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Editorial
Venous-arterial CO2 to arterial-venous O2 differences: A physiological
meaning debate
Current techniques for monitoring tissue perfusion have largely fo-
cused on systemic blood flow and the balance between oxygen demand
and supply to the tissues [1]. Nevertheless, the relative value of resusci-
tation targets such as oxygen-derived parameters has been widely
questioned [2] and recent studies failed to demonstrate any benefit on
clinical outcomes with its use [3]. In this context, variables such as car-
bon dioxide-derived parameters might provide additional and very im-
portant information about macro andmicro blood flow alterations [4,5]
or even about the presence of anaerobic metabolism [6,7]. Particularly,
the venous-arterial carbon dioxide to arterial-venous oxygen contents
difference ratio (Cv-aCO2/Ca-vO2 ratio) could add some prognostic in-
formation to lactate levels at very early stages of resuscitation in septic
shock [7]. However, the physiologicalmeaning andmechanisms leading
to increase Cv-aCO2/Ca-vO2 ratio might be widely debated [8,9].

According to the Fick equation, oxygen consumption (VO2) and CO2

production (VCO2) are directly proportional to the cardiac output and
their respective arterial-to-venous and venous-to-arterial content dif-
ferences. Under aerobic steady-state conditions, VCO2 should not ex-
ceed O2 availability and, therefore, the VCO2/VO2 ratio (i.e., the
respiratory quotient– RQ –) should not be N1.0. Consequently, if consid-
ering Cv-aCO2/Ca-vO2 ratio as a surrogate of the VCO2/VO2 ratio, the
mixed venous-to-arterial CO2 content difference (Cv-aCO2) should ap-
proximate to and do not exceed the arterial-to-mixed-venous O2 con-
tent difference (Ca-vO2) independently of blood flow variations, since
according to the Fick's equation, cardiac output is present in both the
numerator and denominator components of such ratio. Importantly,
over physiological range of blood CO2 partial pressures (PCO2),
i.e., along the steep portion of the CO2 dissociation curve, PCO2 main-
tains a quasi-linear relationship with blood CO2 contents (CCO2), so
the Pv-aCO2 could be theoretically used as an equivalent of the Cv-
aCO2. However, the relationship between PCO2 and CCO2 becomes
non linear in conditions of hypoxia and altered pH, which could limit
its interchangeability.

In this issue, Dubin et al. [9] retrospectively evaluated the equiva-
lence of the venous-arterial CO2 to arterial-venous O2 differences calcu-
lated in central venous (Pcv-aCO2/Ca-cvO2) and mixed-venous (Pmv-
aCO2/Ca-mvO2) blood samples from 23 patients with septic shock, con-
cluding that such variables are not interchangeable. Although mathe-
matical differences between these two variables are evident and,
consequently, disagreement between Pcv-aCO2/Ca-vO2 and Pmv-
aCO2/Ca-vO2 ratios might be expected, clinical information provided
by calculation of venous-arterial CO2 to arterial-venous O2 differences
ratio (by using both PCO2 and CCO2 values) might be highly valuable
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in the clinical setting [6,7,10-12]. Previous studies suggested some
agreement or interchangeability between Pcv-aCO2 and Pmv-aCO2,
i.e., the numerator components of its respective ratios [11,13-16], al-
though certainly, small disparities between them could inducewide dif-
ferences in their respective venous-arterial CO2 to arterial-venous O2

differences, such as proposed by Dubin et al. [9]. Nevertheless, this
could be an insufficient argument to deny the clinical relevance of
venous-arterial CO2 to arterial-venous O2 differences ratio previously
suggested in observational studies including patients in septic shock
[6,7,10-12,17].

