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ABSTRACT
Background: Providing and maintaining normovolemic condition during major surgeries is a major
challenge, especially in children. In this respect, third-generation hydroxyethyl starches seem to
be more cost-effective than human albumin. However, the efficacy of 6% hydroxyethyl starch
(HES) 130/0.4 compared to other alternatives such as human albumin 5% remains uncertain in
children.
The present study aimed to assess the efficacy and safety of replacing human albumin 5% with
6% HES 130/0.4 for volume replacement therapy in children undergoing selective open cardiac
surgery.
Method: This randomized double-blinded clinical trial was performed on 59 children aged less than 2
years and ASA I-III who were candidated for selective open-heart surgery and referred to a
children medical center in 2014. The patients were randomly assigned via the block
randomization method to the case group (n = 30) receiving a solution of 6% HES 130/0.4 and
the control group (n = 29) receiving 5% human albumin.
There were no between-group differences in hemodynamic parameters—including pulse rate,
systolic and diastolic blood pressures, and mean blood pressure—at the time points of before
anesthesia induction, before and after pump insertion, and 24 hours after surgery.
Results: Comparisons of the laboratory indices indicated no differences between the 2 groups at the
different time points. The volume of packed cell and colloid fluids infused in the case and
control group was also similar.
Conclusions: Compared to human albumin 5%, 6% HES 130/0.4 is a safe alternative to fluid supply
during cardiac surgery among children. (Iranian Heart Journal 2018; 19(1):37-43)
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P

roviding and maintaining normovolemic
condition during major surgeries is a
major challenge, not least in children. It
has been well shown that any fluid volume
disturbance within surgery can lead to high
intraoperative and postoperative mortality and
morbidity. 1, 2 Because of the loss of a notable
volume of fluid and blood during some major
surgeries
such
as
cardiac
surgeries,
compensating high volumes of suitable fluids is
necessary with the aim of compensating for the
cardiac output and hemodynamic stability. 3
Moreover, appropriate fluid replacement is
essential for ensuring safety and reducing
morbidity and mortality in the perioperative
period. 4 This issue assumes even more
significance in children who undergo major
surgeries because of more susceptibility to
hemodynamic instability following blood and
fluid loss. 5 In children candidated for cardiac
surgeries on cardiopulmonary bypass, the use
of human albumin and crystalloid fluids have
remained the first choice for volume
replacement. Compared to crystalloids, the
administration of human albumin can stabilize
the oncotic pressure as well as decrease the
7-9
intraoperative
positive
balance.
Nevertheless, its high cost compels physicians
to discover other alternatives with lower
expenses.
Third-generation hydroxyethyl starches seem to
be more cost-effective than human albumin.
According to a recent survey, 6% hydroxyethyl
starch (HES) 130/0.4 can offer fluid volume
expansion similar to that of older starches, but
its effectiveness in hemostasis seems to be less
marked. 10 In some recent investigations,
administrating 6% HES 130/0.4 increased the
need for renal replacement therapy and even
increased the risk of early postoperative
mortality. 11, 12 In total, the efficacy of 6% HES
130/0.4 compared to other alternatives such as
human albumin 5% remains uncertain in
children. The present study aimed to assess the
efficacy and safety of replacing human albumin
5% with 6% HES 130/0.4 for volume

