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Executive Certificate in Cardiopulmonary Exercise Testing for Cardiovascular Health (United Kingdom)

Cardiopulmonary Exercise Testing Foundations

Anaerobic Threshold (related terms: lactate threshold, VO₂max, metabolic acidosis) – The exercise intensity
at which blood lactate begins to accumulate faster than it can be removed, indicating a shift toward greater
anaerobic energy contribution. It is typically identified during a graded exercise test when a sustained rise in
lactate of >1 mmol·L⁻¹ above baseline occurs. Practical application includes prescribing training zones for
endurance athletes and monitoring disease progression in heart failure. Challenges involve variability due to
sampling technique, subject preparation, and the influence of medications such as β‑blockers.

Arterial Blood Gas (ABG) (related terms: PaO₂, PaCO₂, SaO₂) – A laboratory analysis of arterial blood that
provides direct measurement of oxygen tension (PaO₂), carbon‑dioxide tension (PaCO₂), pH, and
bicarbonate. In cardiopulmonary exercise testing (CPET), ABG is often performed at rest and at peak
exercise to assess gas exchange abnormalities. Example: A patient with chronic obstructive pulmonary
disease (COPD) may demonstrate a low PaO₂ and elevated PaCO₂ at maximal exertion, guiding
supplemental oxygen prescription. Limitations include invasiveness, need for skilled phlebotomy, and
potential arterial spasm.

Beat‑to‑Beat Variability (related terms: heart rate variability, autonomic modulation) – The fluctuation in
successive cardiac intervals measured by ECG during rest or exercise. High beat‑to‑beat variability generally
reflects robust autonomic regulation, whereas reduced variability may indicate impaired vagal tone,
common in cardiac disease. In CPET, analysis of R‑R intervals can help differentiate between cardiac
limitation and deconditioning. The main challenge is artefact contamination from motion or electrode
displacement, requiring careful signal processing.

Breathing Reserve (BR) (related terms: ventilatory reserve, VEmax, MVV) – The difference between maximal
voluntary ventilation (MVV) and the maximal minute ventilation achieved during exercise (VEmax).
Calculated as BR = (MVV – VEmax)/MVV × 100 %. A low breathing reserve (Cardiac Output (CO) (related
terms: stroke volume, heart rate, Fick principle) – The volume of blood the heart pumps per minute,
expressed in liters per minute (L·min⁻¹). During CPET, CO can be estimated using the Fick equation:
CO = VO₂/(CaO₂ – CvO₂). Direct non‑invasive methods include inert gas rebreathing and impedance
cardiography. Practical use includes detecting early heart failure when CO fails to increase proportionally
with VO₂. Challenges comprise assumptions about arterial‑venous O₂ difference, equipment calibration, and
patient cooperation.

Chronotropic Incompetence (related terms: chronotropic reserve, β‑blocker effect, heart rate response) –
The inability of the sinus node to increase heart rate appropriately with rising metabolic demand. Defined
by a chronotropic index Clinical Exercise Physiology (related terms: exercise prescription, metabolic
pathways, functional capacity) – The discipline that studies the body's responses to physical activity,
focusing on cardiorespiratory, muscular, and metabolic adaptations. In CPET, clinical exercise physiology
provides the framework for interpreting variables such as VO₂, VCO₂, and ventilatory efficiency. Practical
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applications include risk stratification before surgery and tailoring cardiac rehabilitation programs. The main
challenge is translating complex data into actionable clinical decisions while maintaining patient safety.

Coefficient of Determination (R²) (related terms: regression analysis, goodness of fit, linearity) – A statistical
measure indicating the proportion of variance in the dependent variable explained by the independent
variable(s) in a regression model. In CPET, R² is used to assess the linearity of the VO₂–work rate
relationship; values > 0.95 Suggest a reliable test. Example: A low R² during incremental cycling may signal
suboptimal effort or technical error. Care must be taken not to over‑interpret minor deviations, as
physiological fluctuations can affect the coefficient.

