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New 6% hydroxyethyl starch 130/0.4 does
not increase blood loss during major
abdominal surgerydA randomized,
controlled trial*
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Background/Purpose: Ideal fluid management during surgery still poses a clinical dilemma
gauging the benefits and adverse effects. This randomized controlled trial compared the tissue
perfusion and coagulation profiles under clinically equivalent hydroxyethyl starch (HES 130/
0.4) and lactated Ringer’s solution (LR).
Methods: Eighty-four patients undergoing major abdominal surgery were randomized to receive
either HES or LR. Tissue perfusion parameters using heart rate, arterial blood pressure, central
venous pressure, cardiac index, stroke volume index, and central venous oxygen saturation were
measured at T0 (baseline), T1 (start of surgery), T2 (1 hour after start of surgery), and T3 (end of
surgery). Coagulation parameters using thrombelastography (TEG) were measured at T0 (base-
line), T4 (after 15 mL/kg fluid transfused), and T5 (24 hours after baseline).
Results: The total amount of fluid administrated was 1547.9 � 424.0 mL in HES group and
2303.1 � 1033.7 mL in LR group (p < 0.001). The parameters of tissue perfusion and TEG did
not differ significantly between groups at any time point except for a transient decrease in clot
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kinetic and clot strength at T4 for HES group. There was no significant difference in blood loss
and consumption of blood products between the two fluids.
Conclusion: HES 130/0.4 is a more efficient intravascular volume expander to maintain tissue
perfusion than conventional crystalloid. Transient hypocoagulability induced by HES 130/0.4
does not warrant excessive blood loss and blood transfusion.
Copyright ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.

Introduction

Perioperative fluid management for intravascular volume
deficits has been, and still is, the focus of much debate in
perioperative medicine.1 The debate has primarily focused
on the choice of the ideal fluid therapy with either crys-
talloid or colloid, or with either liberal or restrictive
amount of fluid.2e5 Large-volume crystalloid resuscitation
is associated with an increase in tissue edema, which
further jeopardizes tissue perfusion locally.6 On the
contrary, adverse effects of colloid therapy, such as
anaphylaxis and hemostatic impairment, are of concern.7

In a major abdominal surgery, patients commonly suffer
from absolute or relative intravascular volume deficits
because of preoperative fasting, gastrointestinal prepara-
tion, perioperative bleeding, exposure evaporation, third-
space losses, and vasodilation after general anesthesia.8

Hypovolemia during surgery has been associated with
intraoperative hemodynamic instability and tissue and/or
organ hypoperfusion. Therefore, adequate restoration of
intravascular volume is important to fulfill the nutritive role
of the circulation and to have beneficial outcomes on both
morbidity and mortality.

However, the optimal strategy remains controversial and
uncertain, and mostly depends on the dogma and belief of
the caring physician in spite of fluid therapy recommen-
dations.8 Recently, a new generation of hydroxyethyl starch
(HES) preparation (Voluven�, 6% HES 130/0.4, Fresenius
Kabi GmbH, Bad Homburg, Germany) was introduced. It has
a lower mean molecular weight (130,000 Da), a lower
degree of molar substitution (0.4), and a narrower molec-
ular distribution profile; therefore, it is expected to have
less hemostatic interference than other HES prepara-
tions.1,9 However, interference with blood coagulation is
still the main obstacle to its adoption in perioperative fluid
management, especially in major surgery with potentially
significant bleeding and fluid shift.9 Therefore, this study
was designed to assess the efficacy of this new HES prep-
aration on tissue perfusion and coagulation in patients
undergoing major abdominal surgery, compared to that of
lactated Ringer’s solution (LR), by the concept of goal-
directed fluid management.10,11

Patients and methods

The study protocol was approved by our Research Ethics
Committees, and 84 adult patients undergoing elective
major abdominal surgery were included with their written
informed consent. Inclusion criteria for participation in the
study were loss of more than 500 mL blood during surgery
and admission to an intensive care unit after the surgery.

Patients with cardiac insufficiency (New York Heart Asso-
ciation class IIIeIV), renal impairment (serum creatinine
>1.5 mg/dL), altered liver function (aspartate amino-
transferase >40 U/L, alanine aminotransferase >40 U/L, or
serum total bilirubin >2 mg/dL), preoperative anemia
(hemoglobin <10 g/dL), preoperative coagulation abnor-
malities (platelet count <100000/mL; international
normalized ratio >1.5), and known allergy to HES were
excluded from the study.

Anesthesia was induced with thiopental (4e6 mg/kg)
and fentanyl (3 mg/kg). Neuromuscular blockade was ach-
ieved with cisatracurium (0.2 mg/kg). Anesthesia was
maintained by incremental doses of fentanyl, cis-
atracurium, and 1e2% isoflurane titrated accordingly.
Mechanical ventilation was performed in all patients to
maintain arterial oxygen saturation of >95% and end expi-
ratory carbon dioxide concentration between 35 and
40 mmHg. Perioperative hemodynamic monitoring included
continuous measurement of electrocardiogram, arterial
blood pressure, and central venous pressure (CVP). Warm-
ing blanket device and fluid warmers were used to keep
patients normothermic (>36.0�C). The patients were
managed perioperatively by anesthesiologists who were not
involved in the study and process of randomization.

Patients were randomly assigned to two groups by using
computer-generated randomnumbers. InHES group, patients
received intravenous infusion of 0.6%HES 130/0.4 throughout
the operation and, in LR group, LR was administered. Fluid
was given to maintain a predefined target of mean arterial
blood pressure (MAP) between 65 and 90 mmHg or CVP
between 8 and 12 mmHg. Vasopressor or inotropic agents
were addedwhen volume administration was not effective in
maintaining the predefined target blood pressure for 5
minutes.10,11 Maximum allowed doses for HES and LR infusion
were15and45mL/kg, respectively,which shouldbe followed
by other crystalloid infusion (e.g., 0.9% saline or 5% glucose
water) if necessary. Packed red blood cell (RBC) was trans-
fused when hemoglobin level dropped below 8 g/dL. At the
end of surgery, endotracheal tube was removed at the
discretion of the caring anesthesiologist. All patients were
sent to the intensive care unit and mechanical ventilation
continued if necessary. Intravenous morphine was used for
postoperative pain management for patients who requested
patient-controlled analgesia (PCA) prior to surgery. Those
without consent for PCA received intravenous fentanyl infu-
sion titrated as required in the intensive care unit.

Measurement of tissue perfusion

Tissue perfusion parameters were obtained by an uncali-
brated arterial pressure-based cardiac output monitor
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