Esophagus (2011) 8:53-58
DOI 10.1007/s10388-011-0260-1

ORIGINAL ARTICLE

Clinical usefulness of continuous central venous oxygen saturation
measurement for postoperative management of patients following
transthoracic esophagectomy for carcinoma

Makoto Kobayashi - Masayoshi Ko -
Takashi Irinoda - Eiji Meguro * Yoshiro Hayakawa -
Yuji Akiyama - Osamu Funato - Akinori Takagane

Received: 5 October 2010/ Accepted: 21 December 2010/ Published online: 18 February 2011

© The Japan Esophageal Society and Springer 2011

Abstract

Background and objective Monitoring of central venous
blood oxygen saturation (ScvO,) has recently become
easier and safer to perform, but its clinical usefulness fol-
lowing esophagectomy has yet to be established. This study
evaluated the use of continuous monitoring of ScvO, in
this setting, focusing on its relationship with hemoglobin
(Hb) concentrations, and reconsideration about an appro-
priate indication of red blood cell transfusion from the
aspect of tissue oxygen balance.

Methods A total of 40 patients were assessed following
transthoracic esophagectomy for carcinoma. ScvO, was
measured via a fiberoptic central venous oximetry catheter,
postoperatively until discharge from the ICU. Hb was also
measured preoperatively and every 8 h postoperatively.
Results In correlation between ScvO, and Hb values,
ScvO; could still be greater than 70% in patients with a Hb
around 7 g/dl who did not have a bleeding event and
maintained a stable circulation. Even when Hb dilution
ratio (sampling Hb/preoperative Hb) decreased to around
60% of the preoperative value, ScvO, could remain above
65%. Patients who had severe bleeding exhibited a marked
decrease of the ScvO, value before blood transfusion, but
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the trend was clearly seen to be a gradual increase of ScvO,
during transfusions.

Conclusions Hb supply is essentially unnecessary if the
balance of oxygen supply/demand in tissues is well main-
tained. ScvO, may be a better indicator of a physiological
need for blood than Hb in postesophagectomy patients.
ScvO; is not influenced by hemodilution and lowering of
Hb to around 60% of the preoperative value. As well as
being a useful start indicator for blood transfusions, ScvO,
could also become a stop indicator.
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Introduction

A balance of oxygen consumption, oxygen delivery, and
oxygen extraction is important for normal functioning, but
variations occur in several clinical situations or diseases. In
1988, Shoemaker et al. [1] reported that hemodynamic
therapy to raise oxygen delivery to supranormal levels was
associated with improved survival of surgical patients.
In patients who undergo esophagectomy for esophageal
cancer, maintenance of adequate tissue oxygenation is
believed to be a beneficial strategy to prevent the devel-
opment of fatal postoperative complications [2]. On the
other hand, Gattinoni et al. [3] noted that therapy aimed at
achieving supranormal cardiac index values or normal
values for mixed venous oxygen saturation (SvO,) did not
reduce morbidity or mortality among critically ill patients.
Nevertheless, SvO, remains an excellent index of systemic
blood flow as it is directly proportional to cardiac output
when arterial oxygen content and oxygen consumption
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remain constant. In addition, SvO, has also been advo-
cated as a useful parameter for reflecting the adequacy of
tissue oxygenation, although the benefit of using pulmon-
ary artery catheters (PACs) in the acute care of criti-
cally ill or high-risk surgical patients has been questioned
[4, 5].

Rather than SvO, measured by a PAC, continuous
fiberoptic measurement of central venous blood saturation
(ScvO,) has the potential to become a reliable and con-
venient tool that can rapidly warn of acute changes in
oxygen supply and demand [6]. An earlier study noted that
reversal of the normal relationship between SvO, and
ScvO, in heart failure or clinical shock was affected by
redistribution of blood flow away from the femoral,
splanchnic, and renal circulations with preferential pres-
ervation of cerebral blood flow [7]. More recently, central
venous catheterization of the superior vena cava has
become part of the standard of care for any critically ill
patient. Although ScvO, monitoring has become easier and
safer to perform, evaluation of the relationship between
ScvO, and clinical outcome is still being investigated. An
analysis of trauma patients revealed a correlation between
ScvO, and blood loss, suggesting that ScvO, is a useful
parameter for determining whether blood transfusion is
indicated [8], and a recent prospective, randomized study
in patients with severe sepsis showed that maintenance of
continuously measured ScvO, above 70% resulted in a
15% absolute reduction in mortality compared with the
same management without ScvO, monitoring [9]. More-
over, a multicenter study of peri- and postoperative ScvO,
monitoring in high-risk surgical patients revealed that a
low perioperative ScvO, is related to an increased risk of
postoperative complications [10], although the types of
surgical procedures performed and the complications
experienced were unclear.