Concentric Exercise Test (related terms: cycling ergometer, workload increments, ramp protocol) – A CPET
protocol where resistance (or power) is increased in a stepwise or continuous manner while the subject
pedals at a constant cadence, emphasizing cardiovascular overload. The ramp protocol (e.G., 10–20 W·min⁻¹)
is most common in the UK for assessing VO₂max. Practical benefits include smoother VO₂ kinetics and
easier determination of ventilatory thresholds. Limitations involve the need for subject familiarity with
cycling and potential lower leg fatigue influencing results.

Dead Space Ventilation (V_D) (related terms: physiological dead space, Bohr equation, alveolar ventilation) –
The portion of each breath that does not participate in gas exchange because it remains in the conducting
airways or reaches non‑perfused alveoli. Calculated using the Bohr equation: V_D/V_T = (PaCO₂ – PECO₂)/
PaCO₂. In CPET, an elevated V_D/V_T ratio (> 0.30) May indicate pulmonary vascular disease or ventilation–
perfusion mismatch. Example: A patient with pulmonary embolism may show a sudden rise in dead space
during exercise, prompting further imaging. Accurate capnography is required; sensor drift can compromise
measurements.

Diffusing Capacity (DLCO) (related terms: gas transfer, alveolar–capillary membrane, carbon monoxide) –
The ability of the lungs to transfer gas from alveolar air to the pulmonary capillary blood, measured using a
single‑breath carbon monoxide technique. While not a core CPET variable, DLCO is often assessed pre‑test
to identify diffusion limitations that may affect exercise tolerance. A low DLCO (Exercise-Induced
Bronchoconstriction (EIB) (related terms: asthma, spirometry, methacholine challenge) – A transient
narrowing of the airways occurring after vigorous exercise, typically manifested by a ≥ 10 % fall in forced
expiratory volume in 1 s (FEV₁) post‑exercise. CPET can provoke EIB and allow simultaneous measurement of
cardiopulmonary responses. Example: A competitive swimmer may demonstrate a 15 % FEV₁ drop after a
treadmill protocol, guiding inhaled bronchodilator therapy. Challenges include differentiating EIB from
fatigue‑related ventilation changes and ensuring adequate post‑exercise spirometry timing.

Exercise Ventilatory Efficiency (VE/VCO₂ Slope) (related terms: ventilatory efficiency, heart failure, prognostic
marker) – The slope of the relationship between minute ventilation (VE) and carbon‑dioxide production
(VCO₂) across the incremental phase of CPET. A steep slope (> 34) is associated with poor prognosis in heart
failure and pulmonary hypertension. Practical use includes risk stratification and monitoring therapeutic
response. Calculation requires linear regression of VE versus VCO₂; outliers from hyperventilation or erratic
breathing can distort the slope, necessitating careful data cleaning.

Exercise Test Protocols (related terms: ramp, step, Bruce, modified Naughton) – Standardized sequences of
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workload increments used to elicit progressive physiological stress. In the UK, the ramp protocol on a cycle
ergometer is preferred for its linear VO₂‑work relationship, while treadmill protocols (e.G., Bruce) are used
for patients unable to cycle. Selection depends on clinical question, patient ability, and equipment
availability. Challenges include ensuring comparable intensity across protocols and accounting for
protocol‑specific prediction equations.

Expiratory Flow Limitation (EFL) (related terms: dynamic hyperinflation, COPD, flow‑volume loop) – The
condition where maximal expiratory flow cannot increase despite rising effort, often due to airway
obstruction. During CPET, EFL can be identified by a plateau in expiratory flow despite increasing tidal
volume, leading to breath‑by‑breath increases in end‑expiratory lung volume. Example: A COPD patient
may develop EFL at moderate workloads, causing early dyspnoea. Monitoring EFL requires precise flow
measurement and may be confounded by coughing or mouth‑piece leaks.

