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Abstract
Background: The ideal strategy to prime the cardiopulmonary bypass (CPB) circuit in adult cardiac surgery is still a matter of debate.
Objectives: In this retrospective study, we examined Albumin solution and hydroxyethyl starch (HES) for priming the CPB circuit and 
evaluated the differences in kidney function and bleeding and coagulation status in the two groups of patients.
Patients and Methods: Sixty consecutive patients undergoing elective coronary artery bypass grafting were studied. Patients were 
excluded due to emergency surgery, history of cardiac surgery, history of receiving medication with antiplatelet agents except ASA 80 
(mg/day) within the previous five days, preoperative coagulation disorder, left ventricular ejection fraction less than 50%, preoperative 
renal dysfunction (serum creatinine > 1.4 mg/dL), preoperative hepatic dysfunction (serum aspartate/alanine amino transferase > 60 U/l), 
preoperative electrolyte imbalance, known hypersensitivity to HES and chronic diuretic therapy. The patients were divided randomly into 
two groups of HES (n = 30) and Albumin (n = 30). Hemodynamic parameters, serum creatinine concentrations and glomerular filtration 
rate, PT, PTT and INR were measured. Early bleeding was measured according to the first 24-hour drainage from the tube. Hemodynamics 
and all laboratory measurements were performed after induction of anesthesia and at the morning of the first, second and third 
postoperative days in the ICU.
Results: GFR differences were statistically lower in Albumin group in comparison with Group B at 24, 48 and 72 hours postoperation. 
Platelet count difference and postoperative bleeding were significantly lower in Albumin group.
Conclusions: Administration of Albumin compared to HES in patients with a normal renal function results in a lower drop of GFR and 
platelet count, less bleeding and lower rise of serum creatinine.
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1. Background
To prime the cardiopulmonary bypass (CPB) circuit, a 

number of colloids are used in addition to crystalloids 
to preserve the oncotic pressure and decrease the fluid 
retention after CPB (1, 2). Among them, human albumin 
may be beneficial as it conserves the coagulation system 
and decreases inflammatory reaction. However, its cost 
and possibility to transfer infections limit general use of 
albumin (1).

Six percent hydroxyethyl starch (HES) 130/0.4 (6% Volu-
ven Inj., Fresenius Kabi, Germany) is an artificial colloid 
with a stronger plasma-expanding effect than crystal-
loids, less occurrence of allergic reaction and less cost 
compared to albumin (3, 4). Like other colloids, HES 
can cause dilutional coagulopathy and reduction of fac-
tor VIII and von Willebrand factor levels. HES can also 
decrease the availability of glycoprotein IIb/IIIa on the 

surface of platelets. However, because of a lower mo-
lecular weight and molar replacement percentage than 
other starches, Voluven has been shown to keep plasma-
expanding effects with a small effect on coagulation and 
greater plasma clearance (5-8). In several meta-analyses, 
the use of human albumin in cardiac surgery was com-
pared to HES and was shown to better decrease postop-
erative hemorrhage and reserve the coagulation system 
(7, 9-14).

Furthermore, postoperative acute kidney injury (AKI) is 
one of the most frequent and severe complications after 
coronary artery bypass grafting (15, 16). In previous stud-
ies, acute kidney injury has been occurred in up to 30% of 
patients on coronary artery bypass grafting. Progression 
of kidney injury is related to high short-term and long-
term mortality (17, 18). Even slight alterations in serum 
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creatinine that can happen in the postoperative period 
are associated with a generous decrease in survival (19). 
Additionally, preoperative renal dysfunction, diabetes, 
peripheral artery disease, age and the technique and 
length of cardiopulmonary bypass are considered as risk 
factors for AKI (20).

2. Objectives
Thus, we aimed to investigate the effects of 5% albumin 

and 6% HES 130/0.4 as priming solutions for cardiopulmo-
nary bypass grafting heart surgery on renal function of 
patients and to study the association between each prim-
ing solution with coagulation, postoperative blood loss 
and renal function.

