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ORIGINAL

Central venous-to-arterial carbon dioxide
difference: an additional target
for goal-directed therapy in septic shock?

Abstract Objective: To test the
hypothesis that, in resuscitated septic
shock patients, central venous-to-
arterial carbon dioxide difference
[P(cv-a)CO,] may serve as a global
index of tissue perfusion when the
central venous oxygen saturation
(ScvO,) goal value has already been
reached. Design: Prospective
observational study. Setting: A
22-bed intensive care unit (ICU).
Patients:  After early resuscitation
in the emergency unit, 50 consecutive
septic shock patients with

ScvO, > 70% were included imme-
diately after their admission into the
ICU (TO). Patients were separated in
Low P(cv-a)CO, group (Low gap;

n = 26) and High P(cv-a)CO, group
(High gap; n = 24) according to a
threshold of 6 mmHg at TO. Mea-
surements: Measurements were
performed every 6 h over 12 h (TO,
T6, T12). Results: At TO, there was
a significant difference between Low
gap patients and High gap patients for
cardiac index (CI) (4.3 &= 1.6 vs.

Introduction

The early haemodynamic management of septic shock
patients has recently been codified [1]. Rivers et al. show
that an early optimisation (within the very first 6 h of
treatment) targeting central venous oxygen saturation
(ScvO,) and general haemodynamic parameters improved
outcome in septic shock [2]. At the onset of septic shock,

2.7 & 0.8 /min/m*, P < 0.0001) but
not for ScvO, values (78 £ 5 vs.

75 £ 5%, P = 0.07). From TO to
T12, the clearance of lactate was
significantly larger for the Low gap
group than for the High gap group
(P < 0.05) as well as the decrease of
SOFA score at T24 (P < 0.01). At
TO, T6 and T12, CI and P(cv-a)CO,
values were inversely correlated

(P < 0.0001). Conclusion: 1In ICU-
resuscitated patients, targeting only
ScvO, may not be sufficient to guide
therapy. When the 70% ScvO, goal-
value is reached, the presence of a
P(cv-a)CO, larger than 6 mmHg
might be a useful tool to identify
patients who still remain inadequately
resuscitated.

Keywords Venous CO, - ScvO, -
Lactate - Septic shock -
Goal-directed therapy - Cardiac index

ScvO, appears to be a strong indicator of the balance
between O, demand and supply. In ICU-resuscitated

patients however, ScvO, or mixed venous oxygen satu-
ration (SvO,) [3, 4], is often larger than 70% in spite of
evidence of abnormal tissue oxygenation. This oxygen
extraction defects might be related to severe microcircu-
latory disorders [5] and/or mitochondrial damage and/or
impairment of cellular respiration [6] resulting in most of
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the cases in elevated ScvO, or SvO, values [7, 8]. After
early resuscitation, ScvO, may therefore not be sufficient
to guide titration of fluid loading and vasopressor therapy.

Several studies have already shown that venous-to-
arterial carbon dioxide difference, calculated with mixed
venous blood sample [P(v-a)CO,], and cardiac index (CI)
are inversely correlated in case of non-septic [9-11] and
septic circulatory failure [12-14]. Vallet et al. [15]
emphasized on the importance of blood flow in the
increased venous-to-arterial carbon dioxide tension dif-
ference in a canine model of isolated limb. Neviere et al.
[16] confirmed that increased P(v-a)CO, was mainly
related to the decrease in cardiac output as P(v-a)CO, was
increased in ischemic hypoxia but not in hypoxic hypoxia
for the same degree of O, supply-dependency. In a recent
review Lamia et al. [17] stated that P(v-a)CO, could be
considered as a marker of adequacy of venous blood flow
to remove the total CO, produced by the peripheral tis-
sues. Interestingly, Cushieri et al. [18] found an inverse
correlation between central venous-to-arterial carbon
dioxide tension difference P(cv-a)CO, and CI values
suggesting that a simple central venous blood sample
instead of a pulmonary arterial blood sample was to be
considered for this purpose.

The major aim of this study was therefore to test in
ICU-resuscitated septic patients the hypothesis recently
published by Vallet et al. [19] that the P(cv-a)CO, value
could be used as a reflection of inappropriate tissue per-
fusion when a ScvO, larger than 70% has already been
reached. A second aim was to confirm whether P(cv-
a)CO, was inversely correlated to CL.

