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Objective – To identify,  the anaerobic threshold and
respiratory compensation point  in  patients with  heart failure.

Methods – The study comprised 42 Men,divided
according to the   functional class (FC) as follows: group I
(GI) – 15 patients in FC I; group II (GII) – 15 patients in
FC II; and group III (GIII) – 12 patients in FC III. Patients
underwent a treadmill cardiopulmonary exercise test,
where the expired gases were analyzed.

Results – The values for the heart rate (in bpm) at the
anaerobic threshold were the following: GI, 122±27; GII,
117±17; GIII, 114±22. At the respiratory compensation
point, the heart rates (in bpm) were as follows: GI,
145±33; GII, 133±14; GIII 123±22. The values for the heart
rates at the respiratory compensation point in GI and GIII
showed statistical difference. The values of oxygen con-
sumption (VO

2
) at the anaerobic threshold were the

following (in ml/kg/min): GI, 13.6±3.25; GII, 10.77±1.89;
GIII, 8.7±1.44 and, at the respiratory compensation point,
they were as follows: GI, 19.1±2.2; GII, 14.22±2.63; GIII,
10.27±1.85.

Conclusion – Patients with stable functional class I,
II, and III heart failure reached the anaerobic threshold
and the respiratory compensation point at different levels
of oxygen consumption and heart rate. The role played by
these thresholds in physical activity for this group of
patients needs to be better clarified.
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Dyspnea and fatigue during exercise often limit patients
with heart failure, even when asymptomatic at rest. Therefore,
patients with heart failure, as compared with healthy indivi-
duals, have a lower tolerance for physical exercise and more
marked metabolic and respiratory responses 1,2 to the same
intensity of work associated with muscle functional and
structural changes 3.

Even though controversial, some studies 4-6 have
shown beneficial effects of exercise training on the quality
of life and on the symptoms of patients with this syndrome.
To guide physical activity, the use of percentages of maxi-
mum oxygen consumption 7-9 or of maximum heart rate 10-12

for patients with heart failure has been recommended. The-
refore, there is no uniformity regarding the use of indices for
the recommended intensity of physical activity for these
patients. This orientation does not take into consideration
the severity of the clinical situation and its relation to
training intensity, which may be inadequate due to genera-
lization of the percentages and may jeopardize the beneficial
effects of physical activity.

Our study aimed to identify, through the cardiopulmo-
nary exercise test, the anaerobic threshold and the respira-
tory compensation point, which are indices used to guide
physical activity for healthy people. We also aimed to iden-
tify the relationship of these indices to the severity of the di-
sease in patients with NYHA functional class I, II and III he-
art failure, who were referred to the outpatient care unit of
the heart transplantation group at the Instituto do Coração
of the Hospital das Clínicas – FMUSP.

Methods

We studied 42 males with heart failure, 30 of whom had
idiopathic dilated cardiomyopathy, 3 had Chagas’ disease,
4 had ischemic cardiomyopathy, and 5 had hypertrophic
cardiomyopathy without obstruction in the phase of
significant dilation. The patients were sequentially asses-
sed from June to December 1996 and were divided into gro-
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ups according to the NYHA functional class criteria (table
I). The groups were constituted as follows: Group I: n=15,
VO

2peak
 = 23.03 ml/kg/min; Group II: n=15, VO

2peak
 = 16.75 ml/

kg/min; and Group III: n=12, VO
2peak

 = 11.57 ml/kg/min.
Some patients were excluded from the study due to the

following reasons: impossibility of reaching the respiratory
compensation point, impossibility of identifying the
thresholds, presence of orthopedic problems or noncardio-
vascular restrictions to exercise, atrial fibrillation, cachexia,
submaximum test (R (VCO

2
/VO

2
)<1.05) 13, interruption of the

test due to submaximum limitation caused by peripheral fa-
tigue or to significant changes in the ECG during exercise.
No woman was included in the study because of the small
number of women evaluated during the period of the study.

All patients with heart failure referred for a cardiopul-
monary exercise test were regularly followed up in the
outpatient care unit of the heart transplantation team at
INCOR. These patients were acquainted with the technique
and the study protocol. The cardiopulmonary exercise test
was performed within a week, and the patients were instruc-
ted to avoid beverages with caffeine, not to smoke on the
day of the test, to maintain their daily activities, and not to
stop taking their medication. All patients were assessed in a
temperature-controlled environment (21-23°C), at least two
hours after a meal, while on their medication (digitalis, diure-
tics, and angiotensin-converting enzyme inhibitors). All as-
sessments were part of the clinical procedures approved by
the Committee on Ethics at INCOR, and all patients gave
their previous consent to the publication of scientific data.

