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CASE REPORT

Usefulness of central venous oxygen saturation
monitoring during bidirectional Glenn shunt
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Abstract : A PediaSatTM oximetry catheter (PediaSat : Edwards Lifesciences Co., Ltd., Irvine,
CA, U.S.A.), which facilitates continuous measurement of central venous oxygen saturation
(ScvO2), may be useful for surgery for pediatric congenital heart disease. We used PediaSat
during a bidirectional Glenn shunt. The patient was a 13-month-old boy. Under a diagnosis of left single ventricle (pulmonary atresia, right ventricular hypoplasia, atrial septal
defect) and residual left aortic arch/left superior vena cava, a modified right BlalockTaussig shunt was performed. Cyanosis deteriorated, so a bidirectional Glenn shunt was
scheduled. After anesthesia induction, a 4.5 Fr double-lumen (8 cm) PediaSat was inserted
through the right internal jugular vein for continuous ScvO2 monitoring. Furthermore,
the probe of a near-infrared, mixed blood oxygen saturation-measuring monitor was attached to the forehead for continuous monitoring of the regional brain tissue mixed blood
oxygen saturation (rSO2) (INVOSTM 5100C, Covidien ; Boulder, CO, U.S.A.). Blockage of the
right pulmonary artery and right superior vena cava decreased the oxygen saturation,
ScvO2, and rSO2, but increased the central venous pressure. Although changes in ScvO2
were parallel to those in rSO2, the former showed more marked changes. A combination of
ScvO2 and rSO2 for monitoring during Glenn shunt may be safer. J. Med. Invest. 60 : 272275, August, 2013
Keywords : bidirectional Glenn shunt, circulatory monitoring, central venous oxygen saturation, PediaSat
oximetry catheter, near-infrared spectroscopy

INTRODUCTION
A PediaSatTM oximetry catheter (PediaSat :
Edwards Lifesciences Co., Ltd., Irvine, CA, U.S.A.),
Received for publication May 13, 2013 ; accepted July 20, 2013.
Address correspondence and reprint requests to Nami Kakuta,
M.D., Department of Anesthesiology, Tokushima University Hospital, 3-18-15, Kuramoto, Tokushima 770-8503, Japan and Fax :
+81-88-633-7182.

which facilitates continuous measurement of the
central venous oxygen saturation (ScvO2), may be
useful for surgery for pediatric congenital heart disease, which induces marked changes in intraoperative circulatory kinetics (1, 2). We used PediaSat
during a bidirectional Glenn shunt, and confirmed
the usefulness of continuous ScvO2 measurement
during surgery.
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The patient was a 13-month-old boy. His height
and body weight were 74 cm and 10 kg, respectively. Under a diagnosis of left single ventricle (pulmonary atresia, right ventricular hypoplasia, atrial
septal defect) and residual left aortic arch/left superior vena cava, a modified right Blalock-Taussig
(BT) shunt was performed 11 days after birth. Cyanosis deteriorated, and balloon dilatation was conducted to treat shunt anastomotic stenosis. However, there was no response. A bidirectional Glenn
(hemi-Fontan) shunt was scheduled. Anesthesia
was induced with midazolam, and muscle relaxation
was achieved with rocuronium. Endotracheal intubation was performed using a tube measuring 4.5 mm
in inner diameter (ID). Anesthesia was maintained
with sevoflurane and fentanyl. After anesthesia induction, a 4.5 Fr double-lumen (8 cm) PediaSat was
inserted through the right internal jugular vein for
continuous ScvO2 monitoring. Furthermore, the
probe of a near-infrared, mixed blood oxygen saturation-measuring monitor was attached to the forehead for continuous monitoring of the regional
brain tissue mixed blood oxygen saturation (rSO2)
(INVOSTM 5100C, Covidien ; Boulder, CO, U.S.A.).
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For transesophageal echocardiography, a multiplane for children (Philips, Inc. ; Andover, MA,
U.S.A.) was used.
Cardiopulmonary bypass was not performed.
Blockage of the right pulmonary artery and right
superior vena cava decreased the oxygen saturation,
ScvO2, and rSO2, but increased the central venous
pressure (CVP). Immediately before blockage, SpO2,
CVP, rSO2, and ScvO2 were 81%, 16 mmHg, 66%,
and 83%, respectively. However, after blockage, the
values were 71%, 25 mmHg, 50%, and 50%, respectively. Although the changes in ScvO2 paralleled
those in rSO2, the former showed more marked
changes. The response of ScvO2 was prompt, and
there were no artifacts ; the value was stable. As
both rSO2 and ScvO2 were maintained at 50%, surgery was continued. After the blockage was relieved, all parameters promptly returned to the preblockage values. Changes upon blockage of the left
pulmonary artery and left superior vena cava were
slight. Subsequently, respiratory/circulatory kinetics
stabilized, and surgery was completed (Figure). The
postoperative course was favorable. The patient recovered well in the intensive care unit without any
neurological issues.

