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ABSTRACT 
 

Effect of hydroxyethyl starch 130/0.4 on blood loss and coagulation in 
patients treated with dual antiplatelet agents prior to off-pump coronary 

artery bypass graft surgery  
 
 
 

Jeong Soo Lee 
 

Department of Medicine  
The Graduate School, Yonsei University  

 
(Directed by Professor Young Lan Kwak) 

 
 

As a result of eliminating the deleterious effect of cardiopulmonary 
bypass, compared with on-pump coronary artery bypass surgery, 
off-pump coronary artery bypass surgery (OPCAB) has a lesser effect on 
coagulopathy and postoperative bleeding. Clopidogrel and aspirin have 
been demonstrated to reduce cardiovascular complications in patients 
with coronary artery occlusive disease, which renders patients to higher 
risk of bleeding complications in patient requiring surgery, and thus, 
many patients maintain antiplatelet therapy before OPCAB. 
Hydroxyethyl starch (HES) solutions are used for intravascular volume 
expansion in limited range due to coagulopathy with large volume.   

The purpose of this study was to compare the effect of 6% HES 130/0.4, 
a newly developed HES solution with relatively lower molecular rate and 
substitution ratio, to crystalloid on blood loss and coagulation in patients 
recently treated with dual antiplatelet agents prior to OPCAB in a 
prospective, randomized trial. 

One hundred and four patients scheduled for OPCAB, who received 
clopidogrel and aspirin within 3 days of surgery were randomly allocated 
to infuse 6% HES 130/0.4 up to 30 ml/kg followed by crystalloid 
infusion (HES group, n = 51) or infuse crystalloid only (Crystalloid 
group, n = 53) during perioperative period. Fluid replacement was guided 
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by cardiac index (> 2.2 l/min/m2) and mean pulmonary artery pressure 
(10-14 mmHg). Routine coagulation profiles and thromboelastography 
were measured before and 1 day after the surgery. Intraoperative 
hemodynamics and the use of cardiotonic drugs were recorded. The 
amount of perioperative blood loss, transfusion requirement and fluids 
balance were recorded until the following day of the surgery. Packed red 
blood cells were transfused when hematocrit level was <25%. 

Patients’ characteristics and operative data were similar between the 
groups. The amount of perioperative blood loss and transfusion 
requirement were not significantly different between the groups, while 
postoperative hematocrit at 24hrs after the surgery was significantly 
lower in the HES 130/0.4 group (crystalloid group 30.9 ± 3.5 % vs HES 
130/0.4 group 28.3 ± 3.4 %, p < 0.001). There were trends for delayed 
beginning of blood coagulation and decreased degree of coagulation on 
TEG in the HES 130/0.4 group. HES 130/0.4 did not provide better 
hemodynamic stabilities and the use of cardiotonic drugs was not 
significantly different between the groups. 

Regarding cost effects and safety issues, HES 130/0.4 does not seem to 
provide benefit in patients continuously treated with both colpidogrel and 
aspirin before OPCAB.   
 
 
 
 
 
 
 
 
 
 
 
 
 
---------------------------------------------------------------------------------------- 
Key Words: double antiplatelet agent, aspirin, clopidogrel, 6% HES 
130/0.4, off-pump coronary bypass surgery, blood coagulation 
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Ⅰ. INTRODUCTION 

By avoiding cardiopulmonary bypass (CPB), off pump coronary artery bypass 

graft surgery (OPCAB) have been supposed to have better safety and efficacy 

than conventional coronary bypass graft surgery (CABG) in various 

postoperative outcomes. Especially, OPCAB has a lower complication rate than 

CABG in high risk patients with altered cardiac function and/or severe 

comorbidities, including old age and coagulation disorders, which have been 

commonly enrolled for multivessel coronary revasculization1,2. During OPCAB, 

however, the heart must be lifted and tilted out of the pericardial cradle for the 

anastomosis on the posterior or lateral walls, and pressed using stabilizer device 

to immobilize the area of the anastomosis. This displacement of the heart could 

result in frequent hemodynamic instabilities. To prevent and manage these 

hemodynamic changes, sufficient fluid loading to increase preload3, especially 

before anastomosis of coronary artery has been suggested1,4.  