replacement therapy in children undergoing
selective open cardiac surgery.
METHOD
This randomized double-blinded clinical trial
was performed on 59 children aged less than 2
years and ASA I-III who were candidated for
selective open-heart surgery and referred to a
children medical center in 2014. The exclusion
criteria were requiring blood transfusion before
pumping, underlying hepatic or coagulation
disorders, history of cardiac interventions,
preoperative unconsciousness, present anemia
or
cerebral
hemorrhage,
hypoor
hypernatremia, heart failure or respiratory
distress, serum platelet count lower than 100
000, and any renal disturbances leading to
oliguria or anuria.
The study was registered by the Ethics
Committee of Tehran University of Medical
Sciences (No. 1394.650). The day before
surgery, the patients were all visited by the
anesthesiologist, and the procedures were
explained to the parents in detail. On the day of
surgery and before transferring the patients to
the operating room, written consent was
obtained from the parents. After intravenous
catheterization and rubbing the EMLA
ointment, the syrup of midazolam (0.5 mg/kg)
was administered to the children younger than 2
months and the children were transferred to the
operating room. The patients were randomly
assigned via the block randomization method to
the case group (n = 30) receiving a solution of
6% HES 130/0.4 and the control group (n = 29)
receiving 5% human albumin. All the patients
were monitored at the operating room regarding
hemodynamic parameters—including ECG,
pulse oximetry, blood pressure, cerebral
oximetry, and renal oximetry. Anesthesia was
induced using sevoflurane (2.5 mac) along with
oxygenation using masks and the Bain circuit
system. Thereafter, a peripheral intravenous
line was taken using 24-F or 26-F catheters and
then dextrose water 5% was infused as



maintenance until cardiopulmonary bypass
pump insertion. Subsequently, the anesthesia
protocol was changed to fentanyl (50 μg/kg/h)
plus midazolam (100 μg/kg/h) and sevoflurane
(1.5 mac) with atracurium if required repeated
at an interval of 40 minutes. The solutions of
HES and albumin were maintained and used for
the patients with the maximum dosages of 50
mL/kg. If blood transfusion was required,
packed cells were ordered to achieve a
hemoglobin level higher than 12 g/dL. The total
volume of the infused fluids, arterial and central
venous blood pressures, total volume of the
blood transfused intraoperatively or within 24
hours after surgery, urinary output, percentage
of oxygenation, plasma cell count, need for
inotrope agents, and length of ICU stay were
assessed in the 2 groups. The baseline
characteristics of the patients—including
demographics and medical history—were
collected by reviewing the hospital recorded
files.
For the statistical analyses, the results are
presented as means ± standard deviations (SDs)
for the quantitative variables and summarized
by absolute frequencies and percentages for the
categorical variables. The normality of the data
was analyzed using the Kolmogorov–Smirnov
test. The categorical variables were compared
using the χ2 test or the Fisher exact test when
more than 20% of cells with an expected count
of fewer than 5 were observed. The quantitative
variables were also compared using the t-test or
the Mann–Whitney U test. For the statistical
analyses, the statistical software SPSS, version
16.0 for Windows (SPSS Inc, Chicago, IL), was
used. A P value of 0.05 or less was considered
statistically significant.
RESULTS
The comparison of the baseline characteristics
(Table 1) showed no differences in terms of
gender, mean age, mean weight, and history of
cyanotic diseases between the case and control
groups. There were no between-group
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differences in regard to the hemodynamic
parameters—including pulse rate, systolic and
diastolic blood pressures, and mean blood
pressure—at the time points of before
anesthesia induction, before and after pump
insertion, and 24 hours after surgery (Table 2).
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Table 1. Baseline characteristics of the 2 study groups,
who received 6% HES 130/0.4 and 5% human albumin
Characteristics
HES
Albumin
P
Group
Group
Age (y)
8.06 ± 7.80 5.93 ± 5.23 0.224
Male gender (%)
19 (65.5)
14 (48.3)
0.185
Mean weight (kg)
6.06 ± 2.80 5.69 ± 2.60 0.571
Cyanotic disease (%)
17 (56.7)
16 (55.2)
0.558
HES, Hydroxyethyl starch

