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The anaerobic threshold (AT) is defined as the oxygen consumption level above which 
energy production becomes determined by anaerobic metabolism, which causes a 
sustained increase in lactate and metabolic acidosis. The AT, as measured by cardio
pulmonary stress testing, is ubiquitously used to determine the prognosis and diagnosis 
of cardiovascular and respiratory diseases. This measurement can help clinicians in the 
functional evaluation of patients and as guidance for rehabilitation and therapy. This 
article reviews the pathophysiological aspects and methods of measurement of the 
AT during a cardiopulmonary stress test, and its clinical use in assessing cardiac and 
 respiratory diseases. 
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Anaerobic metabolism is characterized by the 
enzymatic phosphorylation of substrates 
(in the Krebs cycle and glycolysis), leading 

to the synthesis of adenosine triphosphate (ATP) 
in the absence of oxygen. This occurs when the 
oxygen supply is insufficient to deoxidize a hydro
gen ion with a nicotinamide adenine dinucleotide 

ion.1 Under these circumstances, the production of 
pyruvic acid and lactate exceeds the rate of metabo
lism of these molecules in the Krebs cycle, result
ing in lactic acid accumulation in the blood and 
tissues. The accumulation of lactate and glycolytic 
intermediates in the muscle and/or blood, and not 
merely the evidence of their increased synthesis, 
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marks the beginning of anaerobic 
metabolism. Because the net accu
mulation of lactate may arise not 
only from increased production 
but also from insufficient removal 
from the blood, anaerobic metabo
lism may occur even at rest.2

The term anaerobic threshold 
(AT) was first proposed in 1964 by 
Wasserman and McIlroy3 to indi
cate the transition point from pre
dominantly aerobic to anaerobic 
metabolism. It is usually expressed 
in units of oxygen consumption 
(VO2) or as a percentage of maxi
mum oxygen consumption (VO2 
max).1 In untrained healthy peo
ple, lactic acid starts to accumulate 
when 40% to 60% of the maxi
mum aerobic capacity is reached. 
Therefore, the average value of the 
AT in normal subjects is between 
40% and 60% of their VO2 max.1 As 
lactic acid accumulates, it is buff
ered by serum bicarbonate accord
ing to the following reaction: 

H + La2 1 HCO32 ↔ H2O 1 CO2 1 La2

This causes an increased excre
tion of carbon dioxide, which leads 
to reflex hyperventilation. In other 
words, the anaerobic threshold is 
the point where ventilation (VE) 
increases disproportionately in 
comparison with VO2 and work, 
and this occurs at 40% to 60% of 
VO2 max in untrained healthy sub
jects. In trained subjects, the AT 
can reach 80% of VO2 max. Below 
the AT, the production of carbon 
dioxide is proportional to oxygen 
consumption. Above the AT, car
bon dioxide is produced in excess 
of oxygen consumption.4

This article examines the meth
ods of AT measurement during 
exercise and its diagnostic value 

in specific groups of patients with 
respiratory and cardiovascular dis
eases, describes the concept of AT 
and the mechanisms that deter
mine the nonlinear relationship 
between ventilatory response and 
exercise, and reviews the prognos
tic value of the integrated analysis 
of AT and VO2 peak during the car
diopulmonary stress test. 

Methods of Measurement 
of the AT
The AT can be determined by 
monitoring the lactic acid and/or 
bicarbonate levels in arterial and 
venous blood (lactate threshold), 
or by measuring, during a cardio
pulmonary stress test, the increase 
in VO2 and carbon dioxide produc
tion (VCO2) and its effects on VE: 
that is, the ventilatory anaerobic 
threshold (VAT).

