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The Ventilatory Anaerobic Threshold in Heart Failure:
A Multicenter Evaluation of Reliability
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ABSTRACT

Background: The ventilatory threshold (VT) is usually determined by visual assessment of the point
where the rate of elimination of carbon dioxide (VCO2) increases nonlinearly with respect to oxygen up-
take (VO2) (the V-Slope method). We quantified the reliability of VT determination using data from a mul-
ticenter study in patients with heart failure.
Methods and Results: The Fix-Heart Failure-5 study of cardiac contractility modulation enrolled 428
patients from 50 centers in the United States. Cardiopulmonary exercise tests were performed at baseline
and 12, 24, and 50 weeks after randomization, which provided 1679 tests. The VT was determined from
each test in a core laboratory by 2 independent readers. VT could not be determined for 276 tests (16.4%
indeterminate). Inter-observer variability (quantified by the 95% limits of agreement, LoA, expressed as
a percent of the mean value) was 20.2% between the 2 readers, with a coefficient of variation (CV) of
7.3%. Intra-observer variability was assessed by resubmitting (blinded) 179 tests to the same readers;
the LoA was 24.7% for reader 1 and 16.9% for reader 2, with CVs of 6.1 and 8.9%, respectively.
Ninety-one tests were submitted to 2 additional readers at a second core lab. Inter-observer variability
in the second lab was 26.7% with a CV of 9.6%. Inter-laboratory variability was 21.4%, with a CV of
7.7%.
Conclusions: Inter-observer, intra-observer, and inter-site variation in determining the VT should be con-
sidered when using the VT as an end point in clinical trials of heart failure. (J Cardiac Fail 2010;16:76e83)
Key Words: Cardiopulmonary exercise test, heart failure, anaerobic threshold, peak VO2.
In the 1920s, Nobel laureate A.V. Hill identified a link
between blood lactate, muscle fatigue, and respiratory gas
exchange during exercise.1 The phrase anaerobic threshold
was applied by Wasserman and colleagues in 19642 to de-
note the point during progressive exercise in which lactate
accumulation caused a nonlinear increase in ventilation.
The increase in blood lactate concentration during exercise
is thought to cause a nonlinear increase in ventilation as
a result of bicarbonate buffering of excess hydrogen ions
from lactate in the blood and consequent production of car-
bon dioxide. The resulting hyperventilatory response has
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been commonly termed the ventilatory threshold, or VT.
Although the mechanism underlying the VT has been dis-
puted,3,4 this parameter has been widely used over many
years as an index of cardiorespiratory performance in pa-
tients with cardiovascular or pulmonary disease.3,5 The
conventional interpretation is that an increased oxygen up-
take at the VT after an intervention implies that an increase
in oxygen supply to the working muscle has occurred.
Thus, this parameter has been applied in many clinical cir-
cumstances, including use as an index of the functional
state of patients with chronic heart failure (CHF), the devel-
opment of individualized exercise prescriptions, a measure
of the response to exercise training, risk stratification, and
to assess the effectiveness of various pharmacologic or de-
vice interventions to quantify cardiac performance.3,5,6e10

