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Pulmonary capillary

o Ij| (Pulmonary capillary)

Pulmonary artery

Pulmonary vein
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Right atrium Left atrium
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Right ventricle

ial
Black blood Arterial blood

« TEZX (capillaries & Muscle)

Capillaries of
peripheral tissues

Diagram Of The Circulatory System For 5th Grade
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VTJ’RR |
\w VN
"_".' '\ RQ " III-, Rhy‘thma’
W “ 1 1, Ischemia
\

HE A X7
v ECG
v HR

v O; Pulse =VO, / HR

2O =AFm 7
Visual Analogue Scale / Borg Scale Tir"1o0oo0 o I-
| v Borg scale

Perceived Shortness of Breath

v Reason for
Perceived Leg Fatigue

stopping exercise

Cuff (Sphygmomanometer) ‘

[ WA
Blood Pressure v Pa0,, PaCO,,
hemoglobin, COHb,

Arterial Blood Gases

Cycle Ergometer Work Rate, RPM

i pH, lactate, Sa0,,
Pao,, Paco,, Hgb, COHgb, P(A_?)Oz' Dead space
PH, Lactate, Sao, fraction (VD/VT)
P(A-a)O,, P(ajET}coz, VDIVT
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 Blunted response: B-blocker =
dysfunction

02 Pulse (ml/beat)

'Jlk'@ Oz Pulse (VOz/HR)

Normal vs Abnormal O2 Pulse Patterns (CPET)

Normal O2 pulse
Low O2 pulse (Low Stroke Volume)
== Early Plateau (Stroke Volume Limitation)
Blunted Response (Chronotropic Incompetence / Beta-blocker)

250

500 750 1000 1250 1500 1750 2000

VO2 (ml/min)
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(Absolute)

(Unstable angina)

.

(Recent myocardial infarction, <4)

£ 8 (Uncontrolled arrhythmia)

=

b B dr 12 52 oN O

=|I—|=|-|'|

Al (Severe symptomatic aortic stenosis)
(Decompensated heart failure)

(Severe hypoxemia, SpO, <85% at rest)

> Ol

02 met rx me rjr 4= ol

0> > 0z OH
0

=+ & (Active myocarditis or pericarditis)

L ACHA Z 7| (Relative)
« ZEEX Y= 0HY

(SBP >200mmHg or DBP >110mmHg)

=5, 4o dE=h
- HE, 28 49, 8l (Hgb <10 g/dL)

Am J Respir Crit Care Med. 2003 Jan 15;167(2):211-77.
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Rating Perceived Exertion
6 No exertion
7 Extremely light
8
9 Very light
10
11 Light
12
13 Somewhat hard
14
15 Hard
16
17 Very hard
18
19 Extremely hard
20 Maximal exertion

* Borg Scale 1l &
(6-207)
6-8: Ol % 7IH{ &
9-11: 7IH{ &
12-14;: 27 25
ol =

15-17: &l &
18-20: Ol 2 2 =&

v C}
v "7t50]| O "o K| A L}
v i

BH 0K
nou |:|_E| 7|_ O|_E El_ll

(HES) ¢ (3T

LS O

3 H3: =30,
7 Qlojar

Am J Respir Crit Care Med. 2003 Jan 15;167(2):211-77.
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IrI;crem(/ansttaI oz ®MAIH =} ZeaII( VO,, AT|-VE/VC B o X|Cf K| E H 7}
(Ramp / Step) (Cycle: 5-25 W/min) SIope BAFAlZH8-127 M)
L X2 X 2t-g o2 X7|E87
Constant work rate ( | Z[CH 32| & 75% | L+t &, X| & BIg, Xf|| =1 jc_lu_r i"’ﬂOﬂ o =| IS f
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Incremental Protocol (& £ A 25}

Incremental Protocol - Ramp Incremental Protocol - Step
100} 100} J
80+ 80
3 60 © 60
2 40 + g 40
20t 20t
Or - . . . . . O — . | : : .
0 2 4 6 8 10 0 2 4 6 8 10
Time Time
_ step (Al THA S 71
Ramp (M8 571) . > U A7 ZHADICH SIS AT S 7HA 2
> AT TOL O SAMSASE ST o 2k ool M HEstEl M| BHe g B Ik
MRVO S Hos DA SE BoloH ] e @ V02, VCO: 80| plateaud| Est7| Moj| C+g &t
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Constant Work Rate Protocol (X| = 5 °})

e Incremental testO| A] &2 Z|CH 5= (peak

Work ratE) -9-| o—|I: 75% _?_-61'% xI _ﬁ_ Incremental vs Constant Work Rate Protocols
. A|Zt ZADto]| e} BHAfe| 25 L) K| & B 100 {=-Consa Work Race (75% Wi

