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Abstract

Abstract

Introduction: The early identification and scrupulous monitoring of
tissue dysoxia can improve the management of critically-ill patients. In this
light, the final product of aerobe and anaerobe metabolism (that is, carbon
dioxide) can provide useful information on adequacy of tissue perfusion
and metabolism. The aim of our study was to evaluate whether the venous-
arterial PCO, gradient provides useful information on tissue dysfunction in
patients admitted to the ICU. Methods: We prospectively studied 50
patients admitted to ICU in 2017/2018 with length of stay (LOS) >24
hours. A sample of arterial and venous blood was taken for gas analysis at
admission. Venous-arterial PCO, gradient (A PCQO,), organ dysfunction in
the first 24 hours and ICU mortality were collected. Organ dysfunction was
defined as a SOFA score > 2 for each organ. The patients were subdivided
and compared on the basis of 4 PCO, value: A PCO, > 6 mmHg (Higher
group) and A PCO, <6 mmHg (Normal group). Results: Twenty-nine
patients (58%) showed a APCO,> 6 mmHg (Higher group) and twenty-one
patients (42%) showed a A PCO, < 6 mmHg (Normal group).The higher
group showed a larger rate (34%) of cardiovascular dysfunction than the
Normal group (8% )(P value< 0.05). Respiratory dysfunction was observed
in 54% of the patients of the High group and only in 32% of the Normal
group. Similarly, renal dysfunction was also slightly larger in the Higher
group (26%) than in the Normal group (20%) (P value> 0.05). As
expected, patients of higher group showed more complications (52%) than
Normal group (32%) (P value > 0.05) and ICU mortality (40%) three times
larger than Normal group (12%) (P value< 0.05). Conclusions
&Recommendations: Despite its limitations, The above data support the
hypothesis that A PCO, can provide useful information on the tissue
perfusion and metabolism in ICU patients and can be used as a reliable
biomarker for early prediction of organ dysfunction and outcome in
critically-ill patients. But, further studies on a larger number of patients are
needed to confirm its reliability. Limitations : Our study was done on a
small sample size and based on a pre-defined set of study parameters,
which might not have reflected the true nature of general changes observed
in sepsis.

Key words: Dysoxia - Shock - Delta PCO, - Haemodynamics -
Scoring systems - Organ dysfunction - Clinical outcome.
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Introduction

Introduction
The identi cations of tissue hypoxia and hypoperfusion play
important roles in the management of critically ill patients during early
resuscitation. Global metabolism measurements that are derived from blood
gas analyses are the frequently practical methods for assessing global

anacrobic metabolism (Cuschieri et al., 2005).

Resuscitation may be guided by indicators of tissue hypoxia, such as
central venous oxygen saturation, which re ects important changes in the
relationship between delivery and consumption of oxygen (DO,/VO,).
Signi cant uctuations in ScvO, (central venous oxygen saturation) may
occur during sepsis, and high ScvO, values do not necessarily re ect
changes intracellular oxygen utilization and perfusion of the
microcirculation.  Persistent  tissue  hypoperfusion  caused by
microcirculatory and mitochondrial failure may occur in the presence of

normal or increased ScvO, (Huai et al., 2016).

Which may therefore limit the usefulness of ScvO2 in clinical
practice. Normalization of systemic hemodynamic and oxygen metabolism
variables does not ensure an adequate tissue perfusion and does not prevent

progression to multiorgan dysfunction and death (Lamia ef al., 2006).

Central or mixed venous—arterial carbon dioxide partial pressure
difference (APCO,) has also been used to guide the treatment of shock
(Marit et al., 2015).

A PCO, is the difference between the partial pressure of CO2
in mixed venous blood or central venous blood (PvCO, or PcvCO,) and the
partial pressure of CO; in arterial blood (PaCO,): A PCO, = PvCO, —
PaCO,. PaCO, and PvCO, represent only a fraction of arterial CO, content
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(CaCQOy) and central venous CO, content (CvCQOy), respectively, but as the
relationship between partial pressure and content of CO; is almost linear
under normal physiological conditions, PCO; can be taken as a measure of
CCOa,. At the cellular level, CO; is a normal terminal product of oxidative
metabolism. Thus, in the absence of a shunt, CCO, in the ef uent venous
blood must be higher than in the afferent arterial blood. Therefore,
the difference between central venous blood and arterial blood PCO,
(APCO;) may be considered as a marker of the global hemodynamic
status (Monnet et al., 2013).

The Fick equation applied to CO, indicates that the CO, excretion
(equivalent to CO, production in a steady state) equals the product of
cardiac output (CO) and the difference between the PCO; content in mixed
venous blood (CvCO;) and 1in arterial blood (CaCO;): VCO;
=COx%x(CvCO,—CaCQOy). In the equation APCO, =VCO, x k/CO, k is
assumed to be constant, and APCO; is linearly related to CO2 production
and inversely related to CO .Therefore, if cardiac output is low than
normal, APCO,; is expected to be abnormally high i.e. More than 6mmHg
(Puskarich et al., 2011).

A reverse correlation have been found between [P(cv-a)CO,] and
cardiac index with a central venous blood sample and so, a sample of
central venous blood could be used instead of blood from the pulmonary

artery for this purpose (Vallee et al., 2008).

Global indices of tissue perfusion include lactate and central venous
oxygen saturation (SvcO;). But, the mixed V-APCO, difference cannot
serve as a marker of tissue hypoxia. But, it can be considered as a marker
of the adequacy of venous blood flow (i.e. cardiac output) to remove the

total CO, produced by the peripheral tissues. In this regard, the knowledge
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of Delta PCO; should help the clinicians for the decision of giving therapy

aimed at increasing cardiac output (Vallet ez al., 2000).

Elevated V-a PCO, has also been described in patients with sepsis,
cardiogenic shock, acute myocardial infarction, and congestive heart
failure, as well as cardiac arrest following cardiopulmonary resuscitation

(CPR) and heart surgery (Victor et al., 2009).

Interestingly, central venous-arterial PCO, (Pcv-aCQO,), has recently
been proposed as a useful tool for goal directed therapy (GDT) in ICU-
septic patients to identify persistent hypoperfusion when saturation of
central venous oxygen (ScvO,) > 70% has been reached Although oxygen
delivery (DO,) in septic shock can be elevated, oxygen consumption (VO,)
is impaired as a consequence of mitochondrial dysfunction in sepsis (Wei

et al., 2013).

The venoarterial CO, gradient (V-a PCQOy) is influenced by two other
factors: the dissociative curve of CO, and tissue blood flow. The curve of
CO, dissociation from hemoglobin follows the so-called Haldane’s effect,
in which oxygen and its bonding with hemoglobin allows easier release of
CO; in lungs. Experimental models have shown that in toxemia, venous
hypercapnia is a more significant contributor to the increase in the

venoarterial CO; gradient than arterial CO, values (Antonelli ez al., 2007).