Initially, all patients underwent a resting ECG, with the
12 standard leads, and also a treadmill stress test with conti-
nuous monitoring of the ECG, of the blood pressure through
the auscultatory method, and of the ventilation and gaseous
changes. The test was performed with a programmed
treadmill (Q65 model, Quinton, Quinton Instrument Co.,
Seattle, Washington, USA) according to a modified Naug-
thon protocol 14. Two minutes after standing at rest, all pa-
tients were encouraged to exercise with increasing intensity
until the symptoms (fatigue or dyspnea) prevented them from
continuing the test. A cell with zirconium was used to
measure the expired oxygen (O

2
), infrared absorption was

used to measure the carbon dioxide (CO
2
), and a pneumo-

tachograph was used to measure the air flow. The metabolic
analyzer combined data from the gas analyzers and the
pneumotachograph. Measurements were obtained with the
patients standing, resting, exercising, and in the recovery
period, through the use of a respiratory device consisting of
a mouthpiece, a nose clip, and a low resistance valve with two
vias (Hans-Rudolph; dead space of 100 mL). Ventilatory data
and those of the gaseous changes were obtained at each
respiratory cycle, using a computerized system (CAD/Net
2001 model, Medical Graphics Corporation); analysis of data
collected was performed through the mean of the intervals at
each 60 seconds. Respiratory variables were analyzed to
determine the ventilatory thresholds. Peak oxygen con-
sumption (VO

2peak
) was considered the highest VO

2
 reached

during the test (the criteria for determining VO
2
max were

observed) 15, and it was used as an index of maximum
physical capacity for each individual 16.

From data obtained in the cardiopulmonary exercise
test, the anaerobic threshold and the respiratory compen-
sation point were determined through the analysis of the
expired gases. The anaerobic threshold was determined at
the moment when the levels of the ratio between ventilation
and VO

2
 (ventilation/VO

2
) and the oxygen partial end-tidal

pressure (Pet O
2
) reached minimum values before starting to

rise, and through the nonlinear increment of the ratio
between carbon dioxide production per minute (VCO

2
) and

the VO
2
11,17,18. The respiratory compensation point was

determined at the moment when the levels of the ratio
between ventilation and VCO

2
 (ventilation/VCO

2
) reached

minimum values before starting to rise and the carbon
dioxide partial end-tidal pressure (Pet CO

2
) reached maxi-

mum levels before starting to decrease 13,14.
Data were presented in the form of mean ± standard de-

viation. Data concerning the characteristics of the sample
and comparison of the programs prescribed for the groups
underwent the analysis of variance (ANOVA) with one one
way and a statistical significance level of p<0.05. When
there was significance, the post hoc analysis of Bonferroni
was performed. To compare prescription data in each group
studied, the Student t test for paired data was used, with a
statistical significance level of p<0.05.

Results

Table I shows the patients with heart failure divided
into groups according to the NYHA functional classes; the
mean values of the variables show the homogeneity
between the groups of patients.

The mean values and the standard deviation of the
maximum heart rate in groups I, II, and III, were, respectively
(in bpm): 161±32; 155±15; and 134±26*,**. The mean values
and the standard deviation of the peak oxygen consumption
(VO

2peak
) in groups I, II, and III, were, respectively (in mL/kg/

min): 23.03±2.75; 16.75±1.75*; and 11.57±1.95*,**; * p<0.05
different from group I and ** p<0.05 different from group II.
The VO

2peak
 index of physical capacity showed a significant

difference between patients in functional classes I, II, and III.
This behavior was not observed in the values of maximum

Table I - Characteristics of the patients with NYHA functional
class I, II, and III heart failure

Variables Functional Functional Functional
class I class II class III

(n = 15) (n = 15) (n = 12)