2}(Sp0,, HR, VE &) 2H& ol /
V28 UWTE X 21 WY U B

a8 é
v'E5| copp, 7, H| U I 2HAHO|

A-l Ar% 0 0.0 2i5 510 7.|5 16.0 12|.5 l5l.0 17:.5 20I.O

Time (min)

vEE 6102 A X|EH=2 5H



(1) 2871 (2-32)

A O ATIIA S
125 -Volitional exhaustion - Df—%/ﬂf—r:tﬂ— —_|| o
-Symptom limitation - 7| X‘l QE" Eﬁ:i 75,' (=1 ;g
-Speed of rotation < 60 rpm

Test termination criteria:

100

S (@) 5317| (2-38)

o 75 - 0-15WOi| M I EH 2

S - 60-70 rpm X

X< 50

§ . (3) &3} 57t7| (8-12&)

-5-25W/= % SN St
- S Mk X%

O

S
e
w
()

Oe @
0 2 4 6 8 10 12 14 16 18 20 E] [=1R== (_7,<_|_J,\_ 3_:?'__)
Resting ECG Warm-up Incremental exercise Cool-down Time [min] - D25 &2 E= oty
SRS HALSHFR|
= "10T OO

J Neurooncol. 2024 May;168(1):35-45.
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* RER (Respiratory Exchange Ratio, @ S ul 2HE)

NE:S S * VCO, + VO,
RER 2 115 « OFYA|:RER=0.8 (T2 X|& CHA}
Peak HR > 80% of predicted max HR " i —
°OtP + 4ot 25 Al:RER M > Et3lE AL S 7 >
Borg scale >17/20
: — ; 1.0 O| &
Breathing reserve | < 15% (=== <11 L/min)
e 1S . = =
VO, plateau Workload 7NO|| = vo, P SIS W25 Al:co, HiE S7F > RER21.15

S>"SE0| ZCH L O K| HE AE

o 7t% ME|E|= X|HE: RER 2 1.15 (others: EX A 7| F)
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S 7LA H Ad OI OlAIA] 2l
- 2= $V02,VC02, VE SO 2 A7
« O|EHIEICZ 7|0 S=H 2
- AN S B E BELEHYS D, 2= 1 EH
« S AL A
- A3 éo V02, VCO2, VT, 25 <(BF), VE, HR .

v'RER =VC0O2 / V02

v EqO2 = VE / VO2

v EqCO2 = VE / VCO2
v'VE/VCO?2 slope

v Oxygen pulse = VO2/HR



Normal 9-panel Plots (‘3 & 2& HHS)

Plot-1 ., Plot=2 . Plot-3
VE (L.min"1) HR (min?) VO,.HR? et T
""""""""" i";{h MWV {m|m|n1] Voz “—-mlno } I VCOE [L'mln )
. VO,/WR-slope
/ /.-'-'-_— )
Time (min) Time (min) Time (min)
VE (Lmin?) Plot—4 4R (min®) P18 5 yeo, (Lmin) VENO, Plot=0 VEVCO, !

VE/NVCO,-slope

W

RCP

VAT

.
'™
L
Sy

e
g
LT,

VAT RCP

VCO, (L.mint) VO, (L.min1) Time (min)
- Plot-9
VT (L) Plot-7 Plot-8 Peto, (mmHg) Petco, (mmHg)
Ve MWV 5p0:%
--------- i VAT

P 10 _____..-.-—-""

VR !
/ e ~

i RCP

VE (L.min1) Time (min) Time (min)

Wasserman 9-I 2 2=
CPET Z1IE 97l I 2 2 A|Z=}5}
XA X QS| A S 7tsStA ©

A AROHAEIE 1,2,3

0

g7|F2 0.2 5 Heh o 2 5,9
H7tA wehv/q =X i H 4,6,7

Expert Rev Respir Med. 2020 Jul;14(7):691-701.