In addition to the mechanism underlying the VT, contro-
versy has arisen over the years regarding whether the VT
represents a true ‘‘threshold’’ versus a pattern that is math-
ematically continuous11e13; the most appropriate method
for detection14e16; or the reliability and reproducibility of
choosing the VT.14e18 Although modern metabolic systems
assign a VT value automatically at the end of each test,
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these systems use numerous mathematical algorithms to de-
fine the VT; thus, the point chosen can vary significantly for
the same patient.18 Guidelines on cardiopulmonary exercise
testing have therefore suggested that the VT be confirmed
visually using one of several methods.5 Because there is in-
creased interest in using the VT as a primary or secondary
end point in multicenter trials among patients with CHF, it
is important to know how reliable and reproducible this in-
dex can be determined in such a setting. Typically, there is
a tacit assumption that the VT, whether determined objec-
tively by an algorithm from the metabolic system, or visu-
ally, is reliable, unbiased, and valid, but the methods
employed to detect the VT are often not specified. If the
VT is to be used to determine the efficacy of a given ther-
apy, valid and unbiased interpretation of the VT is critical.
Although there have been a number of efforts to assess in-
ter-reader reproducibility within a given center,14,16,17 most
of these studies involved a relatively small number of sub-
jects that were free of cardiovascular disease. Clearly, much
less is known regarding the reliability of the VT when used
to evaluate patients enrolled in a clinical trial that involves
numerous participating centers. Therefore, few data exist
that can be used to assist in trial design and to develop sam-
ple size estimates when the VT is used as an efficacy pa-
rameter in patients with CHF.

The purpose of the current study was to assess intra- and
inter-reader agreement of VT readings within and between
different core laboratories. Data from a recently completed,
relatively large multicenter CHF study formed the basis for
the analysis. The objective was to provide guidance in
terms of sample size estimates when using the VT as an
end point in a multicenter study involving patients with
CHF.
Methods

Subjects

Cardiopulmonary exercise test (CPX) data were obtained from
428 subjects with CHF participating in a multicenter trial of the ef-
fects of cardiac contractility modulation. The details of the proto-
col, device implantation procedure, primary and secondary end
points, and statistical analysis plan have been detailed previously.19

In brief, the study included subjects $18 years old with ejection
fraction #35%, with New York Heart Association Class III or
IV symptoms despite medical treatment with angiotensin-convert-
ing enzyme inhibitor and/or angiotensin receptor blocker and b-
blockers for at least 3 months. Subjects were required to have
a baseline peak oxygen uptake (VO2) $9 mL O2$kg$min who
were in normal sinus rhythm and not indicated for a cardiac re-
synchronization therapy device (ie, QRS duration !130 ms). Un-
less there were extenuating circumstances, subjects were required
to have an implantable cardiac defibrillator. Subjects were ex-
cluded if they were hospitalized within 30 days of enrollment,
were inotropic dependent, had O8900 premature ventricular con-
tractions per 24 hours on a baseline Holter monitor, had permanent
atrial fibrillation, had a myocardial infarction within 90 days, had
percutaneous coronary intervention within 30 days, or had coro-
nary artery bypass surgery within 90 days of enrollment. CPX
data were obtained at baseline and weeks 12, 24, and 50 after de-
vice implant (62 weeks). The CPX test data were sent to a central
core laboratory (Core Lab) for analysis. The Core Lab was directed
and managed at Columbia University (New York City) and involved 2
independent, experienced CPX test readers (reader 1, reader 2) lo-
cated at Henry Ford Hospital (Detroit). All subjects underwent
screening, evaluation for study eligibility and CPX testing in accor-
dance with a standardized protocol (detailed in the following section).
Exercise Testing

Symptom limited maximal exercise tests were performed on
a treadmill using a Continuous Workload Modified Naughton Pro-
tocol.20 All subjects were requested to abstain from eating or
smoking at least 3 hours before the test. Ventilatory oxygen uptake
was measured using a metabolic system that was calibrated prior
to each test. A 12-lead electrocardiogram was monitored continu-
ously and recorded every minute. Blood pressure was recorded
manually every 2 minutes. All subjects were encouraged to pro-
vide a maximal effort, and the Borg 0 to 10 perceived exertion
scale was used to quantify effort.21

The raw metabolic data were sent to the Core Lab for analysis.
The Core Lab determined all metabolic measurements, including
oxygen uptake, carbon dioxide production, minute ventilation,
and respiratory exchange ratio. After this basic analysis, tests
were evaluated by the 2 independent readers (readers 1 and 2)
for determination of VT. The 2 readers were blinded to patient
identification, study treatment, follow-up time, and the results of
the other reader. The final VT captured in the database for the car-
diac contractility modulation trial was the average of these 2
readers, if the VT from these 2 readings differed by less than
10% or 150mL. However, if the difference between the readers
was greater than these specified limits, then the data were evalu-
ated by a third blinded reader and the average for the 2 readers
that were most similar was captured in the database. If the VT
from 2 of the 3 was not within 10% or 150 mL, then the VT
was considered indeterminate.