The conventional method used 
to determine the VAT is the Vslope 
analysis.5 Other methods are based 
on calculating the following:

•  VE/VO2, which identifies the 
relationship between ventilation 
and oxygen consumption; 

•  VE/VCO2, which identifies the 
relationship between ventilation 
and carbon dioxide production; 

•  The respiratory quotient (VCO2/
VO2), which relates carbon diox
ide production to oxygen con
sumption; and 

•  The difference between the arte
rial and endtidal volume of oxy
gen [P (a  ET) O2] and carbon 
dioxide [P (a  ET) CO2] during 
exercise.6 

The AT is reached when the 
response to the increase in VCO2 
is no longer accompanied by an 

increase in VE/VO2 and P (a  ET) 
O2 in the absence of changes in VE/
VCO2 and P (a  ET) CO2. This is 
due to the fact that an increase in 
VE at the beginning of the exercise 
is related to the VCO2 concentra
tion: this is the isocapnic phase of 
exercise, in which metabolic aci
dosis has not yet developed. As the 
exercise continues over time, the 
resulting increase in lactic acido
sis causes a further increase in VE, 
with an associated increase in VE/
VCO2 and a decrease in P (a  ET) 
CO2. This corresponds to an excess 
of VCO2 relative to VO2, and a 
respiratory quotient (VCO2/VO2) 
. 1. From a practical point of view, 
the AT corresponds to the nadir of 
VE/VO2 and P (a  ET) O2 in the 
presence of a stable VE/VCO2 and 
P (a  ET) CO2 and a VO2/VCO2 
of approximately 1. The method 
described above is based on the ven
tilatory response that results from 
the increase in VCO2 concentration. 
It can be altered in case of loss of 
breath control and/or in the pres
ence of mechanical lung diseases.7 

The Vslope calculation8 can sim
plify the method described above 
and permits the manual identifica
tion of the VAT. The Vslope method 
requires breathtobreath sampling 
and data processing using math
ematical calculations. This method 
is based on the principle that below 
the AT there is a linear relationship 
between VO2 and VCO2, whereas 
above the AT the increase in VCO2 
due to lactic acidosis produces an 
additional change in the VCO2/
VO2 slope. This slope before the AT 
is equal to 1 and corresponds to the 
line of identity, which is parallel to 
the hypotenuse of an isosceles tri
angle, the sides of which are VO2 
(x axis) and VCO2 (y axis). After 
reaching the AT, VCO2/VO2 devi
ates from the line of identity and 
the VO2 value. The inflection point 
therefore represents the VAT.

…the anaerobic threshold is the point where ventilation increases 
disproportionately in comparison with VO2 and work, and this 
occurs at 40% to 60% of VO2 max in untrained healthy subjects.
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CohenSolal and colleagues9 
compared the reproducibility of the 
following four methods in order 
to identify the VAT in patients 
with New York Heart Association 
(NYHA) class II or III heart failure: 
(1) crossing (the point of intersec
tion between the VO2 and VCO2 
curves), (2) the respiratory quotient 
(the change in VCO2/VO2 slope vs 
time), (3) the equivalent ventila-
tion (VE/VO2 and VE/VCO2), and 
(4) the Vslope. In this study, the 
methods of VAT measurement 
with the best reproducibility were 
the equivalent ventilation method 
and the crossing method, which 
exhibited variabilities of 7.3% 
and 5.5%, respectively.9 For the 
Vslope method the variability was 
between 7% and 10%.9 In healthy 
subjects, there is a good reproduc
ibility in measuring the VAT by a 

conventional method of equivalent 
ventilation, with an interobserver 
variability of , 16%.10

The AT in the 
Pathophysiological 
Assessment of Respiratory 
and Cardiovascular 
Diseases
During a cardiopulmonary stress 
test, measurement of the AT plays 
an important role, along with other 
parameters such as VO2, VCO2, 
heart rate, blood pressure, minute 
ventilation, respiratory rate, respira
tory equivalent, ventilator reserve, 
and endtidal volume at rest, during 
exercise, and at peak exercise.

The AT and VO2 are components 
of the flow chart that is used for the 
initial assessment of patients with 
dyspnea (Figure 1). This flow chart 

uses measurements taken dur
ing the exercise in order to deduce 
the underlying pathophysiology. 
Although such a flow chart is not 
necessarily ideal in all instances 
and should always be used with 
some degree of flexibility, it estab
lishes a pathophysiological method 
for interpreting cardiopulmonary 
exercise tests. Table 1 provides 
expected changes of key variables 
in a variety of clinical conditions 
impairing work tolerance. 