In patients with esophageal squamous cell carcinoma
who undergo radical esophagectomy together with exten-
ded lymphadenectomy, surgical stress leads to periopera-
tive cardiopulmonary instability requiring careful
postoperative management [11]. In the past decade, post-
operative monitoring via a PAC has been a standard pro-
cedure following transthoracic esophagectomy, but
introduction of the PreSep central venous oximetry catheter
(Edwards, USA) has provided the means for routine
monitoring of ScvO, in the intensive care unit (ICU),
although its clinical usefulness is not yet established. The
purpose of the present study was to evaluate the use of
continuous monitoring of ScvO, in the management of
patients after radical esophagectomy, focusing particularly
on the relationship of ScvO, with the hemoglobin (Hb)
concentration and on assessment of the reasonable indica-
tion of red blood cell transfusion without depending on Hb
value alone.
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Methods
Patients studied

A total of 40 patients (all men; mean age, 66.8 years)
underwent transthoracic esophagectomy by thoracoscopy-
guided mini-thoracotomy with extended mediastinal
lymphadenectomy for esophageal carcinoma at Hakodate
Goryoukaku Hospital between May 2006 and May 2009.
Reconstruction was performed by cervical anastomosis via
the posterior mediastinal route with a gastric tube placed at
the greater curvature of the stomach. All patients were
histologically diagnosed with squamous cell carcinoma, at
histopathological stage 0 in 6, I in 8, IT in 12, IIl in 8, and
IVa in 6 patients, according to the Japanese guidelines for
clinical and pathological studies on carcinoma of the
esophagus [12]. Three patients had received preoperative
chemoradiotherapy to control the invasive cancer.

Before surgery, written informed consent was obtained
from all patients according to the guidelines of the Dec-
laration of Helsinki. All drugs (and dosages) and devices
used in this study are approved by the Ministry of Health,
Labor and Welfare of Japan for the optimal care of patients
during and after major surgery.

Postoperative procedures and assessments

All patients were assessed using the Vigileo Monitor sys-
tem (Edwards Lifesciences, Tokyo, Japan), to which they
were connected via a PreSep oximetry catheter (Edwards
Lifesciences). The PreSep catheter for ScvO, measurement
was inserted through the internal jugular vein with the optic
sensor sited in the superior vena cava near an orifice of the
right atrium [13]. Assessment by Vigileo Monitor was
started during the operation and continued postoperatively
until discharge from the ICU. During the surgical proce-
dure, intravenous (IV) fluids containing crystalloids and
hydroxyethylated starch were administered at a rate of
12-15 ml/kg/h. Immediately after surgery, all patients
were transferred to the ICU where they received synchro-
nized intermittent mandatory ventilatory support without
positive end-expiratory pressure under continuous infu-
sions with midazolam and morphine until at least the first
postoperative morning. In the ICU, IV fluid administration
in the early postoperative period was started at a rate of
3.5 ml/kg/h and continued until a diuretic state, defined as
the time when urinary output increased to more than
1.5 ml/kg/h, was achieved. To prevent the adverse effects
of neutrophil elastase induced by inflammatory cytokines
[14], a selective neutrophil elastase inhibitor [sivelestat
sodium hydrate (Elaspol); Ono Pharmaceutical, Osaka,
Japan] was administered IV at a dosage of 0.2 mg/kg/h
beginning within 1 h after completion of surgery and
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continuing during mechanical ventilation support. After a
diuretic state was achieved, the IV fluid infusion rate was
reduced to 1.5 ml/kg/h.

The postoperative management protocol for all patients
did not include ‘renal-dose’ dopamine, protease inhibitors,
or corticosteroids. During the first 12 h after surgery, vol-
ume loading for fluid resuscitation was considered neces-
sary when a systolic arterial pressure <80 mmHg lasted
more than 15 min without an increase in central venous
pressure (CVP). During the patient’s ICU stay, hemoglobin
was measured every 8 h by a blood gas analysis system
ABL 700 (Radiometer Medical, Copenhagen, Denmark).
ScvO, and SVI were measured simultaneously by the
Vigileo Monitor system.

The effect of hemodilution was analyzed in patients who
did not receive blood transfusions. The Hb dilution ratio
was calculated as follows:

Hb dilution ratio (%) = sampling Hb = preoperative
Hb x 100.

Statistical analysis

Tests of correlation between an occurrence of complication
and ScvO, value were analyzed statistically using Stat-
View-J 5.0 software (Abacus Concepts, Berkeley, CA,
USA), with values of P < 0.05 considered statistically
significant. Quantitative parametric values were deter-
mined as mean =+ standard deviation (SD).