Age (years) 44.8±10.21 43.93±9.41 45.25±10.07
Weight (kg) 77.8±9.36 71.13±10.45 69.08±14.40
Height (m) 1.72±0.09 1.67±0.09 1.67±0.08
BMI (kg/m2) 26.31±1.81 26.05±4.2 24.47±4.37
EF % (MUGA) 24.87±6.62 25.87±5.64 24.5±7.62
Rest HR (bpm) 78.8±10.21 87.00±13.99 83.08±16.43
Rest SP (mmHg) 114.67±20.04 112.33±14.38 109.17±16.21
Rest DP (mmHg) 82.67±15.91 80.33±13.56 81.25±14.48

BMI- body mass index in kg/m2; EF- ejection fraction in %; rest HR-
resting heart rate in bpm; rest SP- resting systolic pressure in mmHg;
rest DP- resting diastolic pressure in mmHg.
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heart rate between groups I and II; a significant difference
occurred only in group III in the most critically ill patients.

The values of oxygen consumption and heart rate at
the aerobic threshold (VO

2at
 and HR

at
, respectively) are

shown in table II, and the percentages of VO
2peak

 (% VO
2peak

)
and maximum heart rate are shown in figures 1 and 2. We
noticed significant differences when comparing the VO

2at
 of

group I with II and I with III; the same when comparing the
percentage of VO

2peak
 of group I with III and II with III; the

same when comparing the percentage of the maximum heart
rate of group I with III.

Table II shows the values of VO
2
 and of heart rate at the

respiratory compensation point; we observed a significant
difference of VO

2
 between the groups and of heart rate

when comparing group I with III. Figures 1 and 2 illustrate
the percentage of VO

2peak
 and the percentage of maximum

heart rate at the respiratory compensation point in the

groups of patients with NYHA functional class I, II, and III
heart failure; groups I, II, and III had no significant differen-
ces among them.

Discussion

Our results show that in patients with heart failure clas-
sified according to the NYHA functional classes, the anae-
robic threshold and the respiratory compensation point
may differ in regard to different levels of oxygen consumpti-
on and heart rate. Therefore, an assessment using the car-
diopulmonary exercise test with the determination of the
thresholds, in programming the physical activity, may be
more beneficial for evaluating the cardiopulmonary capacity
of this group of patients than conventional methods of
physical activity prescription.

Previous studies in patients with heart failure used the
percentages of maximum heart rate (70% to 80%) or of peak
oxygen consumption (50% to 85%) 4-6, based on the recom-
mendations of the American Heart Association 19, as guides
when prescribing physical exercises to individuals with
cardiovascular diseases. The aim was to evaluate if physical
conditioning would improve in the short- and long-term  the
functional capacity and the quality of life in heart failure.

In our study, however, the indices of intensity of
suggested physical activity, such as the anaerobic thre-
shold and the respiratory compensation point, varied from
73% to 90% of the maximum heart rate and from 59% to 88%
of the VO

2peak
; they do not corroborate those reported in the

literature. In patients with more severe heart failure, the
percentages of the anaerobic threshold and of the respira-
tory compensation point ranged from 84% to 90% of the
maximum heart rate and from 75% to 88% of the VO

2peak
. The

use of previously established indices of intensity may not
take into consideration the individual metabolic and physi-
cal characteristics of those attending or starting a physical-
conditioning program. Most of the time, one may underes-

Table II – Oxygen consumption and heart rate at the anaerobic
threshold and at the respiratory compensation point of patients

with NYHA functional class I, II and III

Variables Functional Functional Functional
Class I Class II Class III
(n=15) (n=15) (n=12)

VO
2
at 13,6±3,25 10,77±1,89 * 8,7±1,44 *

% VO
2 
peak 58±11 64±11 76±11 *, **

HRat 122±27 117±17 114±22
% HRmax 73±6 76±13 84±6 *
VO

2
rcp 19,1±2,2 14,22±2,63 * 10,27±1,85 *, **

% VO
2
peak 82±11 84±11 88±6

HRrcp 145±33 133±14 123±22 *
% HRmax 90±7 86±9 90±6

VO
2
at- oxygen consumption at the anaerobic threshold in mL/kg/min;

HRat- heart rate at the anaerobic threshold in bpm; VO
2
rcp- oxygen

consumption at the respiratory compensation point in mL/kg/min;
HRrcp- heart rate at the respiratory compensation point in bpm, * different
from group I (p<0.05); ** different from group II (p<0.05).