A diagram of the data flow and evaluations by the different
readers is shown in Fig. 1. For the study as a whole, 1679 CPX
tests were initially analyzed for all intervals of the study. Inter-
reader reliability was evaluated by comparing the VT values deter-
mined by the 2 initial readers. Intra-reader reliability was tested on
a sample of 179 tests; these tests were deidentified and provided
a second time to the same 2 readers. The first and second reads
were compared for each reader. To test inter-core laboratory reli-
ability, 91 of the CPX tests were sent to a second Core Lab, lo-
cated at the Veterans Administration Palo Alto Health Care
System. Two additional independent test readers (reader 3,
reader 4) evaluated these same 91 tests. This provided another
opportunity to compare inter-reader reliability (by comparing re-
sults of reader 3 with those of reader 4) as well as to evaluate in-
ter-laboratory variability. For the latter purpose, each test was
assigned a final value of VT from each core lab, which was
defined as the average VT values of readers 1 and 2 for Core
Lab 1, and the average of readers 3 and 4 for Core Lab 2. Tests
were excluded from this evaluation if any of the readers declared
the test indeterminate. The number of tests considered indetermi-
nate and the concordance of indeterminate reads between readers
was evaluated separately.

Readers were instructed to determine the VO2 at the VT using
the V-slope method,22 which is based on a visual examination of
the regression between rate of elimination of carbon dioxide



Fig. 1. Diagram of data flow and analyses.
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(VCO2) and VO2 (Fig. 2A). In this method, a line of identity is
derived from a plot of VCO2 versus VO2 (both in units of mL
O2/min). A best fit line parallel to the line of identity is then drawn
through the VCO2-VO2 data points. The point at which the VCO2

departs from the line (ie, the point at which VCO2 begins increas-
ing more rapidly than VO2) is taken as the ‘‘V-Slope’’ VT. In the
event where no inflection point could be identified using the V-
slope method or if the inflection point was ambiguous, then the
VO2 at the point where there was a systematic increase in the ven-
tilatory equivalent for VO2 (VE/VO2) without a concomitant
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Fig. 2. Graphical depiction of the V-slope method for determining VO2

the ventilatory equivalents. (A, B) Ventilatory threshold (VT) was determ
because of noisy data. (E, F) VT indeterminate owing to the submaxima
and ventilatory equivalent (VE)/VO2 did not increase.
increase in the ventilatory equivalent for VCO2 (VE/VCO2) was
taken as the VT. However, if a VCO2-VO2 data point could not
be identified with confidence using either of these methods, the
reader declared that the VT was indeterminate. For example, if
the gas exchange data were too noisy or oscillatory (Fig. 2C and
2D) or if the test was too submaximal and thus an inflection point
could not be detected (Fig. 2E and 2F), the VT was considered in-
determinate.

Statistical Analysis

Descriptive statistics are presented as mean6SD. Comparisons
between observers were performed using 1-way analysis of vari-
ance; post-hoc testing was performed using the Bonferroni
method. Reliability of VT readings was assessed by the typical er-
ror, limits of agreement expressed both in absolute values (LoA)
and as a percentage of the mean VT (LoA%), and the coefficient
of variation. NCSS software (Kayesville, UT) was used for all sta-
tistical analyses. We calculated the mean and standard deviation
(SDd) of the differences between each pair of VT reads being com-
pared. The typical error (TE) was calculated as the SDd divided by
the square root of 2. The coefficient of variation of the TE (CVTE)
was calculated as the TE divided by the mean of both reads mul-
tiplied by 100 and expressed as a percentage. The 95% LoA were
calculated as the SDd times 1.96. The LoA was also expressed rel-
ative to the mean of both reads as a percent.

