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Cardiopulmonary Exercise Testing*
*Abbreviated CPET or CPX

Vyntus® CPX Metabolic Cart and
pedal ergometer, showing mask
with gas sensors.

Metabolic cart (gas exchange),tread
mill and electrocardiogram monitor.




Indications for CPET

o Evaluation of dyspnea of unclear etiology after routine
cardiopulmonary testing.

o Determination of functional impairment in exercise intolerance.

o Heart failure.

o Evaluation for exercise-induced bronchospasm, and response to
therapy.

> Preoperative evaluation prior to lung and/or heart surgery.
o Muscle-metabolic disorders.

o Athlete monitoring.
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Table 1: Parameters measured during CPET
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DattaD, ) E, ZuWallackR. C rcise testing in the
assessment of exertional dyspnea. Ann Thorac Med. 2015;10(2):77-86.

Special Parameters...

° MET (metabolic equivalent): The ratio of the work metabolic rate to
the resting metabolic rate. One MET is defined as 1 kcal/kg/hour
and is roughly equivalent to the energy cost of sitting quietly.

> MMV (maximum voluntary ventilation): a measure of the
maximum amount of air that can be inhaled and exhaled within
one minute.

> RER (respiratory exchange ratio): The respiratory exchange ratio
is the ratio between the amount of carbon dioxide produced in
metabolism and oxygen used. The ratio is determined by
comparing exhaled gases to room air.




o VE (minute ventilation): the volume of gas inhaled (inhaled minute
volume) or exhaled (exhaled minute volume) from a person's lungs
per minute.

o VE/VO:and VE/VCO:: These are the Ventilatory Equivalents for O2
and CO2. They describes the ratio of ventilation (minute volume)
to oxygen intake, or to carbon dioxide output.

0 A measure of instantaneous ventilatory and gas exchange
efficiency.

0 Tells how many liters does the patient have to breath in order to
uptake 1 liter of oxygen or to produce 1 liter of carbon dioxide?
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o AT (Anaerobic Threshold) or VT (Ventilatory Threshold):
refers to the point during exercise at which ventilation
startsto increase at a faster rate than VO, (volume of
oxygen). Two thresholds;
0VTL

o Itis a marker of intensity that can be observed in a person’s
breathing at a point where lactate begins to accumulate in the blood.
0 Asthe intensity of the exercise begins to increase, V1 can be
identified at the point where the breathing rate begins to increase.
oVT2

0 At VT2, lactate has quickly accumulated in the blood and the person
needs to breathe heavily.

0 At this rapid rate of breathing, the exerciser can no longer speak.

Peak Voo

o Global marker of fitness. It represents the combination of ventricular systolic
and diastolic function (cardiac output), vascular function (O, delivery), and
peripheral skeletal muscle metabolic capacity (O, utilization).

= According to the Fick principle, VO, is determined by

° Heartrate, stroke volume, the concentration of hemoglobin and its capacity to
transportoxygen.

= Difference between arterial oxygen saturation (reflecting lung problems and
other right-to-left shunts), and

° Mixed venous oxygen saturation (reflecting peripheral blood flow distribution
and oxygen extraction in the muscle).

Wagner J, Agostoni P, Arena R, et al. The Role of Gas Exchange Variables
in Cardiopulmonary Exercise Testing for Risk Stratification and
Management of Heart Failure with Reduced Ejection Fraction. Am Heart
J. 2018;202:116-126.




Peak Vos Veo2 &
Ventilatory Threshold...

Peak Vo,

Highest coyygen uptake obtained (aerobic capacity)

Values vary widely with age, sex, activity level, weight, Ventilatory
and disease (< 20 mUkg/min in eldedly; > 90 in elite thershold
athletes)

Nonspecific but starting paint for interpretation and
stratification

Peak Vo, = BS% of predicted is generally favorable;
= 14 mUkg/min camies a poor prognosks in heart
fadkure (< 10 if on beta-blockers)

Ventilatory threshold
Point at which anaerobic metabolism increases
Vi, at ventilatary threshold typically is 40%~60% Work
y FIGURE 1. Diagram of response to work
A low value Is consistent with deconditioning or dis- Img " cause will lower the
peak Vo, and ventilatory threshold

ease; a high value is consistent with athletic training

LeclercK. Cardiopulmonary exercise testing: A contemporary and
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versatile clinicaltool. Cleve Clin J Med. 2017;84(2):161-168.

