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Abstract
Background: The anaerobic threshold (AT) provides information on functional capacity in heart failure (HF). However, the 
visual determination of the AT by ventilatory methods is subjective, being susceptible to differences between examiners.

Objective: To evaluate the inter- and intra-examiner reproducibility in the determination of the AT in patients with mild 
to moderate HF, using visual-graphic and V-slope methods. To compare and correlate the results.

Methods: After performing a cardiopulmonary exercise test on a treadmill, visual-graphic and V-slope methods were 
used for the analysis of the AT. To assess the reproducibility, three examiners determined the AT twice by each method, 
on different days. For statistical analysis, we used intra-class correlation coefficient (ICC) with p <0.05.

Results: We evaluated a total of 16 subjects, with a mean age of 45.9 ± 9.7 years, left ventricle ejection fraction of 20.5 
± 8.1%, and peak exercise oxygen consumption of 20.6 ± 7.8 ml/kg•min-1. The intra-examiner reproducibility was high 
in both methods for the three examiners, with ICC values between 0.87 and 0.99. The inter-examiner reproducibility 
was moderate in both visual-graphic method (ICC = 0.69) and V-slope method (ICC = 0.64). When comparing methods, 
the ICC found was 0.91.

Conclusions: AT determination by visual-graphic and V-slope methods showed high and moderate inter- and intra-
examiner reproducibility, respectively. Moreover, both methods showed good agreement when compared with each 
other. These results suggest that both methods can be used in a reproducible way in AT assessment of patients with mild 
to moderate HF. (Arq Bras Cardiol 2010;94(6) : 724-730)
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Introduction
In subjects with heart failure (HF), measurements of 

cardiopulmonary variables during exercise, using maximal 
exercise testing with direct analysis of expired gases, are 
considered as reference for the evaluation of functional 
capacity1,2. Directly measured oxygen consumption is an 
accurate method for clinical assessment of the aerobic 
capacity1-4. When an individual reaches its physiological 
limit in an exercise test, this indicates that the maximum 
oxygen consumption (VO2max) has been reached1,2. The 
measurement of the VO2max is determined when the oxygen 
consumption reaches a plateau, indicating that the maximum 
capacity has been reached by the lack of increase in VO2, even 
with further increase in the load1,2. The VO2max is affected by 
age, gender, medical condition, or medication use2-4. In HF, 

this plateau is rarely reached, and the peak exercise oxygen 
consumption achieved without reaching a plateau (VO2peak) is 
used to determine the functional capacity1,2,5,6.

Since the determination of the maximum stress in HF 
patients can be subjective, and as daily activities do not 
require maximal capacity, other variables in the test, such 
as the anaerobic threshold (AT), may be useful in assessing 
functional capacity1,7. AT is defined as the work level or the 
oxygen consumption above which aerobic energy production 
is supplemented by anaerobic metabolism, leading to 
increased blood lactate levels8-12. The dissociation of the lactic 
acid leads to the release of H+ ions, which are buffered in 
the bloodstream by bicarbonate, generating the production 
of more carbon dioxide (VCO2) and an increased ventilatory 
response1,8-13. Therefore, there is a ventilatory threshold 
coincident with the AT13,14, which is detected by gas analysis 
using spirometry.15 

Both VO2peak and AT determined by the ventilatory 
method are considered valid and reproducible in healthy 
subjects1,5,14,16. However, as the determination of maximum 
stress can be subjective in individuals with HF1,16, AT can be 
an alternative option comparable to the VO2peak to predict 
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Table 1 - Clinical characteristics of 16 patients with HF evaluated by 
the maximal exercise test with expired gas analysis

Number of individuals

Gender (male/female) n 12 / 4

HF origin* n (%)

Idiopathic 7 (43.75%)

Myocardial infarction 4 (25%)

Chagas 3 (18.75%)

Peripartum 2 (12.5%)

NYHA classification† n (%)

Classe II 13 (81.25%)

Classe III 3 (18.75%)

Medicamentos em uso n (%)

Betablocker 16 (100%)

Diuretics 13 (81.25%)

ACE inhibitor ‡ 11 (68.75%)

Digitalis 8 (50%)

AT1 receptor inhibitor 6 (37.5%)

aerobic performance1,8,13,16-18. Moreover, AT may be useful 
in determining the intensity of the training prescription in 
rehabilitation programs, in evaluating the effects of training, 
and in assessing the prognosis of patients with HF4,8. In HF 
patients, the accumulation of lactate may occur earlier, leading 
to a shorter duration of the exercise test, a fact which according 
to some authors1,12 can complicate AT determination. 
Moreover, the visual determination of AT by ventilatory 
methods is subjective, being susceptible to differences 
between examiners8. Thus, the objectives of this study were: 
1) to assess the inter- and intra-examiner reproducibility in 
AT assessment of patients with mild to moderate HC using 
visual-graphic and V-slope methods; and 2) to compare and 
correlate the results found by both methods. 

