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| Abstract: The analysis of the relationships between minute ventilation (V) to CO, output (VCO,), referred to as ventilatory efficiency, in response to incremen-

tal exercise testing, is considered a useful index for assessing the presence and severity of cardiopulmonary and metabolic diseases. The effects of constant load
exercise testing performed at work intensity associated with anaerobic threshold (AT) and respiratory compensation points (RCP), on the accurate measurements of
ventilatory efficiency are not well known. The aim of this present study was to investigate the reliability of the V,/VCO, ratio obtained from constant load exercise
tests performed with two important metabolic rates (at the AT and RCP) and compare it to that of those of incremental exercise tests. A total of 20 young male
(20.8+0.4 yr) subjects initially performed an incremental exercise test and then two constant load exercise tests, on different days. Respiratory and pulmonary gas
exchange variables were used to estimate AT and RCP. A paired -test was used to analyse data. AT and RCP (average) occurred the at 60% and at 71% of peak
O, uptake, respectively. The lowest V /VCO, ratio recorded within the first 2 minutes of constant load exercise tests with a work load of AT (26.4+0.3) and RCP
(26.7+0.5) was not statistically different from the lowest ratio obtained from the incremental exercise tests (26.0+0.7). In the constant load exercise test, despite the
different metabolic rates, the increase in ventilation corresponded closely with the increase in CO, production, reflecting an optimal ventilation and perfusion ratio.

Clinicians should consider the constant load exercise test work load associated with AT and RCP as it provides a meaningful lowest value for ventilatory efficiency.
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Introduction adolescents (12).
During an incremental exercise test, there is a grad-
Cardiopulmonary exercise testing is an effective ual increase in metabolic rate and ventilatory response.
tool for evaluating the substantiality of cardiovascular, Ventilation increases in close relationship with the in-
respiratory, and metabolic systems functions in healthy crease in VCO, until the RCP is reached. However,
individuals and patients, including those with acute or above the RCP, V_ increases rapidly compared to VCO,
chronic illnesses (1, 2). Incremental exercise testing is and the V_/VCO, slope (ratio) becomes steeper (2, 13).
frequently performed to objectively measure three im- During an incremental exercise test, the lowest V /
portant parameters: the transition point from aerobic to VCO, ratio that is generally possible to be achieved in
anaerobic metabolism (i.e. anaerobic threshold, AT), the the RCP that reflects the status of ventilatory efficiency.
onset of metabolic acidemia induced hyperventilation The severity of ventilation perfusion mismatch in pa-
(i.e. respiratory compensation point, RCP) and the peak tients with impaired heart or lung functions causes a
O, uptake (VO,_ ) capacity (2). higher V_/VCO, slope (or ratio) (9, 14). It has been sug-
The VO, .. (3) and/or VO, at the AT (4, 5) have been gested that the prognostic power of the V /VCO, ratio
considered valuable indices in determining patients' is more powerful than that of peak VO, data in cardiac

prognosis. The RCP is the critical metabolic turning patients (14, 15).
point that reflects the highest tolerated metabolic rate Constant load exercise testing with two different ex-
for long durations (6, 7). ercise intensities (AT and RCP) and corresponding met-
In addition, measurement of the slope (or ratio) of abolic demands may also provide valuable information
ventilation (V) relative to CO, output (VCO,) during concerning the response of the V /VCO, ratio, when
incremental exercise below the respiratory compensa- compared to the incremental exercise test. So far, to
tion point (RCP) (V. /VCO,), called ventilatory effi- our knowledge, there is no study that evaluates the V /
ciency (8), can be used as an important prognostic cri- VCO, relationship during constant load exercise testing
teria in patients with heart (9, 10) or lung diseases (11). that corresponded to AT and/or RCP, that then compares
Ventilatory efficiency reflects the sensitivity of match- the results with those obtained in an incremental exer-

ing of ventilation and perfusion (8) and is possible to be cise test.

measured across different age groups from pediatrics to The aim of this study was to evaluate the ventilatory
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Table 1. The mean (+SE) values for work rate (W), heart rate (HR), O, uptake for each kilogram of body weight (VO,BW),
minute ventilation (V ), O, uptake (VO,), CO, output (VCO,), minute ventilation to O, uptake (V,/VO,) ratio, minute ventila-
tion to CO2 output ratio (V /VCO,) at warm up (W), at the anaerobic threshold (W, ), at the respiratory compensation point

Determination of ventilatory efficiency.

