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Abstract: Cardiopulmonary exercise testing is a specialized advanced investigation characterizing in a
complex manner the exercise capacity of the person who undertakes it. Thus, on effort
electrocardiogram, blood pressure and oxygen saturation are monitored, oxygen consumption rate and
carbon dioxide consumption are measured, as well as other ventilator parameters. The information
obtained allows an evaluation of all organs and systems involved in the effort process: cardiovascular,
respiratory, musculoskeletal, hematopoietic and mental. In this article, we present the most important
parameters resulted from the cardiopulmonary exercise testing and their interpretation.

Rezumat: Testul de efort cardiopulmonar este o investigarie avansata, specializata ce caracterizeazi
ntr-un mod complex capacitatea de efort a persoane care 1l efectueazai. Astfel, in momentul efortului se
monitorizeazi electrocardiograma, tensiunea arteriala si saturasia oxigenului, sunt masurate rata
consumului de oxigen si a consumului de bioxid de carbon, precum si humerosi parametri ventilatori.
Informayiile obyinute permit o evaluare a tuturor aparatelor si sistemelor implicate in procesul de efort:
cardiovascular, respirator, musculoscheletal, hematopoetic si neuropsihic. Tn acest articol vom prezenta
cel mai importansi parametri rezultasi Tn urma efectuarii testului de efort cardioplumonar, precum si

interpretarea lor.

Cardiopulmonary exercise testing (CPET) is an
exercise test that brings a lot of information on the
cardiovascular, respiratory, musculoskeletal, hematopoietic and
neuropsychic systems. In addition to tracking symptoms during
exercise, ECG and blood pressure monitoring, it benefits from
measuring the rate of oxygen consumption (VO,), CO,
production rate (VCO,), the ventilatory parameters and O,
saturation. The patient breathes in a closed system that alows
the analysis of these parameters. The resulting data are
numerous and their interpretation is often difficult.

A cycloergometer or a treadmill can be used for
performing the CPET. The advantages of the cyclergometer are
no arm balance during exercise, a more accurate measurement
of the workload, less space and easiness in determining the
blood pressure. At the same time, the treadmill involves a more
natural effort, often more comfortable for the patient. The
maximum oxygen consumption on cicloergometer is of 5-11%,
lower than on the treadmill.(1,2)

The protocols used may include either a maximal
incremental exercise test with the increase in effort by 5-25
W/min or atest with constant workload lasting for 6-10 minutes,
especially useful for monitoring the respiratory and gas
exchange kinetics.

Before starting, the effort capacity of patients is
clinically estimated to determine the increase rate of the
workload. At the beginning of the test, the patient needs to
accommodate to the closed breathing system and to the effort,
then the effort will increase progressively until exhaustion.

CPET has multiple indications (3), having more varied
applications than a simple exercise test. The effort testing is
necessary because the evaluation of cardiac and pulmonary

function at rest cannot accurately predict the performance during
exercise.

For diagnostic purposes, CPET is indicated in case of
breathlessness without an apparent cause, low exercise capacity,
hypoxemia with exertion or exercise-induced asthma.

In case of heart failure and pulmonary vascular
disease, CPET has mainly a prognostic purpose. The
characterization of the functional capacity can be achieved by
CPET for the preoperative evaluation, decreased exercise
tolerance evaluation, selection of patients for cardiac transplant
and for the evaluation the treatment response.

A very important indication for the modern
management in  secondary prevention patients with
cardiovascular diseases is the exercise prescription for cardiac
and pulmonary rehabilitation.

CPET has contraindications (4,5) that are generaly
common to that of the classic stress test: acute ischemic ECG
changes, unstable angina, decompensated congestive heart
failure, uncontrolled arrhythmias, third degree heart block,
uncontrolled hypertension (SBP>250mmHg, DBP>120 mmHg),
thrombophlebitis, intracardiac thrombi, myocarditis, acute
pericarditis, severe aortic stenosis or oxygen saturation < 85%.