Methods

Subjects
The study was approved by the Ethics and Research 

Committee of the institution, and all volunteers signed an 
Informed Consent. Inclusion criteria were: Individuals with 
HF in New York Heart Association (NYHA) Class II and III, 
regardless of gender and ethnicity, in stage C of HF19,20, who 
did not practice regular physical activity, aged between 25 
and 59 years, who showed clinical stability for at least two 
months, with ejection left ventricle fraction at rest ≤ 45%, 
and who had shown no acute-phase inflammatory diseases; 
renal failure; orthopedic or neurological dysfunctions limiting 
ambulation; history of pulmonary disease; unstable angina; 
uncontrolled arrhythmias; or peripheral arterial disease. 
Respecting these criteria, 16 subjects were included, with a 
mean age of 45.9 ± 9.7 years, BMI of 26.5 ± 5.1 kg/m2, left 
ventricle ejection fraction of 20.5 ± 8.1%, selected from the 
heart failure outpatient clinic of the institution. Table 1 shows 
the clinical characteristics of 16 HF patients, assessed by the 
maximal exercise test with expired gas analysis. Most of the 
sample was composed of men (75%), mostly with idiopathic 
HF (43.75%) in NYHA class II (81.25%).

Experimental Protocol
The maximal exercise test with expired gas analysis 

(CPX Ultima™, Medical Graphics, USA) was performed on 
a treadmill (Millennium Classic CI™, Inbramed/Inbrasport, 
Brazil) with a ramp protocol21-24. The ramp protocol was 
developed with base on the values of minimum and maximum 
speed defined by the study of Barbosa and Sobral22 for each 
decade of age and gender, so that the stress test had a duration 
of at least 8 minutes. A fourth-order polynomial extrapolation 
was performed to determine reference values for each age and 
gender, and the increment was calculated every 10 seconds, 
so that the stress test had a duration of 12 to 15 minutes12. 
The increments used as reference for the ramp protocol are 
described in Tables 2 and 3. The tests were performed at room 
temperature, at 20 ± 2o C, and relative humidity between 
50% and 70%24.

For AT analysis, two methods were used: 1. the visual-
graphic method, in which VCO2 and VO2 were plotted as 
a function of time (Fig. 1); and 2. the V-slope method, in 

which VCO2 was plotted as a function of VO2 (Fig. 2). In both 
methods, the AT was assessed in charts with eight-breath 
moving average15. In the visual-graphic method, AT was 
defined as the point at which there was a break in the linearity 
of the response of VCO2 compared to VO2, as a function of 
time15; and in the V-slope method, AT was determined as 
the point from which there was a change in the slope of the 
curve1,5,12-14. To evaluate reproducibility, three investigators 
with prior training in both methods determined the AT 
independently. AT was assessed twice by each method by 
each examiner on different days. 

Statistical analysis 
The Shapiro Wilk test was performed to analyze the data 

distribution. The intra-class correlation coefficient (ICC) for 
consistency and the ICC for agreement were used to assess 
intra- and inter-examiner reproducibility in the second 
evaluation, respectively. To compare the mean values of VO2 
determined by the three examiners in the second evaluation, 
we applied the paired t test. To contrast the two methods, the 
average AT values of the second evaluation conducted by the 
three examiners were calculated by both the visual-graphic 
method and the V-slope method, and subsequently the ICC 
for agreement was applied. The p-value was considered 
significant at p < 0.05. For data analysis, we used the SPSS™ 
(SPSS Inc., USA), version 13.0.

Results
One of the examiners could not identify the AT of two 

patients in both methods. Thus, data from 14 patients were 
taken into account for the reproducibility analysis. Table 4 
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Table 2 - Increments used as reference for the ramp protocol in men

Age Minimum speed Maximum speed Speed increase Minimum slope angle Maximum slope angle Slope angle increase

