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CPX Indications (AHA)

A Class | indications(good evidence)

I 1. Evaluate exercise capacity and response to therapy in
heart failure patients being considered for
transplantation.

i 2. Differentiate cardiac versus pulmonary limitation for
dyspnea on exertion.

A Class Ila (weight of opinion)

I 1. Evaluate exercise capacity when indicated for medical
reasons when subjective estimates (exercise test time
or work rate) are unreliable.

A Class lIb (efficacy less established)

i 1. Evaluate response to intervention in which improvement
of exercise tolerance is an important end point.

I 2. Determine exercise training intensity for cardiac rehab.

A Class I} (not recommended)

I 1. Routine use to evaluate exercise capacity.
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CPX Testing

Clinician’s Guide to Cardiopulmonary Exercise Testing
in Adults

A Scientific Statement From the American Heart Association

Gary J. Balady, MD, FAHA, Chair; Ross Arena, PhD, FAHA: Kathy Sietsema, MDDy,
Jonathan Myers, PhD, FAHA; Lola Coke, RN, PhD; Gerald F. Fleicher, MD, FAHA;

Daniel Forman, MD: Barry Franklin, PhD, FAHA; Marco Guazzi, MD, PhDy; Martha Gulan, MDDy
Steven J. Keteyian, PhlD; Card J. Lavie, MDy; Richard Macko, MD; Donna Mancini, MD;
Richard ¥. Milani, MD, FAHA; on behalf of the American Heart Association Exercise, Cardiac
Rehabilitation, and Prevention Commitiee of the Council on Clinical Cardiology: Council on
Epidemiology and Prevention; Council on Peripheral Vascular Disease; and Interdisciplinary Council
on Duality of Care and Ouicomes Research

Circulation 122:191-225, 2010
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Exercise Testing and Training

AHA Scientific Statement

Exercise Standards for Testing and Training

A Statemeni for Healthcare Professionals
From the American Heart Association
Gerald F. Fletcher, MD, Chair; Gary J. Balady, MD, Vice Chair; Ezra A. Amsierdam, MD;
Bermmard Chaitman, MD; Robert BEckel, MDy; Jerome Fleg, MDDy, Vicior F. Froelicher, MDy;

Arthur §. Leon, MD; Ileana L. Pifia, MD; Roxanne Rodney, MD;
Denize G. Simons-Morton, MD, PhD; Mark A, Williams, PhD; Terry Bazzarme, FhD

Circulation 104:1694-1740, 2001
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Setting Up and Running and
Exercise Testing Laboratory

AHA Scientific Statement

Recommendations for Clinical Exercise Laboratories
A Scientific Statement From the American Heart Association

Jonathan Mvers, PhD, FAHA, Chair: Eoss Arena, PhD, FAHA: Barry Franklin, PhD, FAHA:
lleana Pina, MDy, FAHA; William E. Kraus, MD, FAHA: Kyle Mclnnis, PhD; Gary J. Balady, MD, FAIA;
on behall of the American Heart Association Committee on Exercise, Cardiac Eehabilitation,
and Prevention of the Council on Clinical Cardiology, the Council on Nutrition, Physical Activity, and
Metabolism, and the Council on Cardiovascular Mursing

Circulation 119: 3144-3161, 2009
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Coupling of External to Cellular Respiration
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CPX Testing Important Terms

A VO, = oxygen consumption (measure of-R\fitness)
I Absolute (L/min) vs relative (mL/kg/min)

A RER = respiratory exchange ratio (measure of effort)
i Amount of CQ per O, consumed

I RER > 1.0 extra g@oduced related to lactate
production

I RER > 1.10 considered maximal effort
A Ve/VCQ slope = vent efficiency/dead space

i PrognosticinHF:>3% ¢2NBES LINRPIYy2aAa
A Dyspnea index = peak exercise ventilation/MVV

I >50% = onset of dyspnea

I > 80% = exercise ceases usually within 1 minute

I Breathing reserve = (@ Dyspnea Index)
A O,pulse = VGHR = SV x AV@iff

‘ Surrogate for stroke volume
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Gas Exchange Report

1 09/16/04

Metabolic Edit

Time Sec HR Speed vCOz Grade VvO2/kg RQ VE(BTPS) VO2 RPE 1
HH:MM BPM MPH LU/min % ml/kg/min Umin Limnin

Test Stage - Baselne
00:00:20 73 0.264 3.9 0.78 143 0.341 6
00:00:40 72 0.137 21 ¢.75 106 0.183 6
00:01:00 70 0.198 31 0.73 121 0.270 6
00:01:20 70 0.214 3.3 0.76 128 0.284 6
00:01:40 70 0.254 37 0.79 140 0.323 6
00:02:00 70 0.042 0.6 0.75 6.2 0.055 6