Results

Baseline demographic and clinical characteristics of the
subjects are summarized in Table 1. These characteristics
are typical of heart failure studies that are enrolling patients
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Table 1. Demographic and Clinical Characteristics

Characteristic n5428

Age 58612
Male 309 (72%)
Weight (kg) 92.3622.8
Height (cm) 172.969.7
Body mass index (kg/m2) 30.766.8
Congestive heart failure etiology

Ischemic 280 (65%)
Other 148 (35%)

History of diabetes 193 (45%)
Resting heart rate 74613
Systolic blood pressure (mm Hg) 116619
QRS duration (ms) 101.7614.4
Left ventricular ejection fraction (%) 26.066.6
Left ventricular end-diastolic diameter (mm) 62.868.9
Peak VO2 (mL$kg$min) 14.863.0
Peak respiratory exchange ratio 1.1360.10
6-minute hall walk (m) 323.8688.8
Minnesota Living with Heart Failure Questionnaire 59.0 22.8
New York Heart Association

Class II 1 (0.2%)
Class III 379 (88.6%)
Class IV 48 (11.2%)

Treatments
Angiotensin-converting enzyme inhibitor or

angiotensin receptor blocker
389 (90.9%)

b-Blocker 400 (93.5%)
Aldosterone inhibitor 197 (46.0%)
Implantable cardiac defibrillator 408 (95.3%)

Values are either mean6SD or number of patients (percent of patients).
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having ejection fraction #35% with New York Heart Asso-
ciation Class III or IV symptomatic heart failure despite op-
timal medical therapy. Two notable enrollment biases were
that the study enrolled patients with QRS durations less
than 130 ms and excluded patients with atrial fibrillation.

Table 2 summarizes all of the indexes of inter- and intra-
observer and inter-Core Lab agreements for the determina-
tion of the VT. For the main database that included 1679
tests, readers 1 and 2 could both assign a VT value for
1403 (83.6%) of the tests. However, in 276 (16.4%) of
the tests, either reader 1 or reader 2 declared the test inde-
terminate; 126 of these tests were declared indeterminate
by both readers resulting in a 45.7% concordance in
Table 2. Inter- and Intra-Observer and Intra-Site Agreement for D

n % Readablex Mean of Readers 1 and 2

Inter-observer agreemnet
Reader #1 vs. Reader #2 1679 83.6% 10226306
Reader #3 vs. Reader #4 91 91.2% 9266257
Intra-observer agreement
Reader #1 179 92.2% 9516284
Reader #2 179 87.2% 10126316
Final Determinationy 179 91.6% 9876309
Inter-site agreement
Site 1 vs. Site 2 91 85.7% 9356257

LOA, limits of agreement; CV, coefficient of variation.
Mean 6 standard deviation.
*P ! .001.
xVentilatory threshold determined during both reads.
yThe final determination was based on a 3 reviewer system as described in th
declaring a test indeterminate. Overall, however, reader 1
declared 186 (11%) indeterminate compared with 216
(12.9%) tests by reader 2.

For tests having VT reads from both readers, VT aver-
aged 10156310 mL/min for reader 1 and 10286312 mL/
min for reader 2, a difference which was statistically signif-
icant (paired t-test, P ! .0001). The correlation and Bland
and Altman plots for the main database are shown in Fig. 3.
Although the readings were highly correlated (r50.94) and
the regression line was close to the line of identity
(y566þ 0.95x) the Bland and Altman analysis revealed
that the 95% LoA were 6207 mL/min around a statistically
significant bias of e13 mL/min (P ! .0001), which
amounts to an LoA% of 20.2% and a CVTE of 7.3%. The
VT values from the 2 readers were within 5% of each other
for 709 (50.5%) of the tests and within 10% of each other
for 1045 (74.5%) of the tests.