3. Patients and Methods
Sixty patients scheduled for elective coronary artery 

bypass grafting (CABG) surgery between January 2012 
and November 2013 were involved in this double blind 
clinical trial study. These patients were classified by the 
American Society of Anesthesiology (ASA) as classes II 
and III. The study was approved by “Birjand university of 
medical sciences ethics committee” (institutional review 
board of Birjand university of medical sciences) and all 
patients gave their informed consent before surgery. The 
study was registered in the Iranian registry of clinical 
trials (IRCT) by number IRCT2015011620112N4. The exclu-
sion criteria were emergency surgery, history of cardiac 
surgery, history of receiving medication with antiplatelet 
agents except ASA 80 (mg/day) within the previous five 
days, preoperative coagulation disorder, left ventricular 
ejection fraction less than 50%, preoperative renal dys-
function (serum creatinine > 1.4 mg/dL), preoperative 
hepatic dysfunction (serum aspartate/alanine amino 
transferase > 60 U/l), preoperative electrolyte imbalance, 
known hypersensitivity to HES and chronic diuretic ther-
apy. Preoperative ASA 80 (mg/day) and Atorvastatin 20 
(mg/day) were continued in all patients. Angiotensin II 
receptor antagonist and angiotensin converting enzyme 
inhibitors were discontinued 24 hours before the opera-
tion in all patients. By considering inclusion and exclu-
sion criteria, 60 isolated CABG cases were studied (Figure 
1). Based on the study of Tiryakioglu et al. (21) considering 
α = 0.05, β = 0.01, 99% power, allowable difference (µ2 - µ1) = 
0.26 and population variance = 0.0361 postoperative INR 
at the 24th hour, the sample size was calculated from the 
below formula:

(1) n1= n2=
2(z α2+zβ)

2
σ2

(µ2−µ1)
2

Thus, n1 and n2 were calculated as 20, which gave us a 
total sample size of 40. To be more precise, the final sam-
ple size considered as 60 (30 in each case and control 
group) (22).

A total of 86 patients who were candidates for
cardiopulmonary bypass surgery

Excluded:
19 patients according
to exclusion criteria

67 patients entered the study

7 patients refused to 
continue the study after

the surgery

Study was conducted on 60 patients
(30 in the albumin group and 30 in the 

Voluven group )

Figure 1. Flowchart of the Study Participants

A computerized randomization table was used to allo-
cate patients to two groups. Patients received 500 mL of 
either 5% human albumin dissolved in 0.9% normal saline 
(Na+ 154 mmol/L, Cl- 154 mmol/L) (Albumin group, n = 30) 
or 6% HES 130/0.4 in 0.9% sodium chloride (VoluvenW %, 
Fresenius Kabi, Bad Homburg, Germany) (HES group, n = 
30) as priming solution as part of the 1500 mL total prim-
ing solution used for the CPB circuit. Finally, the priming 
solution included NaHCO3 7.5% (45 mEq), 20% mannitol 
(5 mL/kg), heparin (10 mg/L) and normal saline for both 
groups. During the operation and in intensive care unit, 
colloid solutions were not used.

All patients were pre-medicated with 5 mg of intramus-
cular morphine two hours before the operation. Anesthe-
sia was induced with Etomidate (2 mg/kg), Midazolam 
(0.01 mg/kg), Sufentanil (1.5 μg/kg) and Cisatracurium 
(0.2 mg/kg). Anesthesia was maintained with a continu-
ous infusion of Sufentanil (0.2 - 0.3 μg/kg/h), Cisatra-
curium (2 μg/kg/min) and Isoflurane (0.6 - 1.5%) in 100% 
oxygen and Propofol (25 - 100 μg/kg/min) during CPB 
based on patients bispectral index (BIS), which was kept 
between 40 and 60.

