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Resumo

Introducao: Atualmente, the central venous-to-arterial carbon dioxide
difference, ou PCO, gap, tem sido visto como um biomarcador de relevo para usar
em doentes criticos, ajudando na monitorizacdo e terapéutica destes. Varios
marcadores tém sido utilizados com a mesma finalidade, mas as suas limitacoes
levam a necessidade de estudar novos recursos para uma melhor gestao do doente.
Deste modo, a sua relevancia tem vindo a crescer nos ultimos anos e varios estudos
tém sido feitos no sentido de descobrir mais sobre a sua utilidade para a medicina.

Objetivos: A presente revisdao bibliografica visa avaliar a evolucdo do PCO,
gap como um biomarcador e a sua sensibilidade e eficacia na monitorizacao da
terapéutica e de prognéstico.

Métodos: Foi realizada uma pesquisa no Pubmed e Google Schoolar, tendo
sido selecionados 47 artigos para esta revisao.

Resultados: O PCO, gap mostrou refletir a eficacia da circulacao
microvascular. Elevados valores de PCO, gap estao associados a menores
percentagens de pequenos vasos perfundidos, menor densidade capilar funcional,
alta heterogeneidade do fluxo sanguineo microvascular, menor concentracdo e
clearance de lactato. Além disso, um indice cardiaco mais baixo, maior
administracdo de fluidos e vasopressores e faléncia multipla de 6rgaos foram
observados em doentes com valores de marcador aumentados. Em relacdo a
mortalidade, valores elevados de PCO, gap revelaram alta mortalidade em 28 dias
e foi associado com outros marcadores preditivos de mortalidade como a pressao
arterial média. Além disso, o PCO, gap revelou-se util noutros topicos como
extubacdo, demonstrando um aumento do valor aquando falha desta. Em doentes
cardiacos, o PCO, gap teve um bom desempenho como preditor de MPC, tendo
melhor performance do que outros marcadores usados no dia a dia. Em doentes
com infecdo da corrente sanguinea, o valor de PCO, gap ajuda na identificacdo dos
agentes patogénicos e no prognadstico.

Conclusao: O PCO, gap tem efetivamente um papel como ferramenta
adjuvante na eficacia terapéutica e prognostica. A maioria dos estudos recomenda
seu uso na gestao dos doentes, mostrando resultados muito positivos em
diferentes patologias quer isoladamente quer em conjunto com outros
marcadores. No entanto, por ser um tema recente, com poucos estudos realizados,

ainda é necessaria mais investigacdao nesta area.
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Abstract

Introduction: Nowadays, the central venous-to-arterial carbon dioxide
difference, or PCO, gap, has been reported as a relevant biomarker to use in critical
ill patients, helping in their monitorization and therapeutic. Several markers have
been used for the same purpose, but their limitations lead to the need to study
news resources to guide the patient management. Thus, its relevance has been
growing in the last years and several studies have been made in order to find more
about its value for medicine.

Objectives: This literature revision aims to assess the evolution of the PCO,
gap as a biomarker and its sensibility and effectiveness as a monitor of the
therapeutic and a provider of prognostic.

Methods: A research was conducted on Pubmed and Google Scholar and 47
articles were selected for this revision.

Results: PCO, gap showed to reflect the adequacy of microvascular
circulation. High PCO, gap is associated with lower percentages of small perfused
vessels, lower functional capillary density, high heterogeneity of microvascular
blood flow, lower lactate concentration and clearance. Also, a lower cardiac index,
increased administration of fluids and vasopressors and multiple organ failure were
seen in patients with elevated values of this marker. Regarding mortality, high PCO,
gap values revealed high 28 day-mortality and was correlated with other predictive
markers as MAP. Furthermore, PCO, gap revealed useful in other topics as
extubation, increasing its value in extubation failure. In cardiac patients PCO, gap
performed well as MPC predictor, being better than other markers used routinely.
In patients with bloodstream infection PCO, gap helps with the identification of
pathogens and predict outcomes.

Conclusion: PCO, gap has effectively a role as an adjuvant tool in therapeutic
and prognostic effectiveness. The majority of studies recommends its use in the
management of the patients, showing very positive outcomes in different
pathologies not only alone but with other markers. However, for being a recent

topic, with few studies carried out, more investigation is still needed.

Keywords: PCO, gap; carbon dioxide gap; shock; CO,; venous-to-arterial

carbon dioxide difference.