Materials and methods
Setting and eligibility

The study was a prospective observational case series of
adult patients. The study was conducted in a 22-bed ICU of
a University Hospital. All new admitted patients in this
ICU, coming from the emergency unit, with the following
criteria were screened for the study: (1) septic shock defined
by the criteria of the American College of Chest Physicians/
Society of Critical Care Medicine Consensus Conference
[1]; (2) patients intubated and mechanically ventilated; (3)
hyperlactatemia > 2 mmol/l; (4) ScvO, > 70%; (5)
age > 18 years and absence of pregnancy.

Patient management in emergency and intensive care
units

From diagnosis in the emergency unit to the first 24 h
hospitalisation in the ICU, study patients were resusci-
tated to reach the following goals as recommended by the

international guidelines for septic shock [1]: (1) mean
arterial pressure (MAP) > 65 mmHg and diastolic arte-
rial pressure (DAP) > 40 mmHg; (2) ScvO, > 70%; (3)
urine output > 0.5 ml/kg/h; (4) normalisation of serum
lactate.

Our standard septic shock resuscitation treatment was
administrated in sequence until the following goals were
reached:

1. Diagnosis of septic shock with lactate measurement
followed by 30-40 ml/kg crystalloid fluid loading over
1 h (500 ml/10 min).

2. Norepinephrine titrated to obtain a MAP > 65 mmHg
and a DAP > 40 mmHg.

3. ScvO, measurement: fluid loading of 500 ml crystal-
loid and/or colloid every 10 min until ScvO, reached a
value >70%.

4. Blood transfusion if ScvO, remained <70% and
Ht < 30%.

5. Dobutamine at a dose of Smcg/kg/min if Ht > 30%
and ScvO, < 70%.

6. After 6 h when lactate level remained higher than
2 mmol/l: cardiac output was measured by a Pulse
Indexed Continuous Cardiac Output (PiCCo) monitor
(Pulsion, Medical Systems AG, Munich, Germany) in
order to optimise oxygen delivery (DO,) and reach an
ScvO, > 70%: successive colloid “fluid challenge” of
500 ml over 15 min until CI variation during the
challenge became less than 15%, transfusion if
Ht < 30% and ScvO, < 70%, dobutamine if ScvO,
remained lower than 70%.

7. If ScvO, remained lower than 70% after this DO,
optimisation, attempts to lower oxygen consumption
were instituted (fever control and/or mechanical ven-
tilation after tracheal intubation and/or increase in
sedation and/or pain medication).

Others procedures within the first 24 h

1. After bacterial samples, eradication of any septic focus
with early large probabilistic antibiotics and surgery
when needed.

2. Prescription of low dose hydrocortisone if patients
were treated by norepinephrine for more than 6 h as
recommended [20].

3. Prescription of drotrecogin alpha activated (Xigris®)
as recommended [21].

Study protocol

The protocol was approved by the ethics committee of
our institution for human subjects. Consent was waived
as no therapeutic intervention was required and all



measurements were routinely required in septic shock
patients. The time of inclusion (TO) and study enrolment
was considered as the time at which the PiCCo moni-
toring was started after ICU admission. The transit time
in the emergency room between diagnosis of septic
shock and enrolment in ICU was registered.

MAP, HR, CI, Sa0O,, ScvO,, O, extraction ratio
(ERO, = (Sa0, — Scv0,)/Sa0,), P(cv-a)CO, and serum
lactate were measured at 0, 6 and 12 h after inclusion (TO,
T6, T12).

After inclusion, patients with persistent hyperlactat-
emia, despite early haemodynamic optimisation and
sedation with intubation and mechanical ventilation, were
separated into two groups according to the initial (TO)
value of P(cv-a)CO,. Patients with a P(cv-a)CO, <
6 mmHg were considered as belonging to the Low gap
group; those with a P(cv-a)CO, > 6 mmHg were con-
sidered as belonging to the High gap group. The cut off
value of 6 mmHg was chosen according to previous
studies [13, 22]. There was no therapeutic recommenda-
tion guided by the P(cv-a)CO, value. Treatment was
strictly targeted to lower the high lactate while keeping
the ScvO, > 70%.