Fick Principle (related terms: cardiac output, oxygen consumption, arteriovenous O₂ difference) – A
fundamental equation stating that VO₂ = CO × (CaO₂ – CvO₂). It underpins most non‑invasive estimations of
cardiac output during CPET. By measuring VO₂ breath‑by‑breath and sampling arterial and venous O₂
content, clinicians can derive CO. In practice, the inert gas rebreathing method applies the principle without
invasive catheters. Limitations include assumptions of steady‑state conditions and accurate hemoglobin
measurement.

First‑Ventilation Threshold (VT₁) (related terms: anaerobic threshold, lactate threshold, ventilatory
breakpoint) – The point during incremental exercise where ventilation begins to rise disproportionately to
VO₂, reflecting the onset of lactate accumulation and consequent increased CO₂ buffering. Identified by the
V‑slope method or a rise in VE/VO₂ without a concurrent rise in VE/VCO₂. VT₁ typically occurs at ~ 50–60 %
of VO₂max in healthy adults and serves as a training intensity for endurance development. Accurate
detection can be hampered by noisy breath‑by‑breath data.

Force‑Velocity Relationship (related terms: muscle power, isokinetic testing, neuromuscular assessment) –
The inverse relationship between the force a muscle can generate and the velocity at which it shortens.
While not directly measured in CPET, understanding this relationship helps interpret peripheral limitations
when VO₂ plateaus despite adequate cardiac response. Example: A patient with severe myopathy may reach
a low VO₂max because muscle power cannot meet the demand of the workload. Integration of
dynamometry data with CPET can elucidate combined cardio‑muscular limitation.

Gas Exchange Threshold (GET) (related terms: ventilatory threshold, lactate threshold, V‑slope method) –
The exercise intensity at which CO₂ production begins to rise faster than VO₂, indicating increased reliance
on anaerobic metabolism. Determined by plotting VCO₂ versus VO₂ and identifying the point where the
slope exceeds 1. GET closely approximates the lactate threshold and is used for prescribing aerobic training
zones. Variability may arise from breath‑by‑breath signal noise; smoothing algorithms improve reliability
but must be applied consistently.

Heart Rate Reserve (HRR) (related terms: chronotropic reserve, Karvonen formula, exercise prescription) –
The difference between predicted maximal heart rate (220 – age) and resting heart rate. Exercise intensity
can be expressed as a percentage of HRR, providing individualized training zones. Example: A 60‑year‑old
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with a resting HR of 70 bpm has an HRR of 90 bpm; exercising at 60 % HRR yields a target HR of 124 bpm.
Limitations include β‑blocker therapy, which blunts heart‑rate response, requiring alternative intensity
metrics such as %VO₂max.

Hyperventilation (related terms: respiratory alkalosis, VE/VCO₂ slope, anxiety) – Excessive ventilation relative
to metabolic CO₂ production, leading to reduced arterial CO₂ (PaCO₂) and respiratory alkalosis. In CPET,
hyperventilation is reflected by an elevated VE/VCO₂ ratio and may be seen in heart failure, pulmonary
hypertension, or panic disorders. Example: A patient with unexplained dyspnoea may demonstrate a VE/
VCO₂ ratio of 45, indicating inefficient ventilation. Managing hyperventilation involves addressing
underlying pathology and, when appropriate, breathing retraining.

Inert Gas Rebreathing Method (related terms: non‑invasive cardiac output, nitrogen washout, CO₂
rebreathing) – A technique that estimates cardiac output by having the subject rebreathe a mixture of inert
gases (e.G., Nitrogen or nitrous oxide) and measuring the rate of disappearance from the inhaled mixture.
The method applies the Fick principle without arterial or venous cannulation. It is frequently used during
CPET to provide continuous CO data. Practical considerations include ensuring a tight mouthpiece seal and
accounting for gas diffusion errors; improper technique can lead to under‑estimation of CO.