Abbreviations

APACHE Il - Acute Physiology And Chronic Health Evaluation Il
C.CO, - Arterial blood dioxide carbon content

CCO, - Dioxide carbon content

CO, - Dioxide carbon

C.CO, - Mixed venous dioxide carbon content

ICU - Intensive care unit

MAP - Mean arterial pressure

MPC - Major postoperative complications

0O, - Oxygen

PAC - Pulmonary artery catheter

PCO, gap - Carbon dioxide gap

PaCO, - Partial pressure of carbon dioxide in arterial blood
PvCO, - Partial pressure of carbon dioxide in central venous blood
ScvO, - Central venous oxygen saturation

SvO, - Mixed venous oxygen saturation

SOFA - Sequential Organ Failure Assessment

VCO, - Dioxide carbon production

VO, - Oxygen consumption
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Introduction

In recent years, the central venous-to-arterial carbon dioxide difference, or
only carbon dioxide gap (PCO, gap) has gained relevance as a measure of
assessment of several parameters.' The balance of dioxide carbon (CO,) production
by the tissues and its elimination through the lungs can be reflected by the
difference between the mixed venous content (C,CO,) and the arterial content
(C.CO,). This venous-arterial difference in CO, content (CCO,) can be estimated by
the following equation: APCO, = P,CO, - P,CO,, denominated PCO, gap and in
physiological conditions it ranges from 2 to 5 mmHg."* In a few words, it indicates
the difference between partial pressure of carbon dioxide in central venous blood
(PvCO,) and arterial blood (P,CO,).*

In critically ill patients, it is extremely important the assessment and
monitoring of the tissue perfusion to avoid organ disfunction or death. To avoid
this situation, it is made a preventive strategy as hemodynamic optimization based
on blood pressure, cardiac output and perfusion parameters, such as the lactate
and the central venous oxygen saturation (ScvO,). However, these markers have
limitations as the hemodynamic parameters and ScvO, does not ensure adequate
tissue perfusion and the mortality and organ failure are still high. Moreover, the
blood lactate concentration is not also a good marker of tissue hypoperfusion,
since an elevated value may be associated with adrenergic stimulation and surgical
stress. Due to this situation, with the aim to achieve better prognostic and
therapeutic the question of additional markers of tissue hypoperfusion as the PCO,
gap has been gaining relevance.*”

The recognition and use of PCO,gap as a marker of the correlation between
cardiac output and the global metabolic demand have been growing. Considering
that the final product of the aerobic metabolism is CO,, the venous CO, content,
and consequently the PCO, gap, will reflect the global tissue blood flow relative to
metabolic demand. This happens because it indicates whether blood flow is enough
to transport CO, from the peripheral tissue to the lungs to clear it. Thus, the PCO,
gapis being considered as a marker of the adequacy of the venous blood flow to
remove the CO, produced by the peripheral tissues.'*?®

This biomarker has become more popular in recent years as a resuscitation
end point mainly because CO, is more soluble than oxygen (0O,) in the blood. This
means than probably it is more capable to detect microcirculation dysfunction,

even in a heterogeneous or poor microcirculatory flow.°



There are several factors that, in stable conditions, determine the PCO,, for
instance the difference in venous-arterial CO, content, the CO, dissociation curve,
alveolar ventilation and cardiac output. The latter is considered as the highest
influence on the CO, gap. '? The partial pressure of CO, provides information about
the ventilation status and is affected by hypoventilation, hyperventilation and acid-
base status. In this manner, it is a more sensitive marker of hypoperfusion
compared to O,. Some authors have supported that the PCO, gap could be a
complementary tool to identify patients with persistent global hypoperfusion and
the cutoff value of 6 mmHg can be a guide to reflect if global flow is adequate or
insufficient. “1*"

The PCO, gap can be easily and expediently measured with a simultaneous
sampling of arterial blood and a sample of mixed venous blood from the distal of
a pulmonary artery catheter (PAC), but its usage is decreasing over the years and it
carry many risks for patients. However, it is also possible to measure with a central
venous catheter, being the best option for some patients.'?'?

The purpose of the present review is to understand the evolution of the PCO,
concept and its ability to provide a prognosis or to monitor the therapeutic

effectiveness of 02 deficit in the periphery.



Materials and methods

An online search was carried out in Pubmed and Google Scholar using the
following keywords combinations: “PCO,gap”, “carbon dioxide gap”, “shock”, “CO,”
and “venous-to-arterial carbon dioxide difference”.

For the inclusion criteria of this study were considered literature reviews,
randomized studies, case reviews, clinical trials, books, documents and guidelines
in the period between 2011 and 2021.

In addition, bibliographic sources cited in the selected articles were also
seen and the some of them added to the study considering their relevance for the
present review.

Furthermore, it was only selected articles written in English, Portuguese and
Spanish.

From a total of 2791 studies found using the mentioned keywords, 24 were
selected to this revision. The first articles were selected after reading the title and
abstract. Subsequently, after this first selection, the remaining articles chosen were
read in full and selected to integrate the study according to inclusion criteria and
their relevance to the topic.

Figure 1 shows inclusion/exclusion methodology of manuscripts.