(Wep)» and at the maximal exercise performance (W ) during an incremental exercise test.
WZQ WAT WRCP Wmax
WR (W) 20 129+4 155+5 220+5
HR (beat/min) 9242 13343 150+3 189+1.0
VO,BW (mL/min/kg) 9.11+0.2 24.46+0.8 28.62+0.9 40.01£1.0
V, (L/min) 18.9+0.5 46.7£2.7 58.6+3.4 106.4+4.8
VO, (L/min) 0.685+0.02 1.831+0.05 2.143+0.06 3.005+0.07
VCO, (L/min) 0.627+0.02 1.792+0.06 2.250+0.08 3.575+0.10
V./VO, 28.7+£0.9 25.5+0.8 27.3£1.0 35.4+1.2
V./VCO, 30.1+0.9 26.0+0.8 26.0+0.7 29.7£1.1
efficiency (i.e. the lowest values of V /VCO,) response The VO, ., was measured at the highest O, level at-
to constant load exercise tests performed at the AT and tained at the end of the ramp test. The AT was estimated
RCP, and that then compares the results with the those non-invasively, using a cluster of standard gas exchange
of obtained from an incremental exercise test. indices (18): the break-point in the VCO,/VO, relation-
ship (the 'V-slope' technique) (19); the increase in ven-
Materials and Methods tilatory equivalent for O, uptake (V_/VO,) and end-tidal
partial pressure of O, (P_,O,) without a corresponding

Twenty healthy young male subjects (age: 20.8+0.4 increase in ventilatory equivalent for CO, (V,/VCO,)
yr, height: 18442 cm, weight: 75.3£1.2 kg and body and decrease in end-tidal partial pressure of CO, (P
mass index: 22.2+0.4 kg/m?) agreed to participate in -0,) (2, 18). The RCP was determined by observing the
the investigation and signed written informed consent point where the increase in ventilatory equivalent for
forms, which were approved by the institutional ethics CO, (P,,CO,) and decrease in end-tidal partial pressure
committee. of CO, (P_,CO,) occurred (2, 18).

Testing conditions between experiments were stand- During the test, the subjects breathed through a low
ardised for each subject: tests were conducted at the dead-space, low-resistance turbine volume transducer
same time of day (between 08:00 to 10:00); after a pe- (Triple V-Volume Sensor) for continuous measurement
riod of overnight fasting (or a light meal was taken at a of inspired and expired volumes and flows. The venti-
similar time prior to arrival at the laboratory, no sooner latory and gas exchange parameters of minute ventila-
than 2 hour before testing). Before the test, the subjects' tion (V,, BTPS); O, uptake (VO, , STPD), CO, output
height and body weight were measured (Tanita, TBF (VCO,, STPD), end-tidal O, pressure (P, O,), and end-
300 M, Japan). The exercise tests were performed in a tidal CO, pressure (P CO,) were evaluated breath-by-
climatically controlled laboratory where the tempera- breath using a gas analyser system (Master Screen CPX,
ture was kept at around 22°C. The subjects were intro- Germany). The system was calibrated before each test
duced to the laboratory environment and the protocol of for temperature, barometric pressure, and O, and CO,
experiment they would undergo. The subjects were re- concentrations according to the manufacturer’s specifi-
quested to refrain from smoking, or consuming alcohol cations. Cardiac parameters (including heart rate, ST, T
or caffeine. They were asked to avoid strenuous exercise and QT) were followed continuously using a 12 lead
for a period of 12 hours prior to testing. ECG. Heart rate was recorded as beat-by-beat through-