Patients of both groups were compared for age, diag-
nosis, SAPS 2, APACHE 2, SOFA score, biomarkers,
treatment received at time of inclusion (T0), SOFA score at
T24 and mortality at day 28. Patients of the Low gap group
and the High gap group were compared for all haemody-
namic parameters, biomarkers and lactate concentration at
each time: TO, T6 and T12. At each different time, corre-
lations between CI and P(cv-a)CO,, lactate concentration
and P(cv-a)CQO,, and CI and ScvO, were evaluated.

Haemodynamic and metabolic measurements

MAP and SaO, were continuously measured using an
arterial catheter and pulse oximetry. Lactate blood con-
centration was determined after arterial sampling. Central
venous oxygen saturation was obtained from a sample
taken from the central venous line in the superior vena
cava (position verified by X-ray, the tip of catheter being
superimposed on the 4th right intercostal space, just
above the azygos cross). Cardiac index (I/min/m?) was
obtained with the PiCCo monitor by averaging of three
transpulmonary thermodilution measurements made with
cold saline solution (15 ml). P(cv-a)CO, was calculated
as the difference between PcvCO, and PaCO, respec-
tively obtained from central venous blood and arterial
blood samples.

Statistical analysis

For comparison between Low gap group and High gap
group we used 2-way ANOVA for time-course of MAP,

ScvO,, P(cv-a)CO,, CI, lactate over TO, T6 and T12, and
for SOFA score between TO and T24. If there was a
significant interaction between groups and time Student’s
T-tests were performed. Data were expressed as
mean = standard deviation (SD). A P-value < 0.05 was
considered statistically significant. Correlations between
CI, P(cv-a)CO,, ScvO, and lactate concentration were
assessed using the Spearman test. Statistical analysis was
performed by the Statview 5.0 software.

Results
Patients (Table 1)

From April 2006 to May 2007, 56 new septic shock
patients who were admitted in the ICU and who had been
previously resuscitated in the emergency unit were con-
sidered eligible. At the time of ICU admission, all patients
had a blood lactate level above 2 mmol/l and thus required
cardiac output monitoring (cf Methods). Six patients
(11%) were excluded because their ScvO, at TO was lower
than 70% (64 £ 5%). At TO, all these six patients had a
P(cv-a) CO, larger than 6 mmHg (11.0 £ 5.7 mmHg) and
a CI of 2.6 & 1.0 I/min/m*. Three of them survived.

A total of 50 patients were therefore finally included
in this descriptive study. The mean time between septic
shock diagnosis in the emergency unit and enrolment
in the study was 8.0 £ 4.5 h. At TO, 26 patients had a
P(cv-a) CO, less than 6 mmHg (Low gap group), and 24
had a P(cv-a) CO, larger than 6 mmHg (High gap
group). There was no significant difference between the
two groups for age, gender, APACHE II, SAPS II, SOFA
score, time between diagnosis and enrolment and treat-
ment received at TO (Table 1). Eighty-eight percent of
the patients (44/50) received norepinephrine and 18%
(9/50) dobutamine with no difference between groups
regarding the number of patients treated and the mean
infusion rate.

From TO to T24, the decrease in SOFA score was
significantly larger for Low gap patients than for High gap
patients: —8% [— 30, +20] versus +10.3% [— 20, 4+50];
P = 0.005. At T24, the Low gap patients had a signifi-
cantly lower SOFA score than the High gap patients:
11.8 & 3.7 versus 14.6 £ 3.4; P <0.01 (Fig. 1). Mor-
tality rate at D28 for all patients was 44% (22/50): 34%
(9/26) for Low gap group and 54% (13/24) for High gap
group; P = 0.16.

Initial data (Table 1)
At TO, Low gap group patients had a significantly lower

P(cv-a)CO, than patients of the High gap group:
3.2 &+ 1.3 versus 8.9 + 2.6 mmHg, P < 0.0001.