Results

Janotka et al made a review, where the authors summarize the application
of some of these biochemical markers: mixed venous oxygen saturation (SvO,),
lactate, central venous-arterial carbon dioxide difference (PCO, gap) and PCO,
gap/arterial-to-venous oxygen difference (Ca-vO,) for hemodynamic assessment of
tissue perfusion. However, the interpretation of measured values requires an
understanding of complex physiological principles in the context of other
hemodynamic findings. It was demonstrated that venous content of CO, and PCO,
gap depends only on microvascular venous return and PCO, gap replicates venous
return from the capillary bed and the capability of the microcirculation. When there
is normal cardiac output and homogenous healthy capillary bed, all CO, production
is quickly washed out and venous-arterial PCO, gap is minimal. >

A global tissue hypoxia secondary to an imbalance between systemic oxygen
delivery and demand is the definition of shock. The presence of a global tissue
hypoxia due to systemic inflammatory response or circulatory failure is a
significant indicator of serious illness leading to multiple organ failure. It is the
development of organ failure that indicates the outcome of the septic patient. In a
post hoc study with 53 patients with severe sepsis, Van Beest et al demonstrated
that patients with persistently high PCO, gap were associated with an increased in-
hospital mortality at 24 hours after the start of treatment despite the normalization
of lactate levels. In addition, it was also demonstrated a weak relationship between
PCO, gap and cardiac index. '®

In 2013, a prospective and observational study was conducted with 85
patients with a new septic shock episode. They were classified in four groups based
on a predefined PCO, gap (higher or lower than 6mmHg) before the start of
resuscitation and after 6 hours. It was seen that patients who were in the
persistently high CO, gap group (> 6 mmHg before start of resuscitation and after
6 h) had an appreciably higher 28-day mortality and a considerably multiple organ
failure score at day 3 when compared with the patients with normal PCO, gap.'®

In a prospective observational study in 2014, Mallat et al investigated the
behavior of PCO, gap and its relationship to cardiac index, blood lactate
concentration and 28-day mortality during resuscitation in the early phase of septic
shock. The results demonstrated a strong relationship between PCO, gap and
cardiac index at the very early phase of resuscitation in septic shock: PCO, gap
correlated negatively with cardiac index. The monitorization of the PCO, gap from

the beginning of the resuscitation can be a valuable tool to assess the adequacy of



cardiac output in tissue perfusion. Normal values for both PCO, gap and ScvO,
during the early resuscitation period of septic shock seemed to be better than only
targeting a normal ScvO,. The two variables together resulted in a greater decrease
in lactate concentration. This one is independently associated with reduced 28-day
mortality.'”

Hernandez et al designed a prospective, observational clinical study with
septic shock patients with hyperlactatemia. The patients were followed until
hospital discharge. From the 84 patients, all of them had high lactate levels, 32
patients presented an elevated PCO, gap and 30 presented a capillary refill time
abnormal as baseline value. Lactate, PCO, gap and capillary refill time showed a
faster diminution from 0 to 6 h followed by a slower decay after that.'®

Kriswidyatomo et al in their study saw the difference of lactate concentration
in seven studies with 362 participants between the low and high gap groups. The
analysis demonstrated a significantly lower lactate in the low gap group related to
the high gap group.*

Vallé et al tested if in resuscitated septic shock patients PCO, gap can be a
valuable tool as index of tissue perfusion when the patients already have a ScvO,
goal value (>70%) reached. 50 patients with ScvO, >70% were divided in low PCO,
gap group (< 6mmHg) with 26 patients and high PCO, gap group (> 6mmHg) with
24 patients at time Oh. Measurements were registered every 6 hours over 12 hours
(TO, T6, T12). The low gap group patients had a significantly lower PCO, gap
comparing with patients of the high gap group (3.2 = 1.3 versus 8.9 + 2.6 mmHg,
P < 0.0001) at TO. PCO, gap was inversely correlated with cardiac index at TO, T6
and T12. The lactate clearance was larger for the low gap group than for the high
gap group.'

Septic shock remains associated with high mortality and has been associated
with microvascular alterations and these lead to the development of organ
dysfunction. In 2016, Ospina-Tascén et al demonstrated that during the early
phases of septic shock, PCO, gap can reflect the adequacy of microvascular
circulation with results of lower percentages of small perfused vessels, lower
functional capillary density and high heterogeneity of microvascular blood flow
being observed at higher PCO, gap.®

Kriswidyatomo et al developed a literature review to assess the prognostic
value of central venous-arterial carbon dioxide difference in septic shock.
According to the authors, PCO, gap could potentially be used as a marker

associated with mortality from septic shock. In addition, PCO, gap is significantly



associated with other predictive markers of mortality, such as Mean Arterial
Pressure (MAP) and lactate clearance. No association was found between PCO, gap
and intensive care unit (ICU) length of stay in this study. *

Ltaief et al performed a literature review on the physiological and
pathophysiological determinants of the venous-arterial difference in carbon
dioxide partial pressure (PCO, gap) and its implications for clinical assessment in
circulatory shock. The authors considered that the PCO,gap is a reliable indicator
of inadequate tissue perfusion, either as a result of an overall reduction in cardiac
output or microcirculatory abnormalities. However, this parameter does not track
dysoxia (also called hyperlactacidemia or cytopathic hypoxia) unless it is related to
stagnation of the mechanism. The assessment of the PCO, gap is easy, available,
and should be included in the assessment of circulatory shock.?