Heparin (primary bolus 3 mg/kg) was administered 
before establishment of CPB. After inducing anticoagu-
lation with heparin, activated clotting time (ACT) was 
kept over 380 seconds. CPB was established with a mem-
brane oxygenator (Terumo System 1TM, Terumo, Leuven, 
Belgium) with target flow rates of 2.4 to 2.8 L/min/m2 for 
all patients. Leukocyte-depleted packed red blood cells 
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(PRBCs) were given when hemoglobin was below 7 g/
dL. Moderate hypothermia to 32°C and cold (4 - 8°C) car-
dioplegia concentrations were the same (K+ 20 mmol/L 
for arrest induction and 10 mmol/L for maintenance) in 
all patients. Furthermore, α-stat acid-base gas manag-
ing was used and the goal range for PaO2 was 200 - 300 
mmHg. Throughout CPB, norepinephrine or nitroglycer-
in was used to maintain arterial pressure between 60 - 80 
mmHg. Heparin was reversed with protamine sulfate (1 
mg per 1 mg of heparin). Before weaning out from CPB, All 
patients were rewarmed to 36°C. There was no difference 
in surgical technique between patients.

After the operation, all patients were transferred to the 
intensive care unit (ICU) and mechanically ventilated. 
Tracheal extubation was performed when hemodynam-
ics were stable, axillary temperature was > 36°C and there 
was a satisfactory spontaneous breathing (PaO2 > 70 
mmHg with Fio2 0.4, breathing frequency < 15/min) with 
blood gas parameters being in a normal rang. Postopera-
tively, fluid therapy was used to keep the central venous 
pressure between 7 and 10 mmHg and urine output above 
1 mL/kg/h. Fresh frozen plasma (FFP) was transfused when 
the INR was more than 1.5 and platelet concentrates were 
transfused in case of platelet count less than 50,000 μL/L 
after the operation. An exploratory surgery was desig-
nated when bleeding was more than 400 mL during the 
first hour postoperatively or more than 200 mL/h during 
6 hours after the operation, regardless of a normal active 
clotting time (ACT) and all other coagulation parameters. 
A hematocrit of less than 21% was the cut point for trans-
fusion of PRBCs.

The following data were recorded for all patients; de-
mographic data (sex, age), baseline serum creatinine 
level (mg/dL) with isotope dilution mass spectrometry 
(IDMS), glomerular filtration rate (GFR) calculated with 
Creatinine Clearance formula (CKD-EPI (Chronic Kidney 
Disease Epidemiology Collaboration):

(2)
GFR = 141× min(Scrκ , 1)α × max (Scrκ , 1)

− 1.29 × 0.993Age × 1.018[if female ]

where Scr is serum creatinine (mg/dL), κ is 0.7 for females 
and 0.9 for males, α is -0.329 for females and -0.411 for 
males, min indicates the minimum of Scr/κ or 1, and max 
indicates the maximum of Scr/κ or 1. Left ventricular ejec-
tion fraction with transthoracic echocardiography (%), 
comorbidities (diabetes, dyslipidemia, hypertension, 
chronic obstructive pulmonary disease, cerebellar vas-
cular accident, smokers, recent myocardial infarction) 
and preoperative hemoglobin value (g/dL) were assessed. 
The following data were registered during the opera-
tion; graft count, CPB duration and cross clamp time. The 
postoperative collected data included serum creatinine 
level (mg/dL) at 24, 48 and 72 hours postoperation, GFR 
at 24, 48 and 72 hours postoperation, peak postoperative 
change in creatinine level (change from baseline) and 
peak postoperative change in GFR (change from base-

line). Blood loss was carefully measured in the periopera-
tive period for up to 24 hours after the operation. All the 
units of PRBCs, FFP and platelets transfused were also re-
corded for up to 24 hours.

3.1. Statistical Analysis
Data was analyzed by SPSS 14.0 (SPSS Inc., USA) and ex-

pressed as mean ± SD or the number of patients. Data 
between the groups compared using a chi-squared test, 
Fisher’s exact test, independent t-test or Mann-Whitney U 
test, as appropriate. For intragroup comparisons of vari-
ables to baseline values, repeated measures analyses of 
variance followed by a post hoc Dunnett’s test were used. 
P value < 0.05 considered as statistically significant.

4. Results
No significant difference was observed between the 

characteristics of two groups including age, sex, cardio-
vascular risk factors and preoperative renal function 
(GFR (P = 0.51), Cr (P = 0.056)). In addition, there was no 
significant difference between the coagulation status of 
the two groups; PT (P = 0.48), PTT (P = 0.73) and INR (P = 
0.24) (Table 1).

