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Background: The rationale for using central venous oxygen
saturation (ScvO,) in various clinical scenarios is that it reflects
the balance between oxygen delivery (DO,) and demands. In
this study, we evaluated the correlation between ScvO, and DO,
changes (ADo,, AScvO,) in patients receiving fluid therapy
following coronary surgery. We also correlated the changes of
mean arterial pressure (AMAP) and central venous pressure
(ACVP), with ADO,.

Methods: Sixty consecutive sedated and mechanically
ventilated adult patients, with cardiac index <23 L/
min/m? and a pulmonary artery occlusion pressure < 12
mmHg following coronary surgery, were included. Con-
comitant hemodynamic parameters, arterial and venous
blood gases were measured before (T0) and after (T1)
administration of a 500 ml bolus of an isotonic crystalloid
solution over 30 min. The correlations between ADO, and
AScvO,, AMAP or ACVP were evaluated by linear regres-
sion analysis and Pearson test.

Results: Cardiac index (1.9 £0.2 vs 2.3 £ 0.5 ml/min/
mz), MAP (83 £ 11 vs 94 + 13mmHg) and CVP (5.7 £ 3 vs
7.1 £ 3 mmHg) were significantly higher at T1 compared
with TO. The correlation of ADO, with AScvO, was posi-
tive, significant (r=0.41; P =0.004) and superior to its
correlation with AMAP (r=0.30; P=0.01) or ACVP
(r=10.03; P =0.78).

Conclusion: A significant correlation between ScvO, and
DO, changes was found in patients receiving fluid
therapy following coronary surgery. ScvO, could be
used as an indicator to track DO, and to guide volume
loading.
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THE usefulness of central venous oxygen satura-
tion (ScvO,) measurement is evaluated in var-
ious clinical scenarios. Abnormally low ScvO,
values have been found to be associated with
global tissue hypoxia and elevated blood lactate
levels in patients presenting in shock,’ decompen-
sated chronic heart failure’ and trauma.’ Early
goal-directed therapy, which included treatment
goals for ScvO,, has increased survival in septic
patients.*> Central venous oxygen saturation is
also of prognostic significance after major surgery,’
during cardiopulmonary resuscitation”® and in
unplanned admission to ICU.”

The rationale for using ScvO, in critically ill
patients is that it reflects indirectly the balance
between systemic oxygen delivery (DO,) and de-
mands.'” A recent animal study has documented a
strong correlation between ScvO, and DO, values
under different cardiovascular conditions." In this
study, we evaluated the correlation between ScvO,
and DO, changes in patients receiving fluid therapy

following coronary surgery. In comparison, we
correlated the changes of mean arterial pressure
(MAP) and central venous pressure (CVP), with
DOs,. A positive correlation between DO, and ScvO,
changes would make ScvO, a valuable indicator to
track DO, and to guide volume loading.

Methods

This prospective observational study was ap-
proved by our institutional review board and all
participants gave an informed written consent.
Two hundred and fifty adult patients underwent
elective coronary surgery in our department over
a period of 6 months. Anesthesia was induced
and maintained using etomidate 0.3 mg/kg, pan-
curonium 0.2mg/kg, midazolam 0.1mg/kg/h,
fentanyl 5 pg/kg/h and isoflurane up to 1 mini-
mum alveolar concentration. Invasive homody-
namic monitoring was achieved with a 20 G radial
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artery catheter, a 7.5 French pulmonary artery
catheter (Edwards Lifesciences, Irvine, CA) in-
serted through the right internal jugular vein and
a 7 French central venous catheter (Arrow-
Howes, Reading, PA) inserted through the right
subclavian vein. A cardiopulmonary bypass was
performed under hemodilution and mild hy-
pothermia, using a membrane oxygenator primed
with a crystalloid solution. Myocardial preserva-
tion was achieved with a cold cardioplegia solu-
tion containing 30mM of potassium per liter.
Coronary anastomoses were performed under
total aortic cross clamping.