The PCO, gap may be a marker of cardiac output adequacy and the relation
between PCO, gap and cardiac output has been demonstrated by several
experimental and clinical setting. It has been demonstrated an inverse relationship
between both. In severe sepsis, the PCO, gap may be a marker of the adequacy of
cardiac output status. 7222

PCO2 gap has been suggested as a marker of interest in shock
resuscitation, due to its ability to predict adverse clinical outcomes and simplicity
of performance. According to Bitar et al PCO, gap has an important prognostic
value in severe sepsis and a high PCO, gap can identify situations in which
increased cardiac output is affected by fluid resuscitation. In a prospective
observational study, these authors investigated the relationship between PCO, gap,
cardiac index, serum lactate and the prognostic value on admission in relation to
fluid administration in the initial phases of resuscitation in sepsis. High PCO, gap
was associated with lower cardiac index, increased administration of fluids and
vasopressors on admission. Lower mean arterial pressure was also observed in
patients with high PCO, gap as higher lactate levels, indicating hypoperfusion. The
in-hospital mortality was higher in patients with high PCO, gap. This biomarker
may be a marker of the adequacy of cardiac output in severe sepsis and is an
important hemodynamic variable in the treatment of circulatory failure. In a shock
situation, a high PCO, gap value may suggest that an increase in cardiac output can
be attempted with volume replacement. Thus, an elevated PCO, gap value is
capable of identify situations in which increasing cardiac output can be attempted

with fluid resuscitation in severe sepsis.?*



Dobutamine is one of the first choices for septic shock patients with low
cardiac index or ongoing signs of tissue hypoperfusion in the presence of adequate
fluid resuscitation. Dobutamine’s purpose is the restoration of an appropriate
cardiac index to provide adequate oxygen supply in these patients. So, in 2013,
Mallat et al made a study to assess the time course of the PCO, gap as an index of
the carbon dioxide production / cardiac index ratio in stable septic shock patients
receiving incremental doses of dobutamine. PCO, gap decreased expressively
between 0 and 10 ug/kg/min of dobutamine, but remained unchanged from 10 to
15 pg/kg/min. Time course of PCO, gap was linked therefore to the biphasic
changes of oxygen consumption (VO,) and CO, production (VCQO,), seeing this
biomarker as a good of the change of VCO, induced by dobutamine.?

In a multicentric, prospective and observational study, Mallat et al evaluated
the ability of central venous-to-arterial carbon dioxide difference (PCO, gap),
central venous oxygen saturation, and the combination of these two parameters to
identify extubation failure in critically ill patients. They were measured in two times:
immediately before spontaneous breathing trials and at 1 hour after spontaneous
breathing trials initiation. The patients were divided in two groups: the successful
group with extubation after successful spontaneous breathing trials and the failure
group where the extubation failure was defined as the need for mechanical
ventilation within 48 hours. Seventy-five patients were registered, and extubation
failure was noticed in 18 (24%) patients. PCO, gap value increased in the extubation
failure group and decreased in the success group.

Al Duhailib et al performed a systematic review and meta-analysis with 21
studies to assess the association between a high CO2 gap and mortality in critically
ill patients from medical, surgical and cardiovascular ICUs with circulatory shock.
Al Dubailib et al showed that a high PCO, gap can be a strong predictor of mortality
in cardiogenic shock. High PCO, gap was related to increased 28-day or in-hospital
mortality in surgical and medical population. In cardiovascular population that
correlation was not found. High lactate levels and lower cardiac index were also
associated with higher PCO, gap values in this study. Beyond this, an increased
PCO, gap was not associated with ICU length of stay, hospital length of stay,
requirement for a replacement therapy and longer mechanical ventilation duration
in the ICU. There were also no differences in vasopressor or inotropic support
requirements between the high and low CO, gap groups.*®

In a cardiac surgery with cardiopulmonary bypass, rapid identification and

treatment of tissue hypoxia may reduce organ failure. In 2019, the ability of PCO,



gap, blood lactate concentration and central venous oxygen saturation measured
2 hours after admission to the ICU was evaluated as a predictor of major
postoperative complications (MPC). MPC are a composite of major cardiac and
noncardiac complications occurring in the 48 hours after the intervention day such
as acute respiratory failure, hemodynamic failure, cardiogenic and hemorrhagic
shock, acute kidney injury, neurological failure, mesenteric infarction, revision
surgery and death. 56.5% of 308 patients analyzed had MPC after cardiac surgery
with cardiopulmonary bypass and the PCO, gap was the only dysoxia biomarker
associated with higher occurrence of MPC with limited performance. Additionally,
PCO, gap also performed better as MPC predictor than lactate and ScvO, which are
used routinely in the clinical setting.?”