Ventilatory Threshold......

Ventilatory threshold

Point at which anaerobic metabolism increases

Vo, at ventilatory thresheld typically is 40%—60%
of peak Vo,

A low vabue is consistent with deconditioning or dis-
ease; a high value is consistent with athletic training

Vi,

Vensilatory
theshald
Recall: VE/VCO, or VE/VO, (ventilatory
equivalent): describes the ratio of oy
ventilation (minute volume) to oxygen FIGURE 2. Bme method of determining the venti-

itersection

intake, or to carbon dioxide output. lat reshald i to determine the
of the Ve, and Ve, cures

Leclerc K. Cardiopulmonary exercise testing: A contemporary and
versatile clinical tool. Cleve Clin J Med. 2017;84(2):161-168,

Voz2vs Heart Rate; Level of Conditioning & Heart Failure...

Right hoart tslure

Heart Rate

Note that Maximal Predicted HR = (220-Age) x 85%

Dumitrescu D, Rosenkranz . Graphical Data Display for Clinical Cardiopulmonary
Exercise Testing. Annals of the American Thoracic Society. 2017;14(Supplement_1):812-821.
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VE/Vco: (minute ventilation/COz output)...

VElVeo, slope o o'k e

Ventilatory volume/carbon dioxide output; reflects
ventilatory efficiency

MNormal 25-30

May be slightly elevated in iselation in otherwise
healthy elderdy patients

Elevated value reflects vemtilatory inefficiency o
ventilation-perfusion mismatch 204

Values = 34 indicate clinically significant cardicpulma-
nary disease (heart failsre, pulmonary hypertension,
chronic obstructive pulmonary disease

Higher values = worse prognosis

E firiny

VOO, ()

Leclerc K. Cardiopulmonary exercise testing: A contemporary and versatile clinical
tool. Cleve Clin.J Med. 2017;84(2):16
Mezzani A. Cardiopulmonary Exercise Testing: Basics of Methodology and

) A of the American Thoracic Society. 2017;1 - 1):83-S11.
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Scoring for Heart Failure...

Cardiopulmonary exercise testing scoring
system for patients with heart failure

Variable Value Points
Ventilationicarbon diexide =3 7
(VEVeo,) slope

Heart rate recovery* <6 bpm 5
Oxygen uptake efficiency slope =14 2
Peak Vo, < 14mUkgmin 2

Score > 15 polsts: annual martallty rate 12.2%; relative rik > 9 for fransplan, left
ventrioubar assist device, or cardiac death.

Sore < § polts: annual mortality rate 1.2%.

*Maeimam heart rate mieus heart rate at 1 minute in recowery

*2 points If on & beta-blocker.

Leclerc K. Cardiopulmonary exercise testing: A contemporary and
versatile clinical tool. Cleve Clin.J Med. 2017;84(2):161-168.

VE/Vco:

VelVco, slope T r

Ventilatory volume/earbon dioxide output; reflects w0 ° °
ventilatory efficiency

Normal 25-30

May be slightly elevated in isolation in otherwise i £
healthy elderdy patients =ik -

Elevated value reflects ventilatory inefliciency of i i
ventilation-perfusion mismatch = g ‘f’_,a' .-"'.

Values = 34 indicate clinically significant cardicpulma- 20 L
nary di {heart failure, i e S
«cheonic obstructive pulmonary disease i

Higher values = worse prognosis =

Recall: VE/VCO, (ventilatory equivalent): E o VED, ) » by

describes the ratio of ventilation (minute

volume) to carbon dioxide output.
LeclercK. Cardiopulmon:
versatile clinical tool. Clet

ry exercise testing: A contemporary and
Clin J Med. 2017;84(2):161-168.

Mezzani A. Cardiopulmonary Exercise Testing: Basics of Methodology

2017;14(Supplement 1):83-S11




Cardiopul y exercise testing scoring
system for patients with heart failure
Variable Value Points
Ventilation/carbon dioxide =34 7
(Verveo,) slope

Heart rate recovery® = bbpm 5¢
Oxygen uptake efficiency slope <14 2

Peak Vo, <14 mlkgmin - 2

Scare > 15 points: annual martality rate 12.2%; relative risk > 9 for transplant, keft
ventricular assist device, of cardiac death,

Seate < 5 points: annual mortality rate 1.2%.