Each subject performed an incremental exercise test out the study.
to exhaustion (16) on an electromagnetically braked cy- The data are expressed as means (+ standard error
cle ergometer (VIA sprint TM150/200P). The exercise [SE]). A paired ¢-test was used to analyse the signifi-
test consisted of an initial period of 4 minutes of cycling cance of data. A value of p<0.05 was accepted as statis-
at the 20 W as a warm-up, followed by an increase of tically significant.
power at 15 W/min to the limit of the subject's toler-
ance. The pedalling frequency was between 50 and 70 Results
rpm (average 60 rpm). Seat and handlebar heights were
set for each subject. Prior to the work load application, Table 1 shows the work rate, heart rate, and ventila-
the subjects were controlled carefully for non-specific tory and pulmonary gas exchange variables of subjects
hyperventilation to avoid the pseudo-threshold phe- during the warm up period, at the AT, at the RCP and at
nomenon (17). Then each subject performed two ran- the end of the ramp test. During incremental exercise
dom constant load exercise tests on different days (with testing, aerobic to anaerobic metabolic transition (i.e.,
at least three day between each test): these consisted of AT) occurred at 60% of VO, _ and exercise hyperven-
an initial period of 4 minutes of cycling at the 20 W as a tilation (i.e. RCP) began at T1% of VO, .- The work
warm-up, followed by an increasing rate of power at the production capacity for each kilogram of body weight
AT and/or RCP. The exercise time for the constant load was found to be 1.71£0.06 W/min/kg for AT, 2.07+0.07
exercise was consisted a period of 15 minutes to avoid W/min/kg for RCP and 2.92+0.07 W/min/kg for maxi-
substrate alteration to ventilation and subjects' ventila- mal exercise. VO, for each kg of body weight was found
tory efficiency becoming stable. to be 24.46+0.8 ml/min/kg at the AT 28.62+0.9 ml/min/
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 7 27
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Figure 1. The mean (+SE) values for the minute ventilation to
CO, output ratio (V. /VCO,) during 15 minutes of constant load
exercise tests performed at the at the anaerobic threshold (black
circle) and at the respiratory compensation point (white circle).
The region between -1 to 0 represents the average values for the

warm-up period.

kg at the RCP and 40.01£1.0 ml/min/kg at the maximal
exercise.

During incremental exercise testing, with an increas-
ing work load, V,/VCO, and V /VO, decreased to their
lowest values at the AT. Beyond the AT, V_/VCO, sta-
bilised above the AT until the RCP, whereas V /VO,
continued to increase (Table 1). The (mean + SE) V /
VCO, (Figure 1) and V,/VO, (Figure 2) relationships
are plotted for AT and RCP for the constant work-rate
exercise tests. The lowest V /VCO, ratio was recorded
within 2 minutes of the constant load exercise tests with
work load AT (26.4+0.3) and RCP (26.7+0.5). Then
they increased and reached the values of 29.1+0.5 (AT)
32.0+£0.8 (RCP).

There was no significant differences in the lowest
values of V /VCO, observed during the constant load
exercise test and in RCP during the incremental test
(Figure 3). However, the V /VCO, ratio at the end of
the constant load exercise test was significantly higher
than that obtained from the ramp test (Figure 3).

The V_/VO, ratio showed different responses to the
applied work load intensity. In the constant load exercise
performed at the AT, the V /VO, ratio varied between
21.8 to 29.7. There was no significantly differences be-
tween the lowest value obtained from the constant load
exercise test (25.5+0.5) and the lowest value observed
in the incremental test (25.5+0.8). However, there were
significant differences between the lowest V /VO, val-
ues obtained at the RCP from constant load exercise
(between 17.6 and 27) and from the incremental ramp
test (p<0.0001). The significantly difference in lowest
V,./VO, values was observed between the AT (25.5+0.5)
and RCP (22.5+0.7) (p < 0.05) in the constant load ex-
ercise test. At the end of the constant load testing, V /
VO, was found to be 29.4+0.6 for the AT and 30.9+0.9
for the RCP.