The diagnostic strategy in this 
flow chart foresees the need to deter
mine whether the VO2 is decreased 
or normal, and whether the VAT is 
reduced or normal. Based on this 
initial assessment, a patient is clas
sified into one of the following three 
diagnostic categories: (1) normal 
VO2, (2) low VO2 with a normal VAT, 
and (3) low VO2 with a low VAT.1 

Peak VO2

AT
determination

RR
determination

Normal Low

Low

1. Normal
2. Obesity

High altitude
Metabolic acidosis

Normal

Normal or high

1. Musculo-skeletal
    disorders

Heart disease
CAD
PAD
Anemia

PPH
Pulmonary embolism
Pulmonary vasculitis

VE/VCO2
determination

HighNormal

Low

Pulmonary fibrosis
BPCO

VD/VT
determination

HighNormal

Figure 1. Flow chart for the initial assessment of the cause of exercise limitation. The analysis starts with the measurement of peak oxygen con
sumption (VO

2
 peak) and continues with anaerobic threshold evaluation. AT, anaerobic threshold; BPCO, chronic obstructive pulmonary disease; 

CAD, coronary artery disease; PAD, peripheral artery disease; PPH, primary pulmonary hypertension; RR, respiratory reserve; VD/VT, ratio of the 
dead space (VD) to the tidal volume (VT); VE/VCO

2
, ventilatory equivalent of CO

2
; VO

2
, oxygen consumption. Heart diseases include coronary, 

valvular, myocardial, and congenital heart disease.
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Exercise Intolerance in the 
Presence of a Normal VO2 
This case involves patients who 
complain of exercise intolerance, 
even though they have a normal 
maximal VO2 (VO2 peak). Possible 
explanations include simple anxi
ety; obesity, wherein even if the 
aerobic capacity is normal the oxy
gen demand is high because of the 
increased metabolic costs to over
come the aerobic capacity of the 
skeletal muscles (Figure 2, panel A); 
and earlystage pulmonary or 

cardiovascular disease, in which 
the disorder may not be sufficient 
to affect the VO2 peak. In obese 
individuals, the VO2 peak and 
AT are low relative to actual body 
weight, but usually normal relative 
to height11 or to predicted weight 
or lean body mass.12 Consequently, 
other cardiopulmonary variables 
are increasingly being studied to 
assess functional limitations in 
obese patients. deJong and associ
ates13 evaluated VE/VCO2 as a meas
ure complementary to VO2 peak in 

morbidly obese patients referred for 
bariatric surgery. In that study, VO2 
peak inversely correlated with the 
body mass index (BMI), whereas 
VE/VCO2 did not. The authors 
concluded that VE/CO2 is a BMI
independent measure that may 
serve as an adjunctive cardiores
piratory variable when assessing 
the functional status of morbidly 
obese patients. Deconditioning, 
which is defined as the inability 
to exercise, and is a condition that 
can be seen in patients with little 

A

4

3

SMC 9-Plot 3

2

1

0
0 10050

Lavoro (10s)
200150

50 150

VO2 VCO2

VO2 VCO2

A. Obesity
B

4

VCO2 V-Slope AT

2

1

3

0
0 1 12 3 34

B. Deconditioning

50 140

VE/
VO2

 VE/
VCO2

Dual
Criteria AT PetO2PetCO2

VE/
VO2

 VE/
VCO2

Dual
Criteria AT PetO2PetCO2

20

30

0 2
VO2 (10s)VO2 (10s)

4

120

100
40

20

80

60

40

20

0

40

C

A

6

SMC 9-Plot 3

3

0
0 100

Lavoro (10s)
200

B

6

VCO2 V-Slope AT

3

0
0 3

50 140

20

30

0 3
VO2 (10s)VO2 (10s)

6

120

100

80

60

40

20

0

40

C

60504

40

20

606

Figure 2. Representative graphs that show the VO
2
/work curve and three methods for the measurement of the anaerobic threshold (AT) (ventilatory equivalent of 

O
2
 and CO

2
; P [a – ET] O

2
; and the Vslope) in obese subjects (A, showing a normal VO

2
, VO

2
/work, and ventilator AT [VAT]); and in the presence of deconditioning 

(B, showing a normal VO
2
 and VO

2
/work with a reduced VAT). Charts in panel A represent the volume of oxygen consumption (VO

2 
in blue) and the volume of carbon 

dioxide produced (VCO
2 
in red) plotted as a function of the work rate for an exercising subject. The Vslope plot of VCO