However, in another study, Guinot et al search an association between
increased PCO, gap following cardiac surgery with cardiopulmonary bypass and
postoperative morbidity and mortality. In a population of 393 patients, 238 (61%)
developed one or more complications. It was observed a higher arterial blood
lactate levels and the ScvO, was lower in this group of patients with complications.
PCO, gap was weakly associated with these tissue perfusion markers. Furthermore,
PCO, gap did not demonstrate a noteworthy difference between the patients with
and without complications.?® In another study, a high PCO, gap did not predict post-
operative complications after cardiac surgery. Due to the sudden variation of the
parameters that interferes with tissue perfusion, PCO, gap is difficult to interpret
in a cardiac surgery.®

A bloodstream infection is common systemic infection in ICU. They are a
bridge to circulation disorders, associated with poor outcomes. In 2020, Wang et
al, considering PCO, gap as a biomarker for circulation disorders, made a study to
investigate the association of this biomarker with adverse events in bloodstream
infection patients. The PCO, gap was positively correlated with white blood cell
count, procalcitonin, C-reactive protein, lactate, Sequential Organ Failure
Assessment and Acute Physiology And Chronic Health Evaluation Il score. It was
negatively correlated with central venous oxygen saturation and platelet. Patients
with PCO,gap > 6mmHg had a worse prognosis than those without. PCO, gap was
also an independent predictor of 28-day mortality in this group of patients. In
addition, patients with PCO, gap >6mmHg were more likely to have poor outcomes.
The use of this biomarker as a prognostic marker provides valuable information

for risk stratification.?®



Discussion

The target of the current review is to understand the evolution of the PCO,
concept and its ability to provide a prognosis or to monitor the therapeutic
effectiveness of 02 deficit in the periphery.

PCO, gap is defined as the difference between partial pressure of carbon
dioxide in arterial and venous blood. It is proportional to CO, production in tissues
and inversely related to cardiac output. It reflects the venous blood flow and the
efficiency of the microcirculation. The venous PCO, gap depends on circulatory flow
and arterial PCO, gap depends on pulmonary gas exchange. Hence, a decreased
flow will increase the difference between these two variables. In the presence of
normal condition, with normal cardiac output and homogeneous healthy capillary
bed, the PCO, gap is minimal because all CO, produced was quickly washed out.
The cut-off PCO, gap value that implies an inadequate cardiac output is > 6 mmHg
and in that case, increase the cardiac output can be the therapeutic option to
normalize PCO, gap.>'>?*

The hallmarks of shock are ischemia and tissue hypoxia due to
microcirculatory and microcirculatory failure. The biochemical markers for
microcirculatory most used are lactate and central venous oxygen saturation.
However, the monitoring of microcirculation is still elusive because the mortality
from shock is still high, despite the interventions aiming to normalize these
variables. In consequence PCO, gap is gaining relevance as a new marker of
microcirculatory.®

The distributive changes on microcirculatory level in patients with severe
sepsis may be independent of cardiac output because on a regional level can
happen in sepsis despite adequate cardiac output. In a population with sepsis (N =
53), van Beest observed a weak inverse logarithmic relation between PCO, gap and
global blood flow (cardiac index). In another study (N = 83) was found a strong
inverse correlation between PCO, gap and cardiac index. In this study the patients
studied were a group with various diagnosis.? Various studies had also described
an inverse relationship between PCO, gap and cardiac index in patients with
sepsis.'>'719202431 These studies are in agreement with physiological theories as the
modified Flick equation that affirms PCO, gap should be inversely correlated with
cardiac output and the relationship between these two variables depends on the
level of CO, production (VCO,). The CO, stagnation leads to an increase of PCO,gap

following cardiac output reduction because of the transit time is slower than



normal. Thus, there is an inadequate washout of CO, provoking a low flow state
with failure in oxygen delivery to tissues and CO,increased in venous blood.'5

In distributive shock the correlation between PCO, and cardiac output is
weak due to the decreased functional capillary density, presenting different areas
with good and bad perfusion. This situation can provoke an elevation of venous
CO, content and, consequently, PCO, gap despite normal or high cardiac output.®