Inspiratory Capacity (IC) Maneuver (related terms: dynamic hyperinflation, tidal volume, lung volumes) – A
maximal inhalation performed from the end‑expiration during exercise, used to track changes in operating
lung volumes. A decline in IC during CPET indicates progressive dynamic hyperinflation, common in COPD.
Example: A COPD patient may show a 0.5 L drop in IC after 5 minutes of cycling, correlating with rising
dyspnoea. The maneuver requires patient cooperation and consistent timing; failure to perform it correctly
can mask important ventilatory constraints.

Ischemic Threshold (related terms: ST‑segment depression, myocardial oxygen demand, coronary artery
disease) – The workload at which myocardial ischaemia becomes evident on ECG, typically identified by
≥ 1 mm horizontal or down‑sloping ST‑segment depression in ≥ 2 contiguous leads. In CPET, reaching the
ischemic threshold signifies a cardiac limitation and prompts immediate test termination. Example: A patient
with known coronary artery disease may develop ST‑segment changes at 75 % of predicted VO₂max,
guiding revascularisation decisions. Interpretation must consider baseline ECG abnormalities and
medication effects.

Linear Regression Analysis (related terms: R², slope, intercept) – A statistical method used to model the
relationship between two continuous variables, such as VE versus VCO₂. In CPET, linear regression helps
quantify ventilatory efficiency, determine thresholds, and assess data quality. The slope provides
physiological insight (e.G., VE/VCO₂ slope), while the coefficient of determination evaluates fit. Challenges
include outlier influence, non‑linearity at high intensities, and the need for adequate data points across the
workload range.

Mixed‑Ventilation Exercise Test (related terms: combined cycle‑treadmill protocol, VO₂max, mode transition)
– A CPET approach that incorporates both cycling and treadmill phases within a single session to assess
modality‑specific limitations. It allows comparison of cardiac and peripheral responses when the subject
switches from leg‑dominant to whole‑body exercise. Practical benefits include identifying whether limitation

Read online: https://certificates.HealthCareCourses.org.uk/glossaries/
5411260/cardiopulmonary-exercise-testing-foundations

HealthCareCourses (An LSIB brand) · 25 Jun 2026



G LO S S A RY

is central (cardiac) or peripheral (muscular). However, transition periods may cause abrupt changes in VO₂
kinetics, complicating data interpretation.

Minute Ventilation (VE) (related terms: tidal volume, respiratory rate, ventilatory demand) – The total volume
of air moved in and out of the lungs per minute, calculated as VE = tidal volume × respiratory frequency. VE
rises exponentially with workload, and its relationship to VO₂ and VCO₂ provides insight into ventilatory
control. Example: A healthy individual may reach a VE of 80 L·min⁻¹ at VO₂max, whereas a patient with
restrictive disease may plateau earlier. Accurate VE measurement requires calibrated flow sensors; leaks or
sensor drift can produce erroneous values.

Metabolic Equivalent (MET) (related terms: VO₂, energy expenditure, functional capacity) – A unit
representing the oxygen cost of an activity relative to resting metabolism, where 1 MET ≈ 3.5 ML·kg⁻¹·min⁻¹
of VO₂. CPET results are often expressed in METs to facilitate communication with clinicians and patients.
Example: A VO₂max of 35 mL·kg⁻¹·min⁻¹ corresponds to 10 METs, indicating high aerobic fitness. Limitations
arise when applying MET values to individuals with abnormal resting VO₂ (e.G., Severe anemia), potentially
over‑ or under‑estimating true work capacity.

Mixed‑Venous Oxygen Saturation (SvO₂) (related terms: venous blood gas, cardiac output, tissue extraction)
– The percentage of oxygen bound to hemoglobin in mixed venous blood, reflecting the balance between
delivery and consumption. In CPET, SvO₂ can be measured invasively via pulmonary artery catheter or
estimated using non‑invasive techniques. A low SvO₂ at rest or during low‑intensity exercise may indicate
impaired cardiac output or high peripheral extraction, useful in diagnosing early heart failure. Invasive
measurement carries risks and is rarely performed in routine CPET.

