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ABSTRACT
Purpose: Central venous pressure (CVP) is considered to be unsuitable as preload parameter. Stroke volume variation
(SVV) has recently been reported to be effective as a preload and fluid responsiveness parameter, and its usefulness for
fluid management during living-donor liver transplantation (LDLT). However, use of SVV has not been reported in
children. Our aim is to evaluate the use of SVV as a target parameter of circulating blood volume during pediatric
LDLT. Methods: This retrospective study was conducted in 40 consecutive patients aged between 5 and 109 months
who underwent elective LDLT. Twenty patients underwent LDLT without FloTrac™ (C group) and the rest patients
underwent LDLT with the FloTrac™ monitoring (F group). As a fluid management target, CVP was maintained at 10
mmHg in the C group and SVV at 10% in the F group. We compared MAP and CVP at the times of the greatest decrease within 5 minutes after reperfusion. Results: MAP after reperfusion was significantly decreased in both groups
(P < 0.01), with the magnitude of decrease significantly greater in the C group compared with the F group (P = 0.02).
MAP before reperfusion did not significantly differ between the groups. After reperfusion, CVP was nearly the same
in both groups, with that in the C group slightly decreased and nearly no change in the F group. SVV after reperfusion was significantly increased (P < 0.001). Conclusion: When used as a target parameter for fluid management
during pediatric LDLT, hemodynamic changes were less when SVV was used as the parameter of circulating blood
volume.
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1. Introduction
Although circulating blood volume during living-donor
liver transplantation (LDLT) must be carefully controlled,
reliable methods have not been established [1]. Hemodynamic management and maintaining proper circulatory
volume is a challenge in patients undergoing liver transplantation. Although pulmonary artery catheter and
transesophageal echocardiography (TEE) may be used in
adult patients, it may not be possible to use the pulmonary artery catheter or TEE. We must rely on the central
venous pressure in infants and small children undergoing
liver transplantation. Maintaining low central venous
pressure (CVP) may be useful from the perspective of
reducing infusion or transfusion volume, which can affect prognosis [2,3]. However, renal function may decline, thus increasing the risk of postoperative mortality
Copyright © 2012 SciRes.

[4]. In addition, liver transplant recipients with hepatic
failure have a bleeding tendency and often develop massive bleeding due to clotting abnormalities, thrombocytopenia due to hypersplenism, and collateral circulation.
In particular, large hemodynamic changes are seen during reperfusion of the transplanted liver and insufficient
circulating blood volume can result in marked hypotension, leading to dysfunction of the transplanted liver and
poor prognosis [5]. Because excess fluids leads to complications, including pulmonary edema and organ congestion [1], evaluation of circulating blood volume is
important.
As preload parameters, CVP and pulmonary artery occlusion pressure (PAOP) have been traditionally used,
though no correlation has been noted between them due
to changes in left ventricular end diastolic volume (LVEDV), cardiac output index, stroke index, and volume load.
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Thus, these parameters are considered to be unsuitable as
preload parameters [6]. Stroke volume variation (SVV),
as determined by continuous monitoring of the arterial
pressure waveform, has recently been reported to be effective as a preload and fluid responsiveness parameter
[7-10], and its usefulness for fluid management during
liver transplantation has also been demonstrated [9,10].
However, to date, clinical use of SVV has been limited to
adults, with very few reports of use in children, and none
in regards to fluid management during liver transplantation.
In this study, we evaluated the use of SVV as a target
parameter of circulating blood volume during pediatric
LDLT. We compared our findings to those obtained with
CVP in regard to usefulness as a parameter for hemodynamic status.

As a fluid management target, before reperfusion of
the liver, CVP was maintained at ≥10 mmHg in the C
group and SVV at ≤10% in the F group. After reperfusion was started, intravenous phenylephrine at 5 µg/kg
was given when the mean blood pressure (MAP) decreased by more than 40% of the preperfusion levels.
Intraoperative variables included the number of administrations of phenylephrine within 5 minutes of starting
reperfusion, and MAP and CVP at the times of the greatest decrease before starting and within 5 minutes after
starting reperfusion. These were compared between the
two groups. A t-test, Mann-Whitney’s U-test and 2 test
were used for statistical analyses.

