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Ventilatory Gas Analysis during Cardiopulmonary Exercise
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Abstract

Assessing ventilatory gas exchange during exercise is a crucial component of cardiopulmonary exercise testing (CPET). Fatigue
or breathlessness during physical exertion can arise from diverse underlying conditions and may not strongly correlate with
resting functional or imaging tests. Examining ventilatory gas exchange during exercise provides a chance to investigate both
cardiopulmonary and metabolic changes simultaneously. CPET aids in distinguishing between a normal and abnormal exercise
response, often identifying the underlying cause of exercise intolerance among various potential pathophysiological conditions.
However, comprehending ventilatory gas exchange during exercise necessitates specific expertise, and there remains a
substantial knowledge gap for physicians interested in thoroughly understanding the systematic analysis and interpretation. This
article outlines the fundamental principles of exercise physiology and provides a practical guide to interpreting the results of
ventilatory gas analysis during CPET.
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1) CPETOM| BE7tAEA

CPETE AA]T mfj&= treadmill & cycle ergometer
& wol Ag3ie] 259 BhE i 22EZ0] ofy
Z2)15tc}2]. European Association for Cardiovascular
Prevention & Rehabilitation Representative 2 American
Heart Association Representativeoj| A #||Q}+s}= CPETS]
Universal Reporting Sheets= 35714 BEAZap} ezl o
2 asr3].

CPET & AA5lE 58714 A& breath-by-breath

Hell oJsf 13] sgnttt 57] 7kAE

of &= 02, CO-Fo] HofA] n el = Fa} A1
oA AFGE= ol Yot SE7EA RS ol ARY
= ahaol AR olasiag) b g 2a Uit B
F1ARAE 9 3717148 Sgske Wil WEY
@1 Douglas bag HMH, mixing chamber ¥}, breath-by-
breathi}o] o] Stk o] % o E7Ilc} A WS
breath-by-breathf{o] ¢14F4] o]&-of 2g}s}et.

5719} 3719 0., CO: 7FA EE 204 V0,9 VCO,
£ =43t} =3 U355 % (tidal volume, V), 33
4=(breathing frequency, BF), &% 3}7]2F(VE [minute
ventilation] = V.. x BF)& &3J5lt} o] & 7tol|A] &5 wsh
H]|&-(respiratory exchange rate [RER] = \'/CO2 / VOZ), AbA
0] 817 % =x|(respiratory exchange rate [RER] = VE / VO,)
2 o] AslERA 9] 375 =X](EqCO, ~ minute ventilation
[VE] / VCO,), VE / VCO, 77| (slope) 5-& AlAkgict. A1
=9} HYS 37 24512, heart rate (HR)2} VO,0f1A] A
29(VO,/ HR)E F3tch,

CPET A} A] BE7hARA 0] 50 W4 8 1 4 7o)
A% A= Wasserman 52 97l wj'd i 5
20 2 A|AIsFAL[S], 201280 W& &
A Aol Ao U
Sl A=l 9l AAE s ElAE Ate] @A
Q1 Bx = 7155 Shck Fig. 194 cycle ergometer® 20
watt ramp protocol2 -5 HAMS AA|5FEA] Quark CPET
(COSMED, Napoli, Italia) S o]&s}] 87}AS 243} 9 b
d 22 = 4 lohFig. D).

3| CPET A} 7I7HEAL &
g taZgolE AAA &4

AN
olch. Fig. 19] I 82 &5 T A2l iheol m
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Fig. 1. Wasserman 9 panels graph.