Although the use of colloids or crystalloids for plasma volume substitution in 

cardiac surgery is still controversial, several studies reported that colloid was 

superior to crystalloid as a volume expander maintaining osmotic pressure and 

improving microcirculation5-10. The usage of hydroxyethyl starch (HES) 
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solutions, however, was limited because of the development of coagulopathy 

with large doses of HES administration11,12. Compared to previous HES 

solutions, 6% HES 130/0.4 (Voluven®, Fresenius Kabi, Bad Homburg, 

Germany) has lower molecular, lower-molar substitution ratios. It thus was 

reported to produce a favorable coagulation result in clinical practice and to be 

safely used in cardiac surgery. Since OPCAB is associated with a less 

disturbance of blood coagulation system compared to on-pump CABG, 

relatively large dose of HES solutions has been commonly used during 

OPCAB13-15. 

Antiplatelet agent therapy is effective for preventing serious cardiovascular 

events in patients with atherosclerotic arterial diasease16. Clopidogrel and 

aspirin were demonstrated to reduce recurrent myocardial infarction, risk of 

death, and other cardiovascular complications in patients with coronary artery 

occlusive disease resulting better prognosis17-19. Although discontinuing 

antiplatelet agents were recommended at least 5 days before surgery to prevent 

possible perioperative bleeding in cardiac surgery using CPB 19-21, the risk of 

coronary artery re-stenosis, myocardial infarction, and cerebrovascular stroke 

was reported to be increased when antiplatelet agent therapy was stopped. On 

the contrary, the occurrence of postoperative myocardial infarction, morbidity 

and mortality was reduced with continued periopertive antiplatelet agent 

therapy18,22. Thus, increased number of patients has continued antiplatelet agent 

therapy before OPCAB which had lower risk of perioperative bleeding.  

There has been no study to evaluate a safety and efficacy of HES 130/0.4 

compared to crystalloid solution in patients with recent antiplatelet therapy 

undergoing OPCAB.  Consequently, this study is conducted to evaluate the 

effect of 6% HES 130/0.4 and crystalloid on blood loss and coagulation and 

hemodynamic stability in patients recently treated with dual antiplatelet agents 

prior to OPCAB. 
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Ⅱ. SUBJECTS AND METHODS 

1. Subjects 

With approval of institutional review board and informed consent from all 

patients, 106 patients scheduled for OPCAB, who received colpidogrel and 

aspirin within 3 days of surgery were randomly allocated into 2 groups: HES 

130/0.4 group (n = 53, maximal dose 25-30 ml/kg), and Crystalloid group (n = 

53).  

The exclusion criteria included a history of cardiac valve disease, recent 

myocardial infarction within 3 months, left ventricular ejection fraction <40%, 

stenosis of left main coronary artery, anemia (hemoglobin < 12 g/dL), evidence 

of a coagulopathy (platelet < 100/nL, activated partial thromboplastin/aPTT > 

80 sec), serum creatinine  >1.2 mg/dl,23 chronic lung disease such as asthma 

and chronic obstructive lung disease, PaO2 < 70 mmHg, pulmonary 

hypertention or pulmonary edema.  

Firstly, 53 patients in each group were enrolled, but 2 patients in the HES 

130/0.4 group were excluded in data processing. A patient was identified to be 

medicated with cilostazol. In another patient, postoperative gastric bleeding 

originating from multiple old scars of gastric ulcer occurred and was cured with 

endoscopic ligation.  