Table 1 Characteristics of
patients at TO

All patients ~ Low gap group High gap group P value
4)

(n = 50) (n = 26) n=
Age (years) 54 £ 17 51 £ 13 55 £ 20 0.53
Gender: male (%) 30 (60) 16 (62) 14 (58) 0.45
Weight (kg) 73 £ 18 74 £ 21 71 £ 16 0.65
Time between diagnosis and enrolment (h) 8 & 4.5 83+ 45 7.6 +4.6 0.62
APACHE 11 224+9 22 +£7 23 + 13 0.68
SOFA 13+4 13+4 13£5 0.95
SAPS 11 61 £ 16 62 + 17 61 £ 14 0.87
Temperature (°C) 37.5 £ 0.8 373 £ 0.7 37.7 £ 0.7 0.69
Diagnosis n (%)
Pneumonia 14 (28) 9 (34) 5 (21) 0.28
Peritonitis 16 (32) 8 (31) 8 (33) 0.85
Urosepsis 4 (8) 14 3(13) 0.26
Others 16 (32) 8 (31) 8 (33) 0.85
Culture positive n (%) 29 (58) 15 (58) 14 (58) 0.96
Antibiotics given in TO n (%) 50 (100) 26 (100) 24 (100) 1
Antibiotics adequate n (%) 46 (92) 24 (92) 22 (92) 0.93
Cathecholamine n (mcg/kg/min)
Norepinephrine n (mcg/kg/min) 44 23 (04 £0.7) 21 (0.54+0.8) 0.52

0.4 £ 0.8)

Dobutamine n (mcg/kg/min) 9(69+31) 5(72+£28) 46337 0.61
Other therapy n (%)
Activated protein C 8 (16) 4 (15) 4 (17) 0.9
Hydrocortisone substitution 26 (52) 14 (54) 12 (50) 0.78
CVVHDF 8 (16) 5(19) 3(12) 0.51
Haemodynamic parameters
MAP (mmHg) 69 + 12 70 £ 14 68 + 10 0.5
Cardiac index (I/min/m?) 35+ 1.5 43+ 1.6 2.7+ 0.6 <0.0001
Heart rate (beats/min) 101 £+ 24 100 £+ 19 103 £+ 22 0.35
Biologic parameters
Lactate (mmol/l) 6.5+ 4 56 +36 75 +3.7 0.07
ScvO, (%) 77+£5 78 L5 5+£5 0.07
ERO, (%) 19 £8 17+ 9 21+ 6 0.05
P(cv-a) CO, (mmHg) 59 +£35 32+13 8.9+ 126 <0.0001
Hb (g/dl) 10.5 £ 2 10.6 £ 2 10.7 £ 1.8 0.84
Sa0, (%) 96 £ 5 95 +7 96 + 3 0.43
PaO,/FiO, (mmHg) 186 £+ 62 174 + 58 202 + 60 0.12
PaCO, (mmHg) 36 £ 7 38+9 36 £6 0.37
Arterial (pH) 7.29 £ 0.09 7.29 £ 0.07 7.28 + 0.1 0.41

Emergency transit time time between diagnosis of septic shock in emergency unit and ICU admission;
APACHE Acute Physiology and Chronic Health Evaluation; SOFA Sepsis-related Organ Failure
Assessment; /GS Index Gravity Score; CVVHDF Continuous Veno Venous Hemo Dia Filtration; MAP
mean arterial pressure; ScvO, central venous oxygen saturation; ERO, Oxygen extraction ratio
((SaO, — Scv0,)/Sa0,); P(cv-a)CO, central venous-arterial carbon dioxide difference; Hb haemo-
globin value; SaO, arterial oxygen saturation

Mean values &= SD

There was no significant difference between Low gap
group and High gap group for all other initial parameters
except for CI (43 £ 1.6 vs. 2.7 £ 0.8 I/min/m?
P < 0.0001) and ERO, (17 £ 9 vs. 21 &+ 6%, P = 0.05)
(Table 1; Fig. 1).

Evolution between TO and T12

At each stage of the protocol, all patients had a ScvO,
larger than 70% with no statistical difference between
groups (Fig. 1).

During the first 12 h after admission in the ICU, all
study patients received a mean of 1.1 = 0.9 1 of colloid

fluid loading and 1.2 £ 0.7 red blood cell unit with no
significant difference between the two groups. At T12,
there was no significant difference regarding norepi-
nephrine infusion rate: (0.6 & 0.4 and 0.5 £ 0.7 mcg/kg/
min for Low gap and High gap patients, respectively) nor
in the number of patients receiving dobutamine.

At T6 and T12, there was a significant difference
between the two groups for CI, P(cv-a)CO, values, and
lactate concentration at T12. (Fig. 1).