Panel 1: VOZ and \'/'CO2 vs. time. B, beginning and E, end of exercise.
Panel 2: HR and oxygen pulse (VOZ/HR) vs. time

Panel 3: HR and \./CO2 VS. VOZ (V-slope)

Panel 4: \'/'E/\'/'O2 and VE/V: CO, vs. time

Panel 5: VE vs. time

Panel 6: VE vs. VCOZ: \'/E/\'/CO2 slope

Panel 7: P;;O, and P;CO, vs. time

Panel 8: Respiratory exchange rate vs. time

Panel 9: Breathing pattern. V; vs. VE
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The graph was generated using Quark CPET (COSMED, Napoli, Italia) using cycle ergometer with 20 watt ramp protocol using

software Omnia version 1.6.10.0. VO,: oxygen consumption, VCO,: carbon dioxide production, HR: heart rate, VE: minute

ventilation, P;;O,: end-tidal pressure of oxygen at the end of exhalation, V: tidal volume.
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2) X|CHARAADZE X|TMA A DEE

CPET Fol £59] H5}7} 571Hlo1 2 Akh s mape] o
S7V5kA] e AL FfAA A EEF(maximum oxygen
consumption VO,max)o]2ti ghc} &% 2ot A] 7h =

A ARG FTAAAR
at end of exercise, VO,peak)o|g}i stc} CPETS Zths}
LA §5 R, EEEY, 51X 0 5 Bk
T ofEl AFOXMEA] &5 FET ARAAM Y Ata AR
7ol VO,peako]n], VO,peak7t EL7H5¢ Heh - 552
(VO,max) B} &5 52/3 5o Bedgo] o &rh.

Wasserman #4d 12 VO,¢} VCO,7} &%7+% (work
rate, WR)of| e} His}ol= A& HojEth(Fig. I: panel D).
VO,peaks &5 7Ax}e] TojA] A5t _,_]EH = Lagy)
Aba A1FE UERIE, o] gho] 2n) &5 S g wlshs

“F(oxygen uptake achieved

2= Fate] ol AR L) VO,peak % l A& 7)320]
TH8]. AVO,/AWR H|&-2 9 Fo] thah S4k4 taLe] 7]of g,
Z §AkA 5YS HolZTh AVO,/AWR H|-go] WrhH, o=
& T AT 5ol o] UEsA] YL FARA take]
H]ZFo] Ethe AS el T, Add Hdat
S/ v gL

RERE AJ7bol| W& o|4ksleba AT} 4hA 4159 vl&
(VCO,/VO,)o|t}k. WR7} 5713to] whe} RERo| 573 (Fig.
1: panel 8). RERE AzIA ol &&= = ZAl(lactate)
o A=, SF Al Hrolothe At 8 Wittt
(RIASFRER = D)[3].

VO,peakzte 2] &= A] 20% T 3022 Wi glo|g
£ 7INEe 2 5l Ao] vigsith o gk el Sgolut 102
njato] glo]El S 7]4ke. 2 VO,peakS oA E d
QoA &5 % VO,peakzte A%, A3, A4, A2

A WA BE SF L5 H30] vl choysi, Uolel 4

It &5

23} VO,peakztd o == (predicted) VO,peakzt
Hw e o=, HARE At 59 19 5@ Cycle
3ol thall A3 dlSatE A-gsHof ek &
4 32 VO,peake] ?R o A%
%2] VO,peak(t 52 £kx} ool = 2 ds}A] )
’6} | cycle ergometer —f?_— =0] OF 70%o]ct o] £8-9] 2+
A 243 7hs e 2o WRo| B7] wjiZoth 5}4] cycle
ergometer &%2] VO,peak= 77] £E0] VO,peake] 2k
89%0f|A] 95% A Eo|tH10]. whekA] 314 cycle ergometer &

treadmill

Q Aol Arm ergometer

FlO rlo H

e 50 o

VOzpeakg o| &5k o= 514 cycle ergometer &=
e 18 & TS ok ﬂl:} Hansen/Wasserman2] s}
A] cycle ergometer 52| VO,peak ofl& 3412 th5at 2+
THA4L

Ideal weight (kg) for men = 0.79 x height (cm) - 60.7
Ideal weight (kg) for women = 0.65 x height (cm) -
42.8

For men, if actual weight equals or exceeds ideal
weight: VOzpeak = 0.0337 x height - 0.000165 x age
x height - 1.963 + 0.006 x weight (actual-ideal)