O₂ Pulse (related terms: stroke volume, heart rate, VO₂/HR) – The amount of oxygen consumed per
heartbeat, calculated as VO₂ divided by heart rate (HR). It serves as a surrogate for stroke volume when CO
measurement is unavailable. A rising O₂ pulse during incremental exercise suggests increasing stroke
volume; a plateau or decline may signal cardiac limitation. Example: A patient with hypertrophic
cardiomyopathy may show an early flattening of O₂ pulse, prompting further cardiac imaging. Interpretation
must consider changes in arterial‑venous O₂ difference and the effect of β‑blockers on HR.

Oxygen Uptake Efficiency Slope (OUES) (related terms: submaximal index, VO₂, ventilation) – A parameter
derived from the relationship between VO₂ and the logarithm of ventilation (log VE), expressed as
VO₂ = a × log VE + b. OUES is considered effort‑independent and useful when maximal effort is unattainable.
Higher OUES values indicate efficient oxygen utilization. Practical use includes prognostication in heart
failure where OUES correlates with survival. Calculation requires sufficient data points across the exercise
spectrum; very low workloads may underestimate OUES.

Peak Oxygen Consumption (VO₂peak) (related terms: VO₂max, aerobic capacity, maximal effort) – The
highest measured VO₂ during a CPET, representing the upper limit of aerobic metabolism. In clinical
practice, VO₂peak is often used interchangeably with VO₂max, though true VO₂max requires a plateau in
VO₂ despite increased workload, which may not be achieved in all patients. Example: A post‑myocardial
infarction patient may achieve a VO₂peak of 18 mL·kg⁻¹·min⁻¹, informing risk stratification. Challenges
include ensuring maximal patient effort, appropriate protocol selection, and accounting for motivational
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factors.

Peak Work Rate (WRpeak) (related terms: maximal power output, workload, exercise tolerance) – The
highest external work achieved during CPET, expressed in watts (W) for cycling or metabolic equivalents for
treadmill protocols. WRpeak provides a functional measure of performance and is often used to prescribe
exercise intensity (e.G., 60 % WRpeak). Example: A 70‑year‑old patient may achieve a WRpeak of 80 W,
indicating limited lower‑extremity strength. Limitations include the influence of peripheral muscle fatigue
and protocol design on achievable work rate.

Peripheral Oxygen Extraction (EO₂) (related terms: arteriovenous O₂ difference, muscle metabolism, capillary
density) – The proportion of delivered oxygen removed by tissues, calculated as (CaO₂ – CvO₂)/CaO₂. During
CPET, an increased EO₂ compensates for limited cardiac output, allowing VO₂ to be maintained. Example: An
endurance athlete may demonstrate an EO₂ of 0.8 At maximal exertion, reflecting efficient muscular uptake.
Accurate measurement requires simultaneous arterial and venous sampling; non‑invasive estimation relies
on assumptions that may not hold in disease states.

Peak Respiratory Exchange Ratio (RERpeak) (related terms: VCO₂/VO₂, maximal effort, carbohydrate
utilization) – The ratio of carbon‑dioxide production to oxygen consumption at the end of exercise. Values
> 1.10 Are traditionally considered indicative of maximal effort. RERpeak reflects substrate utilization, with
higher ratios indicating greater carbohydrate oxidation. Example: A patient achieving an RERpeak of 1.15 Is
likely to have exerted maximal effort, supporting the validity of VO₂max measurement. However,
hyperventilation, anxiety, or metabolic disorders can artificially elevate RER, leading to false‑positive
interpretations.

Physiologic Dead Space (V_Dphys) (related terms: Bohr equation, alveolar ventilation, ventilation‑perfusion
mismatch) – The portion of the tidal volume that participates in gas exchange but does not contribute to
CO₂ elimination because it reaches alveoli that are poorly perfused. It is distinguished from anatomic dead
space and is calculated using the same Bohr formula but with mixed‑expired CO₂ values. In CPET, an
increase in V_Dphys during exercise suggests worsening V/Q mismatch, as seen in pulmonary hypertension.
Accurate measurement depends on high‑quality capnography and steady‑state breathing.

