
The determination of ventilatory
inefficiency at rest in COPD: the expected
parameter

To the Editor:

We read with interest the study by NEDER et al. [1]. It is not uncommon that many Global Initiative for
Chronic Obstructive Lung Disease stage 3 and 4 COPD patients are not in a position to perform
cardiopulmonary exercise testing, and some of them cannot even perform a 6-min walk test. For these
reasons, the assessment of parameters at baseline conditions, as described by the authors, may become
relevant. They use the ratio of minute ventilation to CO2 production (V′E/V′CO2

) as a representation of
ventilatory inefficiency (VI) at rest in COPD patients. V′E/V′CO2

ratio is a surrogate of physiological death
space (VDphys/VT), and relies on the respiratory drive to maintain a near-normal arterial carbon dioxide
tension (PaCO2

). Even more, it is common to observe patients with COPD with a disproportionate
functional limitation in relation with their level of bronchial obstruction, revealing the coexistence of both
obstructive and VI mechanisms [2, 3]. Moreover, V′E/V′CO2

ratio is a valuable parameter as strong
prognostic factor in cardiorespiratory diseases.

The objective of alveolar ventilation corresponds to the V′E required to clear CO2 and maintain an
adequate PaCO2

, expressed in the equation: V′E/V′CO2
=1/PaCO2

×(1−VDphys/VT), where its disproportionate
increase means VI to remove CO2. VI represented by V′E/V′CO2

ratio is also a composite of all causes of
ventilation/perfusion (V′/Q′) inequality. Due to the close relationship between VI and VDphys/VT, both are
commonly seen as similar, and this is the case in normal individuals, where a ventilation of 25 L·min−1 is
needed to eliminate 1 L of CO2, but is different in the case of COPD and hearth failure (HF), where in
addition to the increase in VDphys/VT is added central drive instability, V′/Q′ mismatch or decreased
venous return [4]. Finally, the excessive demand imposed by VI reduces deflation time, magnifies dynamic
hyperinflation, increases respiratory work and contributes to dyspnoea [2, 3].

The authors showed that VI at rest was independently or associated with hyperinflation, related to the
magnitude of dyspnoea in exercise. Effectively they supported their demonstration in a retrospective
analysis of 284 COPD patients. Their study is based on applying V′E/V′CO2

ratio at lactic threshold, usually
an exercise parameter, to a determination at baseline condition. The report is in agreement with previous
studies by the authors, which described approaches with the V′E intercept to V′CO2

slope at the beginning
of exercise [3]. In a follow-up of 288 COPD patients during 4 years, they also demonstrated that the
increased V′E/V′CO2

nadir during exercise was the only variable related to respiratory and all-cause
mortality, and when associated with the inspiration fraction at rest, improved their performance as a
predictor of mortality [5, 6].

Similar to the importance of VI as a prognostic factor in COPD and HF, in acute respiratory failure
VDphys/VT is correlated with in-hospital mortality. Based on this rationale, a previous study of our group,
in stabilised patients on mechanical ventilation, in a controlled PaCO2

condition, compared the correlation
of a VDphys/VT with a number of surrogate parameters, including the V′E/V′CO2

ratio. There, we
consistently demonstrate that the V′E/V′CO2

ratio had the best correlation compared to the rest of the
surrogate parameters (r=0.88). Furthermore, in severe patients with a PaO2

to fraction of inspired oxygen
ratio <200, the performance improved (r=0.91) [7].
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Additionally, in HF the V′E/V′CO2
ratio is tightly related to survival independent of V′O2max. NADRUZ et al.

[8], in a prospective study of 969 HF patients in a 4-year follow-up, evaluated the prognostic power of
V′O2max and V′E/V′CO2

slope, stratifying patients with preserved or decreased ejection fraction. Both
parameters exceeded the left ventricular ejection fraction in discriminating the risk of hospitalisation,
mortality, need for left ventricular support devices, and heart transplantation. Currently, the proposal
of the American Heart Association and its European counterpart describe four levels of magnitude of
V′E/V′CO2

ratio in HF during exercise [9].

The best VDphys/VT assessment at rest is the multiple inert gas elimination technique (available in
investigation laboratories), and the best available VDphys/VT index corresponds to the Enghoff’s
modification of the Bohr equation adjusted to 37°C and 760 mmHg, where VDphys/VT=PaCO2

−PeCO2
/PaCO2

(PeCO2
is expired carbon dioxide tension). However, the availability of volumetric capnography

noninvasively, online, and without the lag associated with arterial samples from PCO2
facilitates the

application of surrogate indices of VDphys/VT such as V′E/V′CO2
[7]; precisely, the online approach is used

for exercise tests in respiratory and cardiac patients, and their accuracy relies on a balanced PaCO2
.

The description by NEDER et al. [1] is a different approach to assessing the capacity of the ventilatory
pump for CO2 clearance depending principally on VDphys/VT and the central CO2 set point. They showed
for the first time that the V′E/V′CO2

ratio can be an additive and simple parameter in the evaluation of
lung function at rest in patients with COPD, and possibly in HF.
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