In patients with septic shock, a continuous elevated PCO, gap has been
shown to be associated with worse prognosis.>® In Ospina-Tascon et al study, septic
shock patients with persistent high PCO, gap developed more multiorgan
disfunction at day 3 than patients with a normal value of PCO, gap during the first
6 hours of resuscitation or even those who changed from high to normal PCO, gap
value. Moreover, a persistent high PCO, gap value was allied with a lesser survival
at day 28. Additionally, central venous oxygen saturation (ScvO,) was also
measured in these patients and observed that patients in septic shock achieving
Scv02 > 70% or mixed venous oxygen saturation (SvO,) > 65% had worse outcomes
when a simultaneous high PCO, gap is present.”® Other observations have
suggested that PCO, gap could recognize septic patients who still are ineffectively
resuscitated despite achieving ScvO, goals being consistent with the study.* In
patients with low ScvO,, an increased PCO, gap indicates the contribution of low
cardiac output, and measuring PCO, gap could help in accelerating therapies aimed
at improving cardiac output, as opposed to the SaO, or hemoglobin concentration.
When ScvO, is high (70%), the continuous increase in PCO, gap is responsible for
the remaining impaired perfusion. Thus, the data corroborates the idea that PCO,
gap can provide additional information to oxygen and hemodynamic parameters
that are usually used during resuscitation of septic shock, offering additional help
to make decisions about fluids and inotropes. However, the underlying
mechanisms that explicate increases in PCO, gap during septic shock are
incompletely understood and further studies are needed to confirm this
hypothesis. '®'7

The interpretation of high lactate levels in sepsis is very difficult, being even
more in septic shock as anaerobic metabolism, non-anaerobic and slow clearance
leads to lactate accumulation.'® Increased levels of lactate are correlated with
circulatory disfunction. The lactate clearance is the decrease of lactate after the
treatment compared to initial lactate level occurring after successful resuscitation
indicating sufficient tissue perfusion.*** Several studies demonstrated a

persistently high PCO, gap associated with high lactate levels and slower lactate

10



clearance during the first 6 hours of resuscitation. A high PCO, gap can indicate a
decrease in global or microvascular blood flow leading to slow clearance lactate.
Low PCO, gap values were expressively correlated with lower lactate levels when
evaluated 6 hours after resuscitation. This suggests that low PCO, gap is a potential
marker for survival that could be used together with lactate. It is also important the
fact that perfusion-related variables have clearly distinctive normalization rates in
septic shock patients. Lactate and PCO, gap exhibited a response characterized by
two phases: the first with a faster improvement followed by the second phase with
a slower tendency. This normalization ratio can help to decide the most adequate
criteria to stop resuscitation in the right time and prevent over-resuscitation. “'®
1820 Nonetheless, the persistence of anaerobic metabolism could also present a high
PCO, gap as proposed by Mekontso-Dessap et al. ** But, Ospina-Tascon et al affirm
that even in the presence of anaerobic metabolism it is possible to have a high
efferent venous blood flow that can wash out the CO, generation from the
hypoperfused peripheral tissues. So, in this situation, PCO, gap would not increase.
Indeed, they observed hypoperfusion in some patients of their study with normal
oxygen parameters, global hemodynamics and PCO, gap. So, it was concluded that
PCO, gap is not a marker of tissue hypoxia that can be given by parameters as
lactates. PCO, gap is a marker of the adequacy of blood flow to eliminate tissue
CO,. *

During the early phases of resuscitation of septic shock PCO, gap is closely
related to microcirculatory blood flow. In septic shock, microcirculatory
dysfunction is a generalized phenomenon that consists in the decreasing of
functional capillary density associated with the increased heterogeneity of blood
flow presenting zones with well-perfused vessels close to non-perfused capillaries.
This seems to trigger the development of organ disfunction as the capillary blood
flow lead cellular stress and hypoxia-inducible gene expression. Actually, according
to De Backer et all, comparing with global hemodynamics parameters,
microcirculatory alterations are stronger determinants of outcomes, with
progressive increase in the risk of death. In a population of 75 patients, Ospina-
Tascon showed an independent correlation between PCO, gap and the percentage
of small cell perfused and, consequently with functional capillary density. In sepsis,
the increase in the heterogeneity of microcirculatory blood flow with a consequent
reduction in the functional capillary density can be liable for altered oxygen
extraction abilities. Indeed, this heterogeneous flow ablation of individual

capillaries can be an important factor determining the oxygen supply dependence
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phenomenon during sepsis and with PCO, gap variations it is possible to track this
heterogeneity of microvascular blood flow as observed in the study.?*

The reestablishment of the mean arterial pressure (MAP) is a very important
initial step for resuscitation and is a goal to restore end-organ perfusion. To
guarantee an adequate perfusion, it is essential a sufficient oxygen delivery to the
demands of O, consumptions and PCO, gap can provide information about the
adequacy of tissue O, perfusion. In septic shock, increase MAP above 65 mmHg
improves microcirculatory function and the PCO, gap value. The maintenance of a
sufficient MAP is crucial to not develop hypoperfusion and is the secret in the
management of distributive shock. Instead, due the lack of correlation between the
PCO, gap and MAP after 6 hours of resuscitation, PCO, gap can possibly be used as
a trustworthy prediction for adequacy of tissue O, supply and requirements in
shock patients if measured after early resuscitation.*