2
 versus VO

2
 is shown in panel B, wherein the 

diagonal line is at 45° (slope = 1). The AT is defined as the point at which the VCO
2
 begins to increase faster than the VO

2
 and the slope of the plot becomes steeper 

than 1. Charts in panel C depict the ratio of VE/VO
2
 (ventilatory equivalent of O

2 
in red) and VE/VCO

2
 production (ventilatory equivalent of CO

2 
in sky blue) versus 

oxygen consumption (VO
2
). Endtidal CO

2
 pressure (PetCO

2
) and endtidal VO

2
 pressure (PetO

2
) versus oxygen consumption (VO

2
) are represented in violet and blue, 

respectively. Original data courtesy of the Cardiology Division, Cardiopulmonary Stress Test Laboratory, University Hospital SS. Annunziata, Chieti, Italy.
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physical training, may also lead to a 
low AT despite the presence of nor
mal ventricular systolic function 
and functional capacity (Figure 2, 
panel B).1,14 

Exercise Intolerance in the 
Presence of a Low VO2 and 
Normal VAT
In this case, even if the VO2 peak 
that is recorded during exercise 
is low, the anaerobic threshold is 
normal. These patients did not per
form a maximal physical effort or 
suffered from musculoskeletal dis
orders and, thus, had severe exer
cise limitations.14

Exercise Intolerance With a 
Low VO2 and Reduced VAT
In the flow chart of disorders that 
are characterized by a low VO2 
peak and reduced VAT, the respi
ratory reserve provides the first 
branching point. Patients with low 
VO2 peak and low VAT, and also 
with a low respiratory reserve can 
be thus further divided into two 
classes according to the ratio of the 
dead space (VD) to the tidal vol
ume (VT), or VD/VT. If the ratio of 
the VD to VT is high, the presence 
of a primary pulmonary disease 
(eg, pulmonary fibrosis or chronic 
obstructive pulmonary disease) can 

be suspected (Figure 3, panel A). If 
the ratio is normal, hyperventila
tion, chronic metabolic acidosis, 
or the adaptation to a high altitude 
may be present. 

In patients with a normal or high 
respiratory reserve, low VO2 peak, 
and low VAT, the second branch
ing point in the decisionmaking 
algorithm depends on the equiva
lent ventilation for carbon dioxide. 
If the VE/VCO2 is high, the disease 
is in the pulmonary vascular bed 
due to primary pulmonary vascu
lar disease (primary pulmonary 
hypertension) (Figure 3, panel  B) 
or secondary vascular disease 
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Figure 3. Representative graphs showing the VO
2
/work curve and three methods for measuring the anaerobic threshold (AT) in patients with primary pulmonary 

disease (chronic obstructive pulmonary disease [COPD]) (A, characterized by a reduced VO
2
 and normal VO

2
/work, reduced VAT, reduced respiratory rate (RR), and 

increased VD/VT); and pulmonary hypertension (B, showing a reduced VO
2
, normal VO

2
/work, reduced VAT, normal RR, and increased VE/VCO

2
). Original data cour

tesy of the Cardiology Division, Cardiopulmonary Stress Test Laboratory, University Hospital SS. Annunziata, Chieti, Italy.
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(pulmonary embolism, vasculitis, 
or connective tissue disease). In 
these situations, the pathogenesis 
of a low VAT is given by a reduced 
oxygen saturation of the arterial 
blood (of hemoglobin; SaO2) at 
exercise peak, that disappears at 
rest. This occurs because the reduc
tion in the pulmonary vascular bed 
leads to a decrease in the time that 
the erythrocytes spend in the pul
monary capillaries during exercise 
when the cardiac output increases, 
thereby preventing effective oxy
gen diffusion from the alveoli to 

the blood. Patients with a primary 
disease of the pulmonary vascular 
bed are different from those with 
left ventricular (LV) dysfunction, 
because in the latter case there is an 
increased VD/VT and an increased 
difference in CO2 tension between 
the arterial and venous blood, 
which indicates the presence of 
a mismatch between ventilation 
and perfusion. These patients do 
not have hypoxemia (their SaO2 is 
normal) or an increase in the alve
olararterial oxygen gradient. This 
disparity is due to slow blood flow 
in the pulmonary vascular bed, 
which is typical of conditions with 
LV dysfunction. Unlike primary 
pulmonary vascular disease, such 
conditions allow an adequate diffu
sion time for erythrocytes in con
tact with the alveolar surface and 
good oxygenation of the blood. In 
general, all diseases that affect the 
oxygen transport chain from the 
ambient air to the mitochondria in 
skeletal muscle during exercise can 
influence the VAT behavior.