Table 2. Hemodynamic parameters of the 2 study groups,
who received 6% HES 130/0.4 and 5% human albumin at
different time points
HES
Albumin
Characteristics
P
Group
Group
Heart rate (beats/min)
Before induction
124.13
122.45
0.692
Before pumping
126.57
123.59
0.438
After pumping
128.87
124.38
0.240
24% after surgery
126.47
127.17
0.484
Systolic blood pressure (mm Hg)
Before induction
78.37
76.41
0.631
Before pumping
73.60
73.93
0.923
After pumping
75.00
77.69
0.506
24% after surgery
80.97
79.90
0.800
Diastolic blood pressure (mm Hg)
Before induction
46.10
41.90
0.224
Before pumping
43.63
39.86
0.250
After pumping
42.53
41.31
0.674
24% after surgery
48.77
48.77
0.234
Mean blood pressure (mm Hg)
Before induction
56.53
53.00
0.311
Before pumping
53.10
50.72
0.456
After pumping
53.10
52.66
0.888
24% after surgery
59.13
55.72
0.301
HES, Hydroxyethyl starch

These insignificant differences were also
revealed separately in both cyanotic and noncyanotic subgroups. The comparison of the
laboratory indices between the case and control
groups indicated that in both groups, arterial O2
saturation and O2 pressure were increased after
pump insertion and also 24 hours after surgery
as compared to before the pump, but the
condition of the other indices—including PH,
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PCO2, HCO3, and serum hemoglobin level—
remained partially unchanged before and after
pump in both groups. Overall, no differences
were revealed in the blood gas parameters,
serum lactate level, serum hemoglobin level,
and brain oximetry between the case and
control groups (Table 3).
Table 3. Laboratory parameters of the 2 study groups,
who received 6% HES 130/0.4 and 5% human albumin at
different time points
Characteristics

HES
Group

Albumin
Group

Arterial O2 saturation (%)
Before induction
84.17
82.52
Before pumping
87.03
83.72
After pumping
97.00
97.10
24% after surgery 96.27
97.48
Brain oximetry (%)
Before induction
72.64
65.00
Before pumping
58.80
57.03
After pumping
69.87
68.00
24% after surgery 68.09
64.44
O2 pressure
Before pumping
107.60
152.31
After pumping
152.73
190.72
24% after surgery 165.28
166.32
HCO3 level (meq/L)
Before pumping
23.46
22.63
After pumping
23.14
23.10
24% after surgery 22.98
24.46
PCO2 (mm Hg)
Before pumping
39.20
40.62
After pumping
37.07
35.93
24% after surgery 35.69
39.07
Arterial PH
Before pumping
7.39
7.36
After pumping
7.40
7.41
24% after surgery 7.42
7.40
Arterial lactate level (meq/L)
Before pumping
2.25
1.74
After pumping
3.56
2.82
24% after surgery 3.59
3.68
Serum hemoglobin level (g/dL)
Before pumping
12.81
11.82
After pumping
11.43
10.64
24% after surgery 11.58
11.16
HES, Hydroxyethyl starch

P
0.780
0.450
0.876
0.133

Table 4. Volume of bleeding, urine output, inotrope use,
and ICU stay of the 2 study groups, who received 6%
HES 130/0.4 and 5% human albumin at different time
points
HES
Albumin
Characteristics
P
Group

Volume of platelet

Group

1.71

1.83

0.598

0.04

0.05

0.068

19.01

15.90

0.436

37.03

34.62

0.840

4.10

4.48

0.739

(unit)

Inotrope use after pump
(μg /kg/min)

0.069
0.668
0.451
0.436
0.166
0.212
0.971

Total bleeding
(mL/kg)

Urine output
(cc/kg/h)

Total ICU stay
(d)

HES, Hydroxyethyl starch

DISCUSSION
0.520
0.973
0.343
0.614
0.572
0.166
0.307
0.885
0.599
0.385
0.248
0.910
0.250
0.262
0.330

Similar findings were observed in both cyanotic
and non-cyanotic subgroups. The comparison
of the other parameters such as serum platelet
counts, need for inotrope use, volume of
bleeding, urine output, and total ICU stay
showed
no
between-group
differences
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(Table 4). Similarly, the volume of packed cells
infused in the case and control groups was
17.97 and 15.82 mL/kg (P = 0.676), the volume
of colloid fluid infused was 37.30 and 34.62
mL/kg (P = 0.264), and the volume of prime
fluid plus packed cell was 36.57 and 34.23
mL/kg (P = 0.662), respectively, with no
difference between the groups.