According to Mallat et all, dobutamine infusion up to 15 ug/kg/min did not
result in a dose-dependent diminution in PCO, gap despite a dose-related increase
in cardia index and oxygen delivery. Dobutamine is the first-choice therapy
recommended in order to increase cardiac index when there are signs of
hypoperfusion next hypovolemia has been excluded and mean arterial pressure
has been achieved. In a population of 22 patients with stable septic shock with no
signs of anaerobic metabolism, the change in PCO, gap (as an index of CO,
production/ cardiac index ratio) was interpreted with the change in the cardiac
index and CO, production. When dobutamine ratio was increased from 0 to 10
Ig/kg/min, it was observed a linear cardiac index increasement that resulted in a
low PCO, gap, even with a slight increase of CO, production that is explained by the
higher increase of cardiac index that permitted the elimination of both stagnated
and newly created CO,. In another study, Teboul et al investigate the effects of
incremental doses of dobutamine on time course of PCO,gap in ten stable patients
with chronic heart failure. From the same doses of dobutamine (0 to 10 Ig/kg/min),
it also was observed a decrease in PCO, gap correlated linearly with the increase of
cardiac index. On the other side, the CO, production remained constant.*® When
dobutamine ratio was increased from 10 to 15 Ig/kg/min, PCO, gap remained
practically constant despite the continued increase of the cardiac index. The CO,
production was not constant in this study, increasing appreciably when
dobutamine was increased from 10 to 15 lg/kg/min in the same scale as cardiac
index. This can probably explain why PCO, gap remained unchanged or slightly

increased. Also, the increase of oxygen consumption with these doses of
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dobutamine balances the increase of cardiac index, explaining the absence of any
improvement in ScvO, and oxygen extraction. Also, Teboul et al found similar
results in their study.?*¢

The PCO, gap demonstrated a good performance to predict extubation
failure. The combination analysis of PCO,gap and Scvo, together is better to detect
the failure, and these two markers are independent predictors of extubation failure.
In the transition from mechanical ventilation to spontaneous ventilation there is an
increase in oxygen consumption of the respiratory muscles caused by the
breathing. As stated in Fick equation applied to CO,, PCO, gap is determined by
the cardiac output and tissues CO, production. The adequacy of venous blood flow
in the process of washing out the CO, created in the peripheric tissue has been
indicated by PCO, gap. Despite the good results, this multicenter, prospective and
observational study, with a population of 75 critical ill, is the first study that
explored this topic and showed PCO, gap as a good marker for predicting
extubation failure. So, future studies are needed to discuss these results. 29202

Al Duhailib et al in their systematic review and meta-analysis showed that in
critical ill patients with circulatory shock high PCO, gap was related to increased
mortality only in medical and surgical ICUs. That relation was not observed in the
cardiovascular patients. Another systematic review studied this topic in patients
with severe sepsis and septic shock and also demonstrated an association between
high PCO, gap and 28-day or in-hospital mortality.>” So, Al Duhailib et al added to
the preview evidence demonstrating that is this marker is associated with increased
mortality odds only in medical and surgical populations, but not in cardiovascular
patients. This evidence can be related with overall lower mortality in in this
population. The development in surgical techniques and meticulous patient
selection processes resulted in a very low mortality in cardiac surgery rate (3.4-
6.5%).3¢ On the other hand, high mortality rates (> 46%) were seen in septic shock
patients in the surgical and medical ICUs associated with critical microvascular
dysfunction. 2°3°

According to Moussa et al, after a cardiac surgery with cardiopulmonary
PCO, gap was independently associated with MPC. This was showed in a population
of 308 cardiac patient. In another study, PCO, gap was measured 30 minutes after
ICU admission in 30 patients and it was found an appreciably increased PCO, gap
in 52% of patients who suffered postoperative complications. In addition, an
abnormally high PCO, gap value was related to a higher rate of postoperative

complications as cardiac arrhythmias, prolonged mechanical ventilation,

13



inadequate cardiac performance, increased creatinine and jaundice.® Also in
pediatric population, high PCO, gap predicted poor outcomes and mortality after
cardiac surgery in this age group.*' In contrast, others studies as Guinot et al and
Morel et al have showed different opposite results with a weakly association
between PCO, gap, tissue perfusion markers and without association with
postoperative complications after cardiac surgery. But it is important to refer that
these authors studied their populations based on the theoretical PCO,gap value of
6 mmHg, dividing their patients according to this value and then compared both
subgroups using only one variable analysis without any adjustment for
confounders. The predefined PCO, gap value of 6 mmHg was formerly reported in
experimental studies and revealed to be related with outcome in high-risk
noncardiac surgery and shock patients but, it may be not the most adequate in
cardiac surgery patients. Also, the difference in MPC definitions, the time of
sampling, and patient management, mainly targeted temperatures during
cardiopulmonary bypass, are valuable points that can justify these
differences. 2829344243