If the VE/VCO2 is normal, we can 
exclude a disease in the lung or the 

pulmonary circulation; however, 
the following conditions need to 
be considered: a reduced coronary 
reserve, where exercise determines 
the onset of myocardial ischemia 
and abnormal global and segmen
tal ventricular wall motion, with a 
consequent poor peripheral tissue 
perfusion that results in the early 
use of glycolysis for ATP synthesis 
(Figure 4, panel A); heart disease 
(ischemic heart disease or primary 
cardiomyopathy), which causes 
heart failure with reduced stroke 
volume, decreased heart rate, and 

inadequate peripheral tissue per
fusion (Figure 4, panel B); periph
eral arterial obstructive disease, 
in which the onset of pain causes 
submaximal exercise; increased 
peripheral resistance, which affects 
the amount of arterial blood flow 
in the peripheral tissues leading 
to an early VAT; and anemia or 
hemoglobinopathies characterized 
by a low oxygencarrying capacity 
of the blood. In the latter case, the 
hematocrit and oxygen pulse can 
help identify different conditions. 
All cardiovascular diseases deter
mine a change in the oxygen trans
port chain (typically in chronic 
heart failure [CHF]) and may lead 
to a pathological VAT (ie, , 40% 
of the predicted VO2 max).1 In a 
certain percentage of patients with 
CHF and periodic breathing, the 
VAT cannot be measured.15

In patients with CHF, the VAT 
has a role in defining their prog
nosis. Gitt and colleagues16 have 
observed that the risk of death is 
five times greater within 6 months 
after the first detection of a VAT , 
50% of the predicted VO2 max and 

a VE/VCO2 . 34. In patients with 
coronary heart disease (detection 
of one or more coronary arteries 
with a diameter stenosis . 50% on 
a coronary angiogram) and in the 
absence of a previous myocardial 
infarction, the VAT correlates with 
the extension of stressinducible 
myocardial ischemia.17

Prognostic Value of the 
Integrated Measurement 
of AT and VO2 Peak During 
a Cardiopulmonary Stress 
Test 
Several investigations have exam
ined exercisederived AT and VO2 
peak as predictors of outcomes in 
patients with CHF due to LV sys
tolic dysfunction.18 Matsumura 
and colleagues19 and Itoh and col
leagues20 showed that AT and VO2 
peak correlated with symptom 
scores, as measured by the NYHA 
class. In the study by Itoh and col
leagues,20 the mean AT was 90% 6 
15%, 77% 6 14%, and 60% 6 12% 
of the predicted values for NYHA 
class I, class II, and class III, respec
tively. AT correlated only weakly 
with the resting LV ejection frac
tion measured by echocardiog
raphy and angiography. Weber21 
suggested a classification based on 
VO2 peak and AT, whereby heart 
failure patients are divided in class 
A (VO2 peak . 20 mL/kg/min; 
AT . 14 mL/kg/min), class B (VO2 
peak 1620 mL/kg/min; AT 1114 
mL/kg/min), class C (VO2 peak 
1015 mL/kg/min; AT 811 mL/
kg/min), and class D (VO2 peak 
, 10 mL/kg/min; AT , 8 mL/kg/
min). Koike and associates22 have 
similarly linked exercise capac
ity to a symptoms score. In these 
patients, VO2 peak, AT, the ratio of 
the increase in VO2 to the increase 
in work rate (ΔVO2/Δwork rate), 
and maximum work rate decreased 
as NYHA class increased. In 181 