Table 1. Demographics and Baseline Characteristics of the Study 
Participantsa

Variables Albumin Starch P Values

Gender, m/f 21/9 17/13 .36

Age 66.07 ± 8.82 61.85 ± 9.10 .75

EF 38.51 ± 10.81 36.5 ± 10.99 .49

Cr-start 0.96 ± 0.18 0.88 ± 0.15 .56

Hb-start 13.16 ± 2.00 13.52 ± 1.28 .83

Graft count 4.15 ± 0.60 4.33 ± 0.763 .29

Pomp time 109.33 ± 16.28 112.39 ± 13.25 .42

Clamp time 67.89 ± 12.68 70.61 ± 10.60 .37

Trans-PC 2.89 ± 1.64 3.24 ± 1.52 .392

Trans-FFP 0.7 ± 1.38 0.91 ± 1.75 .623

Trans-Plt 3.52 ± 4.09 2.36 ± 4.18 .288

RISK factors

T2D 15 12 .137

HLP 10 8 .282

HTN 17 16 .262

COPD 1 1 .885

CVA 1 0 .265

Recent MI 9 13 .628

smoker 6 3 .156
Abbreviations: COPD, chronic obstructie polmunary disease; Cr, 
creatinine; CVA, cerebrovascular accidents; Hb, hemoglubine; HLP, 
hyperlipidemia; MI, myocardial infarction; Trans-FFP, transfused units 
of fresh frozen plasma; Trans-PC, transfused units of packed cells; Trans-
Plt, transfused units of platlets; T2D, type 2 diabetes; HTN, hypertension.
aP values were calculated using Chi-squared test, Fisher’s exact test, 
independent t-test or Mann-Whitney U test, as appropriate.
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GFR in the Albumin group was higher at 24, 48 and 72 
hours postoperatively, but it was not statistically signifi-
cant (Table 2). GFR differences were statistically lower in 
Albumin group compared to HES (Voluven) group at 24 
hours (-4.82 ± 8.04 vs. -12.14 ± 6.06, P < 0.0001), 48 hours 
(-12.69 ± 8.01 vs. -20.20 ± 9.47, p=0.002) and 72 hours (-16.39 
± 10.12 vs. -24.71 ± 12.44, P = 0.007) postoperatively (Table 3 
and Figure 2). Figure 3 shows changes in creatinine levels 
of the two groups during postoperative period.

The coagulation tests changes (PT difference, PTT differ-
ence and INR difference) were not statistically different 
between the two groups (P = 0.154, P = 0.254 and P = 0.465, 
respectively); however, platelet count was significantly 
lower in Albumin group compared to the HES (Voluven) 
group. Early postoperative bleeding was statistically low-
er in Albumin group compared with HES (Voluven) group 
(799.81 ± 382.75 vs. 1121 ± 584.58, P = 0.017) (Table 3).

Table 2. Renal Function Parameteres 24, 48 and 72 Hours Postop-
eration in the Study Groupsa

Variable Albumin Starch P Values

Serume Cr

24th hour 1.03 ± 0.2 1.01 ± 0.16 .70
48th hour 1.12 ± 0.2 1.13 ± 0.18 .89
72nd hour 1.19 ± 0.2 1.21 ± 0.2 .59

GFR

24th hour 71.37 ± 20.71 67.34 ± 16.3 .40
48th hour 63.5 ± 14.57 59.27 ± 14.32 .26
72nd hour 59.8 ± 14.45 54.76 ± 13.07 .16

Abbreviations: Cr, creatinine; GFR, Glumerolar filteration rate.
aP values were calculated using Students’ T-Test.