From among the subset of 179 tests that were reread at
Core Lab 1, reader 1 could assign a value for VT in 165
(92.2%) of the tests and reader 2 could assign a value for
VT in 156 (87.2%) of the tests; importantly, for both
readers, all tests designated as indeterminate on the first
read were also designated as indeterminate on the second
read. The correlations and Bland and Altman graphs com-
paring first and second reads for these 2 readers are shown
in Fig. 4. Although first and second reads were highly cor-
related (r50.93 and 0.94 for readers 1 and 2, respectively),
intraobserver variability as quantified by the LoA% was
24.6% for reader 1 and 16.2% for reader 2, with CVTE

for readers 1 and 2 of 8.9% and 5.8%, respectively.
From among the 91 tests that were sent to the second Core

Lab, readers 3 and 4 could assign VT values for 86 (94.5%)
and 85 (93.4%) of the tests, respectively (though not the
same tests in all cases). The LoA% for VT values between
these two readers was 26.7%, and the CVTE was 9.6%.

The final VT value for each core lab was defined as the
average value of the 2 readers. The correlations and Bland
and Altman graphs for Core Labs 1 and 2 are shown in
Fig. 5. Although the correlation was high, the 95% LoA
(w200 mL/min), LoA% (21.4%), and CVTE (7.7%) were
similar to the comparisons discussed previously.
etermination of the VO2 at Ventilatory Threshold (mL/min)

Difference Typical Error 95% LOA LOA as % of Mean CV

136105* 75 6 207 20.2% 7.3%
236126 89 6 247 26.7% 9.6%

956106* 84 6 234 24.6% 8.9%
49668 59 6 164 16.2% 5.8%
47658 48 6 133 13.5% 4.9%

186102 72 6 200 21.4% 7.7%

e Methods.
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Fig. 3. Correlation coefficients and Bland and Altman plots be-
tween readers 1 and 2 from the main database.
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The final VT (3-reviewer system) captured into the data-
base for the trial evaluating the cardiac contractility modu-
lation device yielded an LoA% of 13.5% and a CVTE of
4.9%. This 3-reviewer system identified the VT in 95.6%
of subjects.
Discussion

The VT has been widely used over the last several de-
cades to assess cardiopulmonary performance in both ath-
letes and patients with cardiovascular disease. Because
the VT is thought to reflect the accumulation of lactate in
the blood, the point at which it is reached during exercise
has numerous physiological consequences, including the
onset of metabolic acidosis, impaired glycolysis, reduced
exercise tolerance, and altered oxygen kinetics. Thus, the
VT is an important parameter to be documented when con-
ducting exercise testing in patients with cardiovascular dis-
ease. The VT has been of particular interest in patients with
CHF because the early accumulation of lactate in the blood
leads to hyperventilation, which impairs the ability to sus-
tain activity. Indeed, dyspnea on exertion is one of the hall-
marks of CHF, and when dyspnea is the reason for stopping
exercise, the risk for adverse events doubles.23 One advan-
tage of the VT that is commonly cited is the fact that, unlike
peak VO2, it is independent of motivation. Increasingly, the
VT has been applied as a primary or secondary end point in
clinical trials in patients with CHF, including exercise train-
ing, pharmacologic intervention, ventricular resynchroniza-
tion, and ventricular reduction surgery.24e27