At the end of surgery, all patients were kept
anesthetized and transferred to the cardiac surgery
unit. Arterial, pulmonary artery and CVPs were
displayed on an electronic monitor (Hellige SMU
611, Freiburg, Germany) and measured at end-
expiration. Cardiac output was obtained by the
thermodilution technique. The cardiac index (CI)
was computed by averaging three consecutive
measurements of cardiac output divided by
the patient body surface area. The position of the
pulmonary artery catheter was confirmed by
the transduced waveforms. The location of the
central venous catheter tip 2-3cm underneath
the clavicle was shown by chest radiography.

Patients were consecutively included in the
study if they had, at the time of admission in the
cardiac surgery unit, a CI < 2.31/min/m? asso-
ciated with a pulmonary artery occlusion pressure
(PAOP) and a CVP < 12mmHg. Patients were
excluded from the study if they had a left ventri-
cular ejection fraction < 40%, intracardiac shunt-
ing, valvular disease, active bleeding, inotropic
drugs or an intra aortic balloon pump. Patients
included in the study had a 500-ml bolus of an
isotonic crystalloid solution administrated over
30min. Fluid therapy was stopped if PAOP
reached 18 mmHg.

Concomitant hemodynamic and blood gase mea-
surements were taken in included patients before
starting fluid therapy (T0) and repeated at the end
of the maneuver (T1). Blood samples of 2ml were
simultaneously obtained from the radial artery
catheter and from the central venous catheter after
withdrawal of dead space blood and flushing fluid.
All samples were withdrawn over 30s, using a
low-negative pressure technique. Samples were
immediately analyzed for blood gas variables,
using a blood gas analyzer (ABL, Radiometer,
Copenhagen, Denmark), along with central venous
and arterial hemoglobin oxygen saturation mea-
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sured by oxymetry. The reproducibility of the
measurements made with our instrument was
found, on duplicated determination, to be +2%
for oxygen saturation between 35% and 100%. The
oximeter was calibrated using standards supplied
with the machine. Hemodynamic measurements
included CI, MAP, mean pulmonary artery pres-
sure (MPAP), CVP, PAOP and systemic vascular
resistance index (SVRI). Concomitant arterial he-
moglobin concentration and rectal temperature
were also recorded. During the study period, pa-
tients were sedated with midazolam 0.1 mg/kg/h
and paralyzed with vecuronium 0.02mg/kg/h.
Mechanical ventilation was provided with a tidal
volume of 10ml/kg, an FIO, of 60% and a respira-
tory rate of 12/min. Body temperature was main-
tained with a warming blanket.

On the basis of a preliminary investigation that
showed a correlation coefficient of 0.3 between DO,
and ScvO, changes following fluid therapy, it was
determined that a sample of 60 patients is needed
to demonstrate a significant correlation, with a
power of 80% and an o coefficient of 0.05, between
the two primary evaluated parameters in our
study. The DO, was calculated as: DO, (ml/min/
m?) =CI x 10 x (Hg x SaO, x 1.36+Pa0, x 0.003).
All data were checked for normal distribution by a
one-sample Kolmogorov-Smirnov test and are pre-
sented as mean £ SD unless otherwise indicated.
Normally distributed variables were compared by
paired Student’s t-test, whereas nonparametric
variables were compared by Wilcoxon’s Signed
test by ranks. The changes in individual values of
DO, and ScvO, were recorded as ADO, and
AScvO,. The correlation between ADO, and
AScvO, was evaluated by linear regression analysis
and Pearson’s test. The changes in individual
values of MAP and CVP were expressed as
AMAP and ACVP. The correlations between
ADO, and AMAP or ACVP were also evaluated
by linear regression analysis and Pearson’s test.
Statistical evaluations were performed using the
SPSS (version 13.0) statistical package. P < 0.05
was considered to be statistically significant.

Results

Sixty consecutive adult patients, 41 male and 19
female, requiring fluid therapies upon their admis-
sion in CSU, were included in this study. Acute
physiology and chronic health evaluation II
(APACHE) score ranged between 10 and 15. All
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Table 1
Hemodynamic parameters, arterial blood gases, rectal temperature and arterial haemoglobin concentration at TO and T1.