For men, if actual weight is less than ideal weight:
VO,peak = 0.0337 x height - 0.000165 x age x height
-1.963 + 0.014 x weight (actual - ideal)

For women: VO,peak = 0.001 x height (cm) x (14.783
- 0.11 x age) + 0.006 x weight (actual - ideal)

18-204] Fhke] AL ANFH O 304] Fxke] A
2 71502 AH§51] W], o] AeelA] VO,peak $
Asle 2R HEA A S A5 = e Alof] el o] Lro](18-2
A) T 30412 este] HuXE EETE A % Jl
£ 158 Qo BRI sk eigl et Aeleh &5

.

Al U 4k ARt o] thabe= AW A 2 7

off FR3t oAUl 4r¢l4totel =4l (adenosine
triphosphate, ATP)& AJAsl= Aol oz 714&
Aok Bl A Akas ARE ol whet R4 AR
(aerobic pathway, oxidative phosphorylation)2} F-AFAA]
74 2 (anaerobic pathway; ATP-phosphocreatine, glycolytic
system)& 2 &5 4 Qlck

oA A4S eI B Zrgo] AZ YR F45
o] A} TS Al st & (glycolysis) 0 8 EET

o sfolguate 2 MBETE $AAA THEE A el b]
EECejololA o|Rojxn, 22 nlEaseole] Ut i
ol ol wvl, shol B Ate] nlERE e} YR E &
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o7hH 4ka7t Efishe 7804 ol ER & 4 Alacetyl

CoA)Z Tofidt oplEE 2R A

51, 0] TPOIA olAk}Eka o s o] o] AT ol4kst

B E SHTIARA HiE = A

o 212 el sk of 212 sl

HlEEEo} viel ole] obis} Aol 2 18] 4

A71A agdo] S Eal AAH ol U= ATP T‘f;.*é f&id

ATP TH43 201 ]3] ATPR HIZHEIL) o] 319.& Alsh=is]

Q14Fa}(oxidative phosphorylation)o]a}ar Shc}.
£5 B oMl fab S ol 22

o] o]F oA, &FFE(WR)7} FAF4 %] (aerobic

threshold, AT)e]| 0137177W iz & %T}%}—t— 5 7™
otk £ 57 WR7F £713te] whe} VO,9} VCO,= 5715t
tHFig. I: panel 1). &% 27]|o|= VO,7} VCO,2 2 a6t
o] e =, o] oflvAIthAtell A AA3H CO,7H LAA
2.2 A W F457] gjEolct VO,/HRE 7+ AlukEn}
o £ #EE A E Uee) 2505 Wi
=7}5to] wheh HR, VO,/HR, VEZ} A814 o & 2715t} (Fig,
1: panel 2, 5).

ST WRIL A 371l mhet fARA HAbE of

n Mgt 2 FEEA HH, ATPE F4kL G2t
(anaerobic glycolysis)S E3l AAISHA Fck FAMA =2E
82 41AE A5V S M2 ol 330 i
gk ofuix] 4o Lok whde] Qlrkl 2] £EY ¢ 2

o] ATP AR, FAE SIHE0] 25} AL Tl 2
(lactate)o] Z|F2 0.2 A==t 1 A}t A4
L)L 34 pHE HAI517] $18) Brataante
of o]3] &= (buffer)= o] H,07} CO,7} 244 %D}(H* +
HCO3 — H,0 + CO,). 23}Ad o 2 &5 YAl CO,&=
sk7](ventilation) & wj$ 75l A<l @0lo 2 ZH8s]
Al ek

WR7} 57}—6‘; of ufe} BYH o 2 ol
k. vk, THEsA AR CO, 18] VEZE 37Hsl7) =i,
Bie g 53 *o*%—cﬂ B CO7t 2 Wl (VCO, 1)
VO, 1Tk 4] Zhate A 7k
EIcHAT)(Fig. 1: panel 3). o] o, VEQ— VCO 7o) Hlg|R o
2 37ksb7] wizel EqCO (= VE/VCO )L H| 2% A sH|
O