Table 3. Diffrence of Renal and Coagulation Parameters With the 
Baselinea

Variable2 Albumin Starch P Values

Cr-difference

24th hour 0.06 ± 0.08 0.13 ± 0.05 .001

48th hour 0.16 ± 0.08 0.25 ± 0.09 .000

72nd hour 0.22 ± 0.10 0.33 ± 0.13 .001

GFR-difference

24th hour -4.82 ± 8.04 -12.14 ± 6.06 .000

48th hour -12.69 ± 8.01 -20.20 ± 9.47 .002

72nd hour -16.39 ± 10.12 -24.71 ± 12.44 .007

PT-diffrence 15.97 ± 41.53 -1.29 ± 26.27 .15

PTT-diffrence 8.2 ± 21.50 2.1 ± 6.4 .25

INR-diffrence 0.58 ± 0.32 0.50 ± 0.29 .46

Plt-diffrence -48.28 ± 65.56 -142.36 ± 107.21 .007

Bleeding 799.84 ± 382.75 1121.00 ± 584.58 .017
Abbreviations: Cr, creatinine; GFR, Glumerolar filteration rate; INR, 
international normalized ratio; ; Plt, platlet; PT, prothrombine time; 
PTT, partial thromboplastin time.
aP values were calculated using Students’ T-Test.
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Figure 2. Changes of Postoperative Glumerolar Filteration Rate (GFR) in 
the Two Study Groups
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Figure 3. Changes of Postoperative Creatinine (Cr) Levels in the Two Study 
Groups

5. Discussion
In this study, we found that using human albumin 

compared with HES (Voluven) in CBP prime solution in 
patients with normal renal function can result in lower 
amounts of bleeding, lower reduction in platelet count, 
lower increase in serum creatinine level and lower de-
crease in GFR after elective CABGs (up to 72 hours). Co-
agulation laboratory data like PT, PTT and INR did not 
show any significant changes between the two groups, 
but platelet count was lower in the first 24 hours in HES 
(Voluven) group. The amount of bleeding was higher in 
HES (Voluven) group; however, usage of FFP, packed red 
blood cells, and platelet concentration were not different 
between the two groups.

Increased bleeding after cardiac surgery is always a 
problem in CPB (23, 24). Artificial extracorporeal circula-
tion results in activation of coagulation system, fibrinoly-
sis, platelet consumption, and hemodilutional decrease 
in coagulation factors (1, 7, 10). We know that the priming 
solution used for CPB may affect coagulation status. We 
added HES to priming solution to decrease fluid reten-
tion after cardiopulmonary bypass; however, use of albu-
min was better because of the lower reduction in coagu-
lation factors. Moreover, use of albumin in priming CPB 
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can result in the formation of a non-thrombogenic layer 
on the surface of CPB circuit and this can reduce the affin-
ity of platelets to the artificial surface. Mimicking the en-
dothelial surface by using human albumin can cause this 
phenomenon (25, 26). In contrast, many studies showed 
that HES can compromise the coagulation system when 
used as a volume expander and priming CPB pump (13, 
27-30). The effect size of HES on the coagulation system 
is closely related to its in vivo molecular weight, molar 
substitution ratio and C2/C6 ratio. It has been shown 
that because of lower molecular weight of HES (Voluven), 
it can cause lower effect on homeostasis than the other 
older starches (4). Although, in other clinical studies use 
of Voluven as a part of priming solution is restricted (31). 
However, in another study in congenital cardiac surgery, 
use of Voluven as a volume expander compared with hu-
man albumin decreased the need for transfusion and 
had better effect on fluid balance (32). In those studies, 
use of Voluven did not have any effects on routine coagu-
lation tests like PT, PTT and platelet count in contrast to 
our study. Choi et al. (1) studied the effects of HES when 
used as a priming solution compared with human albu-
min and they did not determine any difference on coagu-
lation tests, transfusion amounts and blood loss, which 
is in contrast to our result. In a meta-analysis published 
in 2001, Wilkes and coworkers (25) compared the risk of 
postoperative bleeding after administration of older HES 
formulas (with either high or medium molecular weight 
and a high degree of substitution) in cardiac surgeries. 
Albumin and HES were administered as volume replace-
ment prior to and after cardiopulmonary bypass (CPB), 
respectively, and also as constituents of the priming fluid 
of the extracorporeal circuit (heart-and-lung machine). 
Results of nine trials involving 354 patients showing 
the effects of a first-generation starch and albumin were 
compared. Postoperative blood loss was significantly 
lower in patients who received albumin than those who 
received HES. However, no significant difference was ob-
served between a more modern synthetic colloid solu-
tion compared to albumin.