TO T1 P
Cardiac index (ml/min/m?) 1.9+0.2 23+0.5 0.001
Mean arterial pressure (mmHg) 83 + 11 94 + 13 0.05
Pulmonary artery occlusion pressure (mmHg) 8.0+1.9 105+ 2.3 0.001
Central venous pressure (mmHg) 5.7+3.0 7.1+ 31 0.001
Systemic vascular resistance index(dyne/s/cm®/m?) 3150 + 730 2632 + 762 0.001
Heart rate (beats/min) 91+9 90 + 8 NS
Arterial pH 7.44 +£ 0.5 7.43 £ 0.6 NS
PaO, (mmHg) 221 + 88 224 + 89 NS
PaCO (mmHg) 34 +4 36 +2 NS
Bicarbonates concentration (mEq/l) 23+ 4 24+ 4 NS
Rectal temperature (°C) 36.1 £ 0.8 36.1 £ 0.9 NS
Haemoglobin concentration (g/dl) 11.5+1.4 109 +£15 0.001

Data expressed in mean =+ standard deviation; TO, before fluid therapy; T1, after fluid therapy.

Table 2

Central venous oxygen saturation and oxygen delivery at TO and
T1.

TO T P
ScvO, (%) 55 + 10 59 + 10 0.001
DO, (mi/min/m?) 312 £ 57 357 + 82 0.001

NB, data expressed in mean + SD; TO, before fluid therapy; T1,
after fluid therapy; ScvO,, central venous oxygen saturation;
DO,, oxygen delivery.

patients responded to volume loading without
increasing PAOP above 18 mmHg. CI, MAP, CVP
and PAOP were higher at T1 compared with TO
(Table 1). SVRI and arterial hemoglobin concentra-
tion were lower at T1 compared with TO (Table 1).

Recorded values of ScvO, and DO, at TO and T1
are presented in Table 2. There was a significant
increase in ScvO, and DO, at T1 compared with TO.
The correlation between AScvO, and ADO,, shown
in Fig. 1, was positive and significant (r =0.41;
P =0.004). The correlation between AMAP and
ADO, was also significant (r=0.30; P =0.01),
whereas changes in DO, did not correlate with
ACVP (r=0.03; P =0.78).

Discussion

The current study measured ScvO, and DO,
changes in patients presenting a low CI and filling
pressures following coronary artery bypass graft-
ing. This hemodynamic scenario is common after
cardiac surgery and is caused by a reduced vascu-
lar volume or blood sequestration into the venous
compartment.'> The management of this hemody-
namic scenario usually includes fluid therapy to
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Fig.1. The correlation between ScvO, and DO, changes from TO
to T1.

expand the intravascular compartment and in-
crease venous return.'” In patients receiving fluid
therapy following coronary surgery, ScvO, and
DO, increased significantly. The correlation of
ADO, with AScvO, was significant and superior
to its correlation with AMAP and ACVP.

Several studies report a significant increase in
ScvO, following volume loading both in animals''~
14 and in humans.'”? The increase in ScvO, was
associated with an increase in cardiac output and
in oxygen delivery to tissues.'*!® However, the
correlation of ScvO, with DO, or with one of its
components, as blood volume or cardiac output,
was not frequently documented. Osthaus et al."!
reported a strong and significant correlation
(r*=0.9; P<0.0001) of ScvO, with DO, in anesthe-
tized piglets under different cardiovascular condi-
tions, including volume loading. A positive
correlation between ScvO, and the percentage of
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blood loss was found in trauma patients (+* = 0.43)°
and in unanesthetized mongrel dogs (r = 0.82).1¢
Madsen et al."” reported that, in healthy volunteers
placed in a head-up tilt position, ScvO, was not
consistently correlated with cardiac output. In
critically ill patients, the correlation between
ScvO, and cardiac output changes after therapy
was found to be positive but poor (r = 0.27)."® The
current study evaluated the correlation between
changes of ScvO, and DO, following fluid therapy
in humans. The results validated, in the clinical
setting of cardiac surgery, the significant correla-
tion between DO, and ScvO, reported in the
anesthetized piglets’ model."