Although the VT has been widely applied in patients with
CHF, little attention has been paid to how it is determined and
the reliability of its determination between different
observers. Although modern metabolic systems usually in-
terpret the VT automatically, a wide variety of algorithms
are used; thus, guidelines on exercise testing suggest that
this point be overread visually by at least 1 experienced ob-
server.5 Although this in theory provides a measure of quality
control, it also makes the VT determination subjective. In any
measurement that is subjective, inter-observer agreement is
critical if a clinician is to have confidence that a measurement
is valid and consistent when laboratories collect the same or
similar information. In addition, acceptable reliability of
a measure (intra-observer agreement) must be confirmed be-
fore it can be considered to have valid clinical application.
Although high reliability does not ensure accuracy, it quan-
tifies the degree to which a measurement produces the
same result each time it is performed. In the current study, in-
ter-observer reliability and inter-laboratory agreement of the
VT determined by highly experienced readers was assessed
using several closely related and standardized indices: the
typical error, limits of agreement, LoA%, and coefficient of
variation. The typical error is an expression of the random
variation across measurements for a given subject; it is de-
fined simply as the standard deviation of the observations
for a given patient. The coefficient of variation is a measure
of the relative variation, or variation relative to the size of
the mean for the observers expressed as a percentage. The
limits of agreement are, in effect, the 95% confidence limits
within which the VT readings fall. The LoA% will parallel
the coefficient of variation in that it represents the limits of
agreement expressed as a percentage of the mean VT.

We observed that although mean differences between
readers were reasonably small (eg, 13 mL/min for the
main data base of 1493 subjects) (Table 2) and the inter-
and intra-observer readings were highly correlated
(rO0.90, Fig. 2, 3, 4), the extent of the variation within
and between readers differed based on the parameter used
to express it. Importantly, the within- and between-observer
typical errors were in the range of 70 to 90 mL, resulting in
limits of agreement in the order of 200 mL, and coefficients
of variation in the order of 5% to 10%. In practical terms,
this suggests that a given VT is likely to vary by this mag-
nitude if the same exercise test data are evaluated either by
different reviewers or by the same reviewer on a different
day. The LoA% ranged from 17% to 27%, suggesting the
potential for an unacceptably high variability in about 1
in 5 patients. Thus, significant error in interpreting the
VT in particular patients will occur even with experienced
reviewers. It should be noted, however, that the LoA for the
final VT (3-reviewer system) for the study was 121 mL and
associated with an LoA% of 13%, reflecting an unaccept-
ably high variability in roughly 1 in 8 subjects. The im-
proved variability with the 3-reviewer system suggests
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Fig. 4. Correlation coefficients and Bland and Altman graphs comparing ventilatory threshold (VT) determinations between readers 1 and 2.
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that this approach should be considered if the VT is to be
used in other clinical trials. These differences should also
be considered in the context of the reported day-to-day bi-
ological variability of the VT, which has been reported to
differ widely among previous studies.28e30

Many previous studies have reported on the reproducibil-
ity of the VT using subjective or objective criteria and dem-
onstrated it to have acceptable reproducibility. These
studies have generally reported correlation coefficients or
intra-class correlation coefficients in the range of 0.70 to
0.90.15,16,31,32 However, few of these studies have described
intra- or inter-observer variability, and few studies have fo-
cused specifically on patients with CHF. In the current mul-
ticenter study, the coefficient of variation was 5% to 10%,
quite similar to the 5% to 12% reported by Simonton et
al31 in their single-site study involving both patients with
CHF and normal subjects. Sullivan et al17 studied inter-
observer variation of the VT in a group of 14 patients lim-
ited during exercise by angina and reported a coefficient of
variation of 7%. Shimizu et al16 reported a coefficient of
variation between 3 observers of 17% in a mixed group
of patients with CHF and coronary artery disease. Yeh et
al15 evaluated inter-observer variation among 4 VT readers
in a group of normal subjects, and reported a coefficient of
variation of 34%, which represented an 8% variation be-
tween reviewers when the VT was expressed as a percentage
of peak VO2. Similarly, Gladden et al14 observed that mean
differences between any 2 evaluators (of 9) ranged from 3%
to 16% of peak VO2. Clearly, these studies differ in part be-
cause of differences in how the VT was defined, the number
of reviewers, and the definition of agreement, but together
with the current results, they suggest that the degree of var-
iation between reviewers must be considered when apply-
ing the VT to evaluate patients with cardiovascular disease.