From TO to T12, the clearance of lactate concentration
((lactateT12-lactatesTO)/(lactateTO) x 100) was signifi-
cantly larger for the Low gap patients than for the High
gap patients: —38 £ 39% versus —17 £ 33%, P = 0.04.
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Correlation analysis

At TO, T6 and T12, CI and P(cv-a)CO, were inversely
correlated : TO: r = 0.57, P <0.0001; T6: r = 0.58,
P < 0.0001 and T12: r = 0.58, P < 0.0001 (Figure 1 of
ESM). At each time of the protocol, there was no correla-
tion between Cl and ScvO, values: TO: r = 0.15, P = 0.29;
T6: r = 0.26, P = 0.07. T12 : r = 0.24, P = 0.1. At TO,
there was no correlation between P(cv-a)CO, and lactate
concentration: » = 0.17, P = 0.22. At T6 and T12, P(cv-a)
CO, and lactate were weakly correlated: T6: r = 0.37,
P = 0.003 and T12: r = 0.36, P = 0.008.

Discussion

Similar to what has been recently reported after admission
into ICUs in a multi-centre observational study [4], a

minority of our patients kept a ScvO, lower than 70%.
Indeed, 89% of the resuscitated septic patients had a
ScvO, larger than 70%. Among them, those who kept an
initial P(cv-a)CO, lower than 6 mmHg presented a lower
lactate concentration and a higher lactate clearance during
the next 12 h and a significant and larger decrease in
SOFA score on day 1 than patients who presented with an
initial P(cv-a)CO, higher than 6 mmHg. These results
suggest that the presence of a high P(cv-a)CO, value
could be a useful tool to identify patients who still remain
inadequately resuscitated despite a ScvO, larger than 70%
have already been reached.

The main part of our results was that resuscitated-
septic patients could have a ScvO, larger than 70% but
have significantly different P(cv-a)CO, and CI. This
point was a key result of our study demonstrating that,
after the early resuscitation with “normalisation” of
DO,/VO, ratio (assessed by an ScvO, > 70%), 48% (24/
50) of our septic patients kept an enlarged P(cv-a)CO,



(larger than 6 mmHg). In those patients, lactate tended
to be higher and cardiac output and ScvO, tended to be
lower than in patients with a P(cv-a)CO, < 6 mmHg
(Table 1). An enlarged venous-to-arterial CO, gap can
then be explained by: (1) an increase in venous PCO,
secondary to low flow-induced CO,-stagnation [16, 23];
(2) an increase in respiratory quotient with persistent
additional CO, production (VCO,), relative to the O,
uptake, secondary to the buffering of excess hydrogen
ions by bicarbonate [15, 24, 25]; (3) an increase in CO,
production and stagnation although an ScvO, > 70%.
For this last explanation, we can notice that at TO
(Table 1) a larger P(cv-a)CO, difference is observed
(89 £26 vs. 3.2+ 1.3 mmHg, P <0.001) together
with a lower CI (2.7 £0.8 vs. 43+ 1.6 1/min/m?,
P <0.0001) and ScvO, (75 £ 5 vs. 78 £ 5 mmHg;
P =0.07) and a higher ERO, (21 = 6 vs. 17 &+ 9%,
P = 0.05). This is consistent with a certain degree of
hypoperfusion and previous results as those presented by
Bakker et al. [13]. Interestingly, the capacitance of tis-
sues for CO, is very high compared to O, (20 to 40-
fold) and Cohen et al. [26], in a model of haemorrhagic
shock in swine, noted that the normalisation of VCO, in
response to resuscitation was mainly dependent on tissue
perfusion and was delayed when compared to the nor-
malisation of VO, which increased more rapidly as O,
supply limitation was overcome. Last, defects in O,
extraction capabilities related to microcirculatory disor-
ders [5, 27] and/or mitochondrial damage [6] can occur
in septic shock resulting in an apparent normal DO,/VO,
ratio (with high ScvO, and low ERO,) despite persis-
tence of tissue hypoperfusion and hypoxia [28]. The
conjunction of those possible physiological features
might explain the possibility to observe at the same time
a combination of a ScvO, larger than 70% and high
P(cv-a)CO, values. In that context, O, supply may be
apparently adapted to the tissue O, extraction capabili-
ties although the bulk tissue perfusion remains
insufficient to wash out the accumulating tissue CO,
produced by the resuscitated metabolism. As the
increase in tissue CO, during hypoperfusion is also
accompanied by an increase in venous CO, [16], we can
argue that targeting only the 70% ScvO, goal value may
not be sufficient to guide therapy in ICU-resuscitated
septic patient: using P(cv-a)CO, seems to be relevant to
identify patients who still remain inadequately
resuscitated.