The mechanisms involved in limiting the effort can be
understood by studying CPET and the heart and lung exercise
parameters, thus defining the concept of cardiac and pulmonary
reserve,

The reserve is calculated as the difference between the
maximum value predicted for a measured parameter and the
maximum value obtained during effort.

The heart rate reserve is defined as:

HRR = max predicted HR - HR max measured.(6)

Corresponding author: Teodoru Minodora, B-dul Corneliu Coposu, Nr. 2-4, Sibiu, Roméania, E-mail: doedreaga@yahoo.com, Tel: +40788 482562

Article received on 17.01.2013 and accepted for publication on 12.04.2013

ACTA MEDICA TRANSILVANICA June 2013;2(2):289-292

AMT, v. 11, no. 2, 2013, p. 289


mailto:dbedreaga@yahoo.com

ESSAYS

Ventilatory reserve (VR) can be calculated by using

the same formula or by comparing the two values:

VR =MVV - VEmax, or VEmax / MVV (7)
During the CPET, there are analysed different cardiac,

pulmonary and metabolic parameters which characterize the
effort performance.

The metabolism and its efficiency are studied in terms

of many parameters:

1

VO, is the amount of oxygen consumed by the subject. At
rest, it is equivalent to 3.5 ml/min/kg (1 metabolic
equivalent-1 Met). During exercise, it is increased to
4l/min.(8)

There are different values of VO, at different time points of

effort.

2.

VO, max is the maximum O, consumption during exercise
and it is calculated when VO, does not increase anymore
and reaches a plateau despite the continuing effort. It
occurs in healthy people, but it lacks in deconditioned
people, in cardiovascular or pulmonary disease. In this
case, we can measure peak VO,, as the amount of oxygen
consumed during maximum exercise, when there is no
plateau. VCO, is the amount of CO, produced by the body
and is the expression of the metabolic status.

Respiratory exchange ratio (RER) is the ratio
VCO,/VO,, both measured by respiratory gases. |s a rough
measure to characterize the type of metabolism: when RER
=1 mainly carbohydrate catabolism is used, when it is 0.7
carbohydrates and fats are used, and the value of 0.8 is
when carbohydrates and proteins are used. During exercise,
values of RER > 1.1 to 1.15 mean that a maximum effort
was reached.

4. Anaerobic threshold (AT) estimates the metabolic
acidosis which appears when the inefficient aerobic
metabolism in muscle switches to the anaerobic
metabolism and lactic acid accumulates during near
maximal effort. AT is used as an indicator of fitness and
can be used to diagnose a limitation in exercise.

AT usualy occurs in about 40-50% VO, max (9,10),
lower values suggesting impaired release of oxygen or its
takeover in muscles and actualy reflecting a state of hypoxiain
the muscle during exercise. AT appearance is more important
than VO, value at which it appears, indicating that a near
maximal effort was reached. The anaerobic threshold is a
parameter that cannot be voluntarily controlled and cannot be
affected by psychological factors.

The direct measurement of the AT requires the
determination of serum lactate, method which does not have
practical applications. In contrast, the noninvasive assessment
can be made through CPET, anadyzing gas exchange,
specifically measuring the oxygen consumption and the CO,
production.

After the initiation of the anaerobic metabolism, the
resulting lactic acid needs to be buffered by bicarbonate, which
produces a disproportionate increase in VCO, as compared to
oxygen consumption.

At this point, the AT can be identified by graphica
analysis of the two regression lines of these gases by the VV slope
method (11), when the two curves have the same slope, equal to
1, during the aerobic metabolism and, when switching to
anaerobic metabolism, CO, production increases its slope.

When the two graphs will become divergent, the AT is
reached, as shown in graphic 5 from figure no. 1.

Figureno. 1. Graphical representation of parametersin car diopulmonary exer cise testing
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The parameters characterizing the cardiac function are
the classical ones, which are joined by new parameters specific
to CPET:

1. Maximum heart rate (HR) represents a noninvasive
monitoring of cardiac response to exercise. The rest HR
and its increase during exercise to the maximum HR are
monitored. This is calculated as 220-age and it is reached
by the people with anormal exercise capacity, as well as by
the deconditioned persons, but not in case of
cardiopulmonary diseases that evolves with chronotropic
incompetence.