Normal 9-panel Plots (‘3 & 2 & HI

. Plot-1 - Plot-2 _ Plot -3
VE (L.min! HR (min) VO,.HR? . . L2 MAF AT
{ _r‘nllpul '''''''' ‘\1\“;{& MV {ml.zmin'I] VDz [L.mlﬁ'l} Vcoz [L.mm 1) PIOt H o o —
. VO,/WR-slope o - 258 1> " B mw
s 1. VE vs Time =& 3|2k it =e el
| SIS | ojetoin 52
/ 2. HR vs VO, HR/VO,slope [ HR H S7t, 0, pulse 1 &5
NN o= 7t Ma =7
Time (min) Time (min) Time (min) 3. VO, vs Work Rate E S & 1 >vo, dE St
oy o VE/VCO, slope €7, RCP A| ™ Of|
_ - _ 4. VE vs VCO =21 4
VE (Lmin) Plot=4 HR (min) Plot=5 VCO, (L.min"1) VENO,* Plot -6 VENCO, : M S7HF et g THA)
; AlA. 7 HC2AS
VENCOrsiope / 5. VCO, vs VO, V-slope A§T7|-| SVCOTT VO S50
i i : : o
- | el
' 5 P s VENVO, = ATO A 24 3 57}
- o Chaf S7h
RCP AT VAT ReP 6. VE/VO, & VE/VCO, | 27| & VE/VCO,= RCPIFK| ZHA & =7}
VCO, (L.min1) VO, (L.min) 7 i N -
2 2 Time (min) o1l s = mp VT Z 780 plateau, O] & VE
7.VT vs VE Eglggo [ SSA X A
Plot -8 Plot—9 ETFEZZFTTI/IEHS
VT (L) Plot-7 © . Peto, (mmHg) Petco, (mmHg) — —
VC . ol 550:% 8 RER & S0 SZW3H| & |RER21.1-> 8% -3 5po, Ot
Ic ; e : . MAZEDE ESIESIN
/_Hi b — VAT: PetO, 1, PetCO
vR : H —_ . et et g
: : ] S7|at 7kA : 2715 2
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VE (L.min1) Time (min) Time (min)

Expert Rev Respir Med. 2020 Jul;14(7):691-701.



X AF Reference Values:

o ALKEEEHE reference 4
Hansen, Jones &)

* Cycle vs Treadmill = 4} XO| (~10-15%)
- 0= (equation)= CHF
S MErA T 7 &4 EXMOHA| =

= HA T—

f CH2F (Bruce,

S A
-1 O 1

o 2L} YA M2 2|8l ATS/ACCP 7}0]
E2tolojM H 7| = (criteria of
normallty)a H At e, 0| &

« ATS/ACCP H1O

71F Y

ks YU IIE

VO, max > 84% Of| S X|

AT > 40% VO,max (40—-80%)

HRmax >90% O| S X|

HR reserve <15 bpm

O, pulse > 80% 0f| = X|

VR (MVV-VEmax) > 11L or VEmax/MVV < 8
5%

VE/VCO, (AT) | <34

Pa0; >80 mmHg

P(A-a)0, < 35 mmHg

Am J Respir Crit Care Med. 2003 Jan 15;167(2):211-77.




CPET Sl A1 9| 47}X| siA & Z

39 NE: g 7=
2554 VO, max, Max Work Rate VO,max = 84% predicted

N HRmax = 90% predicted, HRR < 15 bpm, O, pulse
AlSiTl HES , ’
-E=E e 02 pulse (VO / HR), AT > 80% predicted
37| BhE VE/MVV, max RR, PaCO, VE/MVV < 85%, RR < 60/min, PaCO, 35-45 mmHg

a Vb/VT1<0.28, VE/VCO; < 34, PaO, > 80 mmHg, (A

7 ﬁ = 9_|_ _ ) ) )

FA 1 2} Vb/VT, VE/VCO,, Pa0,, (A—a)0- —4)0, < 35 mmHg




CPET Sff A

Of

= 2

Z=Q CPET A7

Cardiomyopathy

J Peak VO,, no HRR, |, O, pulse, early AT
Ventilatory reserve preserved, Gas exchange 3 &

COPD

J' Peak VO,, high HRR, O; pulse normal/low
J Ventilatory reserve (T"VE/MVV), 1 Vb/VT (dead space), 1, Oxygenation

Pulmonary vascular disease

J Peak VO,, no HRR, |, O, pulse, early AT
Ventilatory reserve normal, abnormal Vp/VT, |, Oxygenation

Obesity

J Peak VO,/kg, but VO, (L/min) d 4t (> ELCH AtAAH|ZF2 H AN
N 0, cost (VO, vs Work rate &2f 0| =), L= Ht-5 H 4

Deconditioning

J Peak VO,, borderline HR & gas exchange

Ventilation d &, Echocardiogram A&, RS2 E 2 7t

Poor effort

J Peak VO,, but no physiologic limitation
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