Fig. 1 – Percentage of the maximum heart rate (%HRmax) in the anaerobic threshold
(AT) and respiratory compensation point (RCP) of all patients with heart failure (HF)
in functional classes I, II and III.
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Fig. 2 – Percentage of maximum oxygen consumption (% VO
2peak

) in the anaerobic
threshold (AT) and respiratory compensation point (RCP) of all patients with heart
failure (HF) in functional classes I, II and III.
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timate or overestimate the guidelines for physical activity
for healthy or ill individuals.

When the values of the maximum heart rate in the
groups of patients in functional classes I, II, and III were
compared, we observed significant differences. For the
values of heart rate in the anaerobic threshold, an index con-
sidered representative during the exercise in the transition
of the aerobic to the compensated anaerobic metabolism, no
significant differences between the groups were observed.
On the other hand, in the respiratory compensation point,
which is the exercise threshold which the buffer system and
sodium bicarbonate do not manage to compensate for the
lactate produced by the increase in the amount of exercise,
we noted a significant difference in group III, which compri-
sed the most critically ill patients. The differences in heart
rate in the patients with heart failure according to the func-
tional classes may be explained by muscle factors and by
the chronotropic, flow and sympathetic stimulation dys-
functions. The chronotropic dysfunction causes the heart
to act as if it were denervated in the control of the heart rate
in heart failure. One of the probable causes is the reduction
in the number of receptors of cardiac norepinephrine and a
total increase in serum norepinephrine, probably due to an
increase in neural sympathetic activity; this is more
accentuated according to the severity of the disease20. Ano-
ther mechanism proposed to explain this behavior is that
patients with heart failure have changes in  muscle activity,
such as an increase in type II fibers, especially those of the
subtype IIb, which are of rapid contraction and depend
almost entirely on anaerobic metabolism for energy pro-
duction. A probable reduction in the type I slow contrac-
tion fibers that contain a high concentration of mitochon-
drial enzymes necessary to sustain aerobic metabolism 21-23

is another suggested mechanism. In addition, a small in-
crease in peripheral blood flow during submaximum and
maximum exercise and the decrease in muscle mass cause
metabolic thresholds to be reached more precociously and
a proximity between them to occur, stressing the severity of
the disease (fig. 3).

Values of oxygen consumption in exercise peak, at the
anaerobic threshold and at the respiratory compensation
point are significantly different among the groups. A de-
crease in the peak oxygen consumption of patients correla-
tes with the severity of the disease 24. According to Fick’s
law, the only factors determining oxygen consumption are
cardiac output and peripheral oxygen extraction. In patients
with heart failure, impairment in cardiac output during
exercise caused by an inability of the heart to maintain
blood flow adequate for metabolic needs, increases oxygen
extraction at rest and progressively until the maximum
exercise is reached 4. With aggravation of the disease, re-
duction in blood flow causes the threshold of oxygen
extraction to be reached rapidly in submaximum loads,
increasing lactate production and, therefore, forestalling

and approximating the thresholds in this group of patients
with heart failure (fig. 3).

A limited number of patients were studied according
to the functional classes in each group. Tests were perfor-
med by different teams and in different periods of time but
under the same guidelines. This may influence the time of
exercise and the VO

2peak 
25; the thresholds, however, do not

depend on motivation 26.
The intensity of physical activity may define whether a

patient will obtain beneficial results 7. In healthy people 27,28

and, presumably, in patients with heart failure, the major phy-
sical, metabolic and respiratory benefit seems to lie in mo-
derate to strong aerobic activities, i.e., between the thre-
sholds 29. Identifying the anaerobic threshold and the respi-
ratory compensation point and their relation to the severity
of the disease in patients with stable heart failure may be im-
portant in programs for physical conditioning 30. However,
VO

2
 and heart rate in the anaerobic threshold and in the

respiratory compensation point, as they are individual, may
be more representative variables of improvement and also
better indicators to guide physical activity 31.

In conclusion, patients with stable heart failure in func-
tional classes I, II, and III reach the anaerobic threshold and the
respiratory compensation point at distinct levels of oxygen
consumption and heart rate. These results may be beneficial in
programming the management of heart failure, such as when
prescribing physical activity. The role thresholds play in physical
activity needs to be better clarified in this group of patients.
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Fig. 3 – Mean values of oxygen consumption (VO
2
) and of heart rate (HR) of patients

with heart failure (HF) in functional classes I, II and III. Data obtained during
exercise: anaerobic threshold (AT) and respiratory compensation point (RCP).
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