Patients with a primary disease of the pulmonary vascular bed are 
different from those with left ventricular dysfunction, because in 
the latter case there is an increased VD/VT and an increased differ-
ence in CO2 tension between the arterial and venous blood, which 
indicates the presence of a mismatch between ventilation and 
 perfusion.
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ambulatory patients with NYHA 
class II to III, Stelken and associ
ates23 observed that VO2 peak and 
AT were significantly different in 
survivors and nonsurvivors when 
compared at 12 and 24 months. A 
total of 89 patients with VO2 peak 
, 50% of the predicted value had 
1 and 2year survival rates of 74% 
and 43%, respectively. The study by 
Mancini and coworkers24 is the cor
nerstone of the documentation of 
the prognostic power of VO2 peak 
in patients who are candidates for 
heart transplantation. In this study, 
116 male CHF patients were divided 
into group 1 (VO2  peak , 14 mL/kg/

min), and these had been accepted 
for heart transplantation; group 
2 (VO2 peak $ 14 mL/kg/min), 
who had transplant deferred; and 
group 3 (VO2 peak , 14 mL/kg/
min), with significant comorbidi
ties that precluded heart transplan
tation. The 1year survival rates in 
groups 1, 2, and 3 were 48%, 94%, 
and 47%, respectively. A VO2 peak 
of , 10 mL/kg/min was associated 
with significantly poorer predicted 
survival. The updated guidelines of 
American College of Cardiology/
American Heart Association for 
the diagnosis and management 
of CHF in the adult25 point out, 

however, that when VO2 peak val
ues are between 10 and 18 mL/kg/
min, VO2 peak is not enough to 
define prognosis in patients with 
heart failure. Indeed, there is no 
statistical difference in survival 
between heart failure patients with 
VO2 peak between 10 and 14 mL/
kg/min and those with VO2 peak 
between 14 and 18 mL/kg/min. A 
cutoff of VO2 peak # 10 mL/kg/
min is, however, used for cardiac 
transplant selection.26 Other vari
ables, such as the VO2/work rate 
relationship, the VO2/heart rate 
relationship, the VE/VCO2 slope 
and the oxygen pulse, especially 
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Figure 4. Representative graphs showing the VO
2
/work curve and three methods for measuring the anaerobic threshold (AT) in patients with ischemic heart disease 

(A, showing a reduced VO
2
 and VO

2
/work plot, with slope flattening and the appearance of a double slope, reduced ventilatory AT (VAT), normal respiratory rate 

(RR), and normal VE/VCO
2
); and chronic heart failure (B, showing a reduced VO

2
 and VO

2
/work plot with slope flattening in the absence of a double slope, reduced 

VAT, normal RR, and normal VE/VCO
2
). Original data courtesy of the Cardiology Division, Cardiopulmonary Stress Test Laboratory, University Hospital SS. Annunziata, 

Chieti, Italy.
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when they are integrated with AT, 
have been more recently proposed 
as prognostic predictors more use
ful than VO2 peak alone.27,28 For 
instance, an AT of , 11 mL/kg/
min (as determined by the Vslope 
method) together with VE/VCO2 
slope . 34 has been shown to be a 
better predictor of risk associated 
with early cardiac death than VO2 
peak alone in patients being priori
tized for cardiac transplantation.16

Prognostic Preoperative 
Evaluation of 
Noncardiac Surgery by 
Cardiopulmonary Stress 
Test-Derived Variables
The updated guidelines of the 
European Society of Cardiology 
for preoperative cardiac risk 
assessment and perioperative car
diac management in noncardiac 
surgery29 have indicated the car
diopulmonary stress test among 
preoperative noninvasive testing 
aimed at providing information 
on LV dysfunction and myocardial 
ischemia as a major determinant 
of adverse postoperative outcomes. 
This relies on the assumption that 
demands on the heart, lungs, and 

peripheral circulation to support 
the increased metabolic rate tak
ing place perioperatively can be 
reproduced during exercise. Thus, 
a patient’s capacity to increase 
oxygen delivery during exercise 
may correlate with the capacity to 
maintain organ system function 
after surgery. The guidelines have 
suggested VO2 peak and AT are the 
most useful data from this test for 
the perioperative evaluation of non
cardiac surgery. The thresholds for 
classifying patients as low risk for 
all noncardiac surgery are usually 

set at VO2 peak . 15 mL/kg/min 
and a VO2 at AT . 11 mL/kg/min.
In a study of 204 patients under
going lung resection, VO2 peak 
.  20 mL/kg/min was a predictor 
of pulmonary complications, car
diac complications, and mortality, 
whereas VO2 peak . 12 mL/kg/min
was associated with a 13fold 
higher rate of mortality.30 
McCullough and  associates31 
assessed VO2 peak in 109 bariatric 
patients undergoing laparoscopic 