Results
Patient data and postoperative course

The mean preoperative Hb concentration in the 40 patients
was 12.8 £ 1.9 g/dl and the mean preoperative blood
albumin concentration was 3.9 £ 0.4 g/dl. In all patients,
blood tests revealed normal serum creatinine and blood
urea nitrogen levels as markers of renal function. Preop-
erative echocardiography showed a mean left ventricular
ejection fraction of 67 £ 6.9%, and all patients had a stable
general condition without apparent dehydration. The mean

operative time was 288 + 55 min and mean blood loss was
355 £ 299 g. During the first 12 h after surgery, hypovo-
lemic hypotension requiring fluid resuscitation occurred in
24 (60%) patients, and 2 also needed an inotropic agent to
treat a low cardiac output. Lung complications, which
constituted failure to remove the tracheal tube or the
development of pneumonia or acute respiratory distress
syndrome (ARDS), occurred in 3 patients (7.5%). Mean
duration of ICU stay of all patients was 4.6 &+ 2.8 days,
and there was no mortality by 30 postoperative days.

A total of 308 measurements of ScvO,, Hb, and lactate
values were made; the mean number of samplings per
patient was 7.7. Postoperatively, all patients exhibited
normal blood lactate concentrations on all days. From our
series, we could not show any statistical correlation
between a low perioperative ScvO, value and occurrence
of postoperative complications.

Correlation between hemoglobin and ScvO,
and influence of hemodilution on ScvO,

Three patients received postoperative red blood cell
transfusions; Table 1 shows their characteristics. In one
patient who experienced severe blood loss of 1,460 g
during surgery, the Hb concentration decreased from
13.6 g/dl preoperatively to 6.7 g/dl postoperatively, and
ScvO, fell to less than 60% before a blood transfusion was
given. Figure 1 shows the postoperative course of this
patient during the first postoperative day. On entering the
ICU, the ScvO, value was 56%, but a cardiac output
greater than 4 1/min maintained a stable circulation. After
beginning a blood transfusion, the Hb and ScvO, values
gradually improved to 11.3 g/dl and 72%, respectively.
Two other patients who received blood transfusions with-
out a clear physiological need had ScvO, values greater
than 65% just before their transfusion.

From a retrospective analysis, Hb concentration and
ScvO, value in 40 patients every 8 h during ICU stay are
plotted in Fig. 2. In patients with a Hb value around 7 g/dl
who did not have a bleeding event and maintained a stable
circulation, the ScvO, could be greater than 70%. On the
other hand, when the Hb level was less than 7 g/dl, some

Table 1 Characteristics of three patients who received concentrated red blood cell transfusion after radical esophagectomy

Case pTNM, Operation Blood Hb (g/dl) Reason for
(age, sex) stage time (min) loss Pretransfusion blood transfusion
(2) (preoperative)
1 (62, M) T2N4MO, IVa 380 1,400 6.7 (13.8) Massive bleeding caused by pleural adhesion
2 (68, M) T3N3MO, III 320 490 7.9 (11.3) Circulatory instability at ICU
3 (62, M) T2N4MO, II 366 803 7.0 (7.6) Anemia caused by preoperative CRT
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Fig. 1 Postoperative course of central venous blood oxygen satura-
tion (ScvO,) and cardiac output in a patient with severe bleeding. The
patient, a 62-year-old man, had undergone transthoracic esophagec-
tomy and experienced intraoperative bleeding of 1,469 g. The chart
shows his postoperative course after surgery. Closed circles, ScvO,
values; closed squares, cardiac output (CO). A blood transfusion was
started on entering the ICU with 840 ml concentrated red blood cells
(CRO)
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Fig. 2 Correlation of ScvO, and hemoglobin concentration. Closed
squares denote values derived just before blood transfusion in three
patients who received blood transfusions during the perioperative
course (one patient had three transfusions)

measurement points of ScvO, did not become lower than
65%, and this patient could leave the ICU without any
complication.

We also analyzed the influence of hemodilution on
ScvO, (Fig. 3). Unexpectedly, some points of Hb dilution
ratio (sampling Hb/preoperative Hb) show more than
100%, which is supposed to be caused by hemoconcen-
tration following an early shift to the diuretic state. The Hb
dilution ratio did not show any correlation with ScvO,.
Even when Hb was diluted to about 60% of the preoper-
ative value, ScvO, could remain above 65%.
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Fig. 3 Influence of hemodilution on ScvO,. The hemoglobin (Hb)
concentration was decreased by hemodilution and showed no
correlation or any regression with the ScvO, value (Hb dilution
ratio = sampling Hb/preoperative Hb)

Discussion

This study evaluated ScvO, monitoring as a useful
parameter for reflecting the adequacy of tissue oxygenation
and attempted to clarify what is a better indicator of a
physiological need for red blood cells in patients following
transthoracic esophagectomy. Our findings clearly show
that a low Hb concentration, even as a result of hemodi-
lution, is not always correlated with a critical ScvO, level.
The findings further suggest that the trigger for red blood
cell transfusions to improve oxygen supply should ideally
be based primarily on ScvO; rather than on the Hb value.