2. Patients and Methods

The mean operative time in the C group including 2 patients with operation times over 750 minutes was significantly longer as compared with the F group (P =
0.018). No other significant differences were identified
between the groups, including age, anesthesia time, and
fluid balance (Table 1). The mean number of administrations of phenylephrine in the C group (0.9 ± 0.8) was
about twice that in the F group (0.4 ± 0.7, P = 0.19),
without significance. MAP after reperfusion was significantly decreased in both groups (P < 0.01), with the magnitude of decrease significantly greater in the C group
(–17 ± 7 mmHg) compared with the F group (–11 ± 7
mmHg, P = 0.02). MAP before and after reperfusion did
not significantly differ between the groups (Table 2).
Before reperfusion, CVP was significantly higher in the
C group than in the F group (P = 0.03). After reperfusion,
CVP was nearly the same in both groups, with that in the
C group slightly decreased and nearly no change in the F
group. SVV after reperfusion was significantly increased
in the F group (P < 0.001). There was 1 postoperative
death in the C group and 2 in the F group, though the
difference was not significant.

Informed consent was obtained by document from all
patient families. This retrospective study was conducted
with 40 consecutive patients aged between 5 and 109
months who underwent elective LDLT at National Center for Child Health and Development, Tokyo, Japan
between September 2008 and December 2010. In July
2009, the FloTrac™ system (Edwards Lifesciences LLC,
Irvine, CA, USA) was introduced to our hospital for
measurement of SVV. The 40 patients included 20 who
were treated before introduction of the FloTracTM system
(C group) and 20 patients who were treated after (F group).
All patients were premedicated with oral diazepam
(Takeda Pharmaceutical Company Limited, Tokyo, Japan) at 0.7 mg/kg. An infusion of remifentanil (Jansen
Pharmaceutical K.K. Tokyo, Japan) 0.5 µg/kg/min was
started, then tracheal intubation was performed after administrations of midazolam (Astellas Pharma Inc., Tokyo,
Japan) at 0.1 - 0.2 mg/kg, fentanyl (Daiichi Sankyo
Company, Limited, Tokyo, Japan) at 2 µg/kg, and rocuronium (MSD K.K. Tokyo, Japan) at 1 mg/kg. Anesthesia was maintained with propofol (Maruishi Pharmaceutical Company Limited, Osaka, Japan) at 60 - 90
mg/kg/h or inhaled sevoflurane at a concentration of
0.8% - 1.5%. In all patients, remifentanil was continuously administered at 0.25 - 1.0 µg/kg/min, with fentanyl
and rocuronium intermittently administered.
Following tracheal intubation, an arterial pressure line
and central venous catheter were placed. Arterial pressure was measured using a conventional pressure transducer in the C group and with the FloTrac™ system in
the F group. During surgery, in addition to basic monitoring of invasive arterial pressure and CVP, SVV was
also monitored in the F group. Fluids included bicarbonated Ringer’s solution, acetated Ringer’s solution, and
5% albumin solution. Blood transfusion products were
administered as needed at the discretion of the attending
anesthesiologist.
Copyright © 2012 SciRes.

3. Results

Table 1. Patients’ characteristics.
C group (n = 20) F group (n = 20)
Age (months)
Sex (male/female)
Weight (kg)
Diagnosis (biliary atresia: others)
Duration of anesthesia (min)
Duration of surgery (min)
Fluids (ml)
Transfusion (ml)
5% Albumin (ml)
Blood loss (g·kg–1)
Fluid balance (ml·kg–1·h–1)

25.5 ± 30.8
7/3
12.1 ± 8.0
7/3
674 ± 120
558 ± 110*
2326 ± 967
436 ± 588
1402 ± 818
92 ± 90
13.4 ± 4.9

28.3 ± 28.8
6/14
9.8 ± 4.4
6/14
605 ± 94
479 ± 81
2022 ± 716
482 ± 473
779 ± 406
104 ± 106
15.7 ± 5.3

Data are presented as the mean ± standard deviation or number of patients.
Water balance: (fluids + transfusion) – (blood loss + urine output); *P < 0.05
in comparison with the F group (P = 0.015).
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Table 2. Hemodynamic changes before and after reperfusion.
C group (n = 20)

F group (n = 20)

before

after

before

after

MAP (mmHg)

67 ± 11

50 ± 9**

67 ± 12

56 ± 10**

CVP (mmHg)

14 ± 4

11 ± 4

11 ± 4†

10 ± 3

6±1

12 ± 6**

SVV (%)

Data are presented as the mean ± standard deviation; **P <0.01 in comparison with respective value before reperfusion; †P <0.05 in comparison with
the C group.