A 27}517] W&ol EqO,(= VENOZ)% Z7}5keh(Fig. 1:
panel 4).

qu l*&g}% U4 (P CO, = P,COyYE LASHA 74l
E] AL eF7F A} (Fig. 1: panel 7). VO /HR= WR2] =7}
o} 37 Z7ketelrt £59) FlelAE 1 277 Zhast
£, o] A7|HE = ds]EbEe(stroke volume)o] T o4
FAPEIA) QAR HRE 2] 2710l wet HRH 02 AL
o] 24t (Fig. I: panel 2).

FARAC}R] ATE] Sl
o] wj ol £5 %5
O3] ATE SE7IARAS Alshe HFE
S AHEA 0.2 ALk & AR @A Hlo] 3
93,479 H2 AUFCZA YR HS
% Slek 3 30] AT 2%
t}(Fig. 1: panel 3). F-AFA212] ATE= VCO,7} VO
Ao 2 el Ak AoltHV197] 3
COH QIgH IS Fo] A7l Aot V-71&7]&
VENO,BrHe 55 72400 § stk ATS)

ox

i)

,_]
ol ol 13;[’
Mo o
FHIOZ‘L-I'L
o e £

l-u:
i)
N

I oz
“U u:HE

I
>|.n ol

7 KR

=2 AT =

ik AR Bfolls S7Foke 5ol AEsHA ¥hgs}
o] 7] Y/%E= R (perfusion)& 1 ol F25] S7HI1Z

——ona
SEAE WR T8 S71tel wek, 8ol o Be R4
o] £}, 24k} c859

=
=Y
ok
=
o
o
0w
ko)
N
N
ke
m¥
Hore
rg
S~

pH{)o] 2FAslH o]&2
© 2 FUECHAbY Ar5ol et &
compensation point, RCP). }E35}A] %7}‘{3_} 7|2 2ld] ¢
nke CO,7} HiEEH(VCO, 1), VO,= oJ15] L5725 WR
of B|#|5}e] Z7)skc} RCPE HojA™ VEE VCO,Hr} o
w2 7)) 274510 (VE/VCO, D) (Fig. I: panel 4), Po,CO,& 7ha
1A EtHCO,2] 317] AA 7} Z7Feh(Fig. 1: panel 7).

g 317] E7Hs PO, W F A9 2] 5% EqO, (=
VE/VOZ)Q} EqCO, (= VE/VCOQ)% A2 X171t} (Fig. 1: panel
4). Faka W 9jel e VO,7} HRol| H|s] Abtjd o 2 7ast
1] VO,/HRo] HEFS||ZIT}H(Fig. 1: panel 2). -5 £37} A
VIR Algole

HAFA; respiratory



Annals of CardioPulmonary Rehabilitation 2023;3(2):47-53

ALt HH2SESIHAIAS] 2 ETtARA

2o R 57kt Ae S50l Qg Al s VT
o] 271 Bl & 1HFE A S7IFIE, o1& Q5| 7
Al 23 g o] Yolz|A Hk o] 7|4 mEke] FAIHE 8§
£ EqO, (= VE/VO,) ¥ EqCO, (= VE/VCO,)7} 74
o1tk glo] HISH(VE) tf We Akavt S48
(VO,1) T B o]Absekart A AE7] gjZo]cHVCO, 1)
7] F5A7F HA7} = A nadin S w71 71 29H

© 7 255k Aolala & 4 QITh(Fig. I panel 4),

i
rlr
< ot ox

ol
re

6) Ventilation/perfusion ratio (V/Q) 2&X|

1o} w5o) w2 Hellx) AA| meko] Yot A
Q1 o3k gk ol W3k 7 B gl L Aol Rl He
215 VIQ A (VIQ mismatch)7} LRt wteby &
FIARAL 2558 Agto] WAlslE WelEE ol
she ol BoE o3k Ttk £4] Ao B FHo2 ol
o) 5} 7R Atolol e BAP} EASILL B 1
BAP} B Sl 5, VIQ7h HRel 4] 3 (high V/Q) )