Test Stage - Exercise
00:00:20 70 0.8 0.218 36 0.68 129 0.310 6
00:00:40 79 1.0 0.410 5.8 0.32 204 0.504 6
00:01:00 73 10 0.256 35 0.34 146 0.303 6
00:01:20 74 1.0 0.296 42 0.81 16.4 0.366 6
00:01:40 74 1.0 0.434 6.1 0.83 228 0.523 6
00:02:00 73 1.0 0.303 4.1 0.37 18.8 0.354 6
00:02:20 75 1.1 0.485 6.5 0.86 250 0.661 6
00:02:40 80 15 0411 50 0.96 235 0.433 6
00:03:00 91 t.5 0.498 6.4 0.90 238 0.557 8
00:03:20 96 15 0.576 71 0.94 273 0.613 9
00:03:40 85 15 0.626 7.3 0.99 303 0.630 9
00:04:00 90 1.5 0.599 6.9 1.01 268 0.593 9
00:04:20 83 1.6 0.642 23 7.5 0.99 30.0 0.650 1
00:04:40 89 20 0.704 35 7.8 1.04 335 0.676 1
00:05:00 101 20 0.737 35 8.1 1.08 351 0.697 1
00:05:20 89 20 0.794 35 8.3 1.11 371 0717 11
00:05:40 89 20 0.775 3.5 79 1.14 38.5 0884 11
00:06:00 98 2.0 0.713 35 7.0 117 35.1 0.601 1
00:06:20 107 20 0.770 35 8.0 1.12 33.2 0.692 15

Test Stage -Feco'rery
00:00:20 88 0.729 7.7 1.10 31.2 0.685 15
00:00:40 86 0.753 83 104 29.7 0720 15
00:01:00 8t 0.798 8.4 t.10 338 0724 15
00:01:20 78 0.785 77 117 328 06869 15
00:01:40 76 0.744 70 1.22 307 0.608 15
00:02:00 74 0.693 6.3 1.28 294 0.544 13
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Nine Panel Plot
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CPX Test Interpretation

A Step 1: PFTs.
i FEV<1.0LTbh f dzy' 3 1§ MW & GESH35?

A Step 2: Exercise time & protocol used & reason for stopping
I CP or desaturations during exercise?

A Step 3: RER

I >1.10 = maximal test; likely limited by lactate.
I <1.10 may or may not be max

A Step 4: VQand % predicted

i VO, of 14 mL/kg/min may be normal for 70 y woman.
A Step 5VeVCQ

I ,HVeVCQ=mmdeadspacédh / | CZ LJddzt Y2y I NB @I aOdztf I NJ
A Step 6: Dyspnea Index (peak VE/MVV)

i >y m:> I ftdzya tAYAGSR
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CPX Test Interpretationralternative

A Step 1: PFTs
i FVC, FEVFEVL/FVC <80% f dzy 3 1§ MW i GESA35?

A Step 2: RERadequacy of test

I >1.10 = maximal test; likely limited by lactate.
I <1.10 may or may not be max

A Step 3: VQand % predicted, total oxidative capacity limited
i VO, of 14 mL/kg/min may be normal for 70 y woman.

A Step 4: Oulse and % predicted cardiac limitedc Panel 2
i Compare with V@and HR response
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CPX Test Interpretationralternative

A Step 1: PFTs
i FVC, FEVFEVL/FVC <80% f dzy 3 1§ MW i GESA35?

A Step 2: RERadequacy of test

I >1.10 = maximal test; likely limited by lactate.
I <1.10 may or may not be max

A Step 3: VQand % predicted, total oxidative capacity limited
i VO, of 14 mL/kg/min may be normal for 70 y woman.

A Step 4: Oulse and % predicted cardiac limitedc Panel 2
i Compare with V@and HR response

A Step 5VeVCQand VE/MV\, Panel 7

i Ir_b\_/dél/cq:rb deadspacdbh / | CX LJdzft Y2y | NB @I &4 Odz | N.
Imite
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CPX Test Interpretationralternative

A Step 1: PFTs
i FVC, FEVFEVL/FVC <80% f dzy 3 1§ MW i GESA35?
A Step 2: RERadequacy of test
I >1.10 = maximal test; likely limited by lactate.
I < 1.10 may or may not be max
A Step 3: VQand % predicted, total oxidative capacity limited
i VO, of 14 mL/kg/min may be normal for 70 y woman.
A Step 4: Oulse and % predicted cardiac limitedc Panel 2
i Compare with V@and HR response
A Step 5VeVCQand VE/MV\, Panel 7
i Irb \_{e'él/cg =mydeadspacéh / | CZ LJdzf Y2y | NB @I & Odzf I N
imite
A Step 6: VO2 at VT; HR atd/dkmuscle limitedg Panels 3, 6, 9

I Percent of predicted
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Nine-panel Plots

Some Examples

LY
AJUKE MOLECULAR
PHYSIOLOGY INSTITUTE



What is this?
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