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Background: The use of protein colloid in fluid
management post-cardiac surgery is debatable
whether it is more beneficial than non-protein colloid
or crystalloid. Patients who still need more volume after
the resuscitative phase might benefit from optimal
fluid management by choosing the most beneficial
fluid. This study compared albumin 4% administration
to gelatine and ringer lactate as a volume expanders
post-resuscitative phase after coronary artery bypass
grafting (CABG) on-pump.
Methods: We conducted a single-centered, singleblind, randomized controlled study that assigned 120
patients undergoing elective CABG on-pump. Subjects
who met inclusion criteria received 125 ml/hour of
either albumin 4%, gelatine colloid, or Ringer’s lactate
(RL) as the only infusion fluid for 4 hours after the first
assessment post-resuscitative phase, after intensive
care unit (ICU) admission. After fluid administration,
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INTRODUCTION
Fluid administration is considered one
of the important first-line therapies in
stabilizing the hemodynamics of patients
post cardiac surgery. Patients often receive
extra intravenous fluid such as crystalloid,
colloid, blood products, or combinations.
Crystalloid, in the form of ringer lactate
(RL), and colloids such as gelatine are
commonly used for post-operative fluid
in some cardiac institutions. Another
alternative is using protein colloid albumin
5% or protein plasma fraction such as
plasmanate 5% (containing albumin
4%), preferred for fluid resuscitation
102

patients were reassessed. The assessment included
cardiac output and lactate serum as the primary
outcome, while the duration of mechanical ventilation,
ICU, and hospital stay were recorded as secondary
outcomes.
Results: The mean of cumulative cardiac output
improvement differed between the group albumin
4% 1.18 L/min, gelatine 0.88, and RL 0.74 (p=0.002).
Lactate serum decreased in the albumin 4% group
as much as 3.31 gr/dl compared to gelatine 2.13 and
RL group 2.37 (p=0.005). Duration of mechanical
ventilation, length of stay in ICU, and hospital postoperative were shorter in the albumin group than in
other groups.
Conclusions: Albumin 4% used as a volume expander
in the post-resuscitative phase still improved cardiac
output and tissue micro-perfusion than gelatine and
ringer lactate.

and stabilization post-cardiac surgery
for a more profound volume expansion
effect than crystalloids or non-protein
colloids.1–6
Coronary artery bypass grafting
(CABG) with bypass machine (on pump)
induces systemic inflammation responses,
leading to capillary leakage. Fluid
resuscitation with crystalloid with/or
without colloids is conducted to overcome
hemodynamic consequences due to
capillary leakage and vasodilation caused
by the rewarming process and anesthesia.
Overload of intravascular fluid in the
leakage phase causes fluid accumulation

in the interstitial and edema formation.
Crystalloid needs a large amount of fluid
administration to obtain an optimal
hemodynamic response. The use of nonprotein colloid is related to complications
such as blood coagulation dysfunction
and renal disorder. Protein colloids like
albumin or protein plasma fraction,
with a molecule weights around 6600069000 Dalton, are considered iso-oncotic
fluids have volume expander effects
that are more predictable than its other
solutions (20-25% solutions). The fluid
dose required is lower while preventing
a substantial decrease in colloid oncotic
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pressure. Maintaining colloid oncotic
pressure is considered as goal-directed
fluid replacement. Albumin can be used
as a volume expander and an alternative to
avoid unnecessary fluid administration in
cardiac surgery.7–12
Cost efficiency is the main reason why
protein colloids such as albumin 4-5%
are not used as first-line fluid therapy.
The effectivity in giving protein colloid
post-cardiac surgery is well-established,
although it is still not given in the first-line
fluid therapy. The main objective of this
study was to compare the effects between
albumin 4%, gelatine colloid and ringer
lactate administration post-resuscitative
phase after CABG on-pump in improving
cardiac output and tissue micro-perfusion
represented by decreasing lactate level.4,5,13