2. Blood pressure (BP) is measured at rest and during
exercise, with increased values in hypertension. A decrease
in BP > 10mmHg during exercise implies a negative
prognosis.

3. 12 leads ECG may revea ST segment changes,
arrhythmias and conduction disturbances.

4. 0O, pulse estimates the quantity of oxygen consumed per
heart beat and reflects stroke volume.(12) It is calculated
by the ratio of oxygen consumption to HR:

OP =VO2/HR

Low values are found in the cardiovascular disease,
anaemia (low O, content), arterial hypoxemia, myopathies or
deconditioning.

The graphical representation reflects a linear increase
of HR with VO, until the maximum HR, afterwards the oxygen
pulse reaches a plateau. In cardiovascular disease the HR and
VO, curve is shifted to the left and O, pulse reaches the plateau
earlier, because of a low stroke volume and of the need for
higher HR for any level of effort.

Ventilatory parameters are:

1. Spirometry performed before CPET will provide details
on ventilatory performance, mainly measuring the vital
capacity (VC), current volume (CV), forced expiratory
volume in one second (FEV S1). Thus, it can be calculated
by spirometry the predicted maximum voluntary ventilation
(MVV), as
MVV =40 x FEVS1 (13)

2. Minute ventilation (VE), measured in litres of air
ventilated per minute, includes the efficient aveolar
ventilation and that of the dead space. VE at rest is about 5-
10 L / min and during exercise increases 20-25 times.(14)

3. Ventilatory reserve. The difference between measured and
predicted maximum ventilation represents the respiratory
limitation. A respiratory limitation is always abnormal.

At the beginning of the effort, VE increases by
increasing the CV, and when it reaches 50-60% of the VC, the
ventilation increases by increasing the respiratory rate. Under
anaerobic threshold, VE increases linearly with oxygen
consumption (VO,), with a slope VE/VO, = 25-30, measured
between 25-50% VO, max; &fter reaching the anaerobic
threshold, there is a disproportionate increase between
ventilation and O, consumption. A normal ventilatory response
to effort is to achieve 75% of the MVV corresponding to the
predicted VO, max.(7)

Gas exchange is studied by CPET and the main
variables measured were:

1. Oxygen saturation (SaO,) is a simple, noninvasive
measurement of the degree of oxygenation by pulse
oximetry. Desaturation during exercise of > 4% is
considered significant and shows impaired ventilation or
reduced pulmonary vascular bed.(15)

2. CO, partial pressure (PetCO,) is measured at the mouth
at the end of each breath. For a normal subject, it can be
considered equal to CO, mean aveolar partial pressure
(PaCO,) and CO, mean arterial pressure (PaCO,). PetCO,

is about 40 mmHg before reaching the anaerobic threshold,
low values indicating hyperventilation and increased values
having significance of aveolar hypoventilation.(16)
3. O, partial pressure (PetO,) is the oxygen pressure
measured at the end of the breathing at mouth level.
TECP interpretation must answer several questions:
1. Isthe maximum effort normal? (V O, max)
2. Isthe cardiovascular response normal? (HR, OP,

AT)

3. Is the respiratory response normal? (VE/MVV,
VR, PetCO,)

4. Isthe gas exchange norma? (VE/V CO,, PaO,, P
(A-8) Oy, Sa0,)

For a correct interpretation, the parameters must be
analyzed as numerical values (norma values shown in table no.
1) and as graphical representation, as shown in figure no. 1.