2 Gopxlet, o] Qls) 714 igko] FakHo]
A Gt &5 Bl A sET BT A, olHe] BHE
A BASE S8 To] Aol Ao B1oh TR

J
=
o] oleigk VIQ ol2e] FoiSw, 1 A} 7hA e 9

Ll stk
) e e VIQ BRItk & WU Hlg
o] ke Hejolnl, BT 8] o] B HE matekn
gk @7} s e gele 3o 2 BRy
& mEo 4 MERIT Q) 2], 7 T TEe
(COPD)zZ} AEH3 TEHEAT 520l iehdeh A4 sl
SHE Halol WA EFHUA AAHABF| WA
oIS M| 2E BT 4 Qlof Bl -5 AR RS Afo]
(P00 S7FRICE TFFE V/IQ7E 2 A0 2 Q13f PaCO,9]

Fe7HIE doluA] b, ol BhE H|ZollA A=7)7t
=i PaCO,9] 4452 o= 7] wizolct.
= E2 VIQ E¥A19 Fejoltt. & 2= & HAT

BRI} L oGl T VIQ Hl&o] $715}

A7} a8 A HEE
2 VIQ EYX = gutyo g
27|57 el 1 A 3
o} ohek 2 2.9] CO, W&o £AEo] 0,5
FFE F1 o2 3|
(PeenCOY7F 5713ITE

S0 2 V/Q = 0 (&g 8] Fol; of: F7)u, =)
o]AL V/Q = oo (g T Zol; oll: S dlAZ)A &
Efo] VIQ BUA| = A4 Aol M e &5 AAPE 7S
2ol CPETOA] AASHE S87FAREA s $83F 31
Al opct.

EqO, (= VE/VO,) T EqCO, (= VE/NCO,)=1L¢] 0,5
S5 1L] COE W4 o] Z 2]} E &|sljof 5heA]
UETHOtA 23 §.8). 554 gho] 3% 7tA ud
ot} 5 2H¢jo] o aitHolat= oulrh H a1 it = mRk
FHxjo]t}. 8715 52](VE/VO, 3-8 VE/VCO,)7} THEs}]
& AL Z71e #7] & FMI50)H 15, A AHS
(EAH 35]), &2 VIQ BUAKHA e Hlgg4)= <l
T} 3715 5x12] Wl ATE AXshHs 7129
=, AT EqO,7F A& 0 2 F71s17] 2139
EqO,9] 7} W& A (nadine] sigghH(EqCO,7} gAlel

SEA | 0FA 23 5L
dztolth EUgH AE: wd 4 (EqCO, ~ VE/VCO,)9]
B4 Tzl ME g 4 QAT gho] FYUskAlE okt
VENCO, 7]7]%= T4 ARA(CHF)oIM ] o3 2] Zo]ch
(Fig. 1: panel 6).
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B AL TSI o Egol D Wk olulet 2EA1 ¢
QU3 FF B AAUZ L Wl dlE Egol Bk uket
A CPETE= $217} chofh 05k ZALS W] o]l £5 38
AFHE oIAFE S 4 Gl FUIT A LA S
Aoz sauofol ghek CPETE ul& £244 7H5Aol
o} fapAlelA TS 83 AN ZHFHICk B go] T
SaHEo] CPETS 9J4F 7Ate] 303 R0 2 AJ251a 9]
of o2 T HIIIA| ALg 3o & 202 Kalck Hef o]s}e]
2F S ENE TEAAE FA SHFLE e 55
slck. 2t oleidh FAHS CPET 5:87kAR o] 23517

£ sl wPE e HiS- ) Talo] Sl ARFES $I3t 7)
Ak 4 A2 4 9k AW} o Bag Rolck )2 5
s CPETS] FHI9Ieh Abgo] ARkEIA] Qe s o] &
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