In this study, we compared changes in renal function by 
serum creatinine and GFR in two groups and found that 
in human albumin group renal dysfunction was lower 
than HES (Voluven) group. In a cohort study by Fren-
ette et al. (16), Albumin had a dose-response association 
with the risk of AKI, which was also equivalent to have a 
higher prevalence of related risk factors for AKI. The posi-
tive association was also observed in patients without 
postoperative hemodynamic instability. The findings of 
this cohort about the effects of human albumin on re-
nal function were opposite to our results, but usage of 
human albumin in this cohort study was during the 96-
hour postoperative period and not as a priming solution 
for CPB.

This study had some limitations. First, clearance of cre-
atinine and rise in serum creatinine are delayed indica-
tors of developing AKI and use of biomarkers for early de-

tection of AKI might be a better method. Secondly, we did 
not have any data on long-term post operation morbidity 
and mortality of patients. Finally, our significant results 
were only observed comparing changes of Cr and GFR be-
tween the two groups, while the level of CR and GFR were 
not different. Moreover, the differences cannot reflect a 
clinical importance.

In this randomize clinical trial study, we found that us-
ing human albumin 5% versus HES had advantages such 
as a lower reduction in platelet count and an increase in 
postoperative bleeding. Additionally, patients undergo-
ing CPB with HA 5% had lower decrease in renal function 
levels. Further studies should be conducted to better 
evaluate different priming solutions for CPB pump.

Acknowledgments
We would like to acknowledge all the personnel of open 

heart surgery department of Valiasr Hospital, Birjand, 
Iran.

Footnotes
Authors’ Contribution:Pooya Derakhshan and Mah-

mood Hosseinzadeh Maleki participated in the study 
concept and design. Amir Rahmanian Sharifabad per-
formed analysis and interpretation of data. Drafting of 
the manuscript was conducted by Mahmood Hosseinza-
deh Maleki and Ahmad Amouzeshi. Pooya Derakhshan re-
vised the manuscript for important intellectual content 
and statistical analysis.

Funding/Support:Birjand university of medical sci-
ences, South Khorasan, Birjand, Iran.

References
1.       Choi YS, Shim JK, Hong SW, Kim JC, Kwak YL. Comparing the ef-

fects of 5% albumin and 6% hydroxyethyl starch 130/0.4 on 
coagulation and inflammatory response when used as prim-
ing solutions for cardiopulmonary bypass. Minerva Anestesiol. 
2010;76(8):584–91. [PubMed: 20661198]

2.       Himpe D. Colloids versus crystalloids as priming solutions for 
cardiopulmonary bypass: a meta-analysis of prospective, ran-
domised clinical trials. Acta Anaesthesiol Belg. 2003;54(3):207–15. 
[PubMed: 14598617]

3.       Langeron O, Doelberg M, Ang E, Bonnet F, Capdevila X, Coriat P. 
Voluven??, a Lower Substituted Novel Hydroxyethyl Starch (HES 
130/0.4), Causes Fewer Effects on Coagulation in Major Ortho-
pedic Surgery than HES 200/0.5. Anesth Analg. 2001:855–62. doi: 
10.1097/00000539-200104000-00011. [PubMed: 11273914]

4.       Gallandat Huet RC, Siemons AW, Baus D, van Rooyen-Butijn 
WT, Haagenaars JA, van Oeveren W, et al. A novel hydroxyethyl 
starch (Voluven) for effective perioperative plasma volume sub-
stitution in cardiac surgery. Can J Anaesth. 2000;47(12):1207–15. 
[PubMed: 11132743]

5.       Arellano R, Gan BS, Salpeter MJ, Yeo E, McCluskey S, Pinto R, et 
al. A triple-blinded randomized trial comparing the hemostatic 
effects of large-dose 10% hydroxyethyl starch 264/0.45 versus 
5% albumin during major reconstructive surgery. Anesth Analg. 
2005;100(6):1846–53. doi: 10.1213/01.ANE.0000152008.04333.53. 
[PubMed: 15920225]

6.       Baldassarre S, Vincent JL. Coagulopathy induced by hydroxyeth-
yl starch. Anesth Analg. 1997;84(2):451–3. [PubMed: 9024047]

7.       Cope JT, Banks D, Mauney MC, Lucktong T, Shockey KS, Kron IL, et 
al. Intraoperative hetastarch infusion impairs hemostasis after 



Hosseinzadeh Maleki M et al.