Several studies demonstrated a relationship between
mixed venous-to-arterial carbon dioxide difference [P(v-
a)CO;,] and CI in circulatory failure [9, 11, 29, 30] and
septic shock [12, 31]. For the authors, P(v-a)CO, can be
considered as a marker of the adequacy of the venous
blood efflux to remove the total CO, produced by the
peripheral tissues. Recently, Cushieri et al. [18] showed
that this correlation still existed when the venous-to-
arterial CO, tension difference was calculated with

PcvCO, measured from a central venous blood sample.
For septic shock patients, our results are in agreement
with those of Cuschieri et al. since we found a correlation
between CI and P(cv-a)CO,. Our results showed that this
correlation did not exist between CI and ScvO, values
probably because the relationship between ScvO, and CI
is almost flat at high ScvO, values. Thus, P(cv-a)CO,
could be considered as a better indirect assessment of
systemic blood flow than ScvO, in resuscitated-septic
shock patients.

At the time of enrolment (TO), all patients have
already been resuscitated in the emergency unit according
to an algorithm targeting ScvO,. All included patients had
successfully reached the ScvO, goal value and were kept
resuscitated following the same guidelines for the next
12 h. Without any obvious difference in treatment
received, patients who had a low P(cv-a)CO, value on
admission in the ICU had a higher lactate clearance for
the next 12 h. A previous study revealed the weak cor-
relation between mixed venous-arterial carbon dioxide
difference and lactate level [32]. Our results agree with
those of this study as there was no correlation between the
lactate level and the P(cv-a)CO, value at baseline, but
indicate that a persistently high P(cv-a)CO, better pre-
dicts a lower lactate clearance than a Low P(cv-a)CO,.
Moreover Low P(cv-a)CO, patients presented a signifi-
cant decrease in SOFA score at day 1 when patients with
an initial high P(cv-a)CO, value did not (Fig. 1).
Although the mortality rate was not significantly different
between the two groups (35 vs. 54%, P = 0.16) the
prognosis seems far better for Low gap patients with
decrease in organ failure [33] and with a higher lactate
clearance [28, 34, 35]. A larger size for our study popu-
lation may have produced a significant statistical
difference.

We believe that we do not have enough proof today
to advocate that a ScvO, of 70% is a sufficient target to
optimize tissue perfusion. Considering our results one
may suggest that this target value could certainly be
higher than 70% (75% or more) and/or that applying a
resuscitation algorithm based on a ScvO, > 70% com-
bined with a P(cv-a)CO, < 6 mmHg would be requested
[19]. We feel that the presence of a ScvO, > 70% with
a P(cv-a)CO, > 6 mmHg reveals a persistent inadequate
haemodynamic status and that the good practice remains
to test the “hypoperfusion hypothesis” by increasing CI
and re-check global haemodynamics after intervention.
We are aware however that complementary studies are
warranted in order to confirm our results. At this time,
we cannot know whether P(cv-a)CO, was high because
patients were under-resuscitated or were not responders
to the resuscitation protocol applied at our Institution.
We feel nevertheless that our approach is coherent
with the physiology of adapting the magnitude of blood
flow to the magnitude of CO, produced by the
tissues [17].



Conclusion

When a 70% ScvO, value is the recommended goal to
target resuscitation at the very early phase for the septic
patient management (its utility being proved [2] and
transferred into guidelines [1] for continuous monitoring

in order to track down low values [36, 37]), our results
suggest that a P(cv-a)CO, value larger than 6 mmHg

end-point.

might be a useful tool to identify patients who remain
inadequately resuscitated. Further research is required to
determine the best use of this parameter as a treatment

References

1.