Pcv-aCO2/Ca-vO2 ratio was initially proposed as a marker of global
anaerobic metabolism because its relationship with increased lactate
levels in critically ill patients [6,11]. Subsequently, venous-arterial CO2

to arterial-venous O2 contents difference ratio (i.e., the Cv-aCO2/Ca-
vO2 ratio) showed to be able to give additional prognostic information
to that provided by lactate levels during early stages of septic shock
[7,17]. Interestingly, high Pcv-aCO2/Ca-vO2 ratios were also associated
with a delayed lactate clearance during initial resuscitation of septic
shock [17], butmost importantly, Pcv-aCO2/Ca-vO2 ratios demonstrated
to predict the response to fluid load in terms of changes in systemic VO2

[10,11]. However, whether Pcv-aCO2/Ca-vO2 ratios could detect oxygen
supply dependence is a more complex discussion beyond the scope of
this manuscript.

Dubin et al. also propose that high Pcv-aCO2/Ca-vO2 ratio obeys
mainly to variations in hemoglobin levels. Furthermore, according to
their previous experimental observations estimating respiratory quo-
tient (RQ) by using analysis of expired gases, they suggest a weak corre-
lation between Pv-aCO2/Ca-vO2 and anaerobic metabolism [18]
attributing this to the combination of the Haldane effect, hemoglobin
levels and persistent hyperlactatemia. Nevertheless, they did not pro-
vide information about the venous-to-arterial CO2 content differences
(Cv-aCO2), which precisely include pH, temperature and hemoglobin
levels for its calculation. Indeed, to the extend that Pv-aCO2 is greater
N6.0, differences between Pv-aCO2 and its respective contents (Cv-
aCO2) are deeper [5], and such as it has been showed in previous obser-
vations, calculations of venous-arterial CO2 to arterial-venous O2 differ-
ences correlates differently with clinical outcomes when using PCO2 vs.
CCO2 values in the numerator [7]. Furthermore, under non-steady-state
conditions, RQ is easily influenced by a wide array of physiologic and
pathophysiologic events that can alter the relationship between the
truemetabolic activity andmeasurements of RQ by indirect calorimetry
(RQic) [19]. Thus, changes in ventilation (V), perfusion (Q) and pulmo-
nary V/Q relationships might lead to temporary differences between

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcrc.2018.09.030&domain=pdf
https://doi.org/10.1016/j.jcrc.2018.09.030
https://doi.org/10.1016/j.jcrc.2018.09.030
http://www.sciencedirect.com/science/journal/08839441
www.journals.elsevier.com/journal-of-critical-care
John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




444 Editorial
RQic and the truemetabolic RQ, until a new steady state is attained [20].
Additionally, because the high solubility of CO2 in tissues and blood,
VCO2 obtained by indirect calorimetry will rise slowly and conse-
quently, RQic will momentarily differ from the true RQ. Consequently,
denying the relationship between venous-arterial CO2 to arterial-
venous O2 differences and anaerobic metabolism based on measure-
ments by indirect calorimetry or attributing high Pv-aCO2/Ca-vO2 ratios
just to variations in hemoglobin levels could be physiologicallymislead-
ing. Indeed, at very low hemoglobin values, small errors in hemoglobin
measurements will amplify the error of calculation of Pv-aCO2/Ca-vO2

or Cv-aCO2/Ca-vO2 values.
Thus, computing Cv-aCO2/Ca-vO2 ratios imply the theoretical cor-

rection of factors involved in the Haldane effect, independently of sys-
temic blood flow variations, pulmonary ventilation or blood flow
distributions, whereby estimation of venous-arterial CO2 to arterial-
venous O2 differences should approximate the RQ and it could be used
as a global estimation of cell respiration.

In conclusion, the proposal by Dubin et al. about the inaccuracies in
the calculation of venous-arterial CO2 to arterial-venous O2 differences
by using central instead of mixed-venous blood samples is fairly logic.
However, beyond the mathematical disagreement between Pcv-aCO2/
Ca-cvO2 and Pmv-aCO2/Ca-mvO2 and the discussion about the relation-
ship between Pv-aCO2/Ca-vO2 or Cv-aCO2/Ca-vO2 ratios and the pres-
ence of anaerobic metabolism, venous-arterial CO2 to arterial-venous
O2 differences have demonstrated to be consistent through several ob-
servations in the clinical setting. Nevertheless, exact mechanisms lead-
ing to increase venous-arterial CO2 to arterial-venous O2 differences
ratio and its possible application in the clinical practice should deserve
future research efforts.
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