Anesth Pain Med. 2016;6(1):e303266

cardiac operations. Ann Thorac Surg. 1997;63(1):78–82. [PubMed: 
8993245]

8.       Payani N, Foroughi M, Dabbagh A. The Effect of Intravenous Ad-
ministration of Active Recombinant Factor VII on Postoperative 
Bleeding in Cardiac Valve Reoperations; A Randomized Clinical 
Trial. Anesth Pain Med. 2015;5(1):e22846. doi: 10.5812/aapm.22846. 
[PubMed: 25789239]

9.       Knutson JE, Deering JA, Hall FW, Nuttall GA, Schroeder DR, White 
RD, et al. Does Intraoperative Hetastarch Administration In-
crease Blood Loss and Transfusion Requirements After Cardiac 
Surgery? Anesth Analg. 2000;9(4):801–7. doi: 10.1097/00000539-
200004000-00006. [PubMed: 10735779]

10.       Navickis RJ, Haynes GR, Wilkes MM. Effect of hydroxyethyl starch 
on bleeding after cardiopulmonary bypass: a meta-analysis of 
randomized trials. J Thorac Cardiovasc Surg. 2012;144(1):223–30. 
doi: 10.1016/j.jtcvs.2012.04.009. [PubMed: 22578894]

11.       Niemi TT, Suojaranta-Ylinen RT, Kukkonen SI, Kuitunen AH. Gela-
tin and hydroxyethyl starch, but not albumin, impair hemosta-
sis after cardiac surgery. Anesth Analg. 2006;102(4):998–1006. doi: 
10.1213/01.ane.0000200285.20510.b6. [PubMed: 16551888]

12.       Onorati F, Santarpino G, Renzulli A, De Feo M, De Santo LS, Della 
Corte A, et al. Does priming implementation with low-dose albu-
min reduce postoperative bleeding following cardiopulmonary 
bypass? Int J Artif Organs. 2003;26(3):211–6. [PubMed: 12703887]

13.       Tigchelaar I, Huet RCG, Boonstra PW, van Oeveren W. Compari-
son of three plasma expanders used as priming fluids in cardio-
pulmonary bypass patients. Perfusion. 1998;13(5):297–303. doi: 
10.1177/026765919801300503. [PubMed: 9778712]

14.       Vanhoonacker J, Ongenae M, Vanoverschelde H, Donadoni R. 
Hydroxyethyl starch 130/0.4 versus modified fluid gelatin for 
cardiopulmonary bypass priming: the effects on postoperative 
bleeding and volume expansion needs after elective CABG. Acta 
Anaesthesiol Belg. 2009;60(2):91–7. [PubMed: 19594090]

15.       Wiesen P, Canivet JL, Ledoux D, Roediger L, Damas P. Effect of hy-
droxyethylstarch on renal function in cardiac surgery: a large 
scale retrospective study. Acta Anaesthesiol Belg. 2005;56(3):257–
63. [PubMed: 16265828]

16.       Frenette AJ, Bouchard J, Bernier P, Charbonneau A, Nguyen LT, 
Rioux JP, et al. Albumin administration is associated with acute 
kidney injury in cardiac surgery: a propensity score analysis. Crit 
Care. 2014;18(6):602. doi: 10.1186/s13054-014-0602-1. [PubMed: 
25394836]

17.       Kumar AB, Suneja M. Cardiopulmonary bypass-associated acute 
kidney injury. Anesthesiology. 2011;114(4):964–70. doi: 10.1097/
ALN.0b013e318210f86a. [PubMed: 21394005]

18.       Joudi M, Fathi M, Soltani G, Izanloo A. Factors affecting on serum 
lactate after cardiac surgery. Anesth Pain Med. 2014;4(4):e18514. 
doi: 10.5812/aapm.18514. [PubMed: 25632379]

19.       Wilkes MM, Navickis RJ. Patient survival after human albumin 
administration. A meta-analysis of randomized, controlled tri-
als. Ann Intern Med. 2001;135(3):149–64. [PubMed: 11487482]