RouxenY gastric bypass surgery. 
In this study, patients were divided 
into tertiles based on their VO2 
peak. The authors observed the 
occurrence of complications (death, 
unstable angina, myocardial infarc
tion, venous thromboembolism, 
renal failure, or stroke) in 16.6% of 
patients with VO2 peak , 15.8 mL/
kg/min (lowest tertile) and in only 
2.8% of patients with VO2 peak 
. 15.8 mL/kg/min. Hospital length 
of stay and 30day readmission rates 
were highest in the lowest  tertile. 
Table 2 summarizes the main stud

ies that reported results on VO2 peak 
and AT, finding them to be signifi
cant predictors in patients undergo
ing abdominal surgery.

Conclusions
AT, measured with a variety of 
 techniques, is useful in assessing 
hematological, respiratory, and car
diovascular diseases. Despite the 
existence of several methods for 
measuring the AT, each has  different 
indications and reproducibility. 

Study Type of Surgery

Total 
Patients 

(N) Outcome Study Results

McCullough PA et al31 Roux-en-Y gastric bypass 109 Postoperative complications Predictor (, 15.8 mL/Kg/min)
Carlisle and Swart33 AAA repair 130 Postoperative survival Predictor (, 20 mL/Kg/min)
Epstein SK et al34 Hepatic transplantation 59 Postoperative survival Predictor (, 60% predicted)

Forshaw MJ et al35 Oesophagectomy 78 Postoperative complications Predictor (, 16 mL/Kg/min)
Nagamatsu Y et al36 Thoraco-laparotomy 52 Postoperative complications Predictor (, 12 mL/Kg/min)
Nagamatsu Y et al37 Oesophagectomy 91 Postoperative complications Predictor (, 13 mL/Kg/min)
Nugent AM et al38 AAA repair 36 Postoperative complications Not a predictora

aNo significant difference between VO
2 
peak 18.6 mL/Kg/min (complications group) and 21.8 mL/Kg/min (no complications group).

AAA, abdominal aortic aneurysm repair.

Predictive Value of VO2 Peak for Cardiopulmonary Complication After Abdominal Surgery

TABLe 2

…a patient’s capacity to increase oxygen delivery during exercise 
may correlate with the capacity to maintain organ system function 
after surgery.
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There is no doubt that the VAT 
plays a relevant role in interpreting 
the results obtained during a cardi
opulmonary stress test. Higher val
ues of carbon dioxide per unit of 
oxygen in patients with specific dis
eases that cause an inadequate oxy
gen supply to peripheral tissues 
indicate the presence of an early uti
lization of glycolysis as a means of 
ATP synthesis and, therefore, reflect 
an impairment in aerobic metabo
lism during exercise. Referring such 
patients for repeated cardiopulmo
nary stress tests over time would 
enable noninvasive and reproduci
ble serial measurements of the VAT, 
thus allowing for proper monitor
ing of the disease and its therapy. 
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MAin PoinTs

• Anaerobic threshold (AT) can be determined by monitoring the lactic acid and/or bicarbonate levels in arterial 
and venous blood, or by measuring, during a cardiopulmonary stress test, the increase in oxygen consumption 
(VO2) and carbon dioxide production (VCO2) and their effects on ventilation (VE): that is, the ventilatory 
anaerobic threshold (VAT).

• During a cardiopulmonary stress test, measurement of the AT plays an important role, along with other 
parameters such as VO2, VCO2, heart rate, blood pressure, minute ventilation, respiratory rate, respiratory 
equivalent, ventilator reserve, and end-tidal volume at rest, during exercise, and at peak exercise.

• In general, all diseases that affect the oxygen transport chain from the ambient air to the mitochondria in 
skeletal muscle during exercise can influence the VAT behavior. If the VE/VCO2 is normal, we can exclude a 
disease in the lung or the pulmonary circulation.

• A patient’s capacity to increase oxygen delivery during exercise may correlate with the capacity to maintain 
organ system function after surgery.
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