Pulmonary Arterial Pressure (PAP) Estimation (related terms: tricuspid regurgitation velocity,
echocardiography, CPET) – Non‑invasive assessment of systolic PAP derived from the peak velocity of
tricuspid regurgitation using the Bernoulli equation (ΔP = 4v²). During CPET, changes in PAP can be inferred
from exercise‑induced alterations in tricuspid flow, providing insight into pulmonary vascular reserve.
Example: A patient with a resting PAP of 25 mmHg may exhibit a rise to 45 mmHg at peak exercise,
supporting a diagnosis of exercise‑induced pulmonary hypertension. Limitations include acoustic windows
and operator expertise.

Respiratory Compensation Point (RCP) (related terms: second ventilatory threshold, metabolic acidosis, VE/
VCO₂) – The exercise intensity at which ventilation rises disproportionately to CO₂ production due to
buffering of accumulating lactate, leading to an increase in PaCO₂ and a subsequent rise in minute
ventilation. Identified by a second inflection in the VE‑VCO₂ relationship or by an increase in end‑tidal CO₂.
RCP typically occurs at ~ 85–90 % of VO₂max and delineates the maximal sustainable intensity for endurance
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training. Accurate detection can be difficult in noisy data sets or when the patient terminates the test
prematurely.

Respiratory Exchange Ratio (RER) (related terms: VCO₂/VO₂, substrate utilization, metabolic threshold) – The
ratio of carbon‑dioxide output to oxygen uptake at any point during exercise. Values  1.0 Reflect
carbohydrate predominance and hyperventilation. RER is used to assess metabolic transitions and to verify
maximal effort. Example: A RER of 0.85 At moderate intensity suggests mixed substrate use, while a RER of
1.20 At peak effort confirms a high‑intensity state. Interpretation must consider ventilatory artifacts and
altitude effects.

Risk Stratification Using CPET (related terms: prognostic markers, heart failure, peri‑operative assessment) –
The process of using CPET variables (e.G., VO₂peak, VE/VCO₂ slope, O₂ pulse) to categorize patients into low,
moderate, or high risk for adverse outcomes such as postoperative complications or mortality. In the UK, a
VO₂peak Right Ventricular (RV) Function Assessment (related terms: tricuspid annular plane systolic
excursion, pulmonary artery pressure, CPET) – Evaluation of the RV’s ability to generate forward flow, crucial
in conditions like pulmonary hypertension. CPET provides indirect clues; a disproportionate rise in VE/VCO₂
slope and early anaerobic threshold suggest RV overload. Complementary echocardiographic measures
(e.G., TAPSE) enhance interpretation. Example: A patient with a VE/VCO₂ slope of 42 and reduced TAPSE may
be diagnosed with RV failure. Limitations include the indirect nature of CPET markers and the need for
multimodal imaging.

Second‑Ventilatory Threshold (VT₂) (related terms: respiratory compensation point, lactate accumulation,
ventilatory breakpoint) – Synonymous with the respiratory compensation point, representing the workload
where buffering of lactate leads to a marked increase in ventilation. It marks the upper limit of sustainable
aerobic effort and is often used to set high‑intensity interval training zones. Detection methods include the
V‑slope technique and the point where VE/VCO₂ begins to rise after a plateau. Accurate identification
requires high‑resolution data and experienced interpretation.

Submaximal Exercise Test (related terms: 6‑minute walk test, shuttle walk, workload prediction) – A CPET
protocol that does not require maximal effort, useful for patients unable to reach VO₂max due to disease
severity, frailty, or safety concerns. Parameters such as OUES, ventilatory efficiency, and HR response are still
informative. Example: A post‑stroke patient may perform a 6‑minute walk test with concurrent gas analysis
to estimate functional capacity. Limitations include reduced prognostic power compared with maximal
testing and greater reliance on patient motivation.