Open cardiac surgery is generally accompanied
by high bleeding rates and thus with need for
blood transfusion. 13, 14 In such operations,
supplying fluids is of vital importance for
stabilizing hemodynamic status. Because of
instability after being weaned from the pump,
this fluid compensation is necessary to achieve
appropriate postoperative outcomes. In other
words, the lack of fluid management can lead to
systemic tissue hypoperfusion and acidosis.
Additionally, the pump itself can induce
inflammatory reactions, resulting in endothelial
dysfunction and thus interstitial edema. 15-17
Although crystalloid fluids are available and
cost-effective, they should be administered in
high volumes to maintain normal hemodynamic
status. Moreover, these fluids may not provide
enough intravascular volume loads and thus
may not be the first and only choice for major
surgeries. 18-20 In this regard, 6% HES 130/0.4,
which is a colloid fluid, is deemed a good
alternative for the supply of fluids in such



clinical conditions—particularly in children
subgroups. 21 Nonetheless, its efficiency has
hitherto remained unclear. According to our
findings, the total efficacy of 6% HES 130/0.4
was completely similar to that of 5% human
albumin as an acceptable standard fluid
replacement regarding all hemodynamic
parameters and laboratory indices both before
and after pump insertion. This finding indicates
the high efficacy of 6% HES 130/0.4 in
providing appropriate hydration condition in
cardiac surgeries in children. Van der Linden et
al 22 (2015) succeeded in showing that the
intraoperative use of HES was associated with a
low positive fluid balance compared to human
albumin. Likewise, perioperative blood loss,
volumes of red blood cells and fresh frozen
plasma administered, and number of children
who received transfusions were also
significantly lower in the HES group, but we
observed no difference regarding the incidence
of postoperative renal failure requiring renal
replacement therapy or of morbidity and
mortality. Similarly, Hanart et al 23 (2009)
indicated that the volume of colloid used
intraoperatively was similar in both groups,
who received 6% HES 130/0.4 and 5% human
albumin, correspondingly. The measured and
calculated blood losses were not different
between the groups, but a higher number of the
children in the albumin group required
allogeneic blood transfusion. Moreover,
intraoperative fluid balance was lower in
the HES group. In their study, in total, the
postoperative outcome was not different
between the groups. Morioka et al 24 (2013)
reported that all their pediatric patients were
hemodynamically stable at different time points
of surgery. The changes observed in the
assessed laboratory parameters—including
hematological and coagulation parameters—or
in any other safety parameter determined did
not reveal any safety concern related to the
administration of 6% HES 130/0.4 up to doses
of 50 mL/kg body weight. In a study by Standl
et al 25 (2008), comparable volumes of 6% HES

130/0.4 and 5% human albumin were infused in
82 small infants (< 2 y) undergoing non-cardiac
surgery to restore or maintain hemodynamic
stabilization. It can be concluded that receiving
similar volumes of 6% HES 130/0.4 and 5%
human albumin for intraoperative volume
requirements in patients undergoing cardiac
surgery was associated with no differences in
transfusion requirements or blood loss. The
study results finally indicated that 6% HES
130/0.4 had a reliable volume effect,
contributed to significant human albumin
savings, and was safe in pediatric patients
undergoing major cardiac surgeries. However,
when interpreting the results of the current
study, some limitations should be taken into
account such as the low patient number and the
missing control group. Thus, the data can only
be considered as explorative with respect to
volume effects and human albumin savings,
and safety conclusions are limited.
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CONCLUSIONS
Our study showed no difference in
hemodynamic parameters, laboratory indices,
inflammatory condition, and bleeding load
within cardiac surgeries following the infusion
of 6% HES 130/0.4 and 5% human albumin
and thus the former fluid can be a safe
alternative for fluid replacement in children
undergoing major surgeries.
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