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Key words: Exercise — Cardiorespiratory testing — work. Lactic acid is a by-product of this anaerobic me-

Ventilatory anaerobic threshold — Children tabolism. Once formed, lactic acid will be almost com-
pletely dissociated in the serum, and it is buffered pre-
dominantly by the bicarbonate system.

Complete exercise testing is more than simply running | B o o

on a treadmill or riding on a cycle ergometer. TheseNa& HCO;™ + H'LA™ - Na'LA™ + H,CO; ~ (-H0

simple measures may be used to evaluate endurance, + CO)

peak heart rate, blood pressure, and the presence or ab- consequent to the buffering of lactic acid, the partial

sence of dysrhythmias during exercise. With the use ofessure of CQin the venous capillary blood increases.

rapid gas analyzers and microcomputers, informationrhe yentilatory control mechanisms try to maintain ho-

about ventilation, oxygen supply and use, and the memeqstasis of PCOresulting in an increase in ventilation;

tabolism at the muscle level may be obtained noninvay,s; as lactic acid increases during exercise, ventilation

sively. The concept of the ventilatory anaerobic threSh'responds to two different CGsources: (1) the metabolic

old and the transition from aerobic to anaerobic metaboco2 generated from aerobic metabolism and (2) the ex-
lism during a graded exercise test are discussed. Tes{g,cg CQ resulting from buffered lactic acid [19].

that evaluate only anaerobic performance (i.e., the Win-  aptaria| lactate measurement is one of the most sen-
gate test) will not be discussed. sitive ways of determining the fitness of a subject to
perform aerobic work. The more fit the subject, the
higher the VQ before the arterial lactate starts to in-
crease. Once the arterial lactate starts to increase, its
The amount of oxygen required to perform a givenslope does so more steeply than the slope fop V2.
amount of work exc|usive|y aerobica”y is known and Patients with congenital heart disease Causing exercise
appears to be independent of the degree of fitness, age, mitation may have an increase in arterial lactate con-
gender of the subject [8, 22]. Thus, the failure of thecentrations at extremely low VOlevels. This reflects
circulation to deliver oxygen at the required rate to sustheir inability to supply the active myocytes with the
tain exercise will slow the rate of aerobic regeneration ofoxygen flow necessary to sustain aerobic metabolism.
ATP by the muscle. The oxygen supply to the exercisinglhis same phenomenon can also be observed in seden
muscles depends on the blood flow, hemoglobin concentary subjects who are deconditioned.
tration, the partial pressure of oxygen in the patient’s
arterial blood, and the iron content of the patient’s blood.
Failure of the circulation to deliver oxygen at the rate Onset of Blood Lactate Accumulation
needed to sustain exercise will limit the rate of aerobic
regeneration of ATP and the oxygen consumption by theBlood lactate concentrations can be measured during ex-
muscles (VQ). ercise. There is a point at which the blood lactate con-
At very low exercise intensities, the concentration of centration sharply rises, and this point has been termed
the blood lactate is nearly identical to levels recorded athe onset of blood lactate accumulation (OBLA) [19].
rest. At some particular level of exercise intensity, whichGreen et al. [7] investigated the interrelationship between
varies among subjects, blood lactate concentration bethe acute increase in ventilation during exercise and the
gins to increase. As the oxygen demand of the exercisin@BLA. They found that the oxygen consumption at the
muscle exceeds the oxygen supply, anaerobic metabg@oint of increased ventilation expressed in terms of
lism is used to supply the energy required to continuegpower output occurred at a higher value than the OBLA,

Gas Exchange During Exercise
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also expressed in terms of power output. They concludedhange during growth. A progressive increase in values
that the hyperventilation that occurs during exercise andhas been observed in children between 6 and 19 years of
the anaerobic threshold (AT), as determined by bloodage, more than doubling during that age span [7]. Several
lactate accumulation, do not represent identical bio-cross-sectional studies have confirmed the pattern of pro-
chemical events. This observation suggested that an irgressively increasing peak blood lactate levels as chil-
crease in anaerobic metabolism by exercising musclelren grow [1, 3, 4]. Some investigators have found that
precedes both the onset of hyperventilation during exerpeak blood lactate levels are significantly higher in girls
cise and the OBLA. Similar observations have been rethan in boys, whereas others have failed to confirm these
ported by others [2, 11]. results [3, 24].

It is difficult to clearly identify the threshold point It may be concluded that several factors are respon-
on a lactate intensity curve because there are usually versible for the change in lactate concentrations observed
few discrete points obtained during an exercise studyduring exercise. The monitoring of lactate levels requires
However, most investigators agree that the thresholdnvasive blood sampling; therefore, they are not used
usually occurs around 4 mmol/L. Therefore, the anaerowidely in clinical testing. The interpretation of lactate
bic threshold is commonly defined as the intensity cor-levels deserves further research before practical clinical
responding to a lactate value of 4 mmol/L [24]. applications are possible.