25 3.6 7.9 0.047 6.0 15.9 0.110

26 3.6 7.9 0.047 6.0 15.9 0.110

27 3.6 7.8 0.047 6.0 15.9 0.110

28 3.6 7.8 0.047 6.0 15.9 0.110

29 3.6 7.7 0.046 6.0 16.0 0.110

30 3.5 7.7 0.046 6.0 16.0 0.111

31 3.5 7.6 0.046 6.0 16.0 0.111

32 3.5 7.6 0.045 6.0 16.1 0.112

33 3.5 7.6 0.045 6.0 16.1 0.112

34 3.5 7.5 0.045 6.0 16.1 0.113

35 3.5 7.5 0.045 6.0 16.1 0.113

36 3.4 7.4 0.044 5.9 16.2 0.114

37 3.4 7.4 0.044 5.9 16.2 0.114

38 3.4 7.3 0.044 5.8 16.2 0.115

39 3.4 7.3 0.043 5.8 16.2 0.115

40 3.3 7.2 0.043 5.7 16.2 0.116

41 3.3 7.2 0.043 5.7 16.2 0.116

42 3.3 7.1 0.043 5.6 16.1 0.117

43 3.3 7.1 0.042 5.5 16.1 0.118

44 3.2 7.0 0.042 5.5 16.1 0.118

45 3.2 7.0 0.042 5.4 16.0 0.119

46 3.2 6.9 0.042 5.3 16.0 0.119

47 3.2 6.9 0.041 5.2 15.9 0.120

48 3.1 6.8 0.041 5.1 15.9 0.120

49 3.1 6.8 0.041 4.9 15.8 0.120

50 3.1 6.7 0.040 4.8 15.7 0.121

51 3.1 6.7 0.040 4.7 15.6 0.121

52 3.0 6.6 0.040 4.6 15.5 0.121

53 3.0 6.5 0.039 4.4 15.4 0.122

54 3.0 6.5 0.039 4.3 15.2 0.122

55 2.9 6.4 0.039 4.1 15.1 0.122

56 2.9 6.4 0.038 4.0 14.9 0.122

57 2.9 6.3 0.038 3.8 14.8 0.122

58 2.8 6.2 0.038 3.6 14.6 0.122

59 2.8 6.2 0.037 3.4 14.4 0.122

Speed - km/hour; angle - degrees; speed increase - km/hour; angle increase - degrees.

shows the intra-examiner reproducibility. The ICC values were 
high, ranging from 0.87 to 0.99, indicating high reproducibility 
of both methods for the three examiners. The inter-examiner 
reproducibility was moderate in both visual-graphic method 
(ICC = 0.69, p = 0.0001) and V-slope method (ICC = 0.64, 
p = 0.0001). The VO2peak reached at maximal exercise test 
was 20.6 ± 7.8 ml/kg•min-1. The mean values of VO2 in AT 

determined by the three examiners were 15.10 ± 3.20 ml/
kg•min-1 and 16.15 ± 3.63 ml/kg•min-1 for the visual-graphic 
and V-slope methods, respectively. These values showed no 
statistical difference when compared (p = 0.09) with each 
other. Figure 3 shows the data dispersion graph obtained with 
both methods. Comparing the two methods, the ICC found 
was 0.91 (p = 0.001). 
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Table 3 - Increments used as reference for the ramp protocol in women

Age Minimum speed Maximum speed Speed increase Minimum slope angle Maximum slope angle Slope angle increase

25 3.3 6.8 0.039 5.6 14.9 0.103

26 3.3 6.8 0.039 5.6 14.9 0.103

27 3.3 6.7 0.039 5.6 14.9 0.103

28 3.3 6.7 0.038 5.6 14.9 0.103

29 3.2 6.7 0.038 5.6 14.9 0.103

30 3.2 6.6 0.038 5.6 14.9 0.103

31 3.2 6.6 0.037 5.6 14.9 0.103

32 3.2 6.5 0.037 5.6 14.9 0.103

33 3.2 6.5 0.037 5.6 14.8 0.103

34 3.2 6.4 0.036 5.5 14.8 0.103

35 3.1 6.4 0.036 5.5 14.8 0.103

36 3.1 6.4 0.036 5.4 14.7 0.103

37 3.1 6.3 0.036 5.4 14.7 0.104

38 3.1 6.3 0.035 5.3 14.7 0.104

39 3.1 6.2 0.035 5.3 14.6 0.104

40 3.0 6.2 0.035 5.2 14.5 0.104

41 3.0 6.1 0.035 5.1 14.5 0.104

42 3.0 6.1 0.034 5.0 14.4 0.104

43 3.0 6.0 0.034 5.0 14.3 0.104

44 2.9 6.0 0.034 4.9 14.3 0.104

45 2.9 5.9 0.034 4.8 14.2 0.104

46 2.9 5.9 0.033 4.7 14.1 0.104

47 2.9 5.9 0.033 4.5 14.0 0.105

48 2.8 5.8 0.033 4.4 13.9 0.105

49 2.8 5.8 0.033 4.3 13.7 0.105

50 2.8 5.7 0.033 4.2 13.6 0.105

51 2.8 5.7 0.032 4.0 13.5 0.105

52 2.7 5.6 0.032 3.9 13.3 0.105

53 2.7 5.6 0.032 3.7 13.2 0.105

54 2.7 5.5 0.032 3.6 13.0 0.105

55 2.6 5.5 0.032 3.4 12.9 0.105

56 2.6 5.4 0.031 3.3 12.7 0.105

57 2.6 5.4 0.031 3.1 12.5 0.105

58 2.5 5.3 0.031 2.9 12.3 0.105

59 2.5 5.3 0.031 2.7 12.1 0.105

Speed - km/hour; angle - degrees; speed increase - km/hour; angle increase - degrees

Discussion
The main findings of this study were a high intra-examiner 

reproducibility and a moderate inter-examiner reproducibility, 
both in the visual-graphic method and the V-slope method. 
These results reinforce the possibility of using both methods 
in AT detection, especially considering the fact that they are 
non-invasive techniques for determining this variable. 