*Maxhmum heart rate mines heart rate a1 1 minate in recovery.

#2 points if on a beta-blocker.

LeclercK. C cise testing: A ar

and
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Versatile clinicaltool. Cleve Clin J Med. Z0T7;842)-T6T-T68.

What cardiopulmonary exercise test patterns
suggest

Nonspecific: suggest significant cardiopulmonary
or metabolic impairment of any sort

Peak Vo, < 80% of predicted

VeNco, slope > 34

Ventilatory (anaerobic) threshold < 40% of peak Vo,

Deconditioning
Low-nomal peak Vo,
Lewv ventilatory (anaerobic) threshold
Absence of any other abnormal responses
Obesity
Increased Vo, fwork slope
Indexed peak Vo, (mLkg/min} less than predicted
Absolute Vo, (Limin) normal or greater than predicted
Oxygen indexed to lean body mass normal or greater than predicted
continued...
Leclerc K. Cardiopulmonary

etesting: A contemporaryand

eTsatile CHNICaltool. Cleve ClinJ 1 OT7;B4(Z) T6T-16

Cardiac limitations

Oxygen pulse (0,-pulse) < 80% predicted or flattened or falling curve
Chronotropic incompetence

Heart rate recovery < 12 beats per minute after 1 minute of recovery
Standard electrocardiographic criteria for ischemia

Pulmonary limitations

Peak exercise respiratory rate > 50 per minute
Ventilatory reserve (peak Ve/Mw) < 15%

Oxygen desaturation by pulse oximetry
Abnormal results on pretest screening spirometry
Abnormal exercise flow-volume loops

Muscular disease

imal cardiac and respi ¥
Ventilatory (anaerobic) threshold < 40% of peak Vo,
Elevated lactate at any given level of submaximal work

LeclercK. Cardiopulmonary exercise testing: A contemporary and

Versatile clinicaltool. Cleve Clin J Med. ZO17;84(2)161-161




o . | e e, VEand RER
VO,andVCO, |3, : -l (Minute ventilation and
(Rate of O,uptakeand | L/ * Respiratory Exchange
CO,outputinL/min) |£ ,, 2 Ratio. Ratio between the

amount of carbon dioxide
- produced in metabolism
and oxygen used.)
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(1. | woymmor
HeartRate |§ b | Ny
. |E - ] O, Pulse
(beats per min.) :i o (mibeat)
H -,
VE/VO, i~ bf | PETO,
VE/VCO, = 2 PETCO,
(Ventilatory - 5 I (Partial Pressure of End
i ; = = = Tidal 0, and CO,)
Weisman, IM et al., Clinical exercise testing.
CTinics in CRest ne 2001,
Exercise oscillatory breathing

Abnormal breathing pattem often seen in heart fail- o
ure; o universal definition

Sustained visibde fluctuaticns in ventilations support
a podrer prognosis

Leclerc K. Cardiopulmonary exercise testing: A contemporary and
versatile clinical tool. Cleve Clin J Med. 2017;84(2):161-168.

Mezzani A. Cardiopulmonary Exercise Testing: Basics of Methodology
and Measurements. Annals of the American Thoracic Societ.

2017;14(Supplement 1):S3-S11.

Guazzi M, Bandera F. Ozemek C. Systrom D, Arena R. C:

Testing: What Is its Value? JAm Coll Cardiol. 2017;70(13):1618-1636.




Wagner J, Agostoni P, Arena R, et al. The Role of Gas Exchange Variables in Cardiopulmonary Exercise Testing for Risk
Stratification and Management of Heart Failure with Reduced Ejection Fraction. Am Heart J. 2018;202:116-126.
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Table I (For Heart Failure and
Sustability of CPET variables for nd secondary HFTEF prevention reduced Ejection Fraction)

Chass reconr
1 CPET s oh
la = CPET is likiely
11b = CPET may be
I = CPET
Level of e
Level A= M
Leved B o Sever,
atal number and jor study quality, i
el C = Scientific evidence, lins

e et a
assibly one o mofe meta-nilyses, rospecive study des

Wagner J, Agostoni P, Arena R, et al. The Role of Gas Exchange Variables in Cardiopulmonary Exercise Testing for Risk
Stratification and Management of Heart Failure with Reduced on Fraction. Am Heart J. 2018;202:116-126.
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