20.       Bellomo R, Auriemma S, Fabbri A, D'Onofrio A, Katz N, Mc-

Cullough PA, et al. The pathophysiology of cardiac surgery-
associated acute kidney injury (CSA-AKI). Int J Artif Organs. 
2008;31(2):166–78. [PubMed: 18311733]

21.       Tiryakioglu O, Yildiz G, Vural H, Goncu T, Ozyazicioglu A, Yavuz S. 
Hydroxyethyl starch versus Ringer solution in cardiopulmonary 
bypass prime solutions (a randomized controlled trial). J Car-
diothorac Surg. 2008;3:45. doi: 10.1186/1749-8090-3-45. [PubMed: 
18620591]

22.       Sakpal TV. Sample size estimation in clinical trial. Perspect Clin 
Res. 2010;1(2):67–9. [PubMed: 21829786]

23.       Kuitunen AH, Hynynen MJ, Vahtera E, Salmenpera MT. Hy-
droxyethyl starch as a priming solution for cardiopulmonary 
bypass impairs hemostasis after cardiac surgery. Anesth Analg. 
2004;98(2):291–7. [PubMed: 14742357]

24.       Brinkman AC, Romijn JW, van Barneveld LJ, Greuters S, Veerhoek 
D, Vonk AB, et al. Profound effects of cardiopulmonary bypass 
priming solutions on the fibrin part of clot formation: an ex 
vivo evaluation using rotation thromboelastometry. J Cardiotho-
rac Vasc Anesth. 2010;24(3):422–6. doi: 10.1053/j.jvca.2009.10.018. 
[PubMed: 20056447]

25.       Wilkes MM, Navickis RJ, Sibbald WJ. Albumin versus hydroxy-
ethyl starch in cardiopulmonary bypass surgery: a meta-analysis 
of postoperative bleeding. Ann Thorac Surg. 2001;72(2):527–33. 
[PubMed: 11515893]

26.       Skhirtladze K, Base EM, Lassnigg A, Kaider A, Linke S, Dworschak 
M, et al. Comparison of the effects of albumin 5%, hydroxyethyl 
starch 130/0.4 6%, and Ringer's lactate on blood loss and coagu-
lation after cardiac surgery. Br J Anaesth. 2014;112(2):255–64. doi: 
10.1093/bja/aet348. [PubMed: 24169821]

27.       Tigchelaar I, Gallandat Huet RC, Korsten J, Boonstra PW, van 
Oeveren W. Hemostatic effects of three colloid plasma substi-
tutes for priming solution in cardiopulmonary bypass. Eur J Car-
diothorac Surg. 1997;11(4):626–32. [PubMed: 9151028]

28.       Van Der Linden P, James M, Mythen M, Weiskopf RB. Safety of mod-
ern starches used during surgery. Anesth Analg. 2013;116(1):35–48. 
doi: 10.1213/ANE.0b013e31827175da. [PubMed: 23115254]

29.       Warren BB, Durieux ME. Hydroxyethyl starch: safe or not. Anesth 
Analg. 1997;84(1):206–12. [PubMed: 8989026]

30.       Weiskopf RB. Equivalent efficacy of hydroxyethyl starch 130/0.4 
and human serum albumin: if nothing is the same, is every-
thing different? The importance of context in clinical trials 
and statistics. Anesthesiology. 2013;119(6):1249–54. doi: 10.1097/
ALN.0000000000000021. [PubMed: 24126265]

31.       de Jonge E, Levi M. Effects of different plasma substitutes 
on blood coagulation: a comparative review. Crit Care Med. 
2001;29(6):1261–7. [PubMed: 11395618]

32.       Van der Linden P, De Ville A, Hofer A, Heschl M, Gombotz H. Six 
percent hydroxyethyl starch 130/0.4 (Voluven(R)) versus 5% hu-
man serum albumin for volume replacement therapy during 
elective open-heart surgery in pediatric patients. Anesthesiol-
ogy. 2013;119(6):1296–309. doi: 10.1097/ALN.0b013e3182a6b387. 
[PubMed: 23934169]