METHODS
Subjects
This randomized, single-blind, singlecenter, controlled trial was conducted over
13 months at the post-cardiac surgery
intensive care unit (ICU) cardiovascular
hospital. The ethical committee of the
hospital has approved this study. We
included 120 informed and provided
written consent before including subjects.
Only subjects who fulfilled inclusion
criteria after the first assessment (4 hours
after ICU admission) were selected as
subjects in the study. Inclusion criteria
were: patients aged more than 18 years old,
post CABG on pump, elective operation,
post-operative with decreased cardiac
output (<4.0 L/mnt), high lactate level (>4.0
gr/dl) and positive fluid responsiveness on
first assessment (4 hours post-operative).
Exclusion criteria were: patients with
other cardiac diseases (valve problem,
aortic disease or congenital heart); surgery
combined with valve surgery; patients in
another study regimen which could affect
fluid resuscitation method; a bleeding
problem; and cardiac output decreased
with negative fluid responsiveness or
patients who refused to participate in the
study.
Patients who fulfilled the inclusion
criteria were randomized into three groups
comprised of 40 patients in each with the
following fluid regimens:
Group 1 Control : Ringer Lactate: RL 500
ml given 125 ml/hour for 4 hours

Group 2 Colloid gelatine: GelofusinÒ 500
ml given 125 ml/hour for 4 hours
Group 3 Protein colloid : Albumin 4% or
PlasmanateÒ 5% 500 ml given 125 ml/
hour for 4 hours
Randomization was based on simple
randomization to allocate patients to
three groups. The single-blinded method
was used for patients and cardiologists/
technicians who did the first and second
assessments. Fluid administration done
by the caregiver (nurse and attending
physician) was not blinded, referring
to ethical committee recommendation.
There were drop out criteria, in case a
patient should be dismissed from the
study and treated as an indication, dropout criteria were: unstable hemodynamic
post-operative (hypotension with MAP
< 50 mmHg; need two inotropic and
vasopressor); patient with/need for intraaortic balloon pump /IABP; experiencing
cardiogenic
shock;
pulmonary
hypertension crisis; anaphylactic shock;
patient with a maximal fluid dose for a day
that had to be replaced with other kinds of
fluid; or known/found allergy to albumin
or gelatine.
Procedures
After obtaining approval from the
hospital’s ethical committee for research,
the study was conducted with patients
who underwent elective coronary bypass
surgery with cardiopulmonary bypass
machines. All elective surgery patients
were informed consent. All patients who
agreed to join the research were considered
subject
candidates.
Postoperatively,
patients were admitted to the intensive
care unit (ICU) and routinely obtained
vital signs. Lactate serum was checked
initially. All patients received routine
post-operative care and initial standard
fluid administration was RL or gelatine
colloid. Vasopressors and inotropic
use were given at the discretion of the
attending consultant and not controlled by
protocol. The fluid used during the first 4
hours in ICU was given by the instruction
of the attending consultant and indication
required. The first examination was done
during the 4th hour in the ICU, including
laboratory tests to check lactate serum
and echocardiography examinations
to obtain cardiac output and fluid
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responsiveness. Patients with inadequate
cardiac output (<4.0 L/mnt) and elevated
lactate serum (>4 gr/dl) with positive
fluid responsiveness were, according
to inclusion criteria, considered as
subjects. Subjects were randomized to be
assigned into 3 groups: Group 1 received
crystalloid fluid RL, Group 2 received
non-protein gelatine colloid, and Group
3 received protein colloid fluid albumin
4% in the form of plasmanateÒ 5%. Fluid
administration was done according to
protocol. Five hundred cc of each fluid was
given in 4 hours duration, and during this
period, all other fluid was stopped. After
the fluid protocol was finished, cardiac
output and lactate serum were performed,
labeled as the second examination.
During post-operative care, mechanical
ventilation duration, ICU, and hospital
post-operative length of stay (LOS) were
recorded.
Outcome Variables
Primary outcome variables were changes
in cardiac output (delta cardiac output
in second and first examination) and
lactate serum (delta lactate serum in
second and first examination) which
were examined after the fluid regimen
protocol. Cardiac output was examined
with echocardiography by a cardiologist
or resident who was not aware of the
trial. Lactate serum was obtained from an
artery blood sample combined with blood
gas analysis and examined in the hospital
laboratory. Secondary outcome variables
were mechanical ventilation duration,
ICU, and hospital post-operative LOS.
Statistical analysis
The sample size of this research was
counted based on research conducted
by a previous study, by consideration α
= 0.05, β = 0.2, with power as much as
95%, standard deviation (SD) 0,3, and
variable volume expanding potency of
0.7. Consequently, the sample size of 40
patients for each group was required.
Cardiac output improvement was
measured as a difference (delta) between
cardiac output in the first and second
assessments. Data of lactate serum
examination for each group was measured
as a difference (delta) between lactate
serum level in the first and second
assessments.
103
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Data were analyzed with SPSS Statistic
software 22 version and published as
mean + standard deviation (SD). Data
distribution was tested with KolmogorovSmirnov tests. Non-parametric statistical
tests were used for not normally distributed
data analysis. Since the distribution test
showed data was not normally distributed,
the
non-parametric
Kruskal-Wallis
test was used for measuring differences
in cardiac output, lactate, mechanical
ventilation duration, ICU, and hospital
post-operative LOS. All p-values are
reported with 95% confidence, and <0.05
were considered statistically significant.