Figure : Anesthesia record
HR : Heart rate, SpO2 : Percutaneous oxygen saturation, CoreT : Core temperature, NBP : Noninvasive blood pressure, ABP : Arterial
blood pressure, etCO2 : End-tidal carbon dioxide, rSO2 : Continuous monitoring of the regional brain tissue mixed blood oxygen saturation, ScvO2 : Continuous measurement of the central venous oxygen saturation,
First arrow : Blockage of the right pulmonary artery and superior vena cava
Second arrow : Blockage of the left pulmonary artery and superior vena cava
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DISCUSSION
The bidirectional Glenn shunt is a commonly performed procedure in the treatment of univentricular
physiology. It can be performed with or without cardiopulmonary bypass as long as pulmonary perfusion is maintained (3, 4). During the procedure, the
superior vena cava (SVC) is clamped and the proximal pressure can rise as high as 40 to 55 mmHg.
This can hamper cerebral perfusion. The duration of
the procedure is variable, ranging from five to 30
minutes. During this period, reliable cerebral monitoring is essential.
The goal of continuous ScvO2 monitoring is to improve the conditions of severe-status patients by
maintaining an appropriate balance between oxygen
supply and consumption (5). The use of a PreSepTM
CV Oximetry Catheter in adults and a PediaSatTM
Oximetry Catheter in children facilitates continuous
monitoring of the central venous oxygen saturation
(ScvO2). ScvO2 changes in parallel to mixed venous
−
oxygen saturation (SvO2) (6). As ScvO2 depends on
the cardiac output/hemoglobin level/arterial blood
oxygen saturation involved in oxygen transport, as
well as metabolism involved in oxygen consumption,
continuous monitoring of the oxygen demand/supply balance is possible (7). A study performed a protocol involving goal-directed therapy (GDT) (8) to
maintain ScvO2 at 70% or more in high-risk patients,
and reported that a decrease in the mortality rate
and reduction in the admission period were achieved
(9). Systemic management using ScvO2 as an index
was introduced to guidelines for septic shock treatment. Many studies have suggested the usefulness
of ScvO2 (10, 11). In children, the monitoring of
changes in ScvO2 also facilitates prompt management, decreasing the incidence of complications and
the mortality rate in those with congenital heart disease (1, 2).
As an index of cerebral perfusion, noninvasive
monitoring of regional cerebral oxygen saturation
by the use of near-infrared spectroscopy (NIRS)
cerebral oximetry (InvosTM) has been used. The usefulness of rSO2 continuous monitoring during pediatric cardiac surgery has also been reported. It was
reported that a close correlation was observed between cerebral NIRS and SVC oxygen saturation in
neonates with congenital heart disease (12).
We performed the simultaneous monitoring of
ScvO2 and rSO2 during a bidirectional Glenn shunt,
during which blockage of the pulmonary artery/SVC
may cause cerebral edema/ischemia, and confirmed

the usefulness of the two parameters. In particular,
the changes in ScvO2 were more marked than those
in rSO2. The maximum frequency of ScvO2 renewal
was once every two seconds. It was lower than that
of rSO2 monitoring (6 times per second), but a sensitive response was achieved. Although rSO2, which
is measured by attaching a probe to the forehead,
also reflects information on venous blood to some
extent, it facilitates brain-tissue monitoring, and is
strongly influenced by the autoregulation capacity.
As described above, the changes in ScvO2 were
more marked than those in rSO2. This was possibly
because the influence of the cerebral autoregulation
capacity on ScvO2 was less marked than that on
rSO2, since ScvO2 reflects the upper body venous
blood oxygen saturation.
In this case, ScvO2 showed higher values during
surgery than we expected (especially before blockage of the pulmonary artery and superior vena cava ;
ScvO2 83%). During a hyperdynamic state of septic
shock, so-called warm shock, ScvO2 is said possibly
to show an abnormally high value by oxygen utilization disorder in the tissue or increase of shunts (11).
However, a definitive conclusion cannot be drawn
on this issue because we did not measure the real
value of oxygen saturation in the superior vena cava
by blood gas analysis ; however, the patients might
enter a hyperdynamic state by the effects of a high
concentration of oxygen, general anesthesia, catecholamine, and so on. It is thought to be important to
observe not the absolute value but the change over
time of ScvO2. In addition, continuous measurement
of ScvO2, in combination with other surrogates of
organ perfusion (rSO2, vital signs, lactate, etc.), can
be used as a reliable monitor during bidirectional
Glenn shunt.

CONCLUSION
We reported a patient in whom the usefulness of
central venous oxygen saturation monitoring during
bidirectional Glenn shunt was confirmed. Continuous ScvO2 monitoring with a PediaSatTM Oximetry
Catheter may be particularly significant for performing cardiac surgery in children in whom there are
marked changes in hemodynamics. This procedure
may facilitate the prediction of a sign of hemodynamic disturbance that cannot be detected using
other monitoring methods. As ScvO2 shows more
marked changes than rSO2, a combination of these
two parameters for monitoring during Glenn shunt
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may be safer. In particular, it may be very useful for
bidirectional Glenn shunt in which cardiopulmonary
bypass is not performed.
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