This value of 4 mmol/L may be valid for adults, but
it is also close to the peak Vn children between 11
and 16 years of age [19, 24]. Ventilatory Anaerobic Threshold

Although fixed lactate concentrations of between
2.5 and 4.0 mmol/L increased the objectivity of the an-Recall that during exercise there is a point at which the
aerobic threshold determination, such criteria do not reexygen supply to the exercising muscle is inadequate to
spect the individuality of the inflexion point that occurs replenish all the ATP, and anaerobic mechanisms are
at different lactate values. This is particularly true for called on to provide energy. This process results in an
children because the peak percentage Y@responding increase in lactate production, and this lactate is rapidly
to 2.5 mmol/L decreases from about 90% to 80% frombuffered, resulting in an increased production of bicar-
12 to 15 years of age [24], suggesting lower lactate valbonate and subsequently carbon dioxide that must be
ues at the inflexion point for younger children. Using any eliminated via the lungs. This results in an abrupt in-
value for all ages during growth makes it difficult to crease in ventilation to “rid the body” of this excess
compare AT values that have been obtained and used i60O,. The hyperventilation also results in an increase in
adult studies. oxygen consumption but not at the same rate as, CO

Also data [6] suggest that the increase of serum lacproduction. In other words, the G@roduction increases
tate level begins immediately after the onset of gradedut of proportion to the oxygen consumption. This phe-
exercise and continues throughout a graded exerciseomenon has been termed the AT as first described by
study. This observation suggests that the acute increadd/asserman and Mcllroy [20].
in blood lactate levels actually represents a point at  Several methods have been proposed for determin-
which the clearance of lactate from the body is exceedetéhg the AT. The definition of the AT is not at all clear,
by the production of lactate at the muscular level, and itand comparison of various methods becomes cumber-
implies that hypoxia and anaerobic metabolism begin asome. Some researchers believe that the AT marks the
the cellular level long before the accumulation of lactatepoint at which exercising muscle beings to use predomi-
in the serum. nantly anaerobic metabolism for its energy supply. Oth-

Blood lactate levels therefore reflect not only lactateers define the AT as the point at which the concentration
production but also clearance. Indeed, lactate levels magf lactate in the serum abruptly increases. Still others
be best interpreted as an index of the balance betweedtefine the AT as the point at which the production of
these two processes. Other factors may significantly infactate exceeds the lactate clearance from the serum.
fluence the lactate level as well. These include, but aréMethods have been described that determine the AT us-
not limited to, the rate of release of the lactate from theing any of the previous definitions; therefore, caution
muscle cell, the rate of lactate utilization by other tissuesmust be used when comparing one method to another.
(liver, heart, and other muscle), and the volume of dis-  Wasserman and Mcllroy [20] observed that ventila-
tribution within the body fluids. tion increases out of proportion to oxygen consumption

There are other methodological factors that are toaat work rates above the AT. The increase in ventilation
numerous to mention here in any detail, but such factorseflects an increase in respiratory frequency without an
as type of exercise, site of blood sampling, timing ofincrease in tidal volume. The AT described by Wasser-
blood sampling, and the method of assay are important iman and Mcllroy is now referred to as the ventilatory
evaluating lactate levels. Caution should be used wheanaerobic threshold (VAT). Work performed at levels
comparing different studies. Lactate levels also appear tabove the VAT is associated with an increase in oxygen
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debt. The VAT also demarcates the work rate abovesignificantly with the morphologic variables and the ha-

which VO, kinetics are slowed, resulting in a delay of bitual level of physical activity in these subjects. This

steady state after changes in work rate during an increstudy also suggested that the VAT is a more sensitive
mental test. indicator of physical performance than YQ,, in this

The VAT probably occurs at a time slightly later population of patients.
than the abrupt increase of lactic acid in the serum during  The VAT is perhaps most useful in pediatric patients
exercise. It is therefore not accurate to compare a techwho are unable to exercise to maximum levels required
nique that attempts to determine the VAT to one thatfor the use of VQ,,., in determining fitness. It is also
measures lactate levels. true that very often chronotropic mechanisms are altered

The ventilatory anaerobic threshold has been a usefollowing congenital heart disease surgery. The VAT is
ful clinical tool despite the shortcomings outlined previ- useful in this classification of patients in whom peak
ously. The VAT may be used to establish a target hearheart rate may not be used to evaluate fitness.
rate for aerobic training and rehabilitation programs [5, On the other hand, patients who have significant
17]. It also has been used to estimate aerobic fitness ipulmonary disease or any type of airway obstruction may
subjects who otherwise would not tolerate maximal ex-not develop a true VAT, and this technique is not useful
ercise testing [14], and it has been used to provide trainin this group of patients.
ing guidelines for athletes [9, 18]. Finally, it has been
used to measure an individual’'s exercise capacity that
may be safely used without triggering anaerobic metabo€onclusions
lism [19].

There are several studies that have provided normalVhereas the biochemical interpretation of the AT is un-
values for the VAT. It is important to realize that the certain, the VAT is useful in many clinical situations.
VAT changes with growth and appears to be somewhaMost important, the VAT may serve as an effective sub-
gender dependent. The VAT decreases with age [13]Jmaximal marker of aerobic fithess and may be used in
Reybrouck et al. [13] investigated the influence of age onsetting training guidelines in patients with congenital
the VAT in a cross-sectional study of 257 children be-heart disease. The use of the VAT as an aerobic training
tween the ages of 5 and 18 years. The VATSs at age 5 dthreshold for improving cardiovascular fithess is concep-
6 were 74% and 69% of V.. in the boys and girls, tually attractive. It would appear to be more appropriate
respectively, whereas values at age 15 or 16 years weithan the traditionally used target heart rate for patients
61% and 54%. A total of 52 children, ages 6, 11, and 14with congenital heart disease. Future research is needec
years, were studied by Weymans et al. [23], who per-before the full clinical applications of the VAT are real-
formed a graded progressive walking treadmill test.ized.

Overall VAT mean was 66% of Vg, for both the
boys and the girls, but the VAT did decline progressively
with increasing age in both genders. References
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