Systolic Blood Pressure Response (related terms: exercise hypertension, hypotensive response, baroreflex) –
The change in arterial systolic pressure during exercise, normally rising to 200–220 mmHg in healthy adults.
An exaggerated rise (> 210 mmHg in men, > 190 mmHg in women) may indicate exercise‑induced
hypertension and increased cardiovascular risk. Conversely, a blunted or falling systolic pressure can signal
left‑ventricular outflow obstruction or severe heart failure. Monitoring is performed with a cuff or
continuous finger photoplethysmography. Accurate detection requires calibrated equipment and proper
cuff size.

Ventilatory Efficiency (VE/VCO₂ Slope) (related terms: respiratory compensation, heart failure, prognostic
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index) – The slope of the relationship between minute ventilation and carbon‑dioxide production across the
incremental phase of CPET. A steep slope (> 34) indicates inefficient ventilation, often due to increased dead
space or abnormal chemoreflexes, and is associated with poorer outcomes in heart failure and pulmonary
hypertension. Example: A patient with a VE/VCO₂ slope of 38 may be prioritized for advanced therapies.
Calculation requires linear regression of VE versus VCO₂; outliers from erratic breathing can distort the
slope, necessitating data cleaning.

Ventilatory Limitation (related terms: breathing reserve, dynamic hyperinflation, COPD) – A condition where
the respiratory system reaches its maximal capacity before the cardiovascular system, limiting exercise
performance. Identified by a low breathing reserve (Ventilatory Power (VP) (related terms: VE/CO₂, systolic
blood pressure, prognostic marker) – A composite index calculated as systolic blood pressure at peak
exercise divided by the VE/VCO₂ slope. Higher VP values indicate better combined ventilatory efficiency and
cardiovascular response, and have been shown to predict outcomes in heart failure. Example: A VP of
2.5 MmHg·(L·min⁻¹)⁻¹ is considered favorable, whereas a VP Ventilatory Threshold (VT) (related terms: first
ventilatory threshold, lactate threshold, metabolic breakpoint) – The point during incremental exercise
where ventilation increases disproportionately to VO₂, reflecting the onset of metabolic acidosis and lactate
accumulation. It is commonly identified by the V‑slope method or a rise in VE/VO₂ without a concurrent rise
in VE/VCO₂. VT typically occurs at 40–60 % of VO₂max in healthy adults and is used to set training intensities
for endurance athletes. Accurate detection can be hindered by noisy breath‑by‑breath data and requires
experienced interpretation.

Ventilatory Reserve (VR) (related terms: breathing reserve, maximal ventilation, MVV) – The proportion of
ventilatory capacity remaining at peak exercise, expressed as VR = (MVV – VEmax)/MVV × 100 %. A low VR
(Ventilatory Threshold 1 (VT₁) (related terms: first ventilatory threshold, aerobic threshold, lactate onset) –
Synonymous with the first ventilatory threshold, representing the intensity at which lactate begins to
accumulate and ventilation rises faster than VO₂. It is a key marker for prescribing moderate‑intensity
training. Detection methods include the V‑slope technique and the point where VE/VO₂ increases. Example:
A recreational runner may have a VT₁ at 55 % VO₂max, guiding weekly interval sessions. Proper
identification requires high‑quality gas exchange data and may be confounded by hyperventilation.

Ventilatory Threshold 2 (VT₂) (related terms: respiratory compensation point, anaerobic threshold,
high‑intensity limit) – The second inflection point where ventilation rises steeply due to lactate buffering,
marking the maximal sustainable aerobic intensity. Often coincides with the respiratory compensation point
and is used to set high‑intensity interval training zones. Methods of identification include the V‑slope and
the point where VE/VCO₂ begins to increase after a plateau. Example: An elite cyclist may reach VT₂ at 90 %
VO₂max, enabling precise pacing strategies. Accurate detection can be limited by data noise and premature
test termination.

