F 3k
T 2R B Ry B AL E Y o 38 25 5 O AR S ZRYG
% » LVEF 29% » TR0 RHA I FHZE » Hb % -
R EF EKG £ STT B bAHRILARTAFEML -
fiTIREIE R -

CPET 15 3 Bl 22 8 R [X] 28 £ iy e 11 4% 1= 31
A 0 B EE STT b 2 3 B R B RF I AH
EL » {2 CPET H A& K 2 BLOUER AR R (I8
J\) » BIAIEEE RIEERY » SANRERIRE 2B 7T -
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B\ : == 0 0 (HR)

oA

Bt:=6— HBIBEFMKL @ L3R HR) ERIE
5 110/ D R 75% R A T8I B - = AR & (O.P)
emL/ D /BIK, B77% RATERNEOESE
(V'O)711mL/ D, 3 46% R ATERIE , ELBW
EBERERE 10omL/ 2/ 6HR 2RIk -
E=ARELSNESEE AT) 0 BHERS
£ (VE) iBERTS/tIRFEEE (V'COy) RK » &
TEZRK A / SMEEES 0 EREE (Eq0,)

FM-|LIREE (EqCO,) DBIZE V'O, versus V'E

#0 V'CO, versus V'E BULL{E © BIRS @ RIEM

REB /MBS 0 RKBREDE (PETO,)

ZIEES RRBERS  RRBROI\ILEK

DB (PETCO,) 22 &K @ BEFFE NTHIER

O LIE VE 47U DEFRTIR ( FREBZKEKE

EiR) @ HRESRERBIERSRIE  BnEH

BIHIER ' EREFBRSE NE (A8EMR

) BB EMEE R (dynamic lung

hyperinflation ) @ HRESRZFEELE 0 Fritt & 2F

IFIRSEER 40 R/ 7 ERFCHAELNRIDIE 0

IFRASIREL{E (RER) 1.05 - SRS o (F

B R T AT M R DBIRKRABIER - ERIE

R BERENRIE) - RRHFER COPD RE

IBIRE H A ENEEFRANPIKEE o

RKIENTF 128/ 2 7 79% RATRRIE - SIKE (O.P) 10mL/ 3/ 8K , /& 77% RATRAE

HiSRFTIE @ BOARIELT - O2P TT @ RAEEE (V'O,) 1400 mL/ 3 » 43 64% RATERAIE  Bi0EPTIS » BEARUER -

ELBMERRIERE 10mL/ 2/ K © FisEE -

BHARIESS - HR 212RIR - &

RIEAARMERIE (AT) BIE=

AIRAIGRE 52% BIRA V'O, FRRIE  (EBEIRR T AT fl R DRIRKRAIMER ~ ZERIER  BEREIRE) -

RRHBRAT VRBERZE LIRS

E THEE (V'O /WR) RE g » LKEET -
BEAbh - HRASCRN 2 - RAE A ORI S B R
o MR AEMRBIR - SRE DL AL AL
ARIRZET o RTS8 i A B
48 o CPET 1ELMMAETRII AT ® :

1. P Treadmill EKG REEZ BRI ILERSE

2. PUHIER R RS Ry 4= B E - BlAHR 4R

B R

3. KR BRI A AT - LS E
itz
4. PGS R REH DU iR

5. fhiEHFEEL © V'O, H5 ImL/min/kg @ 2= KI%E
3Rk 10%

ES L

Bt 64 B% * 157/66/26.8 co/kg/BMI » 4 1]
AR =R » —X3UHE ~ mRbigE (24
F—K) » 78 A 3E PAEEEN R - Hb 155 » il
T T 5 B A s O 35 R S S B g - i
BEREIEH - — S b mE RIS -

CPET EHi P B0 M8 Fai g » 2 E)
v IMECRRE - RORIIR SR B R T
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BN : =60 - Z8 0 LR (HR) §1 O.P RIE @ RARERE (V'0,) 472 mL/ 73 » 38% RATRRIE - RERENEEIF
IBNEE € HETREE  LRZERR 0 RRWEKRE 6 MEEEF NE - #2KH#R CO, D& (PETCO,)
EREMIERE - fEMNERE (REB=0) - (ZEERR T AT M R DBIRKRARTHER ~ ZIRIGR ~ HEH
BERRE) - BE (6%F#%) 0 HRF0 O.P = @ V'O, 901 mL/ 7 » 74% RATRUEBEF L ENENE € EHER
FIRIES (44% V'O, RATRAE) @ ORZEIERE 0 RRWERNE 0 MELFHE NF - PETCO2 2IZIERRRE -

fmeZEE 6/

17 BREERE - FRH - SRR PR % AR

CHE L) = 5 5 il 28 sl P9 I8 70 o - BRI
7 I f s S B IR N 1T SR 28 - B2
Apixaban 5 mg bid 6 {lil HHYTEHE » ERIEETTER
X CPET ([EJL) -