4. Discussion
We compared hemodynamic parameters before and after
reperfusion in children who underwent LDLT during
anesthesia using CVP or SVV as the target parameter for
circulating blood volume. When SVV was used as a target, despite a lack of differences in the amount of the
intraoperative fluid and transfused blood products, CVP
was significantly lower before reperfusion. Conversely,
after reperfusion, the number of administrations of
phenylephrine was less and MAP tended to remain high.
In addition, SVV was significantly increased and MAP
significantly decreased after reperfusion, whereas CVP
was not significantly changed. These results suggest that
CVP does not accurately reflect circulating blood volume,
because it is easily affected by surgical manipulations
such as compression or blocking of the inferior vena cava.
During the perioperative period of various types of surgery, including liver transplantation, SVV has been reported to represent a more reliable preload parameter in
adults as compared to CVP [7,8]. Our study confirmed
those findings during pediatric LDLT. Although CVP did
not show large changes, SVV was significantly elevated
after reperfusion. This finding may suggest that SVV is
more useful than CVP in this procedure.
SVV has previously been used as a marker of fluid responsiveness for cases in which a decrease in circulating
blood volume is anticipated [7-10], and hemodynamic
improvement with fluid loading has been reported when
SVV is ≥8% - 10% [9,10]. In the present study, as previously reported by Biais et al. [9], the target value for
SVV before reperfusion was ≤10% and was maintained
at ≤8% in all patients. We considered that maintaining
SVV at a relatively low level as compared to CVP as a
target parameter was likely one of the reasons why
hemodynamics after reperfusion were more stable. Nevertheless, suitable SVV values during liver transplantation require further investigation.
Attempts at measuring cardiac output based on arterial
pressure waveform analysis have been reported [11].
Copyright © 2012 SciRes.

However, a key disadvantage is the large intra-individual
and inter-individual differences in those relationships, and
external calibration with single lithium dilution (LiDCO™)
or thermodilution (PiCCO™) is required [12,13]. A major feature of the FloTrac™ system, used to measure
SVV in our study, is that cardiac output, stroke volume,
and SVV are easily measured by connecting a special
sensor (FloTrac™; Edwards Lifesciences LLC) and
monitor (Vigileo™; Edwards Lifesciences LLC) to the
arterial line, without the need for a central venous catheter
or pulmonary artery catheter, or external calibration [14].
With the FloTrac™ system, in addition to SVV, cardiac output and stroke volume are also calculated. However, since the constant use in the calculation process
varies with age and arterial compliance is high in young
individuals, even when a large change in cardiac output
occurs, little change is seen in the arterial pressure
waveform [15]. Thus, these parameters are less reliable
in patients ≤20 years old.
SVV is expressed by the following formula using
maximum stroke volume (SVmax) and minimum stroke
volume (SVmin), standard deviations (SDmax and SDmin),
and the constant χ determined by vascular compliance
and vascular resistance [16].
SVV   SVmax  SVmin   SVmax  SVmin  2
    SD max    SD min     SD max    SD min  2
  SD max  SD min   SD max  SD min  2

As shown in the above formula, SVV is calculated
only from changes in stroke volume and, theoretically,
should be applicable for all ages. Although not previously
reported in pediatric cases, our findings suggest that SVV
may be a useful target parameter for intraoperative fluid
management during LDLT in children. A future study is
needed to validate the usefulness of monitoring SVV in
children. Whether SVV is useful for pediatric before
SVV can be proposed as a useful target parameter for
fluid management in pediatric surgery cases.
Also, because of its retrospective nature and the different time periods when surgery was performed between
the groups, some influence due to differences in surgical
techniques cannot be excluded. In addition, blood transfusions and albumin administration were performed at
the discretion of the attending anesthesiologist, which
may have also contributed to the lack of significant differences. In the future, a prospective study with a more
detailed protocol should be conducted.
In conclusion, hemodynamic changes associated with
reperfusion were less when SVV was used as a target
parameter of circulating blood volume. SVV was associated with hemodynamic changes before and after starting
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reperfusion as compared to CVP.
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