Ventilatory Ratio (VRatio) (related terms: dead space fraction, PaCO₂, metabolic demand) – A dimensionless
index calculated as (VE × PaCO₂)/(predicted VE × normal PaCO₂). It reflects the efficiency of CO₂ elimination
and is useful in assessing ventilatory dead space in critically ill patients. In CPET, a VRatio > 1.5 May indicate
increased physiological dead space, as seen in pulmonary embolism. Example: A patient with a VRatio of 1.8
During exercise may require further imaging for thromboembolic disease. Accurate arterial blood gas
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sampling and VE measurement are prerequisites.

Ventilatory Threshold (VT) Determination Methods (related terms: V‑slope, ventilatory equivalents, lactate
measurement) – Various techniques used to locate VT during CPET. The V‑slope method plots VCO₂ versus
VO₂ and identifies the point where the slope exceeds 1. The ventilatory equivalents method monitors VE/
VO₂ and VE/VCO₂; VT occurs when VE/VO₂ rises while VE/VCO₂ remains stable. Lactate measurement,
though invasive, provides a biochemical reference. Each method has strengths: V‑slope is objective;
ventilatory equivalents are quick; lactate is gold‑standard. Limitations include data quality for V‑slope,
subject variability for ventilatory equivalents, and the invasive nature of lactate sampling.

Ventilatory Equivalent for Oxygen (VE/VO₂) (related terms: ventilatory efficiency, threshold identification,
breathing pattern) – The ratio of minute ventilation to oxygen consumption, reflecting how much
ventilation is required to take up a given amount of O₂. At low intensities, VE/VO₂ remains relatively
constant; a rise indicates the first ventilatory threshold. Example: A VE/VO₂ of 30 at rest may increase to 35
at VT₁, signalling the onset of metabolic acidosis. Accurate calculation depends on reliable VO₂ and VE
measurements; artefacts from mouthpiece leaks can falsely elevate the ratio.

Ventilatory Equivalent for Carbon Dioxide (VE/VCO₂) (related terms: ventilatory efficiency, slope, heart
failure) – The ratio of minute ventilation to carbon‑dioxide production, used to assess ventilatory efficiency.
A low VE/VCO₂ at rest reflects efficient CO₂ clearance; an abnormally high value during exercise indicates
ventilatory inefficiency, often seen in heart failure or pulmonary hypertension. Example: A VE/VCO₂ of 45 at
submaximal work suggests increased dead space ventilation. The VE/VCO₂ slope, derived from plotting VE
against VCO₂, provides a more robust prognostic metric.

Ventilatory Power Index (VPI) (related terms: VE/VCO₂ slope, systolic blood pressure, prognostic score) – An
integrated metric combining ventilatory efficiency and cardiovascular response, calculated as systolic blood
pressure at peak exercise divided by the VE/VCO₂ slope. Higher VPI values are associated with better
outcomes in heart failure. Example: A VPI of 2.8 Indicates lower risk, whereas a VPI of 1.2 May prompt
consideration of advanced therapies. Accurate blood pressure measurement and correct slope calculation
are essential; errors in either component can misclassify patient risk.

Ventilatory Threshold (VT) vs. Lactate Threshold (LT) (related terms: metabolic breakpoint, gas exchange,
blood lactate) – VT is identified non‑invasively via gas exchange variables, whereas LT is measured directly
from blood lactate concentrations. In healthy individuals, VT and LT occur at similar intensities, but
discrepancies can arise due to hyperventilation or measurement timing. Example: A patient may show a VT
at 55 % VO₂max but an LT at 65 % VO₂max, suggesting altered ventilatory control. Understanding the
relationship assists in accurate prescription of training zones.

Ventilatory Reserve (VR) Calculation (related terms: breathing reserve, MVV, VEmax) – Determined by the
formula VR = (MVV – VEmax)/MVV × 100 %. MVV can be measured directly (12‑minute maximal breathing) or
predicted (FEV₁ × 40).
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