The correlation between DO, or one of its compo-
nents and heart rate, MAP or CVP has been assessed
in comparison with ScvO,. Osthaus et al.'! showed
in their animal model that the correlation of DO,
with ScvO, was superior to its correlation with heart
rate or MAP. The correlation of central blood volume
with ScvO, was found to be superior to its correla-
tion with CVP, heart rate and MAP in awake (:10gs,16
healthy volunteers'” and trauma patients.’ In the
current study, the higher correlation of ADO, with
AScvO,, compared with AMAP or ACVD, is in
agreement with the reported data. Mean arterial
and CVP are affected by several factors whereas,
in anesthetized patients with stable oxygen con-
sumption, ScvO, is directly related to DOs.

The results of this study have clinical implica-
tions. In patients requiring fluid therapy following
coronary surgery, an insufficient increase in DO,
related to hemodilution or to inadequate myocar-
dial function may lead to global tissue hypoxia.'*
Changes in DO, and in tissues’ oxygen extraction
during cardiac surgery are ideally monitored by
mixed venous oxygen saturation measured by a
pulmonary artery catheter.'” However, the inser-
tion of these catheters is associated with inherent
risks”?' and their systematic use is currently a
matter of debate in patients undergoing cardiac
surgery.22’23 Central venous oxygen saturation is
obtained in a less risky manner from a central
venous catheter. The results of our study indicated
that, in the absence of a pulmonary artery catheter,
measurement of ScvO, changes is valuable as trend
monitoring of DO, changes following fluid therapy.
Furthermore, ScvO, is superior to MAP and CVP in
predicting DO, response to fluid loading. An in-
adequate increase in ScvO, after volume expansion
may indicate the need for alternative therapies as
blood transfusion or inotrope drugs. Several
authors suggested, outside the context of cardiac
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surgery, that ScvO, changes could be used to assess
the impact of various hemodynamic therapeutic
modalities.*>”19%*

The current study has several limitations. First, it
was undertaken in sedated, paralyzed and venti-
lated patients with stable oxygen consumption and
the results may not be valid in awake and sponta-
neously breathing patients. Mechanical ventilation
may have caused some central venous depletion
and contributed to the required fluid therapy.
Moreover, Pearse et al.° evaluated changes in
ScvO, following major surgery and found that
tissues’ oxygen consumption is an important de-
terminant of ScvO, Second, this study was based
on spot in vitro measurements of ScvO,. Several
authors have used central venous fiberoptic oxygen
saturation catheters to assess the clinical usefulness
of Scv0,. 471913 These catheters provided an accu-
rate continuous monitoring of central venous oxy-
gen saturation, a large number of measurements
and a close tracking of ScvO, changes across a wide
range of hemodynamic conditions. However, fiber-
optic catheters have a high cost and a limited
availability. Third, the correlation of DO, with
ScvO, was not assessed in comparison with stan-
dard base excess and serum lactate. These para-
meters were used, in association with ScvO,, to
evaluate the adequacy of tissues’ oxygenation in
critically ill patients."*>7*>2® It would be interest-
ing to clarify whether base excess and serum lactate
changes are valuable as trend monitoring of DO,
following fluid therapy in cardiac surgery. Finally,
this study was not designed to clarify whether
ScvO, monitoring is beneficial in terms of outcome
in the specific context of cardiac surgery. Recently,
Kapoor et al.”” showed that an early goal-directed
therapy including ScvO, optimization may have
some benefits in moderate- to high-risk cardiac
surgery patients.

We concluded that, in patients receiving fluid
therapy following coronary surgery, the correlation
of ADO, with AScvO, was superior to its correla-
tion with AMAP and ACVP. These data indicate
that, in the absence of a pulmonary artery catheter,
measurement of ScvO, changes is valuable as trend
monitoring of DO, to guide volume loading.
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