RESULTS
Subjects included 120 patients who met
the inclusion criteria from 370 CABG
patients willing to join the research. The
recruitment process of patients is depicted
as part of the study’s flow diagram in
(Figure 1). No patients in the study group
were rejected, and there were no losses to
follow up or discontinued intervention.
Characteristics and perioperative data
of the three study groups’ subjects are
shown in Table 1. Characteristics and
perioperative subjects’ data distribution
were considered homogenous, with no

Figure 1. Study patients flow diagram.
Table 1.

Patients’ characteristic data.
Characteristics

Ringer Lactate
(n=40)

Gelatine colloid
(n=40)

Age (yrs)
≤ 50 yrs
7 (5.8%)
6 (5.0%)
>50 yrs
33 (27.5%)
34 (28.3%)
Sex
Male
35 (29.2%)
33 (27.5%)
Female
5 (4.2%)
7 (5.8%)
LVEF (%)
>50
31 (25.8%)
30 (25.0%)
20 – 50
9 (7.5%)
10 (8.3%)
GRAFT number
1
0 (0.0%)
0 (0.0%)
2
6 (5.0%)
5 (4.2%)
3
21 (17.5%)
24 (20.0%)
4
9 (7.5%)
9 (7.5%)
5
4 (3.3%)
2 (1.7%)
Use of ACE inhibitor preoperatively
Yes
20 (16.7%)
26 (11.7%)
No
20 (16.7%)
14 (21.7%)
Beta-Blocker
Yes
38 (31.7%)
35 (29.2%)
No
2 (1.7%)
5 (4.2%)
*LVEF: Left Ventricle Ejection Fraction † ACE: Angiotensin-Converting Enzyme
104

Albumin 4%
(n=40)

Total

p value

6 (5.0%)
34 (28.3%)

19 (15.8%)
101 (84.2%)

0.939

35 (29.2%)
5 (4.2%)

103 (85.8%)
17 (14.2%)

0.760

25 (20.8%)
15 (12.5%)

86 (71.7%)
34 (28.3%)

0.280

1 (0.8%)
9 (7.5%)
20 (16.7%)
9 (7.5%)
1 (0.8%)

1 (0.8%)
20 (16.7%)
65 (54.2%)
27 (22.5%)
7 (5.9%)

0.664

16 (20.0%)
24 (13.3%)

58 (48.3%)
62 (51.7%)

0.079

33 (27.5%)
7 (5.8%)

106 (88.3%)
14 (11.7%)

0.189
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Table 2.

Cardiac output (delta) and Lactate serum (delta).

Mean
P-value
Cardiac output*
1st
2nd
delta
SD
Ringer Lactate
3.41
4.15
0.74
0.69
0.002‡
Gelatine
3.51
4.39
0.88
0.29
Albumin 4%
3.42
4.59
1.18
0.69
Lactate serum level†
Ringer Lactate
7.57
5.45
-2.37
-1.17
0.005‡
Gelatine
7.23
5.10
-2.13
-1.27
Albumin 4%
7.39
4.08
-3.31
-2.04
The value was presented as the mean delta of cardiac output and lactate examination on the first assessment and second assessment; *Cardiac output
mean values were expressed in liter per minute; † Lactate serum level was expressed in mmol/L. ‡P<0,05 ;SD: standard deviation.