Table no. 1. Normal cardiopulmonary exercise test
parameters (17,18)
Parameters Normal values
VO, max > 84%
AT > 40% VO, max
FC > 90%
RFC <15 bpm
TA <220/90 mmHg
PO (VO,/FC) >80%
RV <85%
(VE/MVVx100)
FR <60/min
VE/VCO, <34
PaO, >80 mmHg

VO, max - maximum oxygen consumption, AT - anaerobic threshold, HR
- heart rate, HRR - heart rate reserve, BP - blood pressure, OP - oxygen
pulse, VR - ventilatory reserve, VE - minute ventilation, MWV -
maximum voluntary ventilation, BR - breathing rate, PaO2 - oxygen
partial pressure

Acknowledgement:

Sources of funding: Research within the project
POSDRU/88/1.5/5/60370. Romanian research integration in the
context of the European research - doctoral fellowships
cofinanced by the European Social Fund through the Sectoral
Operational Programme Human Resources Development 2007-
2013.

1. Williford HN, Sport K, Wang N, Olson MS, Blessing D.
The prediction of fitness levels of United States Air Force
officers: validation of cycle ergometry. Mil Med.
1994;159:175-178.

2. Lockwood PA, Yoder JE, Deuster PA. Comparison and
cross-validation of cycle ergometry estimates of V' O,max.
Med Sci Sports Exerc. 1997;29:1513-1520.

3. Waesman IM, Zebalos RJ. Cardiopulmonary exercise
testing. Pulm Crit Care Update 1995;11:1-9.

4. American Association for Respiratory Care. AARC clinical
practice guideline: exercise testing for evaluation of
hypoxemia and/or desaturation. Respir Care. 1992;37:907-
912.

5. Jones NL. Clinical exercise testing, 3rd ed. Philadelphia
W.B. Saunders; 1988. p. X.

6. American Thoracic Society; American College of Chest
Physicians. ATS/ACCP statement on cardiopulmonary
exercise testing [published correction appears in Am J
Respir Crit Care Med. 2003;167:1451-1452]. Am J Respir
Crit Care Med. 2003;167:211-277.

7. Wasserman K, et al. Principles of Exercise Testing and
Interpretation, Lea and Febiger; 1987.

AMT, v. 11, no

. 2, 2013, p. 291



ESSAYS

10.

11.

12.

13.

14.

15.

16.

17.

18.

Johnson BD, Saupe KW, Dempsey JA. Mechanica
constraints on exercise hyperpnea in endurance athletes. J
Appl Physiol. 1992;73:874-886.

European Respiratory Society. Clinical exercise testing
with reference to lung diseases: indications, standardization
and interpretation strategies. ERS Task Force on
Standardization of Clinical Exercise Testing. Eur Respir J.
1997,;10:2662-2689.

Roca J, Whipp BJ, editors. European Respiratory Society
Monograph 6: Clinical Exercise Testing. Lausanne,
Switzerland: European Respiratory Society; 1997. p. 164.
Beaver WL, Wasserman K, Whipp BJ. A new method for
detecting anaerobic threshold by gas exchange. J Appl
Physiol. 1986;60:2020-2027.

Interpreting Exercise Tests by Robert Ross, CS Software
Houston, Texas: Sponsored by SensorMedics, Yorba
Linda. California

Franciosa JA, ParkM, Levine TB. Lack of correlation
between exercise capacity and indexes of resting left
ventricular performance in heart Hamfailure. Am J Cardiol.
1981;47:33-39.

Jensen JI, Lyager S, Pedersen OF. The relationship
between maxima ventilation, breathing pattern and
mechanical  limitation of ventilation. J Physiol.
1980;309:521-532.

Eschenbacher W, et al. An Algorithm for the Interpretation
of Cardiopulmonary Exercise Tests by Chest, Feb; 1990.
Wasserman K, Hansen JE, Sue DY, Stringer WW, Whipp
BJ. Principles of Exercise Testing and Interpretation:
Including Pathophysiology and Clinical Applications. 4th
ed. Philadelphiga, Pa: Lippincott Williams & Wilkins; 2004.
Jones NL. Clinical exercise testing, 4th ed. Philadelphia
W. B. Saunders; 1997. p. XI.

Hansen JE, Sue DY, Wasserman K. Predicted values for
clinical exercise testing. Am Rev Respir Dis.
1984;129: S49-S55.

AMT, v. 11, no. 2, 2013, p. 292