Cardiopulmonary exercise test in which the VT is desig-
nated to be ‘‘indeterminate’’ have been one issue limiting
its clinical application. We found that up to 16% of tests
were designated as indeterminate by the observers. This
is typical of previous studies, in which 5% to 20% of pa-
tients were excluded from analyses because the VT point
was designated to be indeterminate.16,17,33 Cohen-Solal et
al32 reported a higher indeterminate rate, ranging between
12% and 46% depending on the method used for assessing
the VT. The ventilatory equivalent (VE/VO2) method, one
that is widely used and suggested to best reflect lactate ac-
cumulation,34 had the highest indeterminate rate of 46%. In
contrast, Shimizu et al16 found that the VE/VO2 method
had the lowest indeterminate rate (6%, compared with 7%
and 12% using the V-slope and partial pressure of end-tidal
carbon dioxide methods, respectively). The degree of con-
cordance (tests in which both reviewers agreed on whether
a test was indeterminate) in the present study is also note-
worthy. For the first reader from Core Lab #1, all tests des-
ignated as indeterminate on the first read were also
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Fig. 5. Correlation coefficients and Bland and Altman graphs
comparing readings between Core Labs 1 and 2.
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designated as indeterminate on the second read; however,
such was not the case for reader #2. Overall, the concor-
dance rate was 45.7%; thus, a test designated as indetermi-
nate by 1 observer was only designated as indeterminate by
another reviewer or repeat reading half the time. Because
16.4% of tests overall were designated as indeterminate
by 1 or more reviewers, the implication of these findings
is that when estimating sample size for clinical trials and
the VT is an end point, the indeterminate rate must be con-
sidered.

One solution to the issue of reliability of visual VT read-
ings is to employ objective methods to determine this point.
Metabolic systems commonly print ventilatory responses
graphically and determine the VT automatically; this pro-
vides convenience and objectivity. However, automating
the determination of the VT is also subject to error. First,
most systems base the determination of the VT on a single
regression-based computer algorithm; the complexities of
the computational problems related to these algorithms
are not likely to be appreciated by the user. Different met-
abolic systems also use different algorithms to define the
VT, and comparisons between these algorithms have been
shown to vary considerably when determining the
VT.18,35 Moreover, although these objective methods facil-
itate convenience, they do not ensure accuracy. In addition,
a metabolic system may ‘‘force’’ the presence of a VT when
experienced observers will judge the point to be indetermi-
nate. Metabolic systems also differ in their ability to filter
noise, and are dependent on both the definition used and
how the data are sampled. Finally, studies that have com-
pared visual methods with a computer algorithm, such as
the V-slope, have shown poor agreement.35

Summary

Since the 1960s, the VT has been a popular, simply un-
derstood, and useful parameter to assess the functional sta-
tus of patients with cardiovascular disease.3,6,36 The
concept that a breakpoint in ventilation identifies the onset
of inadequate oxygen supply to the exercising muscle and
can be determined easily and noninvasively has been attrac-
tive to clinicians for obvious reasons. However, the mecha-
nisms responsible for blood lactate increase, its relation to
the pattern of the ventilatory response to exercise, and the
ability to reliably and reproducibly choose a ‘‘threshold’’
continue to be topics of debate. In the present study we
found that inter-observer, intra-observer, and inter-site
agreement of the VT ranged between 5% and 10%, with
the LoA% as high as 25% of the mean VT. However, to
minimize the coefficient of variation and LoA%, our data
emphasize the importance of using a third reviewer to adju-
dicate differences between 2 reviewers determining the VT.
These variations should be taken into account when consid-
ering VT as an end point in clinical trials, as well as for the
assessment of functional status in routine clinical practice
and for exercise training and prescription in patients with
heart failure.
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