Figure 2. Cardiac output of first and second assessment. *Cardiac output mean values
were expressed in liters per minute. *p <0.05.

Figure 3. Lactate serum of first and second assessment. *Lactate serum level was
expressed in mmol/L. *p<0.05.
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significant differences (p-value > 0.05),
and eligible for comparison.
Delta means cardiac output showed
positive values, which means an increase
of cardiac output (CO) value from the
first assessment to the second assessment.
Cardiac output increase post-fluid
administration between 3 groups was
different (Figure 2). The highest increase
was in the albumin group for 1.18 L
min-1 (0.69) than the other groups with
(p=0.002) (Table 2). Delta means lactate
serum level showed negative values, which
means there was a decrease of lactate
serum level value from the first assessment
to the second assessment. Decreased
lactate post-fluid administration mostly
occurred on albumin group with -3.31
(2.04) followed by the gelatine group
with -2.11 (1.29) and RL group -2.37
(1.56) (p=0.004). The p-value concluded
a significant difference in lactate decrease
in the CABG on-pump patients given RL,
gelatine, and albumin 4% (Figure 3).
Effect
of
fluid
management
postoperatively can be assessed by the
clinical improvements associated with
the parameters of mechanical ventilation
duration, LOS in ICU and hospital postoperative overall. Time was counted for
each parameter since the patient was
admitted to ICU. Mechanical ventilation
duration was counted in hours, ICU LOS
was counted in hours, and post-operative
hospital LOS was counted in days.
Effect of treatment variables consisting
of mechanical ventilation duration, ICU
LOS, and hospital LOS are depicted in
Table 3. Mechanical ventilation duration
was shorter in albumin 4% regimen
subjects, while the longest was in subjects
in RL regimen. ICU LOS was shorter
105
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Table 3.

Comparison mechanical ventilation duration, ICU length of stay and
Hospital post-operative length of stay variables.

Variable
Mechanical ventilation duration (hour)
RL
Gelatine
Albumin 4%
ICU length of stay (hour)
RL
Gelatine
Albumin 4%
Hospital post-operative
length of stay (day)
RL
Gelatine
Albumin 4%

Mean

SD

P-value

16.10
12.60
10.43

7.82
4.24
2.64

<0.001*

31.90
24.95
23.95

13.02
6.5
7.94

<0.001*

8.03
7.40
6.20

2.56
1.78
1.2

<0.001*

*P<0,05; SD: Standard deviation; ICU: Intensive Care Unit
in subjects in the albumin 4% regimen,
while the longest was in the RL regimen.
The albumin group’s hospital LOS was
significantly shorter than subjects in RL
and gelatine groups, with p <0.001.

DISCUSSION
Optimal intravenous fluid management
post coronary bypass surgery is still
challenging for every intensivist working
in the post-cardiac intensive care unit.
Overload fluid administration can lead
to acute heart failure, pulmonary edema,
hemodilution, intestinal dysfunction,
increased transfusion needs, and
prolonged hospital LOS. Complications
will increase overall hospital costs.
Fluid management has a major role in
resuscitation and stabilizing patient’s
hemodynamic conditions. Intravenous
fluid must be prescribed just as
medication as consider indications and
contraindications for different fluid types.
Fluid is only prescribed if it is indicated
while calculating the risk from giving too
much.1,2,14–18
Post coronary bypass patients
often
received
liberal
fluid
administration.
Hemodilution
and
endothelial dysfunction triggered by a
cardiopulmonary bypass machine can
lead to blood transfusion requirement and
induce fluid extravasation, causing tissue
edema, which will deter post-operative
improvement by promoting infection and
organ dysfunction. In theory, restricting
intravenous fluid will be useful to avoid
106