ES R
34 5% 55 0 164/57/23.6 cm/kg/BMI » & K Hili
5 o 20 % RF B B L UM D B 8 o LA BHIAEN

Wi ~ FRiKFE ~ FARENSE ~ THEFIRRE AT -
IMJER /.08 120/80/70 * Hb 15.4 gm/dL » L ~
Bl X % ~ BEHSET RIS R s S E NI
s Bm S ER o BIAE Hb 19 gm/dL > fili i &
BIEIER - WSS XA RMPIRA ORSIER -
B I L 48, (SR W %8) pH 7.47, PCO, 33 torr, PO,
56 torr, HCOj; 23 meq/L, and S,0, 89% ° JXIfL 500
mL -

B H % CPET 53 A fld 20 1 A FRe it - I
AN BORMR AL R E T T - #a

RECRZE » JEHE NG - R AR HOE AR IR - RF S
Il % 5 % (Pulmonary vasculopathy) ([& ) »
T NS T g I 78 s B A AR B R I 2RVl
AT NIRRT T 9o M1 A A H P9 S JER B IR 26 IR Bl R B
= o MR Rt A RIREEAR ¢ KB HEHE E &
4 Osler-Weber-Rendu Syndrome ° #& 15 43 §#
100% ESRI A MG » BRI AT EE 76 torr » ¥
JFEN I 43 ikE - hEHE 40% O YA 272
G3Un o BATRE B UMAE 1R 2800 - B —RoR
I ARy SR Vs AR - RATK el 21

ES /A

69 5% » 162/62/23.6 co/kg/BMI, 5% v A,
30 4 0 K 19 4F o fF 54 RIS 2 0 EIRAE
W Ao g N7 2O RE BRI LA (2/6) -
R EREHY EKG 2 R IER & feid » R5esh
RELET » 220 KB ST-T %4k » Hb 14.2 gm/dL,
fifi Ty 52 ERLR i L 55 28 S o g I 7 SR A R
BEIZIE - fEAEtE— Dby o TR BIHIFE -
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B+ : =R > 00K (HR)ZENDEMIR - SARE (O,P)
RIE @ RKXEBERE (V'O,) 76% RATEAE ' R
& - EEIE (AT) 36% V'O, RATRRE © RIE
BEIBUEILER € LEREERIR - AT BEBIE
B9 V RIRFEHE 0 SRRF/EEN SRR
KREERS ' AIBTYPRRHET ATe MEEEF00EEE
BEETRE  RRBF[_SCDBFEEX o [&F
SiMMERE - &xi%% Osler-Weber-Rendu &
Bto

oA

£ 65 & F - HERE - BRI (B EE FO,
0.62) : pH 7.38, PCO, 38, PO, 76, HCO5 22.5 and
S.0, 95% ° H 66 Bl & Hii (NYHA DIRESTH)
1) = 3HAE > Hb 19.1 gm/dL » g X S B R B
CBEIEA » AR - s R EE AR -

CPET EBIHHEAL L IMAETERE - BREME T
et - RIS AR BRI T HRRSICR
720 N - BRI ZE R RABRR - (5
REHRER I E By nTgE (B +—) - &8k 2-D
LEEB—BEROEDGERE - B E MK
FROFEEA 300 - OEEEEE © HE Eisenmenger
syndrome ° Tc-99m MAA ifi e F e Sefmifz
& o LLIRFEANE G IVEHERT L= TR iRERE -

E i

56 % 59 0 159/55/21.8 cm/kg/BMI, Hl1 5 1.5
B3 30 4F o K GRG0 47 B A
TEENE 12 B B > 50 %R AT R AL = 51 3% EC dir
G E 55 %A EAL T IE R K - i
JH » IREEAE H > H Caput medusa (HIEfE K -
G HFIREE - Hb 15.1 gm/dL, platelet 61,000/ul; Cr
1 mg/dL, GOT 232, GPT 57 U/mL, T-Bil 5.4 mg%,

B+—: Z£6 : R 100% A&+ - +h8#E - AR - MEAKMA M E MARER - #E (CcO,—~Ca0,)/(CcO,~Cv'O,) HiE

NEBLERBOLELEDR % o

EEDR <5% * & >20-30% 0F » HIRMENRREE - PE : Tc-99m BEREB

E£8 (MAA) fiiE 1R 20-50 K - PEERHE - A~ DADRESEREZMGER - BB : J\RBBRT—

BB SR
FimEIRSE  EDEFIRIS iz -

RE - RIB<106K - TR BRMAZOEZE @ 7 3 BIORIEIE 2 AT S)
RILBADR - 1E 4-6 {B/LIBULHE < AR R RILIRIND 7 -

EA A
AIEBOEIRE » WELRE - LERE - REB
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B+ : =77 00X HR) ZLMEMR - SAKE
(O2P) RIE @ RABEE (V'O,) 60% *
SRIME (AT) 36% A V'O, TRRIE ' RIE (&
) MIBMEEZ € LER2ERRATH
BESHVHMRBEEHBEOSRRRES (&
R) I-SLRRRESERS  IBIHNEH
& ATe 2iZMAEEFERRIEE NE (8I5R)
F RRBR SO BFEEXETT (8
R) - FEMNERE  RRR/OLEPRIRE
HERDR