Dellinger RP, Carlet JM, Masur H,
Gerlach H, Calandra T, Cohen J,
Gea-Banacloche J, Keh D, Marshall JC,
Parker MM, Ramsay G, Zimmerman
JL, Vincent JL, Levy MM (2004)
Surviving Sepsis Campaign guidelines
for management of severe sepsis and
septic shock. Crit Care Med
32:858-873

. Rivers E, Nguyen B, Havstad S, Ressler

J, Muzzin A, Knoblich B, Peterson E,
Tomlanovich M (2001) Early goal-
directed therapy in the treatment of
severe sepsis and septic shock. N Engl J
Med 345:1368-1377

. Varpula M, Karlsson S, Ruokonen E,

Pettila V (2006) Mixed venous oxygen
saturation cannot be estimated by
central venous oxygen saturation in
septic shock. Intensive Care Med
32:1336-1343

. van Beest P, Hofstra J, Schultz M,

Boerma E, Spronk P, Kuiper M (2008)
The incidence of low venous oxygen
saturation on admission to the intensive
care unit: a multi-center observational
study in The Netherlands. Crit Care
12:R33

. Ince C, Sinaasappel M (1999)

Microcirculatory oxygenation and
shunting in sepsis and shock. Crit Care
Med 27:1369-1377

. Fink MP (2002) Cytopathic hypoxia. Is

oxygen use impaired in sepsis as a
result of an acquired intrinsic
derangement in cellular respiration?
Crit Care Clin 18:165-175

. Vallee F, Fourcade O, Marty P, Sanchez

P, Samii K, Genestal M (2007) The
hemodynamic “target”: a visual tool of
goal-directed therapy for septic patients.
Clinics 62:447-454

. Ladakis C, Myrianthefs P, Karabinis A,

Karatzas G, Dosios T, Fildissis G,
Gogas J, Baltopoulos G (2001) Central
venous and mixed venous oxygen
saturation in critically ill patients.
Respiration 68:279-285

. Brandi LS, Giunta F, Pieri M, Sironi

AM, Mazzanti T (1995) Venous-arterial
PCO, and pH gradients in acutely ill
postsurgical patients. Minerva
Anestesiol 61:345-350

11.

12.

13.

14.

15.

17.

19.

20.

. Groeneveld AB, Vermeij CG, Thijs LG

(1991) Arterial and mixed venous blood
acid-base balance during hypoperfusion
with incremental positive end-
expiratory pressure in the pig. Anesth
Analg 73:576-582

Durkin R, Gergits MA, Reed JF 3rd,
Fitzgibbons J (1993) The relationship
between the arteriovenous carbon
dioxide gradient and cardiac index. J
Crit Care 8:217-221

Mecher CE, Rackow EC, Astiz ME,
Weil MH (1990) Venous hypercarbia
associated with severe sepsis and
systemic hypoperfusion. Crit Care Med
18:585-589

Bakker J, Vincent JL, Gris P, Leon M,
Coffernils M, Kahn RJ (1992) Veno-
arterial carbon dioxide gradient in
human septic shock. Chest 101:509—
515

Rackow EC, Astiz ME, Mecher CE,
Weil MH (1994) Increased venous-
arterial carbon dioxide tension
difference during severe sepsis in rats.
Crit Care Med 22:121-125

Vallet B, Teboul JL, Cain S, Curtis S
(2000) Venoarterial CO, difference
during regional ischemic or hypoxic
hypoxia. J Appl Physiol 89:1317-1321

. Neviere R, Chagnon JL, Teboul JL,

Vallet B, Wattel F (2002) Small
intestine intramucosal PCO, and
microvascular blood flow during
hypoxic and ischemic hypoxia. Crit
Care Med 30:379-384

Lamia B, Monnet X, Teboul JL (2006)
Meaning of arterio-venous PCO,
difference in circulatory shock.
Minerva Anestesiol 72:597-604

. Cuschieri J, Rivers EP, Donnino MW,

Katilius M, Jacobsen G, Nguyen HB,
Pamukov N, Horst HM (2005) Central
venous-arterial carbon dioxide
difference as an indicator of cardiac
index. Intensive Care Med 31:818-822
Vallet B, Lebuffe G (2007) How to
titrate vasopressors against fluid loading
in septic shock. Adv Sepsis 6:34-40
Annane D, Aegerter P, Jars-Guincestre
MC, Guidet B (2003) Current
epidemiology of septic shock: the CUB-
Rea Network. Am J Respir Crit Care
Med 168:165-172