unwanted hemodilution and fluid
loading.18,19
Patients admitted to ICU are
considered still in the resuscitation
phase. During this phase, the fluid bolus
stabilizes hemodynamics and increases
cardiac output. This phase generally lasts
from a few minutes up to a few hours.
According to the hospital’s protocol, the
fluid administered usually consists of
crystalloid or colloid. If there were no
clinical improvements after a few hours,
intensivists sometimes are encouraged
to add more fluid. Consequently,
any overload fluid will extravasate to
interstitial and cause edema, which will
lead to organ dysfunction and complicate
the fluid removal process.1,15,19–22
Considering those phenomena, it is
critical for intensivists to evaluate what
fluid requirement phase are patients in
post-cardiac surgery how to administer,
target level, and remove. For this purpose,
it is very rational not to give fluid as
rapid bolus as in the resuscitative phase
to avoid a rapid increase in right heart
pressure and not interfere with cardiac
pumping or filling. The objective of fluid
administration in this phase is to maintain
tissue perfusion and organ saving.
Adequacy of microcirculation perfusion is
marked by decreases in lactate serum level,
which represents the cellular metabolism
endpoint. From a survey among medical
practitioners in the USA by Aronson et al.
resuscitation fluid for postcardiac surgery
patients mostly used crystalloid and

albumin 5%.12,19,20,23
After fluid administration, we expected
an increase in cardiac output in all subjects,
indicating the fluid administration was
appropriate. Positive fluid responsiveness
was assessed initially to provide guidance
that fluid administration can still be
assigned. This trial result indicated that
cardiac output improvement occurred in
all study groups, where the most cardiac
output improvement was in the albumin
group (1.18 L/min) compared to the
gelatine and RL group (0.80 L/min and
0.74 L/min, respectively), with significant
with p-value of 0.002 (95% confidence
level). Cardiac output improvement may
restore tissue micro-perfusion, expecting
there were lactate levels decrease from
the level before the fluid regimen. Lactate
serum decreased most significantly shown
in the albumin group (3.31) compared to
the other groups in second examination.
Albumin or protein colloid is not the
preferred fluid as the first-line therapy
post-operative due to its cost, considering
protein colloid cost 5-10 times gelatine
or 80 times RL. Some studies resulted in
cost-effectivity from protein colloid can be
seen by the overall outcome, superseding
the morbidity or complication that might
occur. One study conducted by Sedrakyan
et al., compared non-protein colloid and
albumin administration in postcardiac
surgery showed less mortality rate in the
albumin group.24–27
This study revealed the effects of
protein colloid by measuring specific
variables: mechanical ventilation duration,
ICU, and post-operative hospital LOS.
The study group with albumin 4% had a
shorter mechanical ventilation duration
than the other groups. This result might
be due to more improvement in cardiac
output which will stabilize patients’
hemodynamic condition leading to better
tissue microcirculatory perfusion, marked
by decreased lactate levels. This condition
will fulfill the criteria to extubate; therefore
mechanical ventilation duration will be
shorter compared to the other groups
After being extubated and no longer
on mechanical ventilation, stable subjects
will be qualified to transfer from the
ICU to the next ward, which resulted in
the shorter ICU LOS. The mean hospital
post-operative LOS in the albumin group
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was also shorter than the other groups.
All variable comparisons measured were
significant statistically with p-values <0.05.
Protein colloid administration in
the post-resuscitative phase in patients
with low or inadequate cardiac output in
this study still contributed a significant
effect on patients’ outcomes. Wigmore
et al. showed equivalent cardiovascular
optimization between bolus crystalloid
and albumin post-cardiac surgery but
less fluid accumulation in albumin
groups. Several studies also indicated that
patients with negative fluid balance for
two days consecutively in the first ICU
are considered as strong and independent
patient survival predictors.25,28–30
This study had several limitations. It
was conducted as a single-blind, singlecenter, randomized trial with RL as the
control group to measure significant
group differences in the efficacy of bolus
administration to increase cardiac output
and improve tissue micro-perfusion. The
ethical committee’s consideration for
patients’ safety and the inability to mask
the fluid into the same container made
double-blinding not feasible. Additionally,
there was no strict protocol to control
other confounding factors that can
generate bias in the results. For example,
previous blood transfusion, inotropic or
vasopressor used, and fluid administration
during the resuscitation/initial phase
(hour 0 – 4) expose the subject to other
fluids that might affect data sampling. This
study also was not designed to compare
complications or side effects.

CONCLUSION
Protein colloid administration, as albumin
4-5%, for post-cardiac surgery which is
given in divided dose as intravenous fluid
still effective in increasing cardiac output
and improving tissue micro-perfusion.
Clinical and hemodynamic improvements
may lead to shorter mechanical ventilation
duration, as well as ICU, and hospital postoperative length of stay.
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