Prothrombin Time 16/12 sec, Albumin 3 g/dL * J&
J* Child-Pugh B #}) - g X e 2L/ EE 4 BB Y
Bk (EUIBRA: FRfASEEASSE) » MiDIREIEY - &
SR g 2B R —ASET - Wil A BHEEET %/
M , LR FIRRIRE B - BRI A (fEk
%) : pH 7.47, PCO, 27 mm Hg (torr), PO, 61 torr,
HCOj3 19.6 meq/L, SaO, 93% -

CPET 2 B i fld Y0, I 5 PR e » IS8R
B ORISR AL o R A K - SRR
A JEE N MEHEMEIR - 555 Pulmonary
vasculopathy ([E+=) » 21T Tc-99m MAA Hiilfll
TR RS - MR ZEEE 9% O A 2
IR INRIEEEZ O FERR A (contrast enhanced
echocardiography) EHUAIME 7301 » FFE R
B#f (hepatopulmonary syndrome) ([&+—) °
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B+=: 2=t 0 0F HR)RELMEDR @ FAK
& (O,P) & ® R KIEE 2 (V'O,) 800 mL/min
R 3B IRAVOIERE BMEEEBE AR
35% A V'O, FBRIE " RIE (&i|) @ L
BRERE 6 LEERIR - AT BIBIEHV
RREEHE 0 SRIRK[/EE (5i88) =S
LIXRREERS - BT HET AT 2EMSF
ERFIENT (&i88) @ RRBR SO E
FBEX (5558) - fESMmERE  f_A
BFAmEESE -

DL EEHIEE S ~ Byt - AL 2
AR B — COPD I A 28 » 2K R H iR 7S
HHLMEIRERFIRM - LA KR E
B0 M ThRE S H & H CPET KRB+ H 0L -
KIEAN P EEE - 8RB KT 2
WL A 95 % (myopathy) (% 1) @ {H — £ & B £
JiE 55 o SN E A e DKL 58 T 3R AR 55 R 55
KPR - iR ZEE LA E
(sarcopenia) * i e [FINERGHERA - RilEragd: 5
B ¥ (cachexia) ° & COPD #h ' » Ho At (R RHEY
189 - BIANRTE AR 2 R g
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Internal medicine physicians should understand exercise medicine because dynamic cardiovascular,
respiratory, and muscular metabolic responses directly explain a patient’s exertional dyspnea, exercise intolerance,
and decline in daily functional capacity. While disease development can be explored through pathobiology, only
dynamic pathophysiological changes can reveal organ functional loss and the true origin of symptoms. The heart,
lungs, and skeletal muscles interact closely. Only an integrated assessment using cardiopulmonary exercise
testing (CPET) can identify the underlying causes and guide appropriate treatment. The importance of exercise and
training is further emphasized in the latest GOLD guidelines: pulmonary rehabilitation is not about “rehabilitating
the lungs” but about correcting disuse-related muscular deconditioning. Similarly, exercise cardiopulmonary
function testing is not simply “exercise + spirometry,” but a synthesis of physiological signals including oxygen
uptake, carbon dioxide output, ventilation, ECG, blood pressure, and oxygen saturation. Although deconditioning
is not a primary muscle disease, it still leads to frailty, sarcopenia, and even cachexia. Many chronic conditions—
including COPD, interstitial lung disease, primary pulmonary hypertension, heart failure, cardiovascular disease,
chronic liver disease, chronic kidney disease, rheumatologic diseases, obesity, and cancer—can present with
this problem. Exercise training can restore muscle function and improve daily activity. CPET plays a key role in
diagnosing deconditioning. It also improves detection of myocardial ischemia and pulmonary vascular disease,
and it enables the prescription of effective exercise programs. Exercise intensity should be based on an individual's
peak values rather than a percentage of predicted values. Proper interval and resistance training provide the best
outcomes, although personnel costs must be considered. This article focuses on CPET interpretation principles for
pulmonary vascular disease, disuse-related deconditioning, exertional dyspnea, and exercise intolerance. Seven
cases illustrate its clinical value, including COPD-deconditioning related dyspnea, severe anemia, myocardial
ischemia, pulmonary embolism, hereditary pulmonary arteriovenous malformation, undiagnosed Eisenmenger
syndrome, and hepatopulmonary syndrome. These cases demonstrate the diagnostic power of CPET in complex
respiratory, cardiovascular, and metabolic disorders, as well as its value in guiding exercise prescription.