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Bernard GR, Vincent JL, Laterre PF,
LaRosa SP, Dhainaut JF, Lopez-
Rodriguez A, Steingrub JS, Garber GE,
Helterbrand JD, Ely EW, Fisher CJ Jr
(2001) Efficacy and safety of
recombinant human activated protein C
for severe sepsis. N Engl J Med
344:699-709

Adrogue HJ, Rashad MN, Gorin AB,
Yacoub J, Madias NE (1989) Assessing
acid-base status in circulatory failure.
Differences between arterial and central
venous blood. N Engl J Med 320:1312—
1316

Gutierrez G (2004) A mathematical
model of tissue-blood carbon dioxide
exchange during hypoxia. Am J Respir
Crit Care Med 169:525-533
Wasserman K, Whipp BJ, Koyl SN,
Beaver WL (1973) Anaerobic threshold
and respiratory gas exchange during
exercise. J Appl Physiol 35:236-243
Raza O, Schlichtig R (2000) Metabolic
component of intestinal PCO, during
dysoxia. J Appl Physiol 89:2422-2429
Cohen IL, Sheikh FM, Perkins RJ,
Feustel PJ, Foster ED (1995) Effect of
hemorrhagic shock and reperfusion on
the respiratory quotient in swine. Crit
Care Med 23:545-552

De Backer D, Creteur J, Preiser JC,
Dubois MJ, Vincent JL (2002)
Microvascular blood flow is altered in
patients with sepsis. Am J Respir Crit
Care Med 166:98-104

Bakker J, Coffernils M, Leon M, Gris P,
Vincent JL (1991) Blood lactate levels
are superior to oxygen-derived
variables in predicting outcome in
human septic shock. Chest 99:956-962
Teboul JL, Mercat A, Lenique F,
Berton C, Richard C (1998) Value of
the venous-arterial PCO, gradient to
reflect the oxygen supply to demand in
humans: effects of dobutamine. Crit
Care Med 26:1007-1010

Groeneveld AB (1998) Interpreting the
venous-arterial PCO, difference. Crit
Care Med 26:979-980

Lind L (1995) Veno-arterial carbon
dioxide and pH gradients and survival
in critical illness. Eur J Clin Invest
25:201-205



32.

33.

Mekontso-Dessap A, Castelain V,
Anguel N, Bahloul M, Schauvliege F,
Richard C, Teboul JL (2002)
Combination of venoarterial PCO,
difference with arteriovenous O,
content difference to detect anaerobic
metabolism in patients. Intensive Care
Med 28:272-277

Vincent JL, de Mendonca A, Cantraine
F, Moreno R, Takala J, Suter PM,
Sprung CL, Colardyn F, Blecher S
(1998) Use of the SOFA score to assess
the incidence of organ dysfunction/
failure in intensive care units: results of
a multicenter, prospective study.
Working group on “sepsis-related
problems” of the European Society of
Intensive Care Medicine. Crit Care Med
26:1793-1800

34.

35.

Abramson D, Scalea TM, Hitchcock R,
Trooskin SZ, Henry SM, Greenspan J
(1993) Lactate clearance and survival
following injury. J Trauma 35:584-588;
discussion 588-589

Nguyen HB, Rivers EP, Knoblich BP,
Jacobsen G, Muzzin A, Ressler JA,
Tomlanovich MC (2004) Early lactate
clearance is associated with improved
outcome in severe sepsis and septic
shock. Crit Care Med 32:1637-1642

36.

37.

Reinhart K, Kuhn HJ, Hartog C, Bredle
DL (2004) Continuous central venous
and pulmonary artery oxygen saturation
monitoring in the critically ill. Intensive
Care Med 30:1572-1578

Varpula M, Tallgren M, Saukkonen K,
Voipio-Pulkki LM, Pettila V (2005)
Hemodynamic variables related to
outcome in septic shock. Intensive Care
Med 31:1066-1071



	Central venous-to-arterial carbon dioxide difference: an additional target �for goal-directed therapy in septic shock?
	s00134-008-1199-0
	Introduction
	Materials and methods
	Setting and eligibility
	Patient management in emergency and intensive care units
	Others procedures within the first 24 h
	Study protocol
	Haemodynamic and metabolic measurements
	Statistical analysis

	Results
	Patients (Table 1)
	Initial data (Table 1)
	Evolution between T0 and T12
	Correlation analysis

	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