Discussion

The intention of our study was to evaluate the prog-
nostic sensitivity of the lowest V /VCO, ratio in con-
stant load exercise testing associated with work load AT
(2) and RCP (20) both of which are important set point
for exercise. In the present study we used the V /VCO,
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Figure 2. The mean (+SE) values for the minute ventilation to O,
uptake ratio (V,/VO,) during 15 minutes of constant load exercise
tests performed at the at the anaerobic threshold (black circle) and
at the respiratory compensation point (white circle). The region
between -1 to O represents the average values for the warm-up
period.
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Figure 3. The mean (+SE) values for the minute ventilation to
O, uptake ratio (V,/VO,, grey column), and minute ventilation
to CO, output ratio (V. /VCO,, white column) at the respiratory
compensation point of the incremental exercise test (IRET,
lowest values (CLET en)s
for constant load exercise tests performed at the anaerobic threshold

)
RCP:
), and end of exercise values (CLET

(W, ), and at the respiratory compensation point (W, .,).

ratio instead of slope that is shown not significantly dif-
ferent (8). The lowest values for V /VCO, ratio at two
different metabolic rates (i.e. AT and RCP) were similar
to the obtained from the incremental ramp exercise test
(Figure 3)

The V_/VCO, ratio in normal subjects is an indicator
of ventilatory sensitivity that is influenced by peripheral
and central chemoreceptors (21) and changes in dead
space (22). Typically, in clinical medicine, a rapid in-
cremental exercise test is the first choice for evaluating
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the V and VCO, (V /VCO,) relationship (23). During
an incremental exercise test with breathing hypoxic gas,
increased ventilatory equivalents have been shown (24).
The V,/VCO, relationship ratio has not been widely
studied in constant load exercise tests associated with
AT and RCP in normal subjects.

The work production capacity and VO, levels for
each kilogram of body weight at the AT, at the RCP and
at maximal exercise capacity showed the fitness status
of the subjects (25). In normal healthy subjects, the V /
VCO, ratio (or slope) is usually recorded within a range
of approximately 24 to 34 (2). In the study, we have
found that the V /VCO, ratio varied between 20 to 30
in both exercise set points (AT and RCP). An important
consideration is that a V /VCO, slope above 34 can be
used as a prognostic indicator of ventilatory inefficiency.

An increased ratio of dead space to tidal volume
(11) and a ventilation perfusion mismatch (9) in patients
with impaired heart or lung functions are the main rea-
sons for an increased V_/VCO, slope. It is important to
emphasise that, many patients with cardiac or pulmo-
nary function disease may not be able to perform an in-
cremental exercise test to maximal effort, and therefore
may be unable to achieve an acceptable prognostic V /
VCO, slope. In the literature, it has been suggested that
an exercise test below the 50% of RCP may provide an
adequate, prognostic V_ /VCO, slope (26). The results
of this study suggest that the application of moderate
intensity (i.e. intensity corresponded to the AT) constant
load exercise testing will provide an acceptable data for
the V /VCO, ratio (Figure 2). A significant correlation
has been shown between V /VCO, slope and ratio (2,
8). A high levels of mortality rate has been reported in
patients undergoing major abdominal surgery witha V/
VCO, value above 34 and VO, at the AT below 11 ml/
min/kg (4). In addition, a high risk of death in the post-
operative period has been reported in patients witha V /
VCO, ratio above 42 (27).

At the end of constant load exercise, the V./VCO,
ratio is higher in RCP compared to AT. The stable V ./
VCO, ratio during constant load exercise shows a high-
er tolerable and sustainable point for ventilation and
perfusion matching. This could be another set point for
evaluating subjects' fitness status, in addition to the low-
est value of V /VCO,.

The evaluation of ventilatory efficiency from the V /
VO, ratio during constant load exercise testing may not
indicate an acceptable outcome (Figure 3) (8). The vari-
ability of the V,/VO, ratio regarding work load inten-
sity showed a significant difference when compared to
the ramp test. The regulation of the ventilatory control
mechanism is closely associated with arterial blood pH
and CO, levels (21). The decrease in the V /VCO, ra-
tio during the early stage of constant load exercise tests
could be the result of a decrease in the dead space to
tidal volume ratio that occurs at the AT during incre-
mental exercise testing (28).

The non-invasive measurements of ventilatory ef-
ficiency from the V /VCO, relationship during a con-
stant load exercise test of moderate intensity can pro-
vide useful information for identifying the severity of
heart or lung diseases. To indicate the clinical efficacy
of the lowest and most stable V,/VCO, ratio during con-
stant load exercise testing performed at the AT, further

research is needed to analyse these findings in subjects
with impaired lung, heart, or metabolic system func-
tions.
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