Traditionally, the indication for blood transfusion has
been based primarily on Hb concentration [15], and in
some instances blood transfusions are administered
because of an arbitrary transfusion trigger rather than a
physiological need for blood [16]. From our experience in
using a PreSep oximetry catheter, it can be hypothesized
that ScvO, data could be better utilized to make this
decision in a patient who has a risk of a massive bleeding
accident during the perioperative period. Such patients
often have a low Hb level even before esophagectomy, and
then the Hb value is usually further decreased postopera-
tively by hemodilution of fluid administration during
anesthesia or fluid resuscitation to correct circulatory
instability. In such circumstances, as the original volume of
Hb is unchanged in the patient’s body, basing the indica-
tion for blood transfusion principally on the Hb level is
questionable. The primary objective of red blood cell
transfusions is to improve Hb volume to increase oxygen
transport capacity, and Hb supply is essentially unneces-
sary if the balance of oxygen supply and demand in tissues



Esophagus (2011) 8:53-58

57

is well maintained. From that point, our study focused on
usage of ScvO, monitoring, which information would be a
reasonable indication for Hb provision. The data of the
relationship between Hb and ScvO, assume that a grading
decrease of Hb is not always correlated to a change of
ScvO, value (see Fig. 2). Therefore, it became apparent
that so long as ScvO, is adequately maintained above 65%,
red blood cell transfusions should not be started too hastily
for this type of anemia.

Postoperative hemodilution by not only fluid resuscita-
tion but also caused by a shift from the third space to the
vascular compartment often leads to a marked decrease of
Hb concentration to around 7 g/dl. In this situation, there is
a concern about how best to administer blood transfusions.
The present study also evaluated the effect of hemodilution
on oxygen supply/demand from the perspective of the
ScvO, value on Fig. 3. In patients who do not experience
active bleeding and who maintain a stable circulation,
ScvO, can be greater than 65%, even if the Hb concen-
tration is reduced to 60% of the preoperative value. In a pig
model, Krantz et al. [17] reported the same finding: during
progressive hemodilution, SvO, and ScvO, remained sta-
tistically unchanged until the hemoglobin concentration
was reduced by 50%. It has been reported that severe
penetrating injuries with 50% hemorrhage (in a pig model)
[18] and cardiac arrest (in patients) [19] are associated with
impaired systemic oxygen utilization and result in venous
hyperoxia followed by increased plasma lactate. However,
the patient in the present study who had an operative
hemorrhage of about 1,460 g and a 50% fall in Hb from the
preoperative level (Fig. 1) did not exhibit an abnormal
plasma lactate concentration. Although his circulatory
dynamics were maintained by adequate fluid resuscitation,
alow ScvO, of 50% suggested a reduction of tissue oxygen
delivery. After starting a blood transfusion, the Hb level
improved in this patient and ScvO, returned to normal.
This finding indicates that provision of Hb by red blood
cell transfusion was appropriate for reversing the fall in
ScvO, and improving the patient’s clinical course. From
the changes in ScvO, levels in this patient, we can predict
that measurement of ScvO, may become both an indicator
for starting blood transfusion therapy and an indicator for
stopping transfusion. On the other hand, the ScvO, value of
two other patients before receiving a blood transfusion was
more than 65%, which indicates oxygen supply in tissues is
well maintained. Retrospectively, it may be possible to say
that these patients has no physiological need or indication
of Hb provision.

In conclusion, continuous measurement of ScvO, with a
fiberoptic central venous catheter can be accomplished
more easily than with a PAC. Especially, the introduction
of a PreSep oximetry catheter allows routine and safe
monitoring of continuous ScvO, values in the ICU, but the

usefulness of the data thus acquired has been unclear.
Another question is when we should start red blood cell
transfusion and when we should stop it. From the present
analysis of 40 patients in the postoperative period follow-
ing transthoracic esophagectomy, it may be concluded that
(1) ScvO; is a better indicator of a physiological need for
blood than the Hb concentration; (2) ScvO, is not affected
by hemodilution and lowering of Hb to around 60% of the
preoperative value; and (3) the ScvO, value become a
indicator of not only a start but also a stop for blood
transfusion.
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