AT detection by ventilatory methods is considered 
valid5,14,16,25 and in healthy subjects and athletes, it has 
proven to be highly reproducible5,25. In HF patients, the 
validity of ventilatory methods is questioned, because 
of difficulties in detecting AT1,6,12,14,26 in this population, 
and because of the inherent subjectivity of the visual 
analysis.8 In a study conducted by Matsumara et al16, 
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Table 4 – Intra-examiner reproducibility

CCI* visual graphic method p CCI V-slope method p

Examiner 1 0.95 † 0.00001 0.94 † 0.001

Examiner 2 0.94 † 0.00001 0.99 † 0.0001

Examiner 3 0.87 † 0.0001 0.92 † 0.0001

*ICC - intra-class correlation coefficient; † p < 0.05.

Figure 1 - Overview of the visual-graphic method, plotting VCO2 and VO2 as a function of time. VO2 - oxygen consumption in ml/min; VCO2 - carbon dioxide production 
in ml/min; LA - anaerobic threshold; tempo - time.

Figure 2 - Overview of the V-slope method, plotting VCO2 as a function of VO2. VO2 - oxygen consumption in ml/min; VCO2 - carbon dioxide production in ml/min; LA - 
anaerobic threshold.
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a highly reproducible AT detection was observed in a 
mixed population of healthy subjects and HF patients, by 
examining graphically the relationships between minute 
ventilation and VO2. The present study was conducted with 
a sample composed exclusively of individuals with HF, and 
the techniques of choice for AT detection were based on 
VCO2 analysis6,14,26. 

The intra-examiner reproducibility in AT detection was 
high both in the visual-graphic method and the V-slope 
method, which indicates a high consistency between the 
three examiners while specifically evaluating patients with 
HF. These findings are in agreement with Weber et al27 who, 
when assessing ventilation in HF patients during exercise, also 
found high intra-examiner reproducibility in the detection of 
AT through graphical analysis, with a non-linear increase in 
minute ventilation and VCO2 as a function of time. 

Despite the stability in the analysis of each examiner, the 
inter-examiner reproducibility showed moderate magnitude, 
reinforcing the hypothesis that differences between 
examiners may be unavoidable in the visual assessment of 
ventilatory methods8.

In the literature, a percentage of failure of up to 50% 
is described when assessing AT by visual analysis13. In this 
study, one of the examiners could not detect the AT in just 
two individuals (12.5%), which did not affect the correlation 
analysis between the two methods (shown in Figure 3). In 
these cases, we have taken into account the mean values 
obtained by the two other examiners. The mean VO2 max 
found in the study population was 20.6 ± 7.8 ml/kg•min-1. 
According to the classification of Weber1,27,28, the sample 
should be defined as class A (mild severity) by the value of the 
mean VO2 max. This information strengthens the hypothesis 

Figure 3 - Dispersion of data obtained with the visual-graphic and V-slope methods.

Visual graphic method

that there may be a smaller number of non-detectable 
thresholds than what has been described in the literature, 
considering the lower severity of HF in the patients of the 
sample evaluated in this study.

The V-slope method has been classically described as 
a method of choice in AT assessment of HF patients1,6. 
However, in this study, intra and inter-examiner 
reproducibilities of both methods were similar, showing no 
superiority of one method over the other. Moreover, when 
the two methods were contrasted, comparing the average 
results of the three examiners who used the visual-graphic 
method with the average results of the examiners who used 
the V-slope method, we found high intra-class correlation 
coefficients, which show that there is good agreement 
between both methods. 

Despite the small number of patients evaluated, especially 
in NYHA class III, our findings have clinical relevance, because 
they demonstrate that AT determination by ventilatory 
methods in patients with HF of mild or moderate severity 
may be feasible with adequate reproducibility. One of the 
limitations of this study was that we evaluated subjects with 
mild severity, mostly in NYHA class II, and this does not 
allow an extrapolation of the conclusions to the assessment 
of patients with more severe HF and worse functional class. 
Future studies are needed to investigate the reproducibility of 
AT detection in patients with more severe HF.

Conclusion
AT determination by the visual-graphic and V-slope 

methods showed high and moderate intra-examiner and 
inter-examiner reproducibility, respectively. Moreover, the 
two methods showed good agreement when contrasted. 
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These results suggest that both methods can be used in a 
reproducible way, in AT assessment of patients with mild 
to moderate HF.
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