In patients with bloodstream infection, at the time of blood culture,
increased PCO, gap (> 6 mmHg) was found to be independently related with 28-
day mortality. The study of Wang et al presented a 28-day mortality of 34.9%, being
a higher value comparing with other study with 15.2%. However, the first study also
had an older population, what is a risk factor for poor prognosis, and more severe
patients with higher Sequential Organ Failure Assessment (SOFA) and Acute
Physiology And Chronic Health Evaluation Il (APACHE I1l) which can probably
influence the results. Bloodstream infections are caused by different pathogen and
that influences the mortality rate. Procalcitonin has an important diagnostic value
in bloodstream infection and it helps with the identification of the pathogen and
the therapeutic choices. PCO, gap revealed a considerably association, proposing
that PCO, gap may help in the identification of pathogens and, consequently,
predict outcomes. The fact that there was found more Gram-negative bacteria
infection in patients with high levels of PCO, gap corroborates the previous
sentence. Wang et al also showed a good correlation between PCO, gap and C-
reactive protein which has an important role in the diagnosis and prognosis of
bloodstream infection. The good relation evidenced between PCO, gap and Scvo,
and lactate is also important as these last two markers are helpful guides in early
fluid resuscitation and can predict the prognosis of sepsis and, as cited by other

authors, the three markers are important indicators for treatment and prognosis
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of that critical condition. At least, when PCO, gap > 6mmHg, the use of

vasopressor, mechanical ventilation and continuous renal replacement therapy

were expressively more comparing with lower values, suggesting that this marker

can indicate the disease gravity of the patient 30334447

Key Learning Point:

PCO, gap reflects the adequacy of microvascular circulation and high values
are associated with lower percentages of small perfused vessels, lower
functional capillary density and high heterogeneity of microvascular blood
flow.2°

PCO, gap is a marker of the adequacy of blood flow to eliminate tissue CO,.
416

PCO, gap is inversely correlated with cardiac output and the relationship
between these two variables depends on the level of CO, production.'®'%%

In shock patients, PCO, gap is a great predictor of the microvascular blood
flow maldistribution and can possibly be used as a trustworthy prediction
for adequacy of tissue O, supply and requirements if measured after early
resuscitation.**3

In patients with septic shock, PCO, gap is a potential marker for forming a
prognosis and is associated with microcirculation disfunctions and a
continuous elevated PCO, gap has been shown to be associated with worse
prognosis and more multiorgan disfunction. Thus, in these patients, PCO,
gap might identify a high risk of death *'62°

In septic shock patients PCO, gap provides additional information to oxygen
and hemodynamic parameters that are usually used during resuscitation of
septic shock, offering additional help to make decisions about fluids and
inotropes. '%'7

PCO, gap is a potential marker for establishing prognosis for septic shock
patients and a continuous elevated PCO, gap has been shown to be
associated with worse prognosis.>®'>"°

Higher mortality rate is associated with a PCO, gap higher than 6 mmHg.*

High PCO, gap is associated with slower lactate clearance.*'®"
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e Monitoring PCO, gap can be a useful tool to assess the adequacy of oxygen
supply versus oxygen demand and, therefore, may help to guide therapy
with dobutamine in stable septic shock patients.*

e High PCO, gap value (> 6 mmHg) can be a valuable biomarker to identify
patients who still remain inefficiently resuscitated despite a ScvO2 > 70%.'

e PCO, gap is a helpful marker for prediction of extubation outcomes. The
predictability of both PCO, gap and Scvo, is excellent and better than using
the markers individually.?®

e High PCO, gap is related with increased odds of 28-day and hospital
mortality in medical and surgical ICU patients with shock.®

e High PCO, gap was related with postoperative complications in cardiac
surgery with cardiopulmonary bypass.?”#%4!

e In patients with bloodstream infection, PCO, gap can be a precious

biomarker to assessment of 28-day mortality.>°

Conclusion

Effectively, nowadays PCO, gap has been reaching an important role as a
biomarker to guide the therapeutic and to predict the prognosis of the patients.
Several studies that have been made showed very good results, considering it a
useful tool in many pathologies.

Furthermore, the current trend shows an increase in the use of PCO, gap in
critical ill patients as it is associated with microcirculation disfunctions and a
continuous elevated PCO, gap has been demonstrated to be associated with worse
prognosis and more multiorgan disfunction. Also, an elevated PCO2 gap value is
being associated with higher risk of death and higher lactate levels with slower
lactate clearance.

However, due to the fact that it is a recent marker, future studies are still
necessary in order to have a larger sample of results that would allow to

demonstrate its therapeutic and prognostic efficacy with robustness.
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