 

2. Methods 

 A. Anesthetic methods 

All patients continued cardiac medications, except diuretics, and received an 

intramuscular injection of morphine (0.03-0.05 mg/kg) for pre-medication 1 

hour before arrival to the operating room. All patients recorded of medical 

history and result of preoperative evaluation, current medication, gender, age, 

height and weight. Upon arrival in the operating room, standard monitoring 

devices were applied and a radial artery catheter was inserted under local 

anesthesia for continuous blood pressure monitoring. Pulmonary artery catheter 
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(Swan-Ganz CCOmbo® CCO/SvO2, Edwards Lifesciences LLC, USA) was 

inserted via the right internal jugular vein under local anesthesia for continuous 

measurement of the cardiac index (CI), mixed venous oxygen saturation (SvO2), 

right ventricular ejection fraction (RVEF), and right ventricular end-diastolic 

volume index (RVEDVI).  

In a standard protocol, anesthesia was induced with midazolam (2-3 mg), 

sufentanil (1-1.5 μg/kg). After the loss of consciousness, rocuronium bromide 

(50 mg) was injected. Patients were intubated with full relaxation. After tracheal 

intubation, the lungs were ventilated with a tidal volume of 8-10 ml/kg at a rate 

of 8−12 breaths/min, a FiO2 of 0.4, and a peak expiratory positive pressure of 5 

mmH2O. End-tidal carbon dioxide was maintained 35-40 mmHg. Anesthesia 

was maintained with a constant infusion of sufentanil (0.0.3－0.06 ㎍/kg/h), 

sevoflurane (< 1 %). 

We infused HES 130/0.4 (Voluven®, Fresenius Kabi, Bad Homburg, 

Germany) or crystalloid (Plasma solution A, CJ, Seoul, Korea) to maintain the 

CI over 2.2 L/min/m2, SvO2 > 60% and urinary output > 0.5 ml/kg/hr. In the 

HES 130/0.4 group, maximal dose of HES 130/0.4 was 30 ml/kg/day, and then 

the crystalloid was infused. Norepinephrine or sodium nitroprusside was 

infused to maintain the mean arterial blood pressure between 60-80 mmHg, and 

vasopressin (0.1 unit) was administered when using norepinephrine > 0.5 

µg/kg/min. Vasopressin was infused (2-4 unit/h) when the patient needs 

repeated injection of vasopressin. Hemodynamic variables, including heart rate 

(HR), mean arterial pressure (MAP), CI, central venous pressure (CVP), mean 

pulmonary artery pressure (MPAP), RVEDV and SvO2 were recorded after 15 

min of induction of anesthesia (T1), during graft of obtuse marginal (OM) 

branch of left circumflex coronary artery (T2), and after sternum closure (T3). 

Heparin was injected to maintain the activated clotting time (ACT) > 250 s 

during operation, and reversed with protamine (0.5 mg per 100 units of the 

heparin dose) after coronary artery anastomosis. An autotransfusion system 
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(Cell Saver® 5 system, Haemonetics, MA, USA) was used and the collected 

blood was reinfused to the patient after processing by the Cell Saver® 5 system 

after operation. Packed red blood cells (pRBCs) were transfused when the Hct 

was < 25% or Hb < 8g/dL. Fresh frozen plasma was transfused to correct 

microvascular bleeding (＞ 200 ml/h for 2 consecutive hours) or in the 

presence of abnormal coagulation values (PT＞1.5). The platelet concentrate 

was transfused when the platelet count was < 80,000 mm3. All patients were 

transferred to intensive care unit (ICU) after surgery.  

Hct, international ratio (INR), aPTT and platelet count were recorded before 

surgery and 1 day after surgery. Thromboelastography (TEG) was performed 

after 15 min of induction of anesthesia, 15 min after sternum closure and 5 hrs 

after surgery. Re-transfused blood by cell saver was regarded as intraoperative 

bleeding. Drained blood from chest tube during 24 hours in ICU was regarded 

as postoperative blood loss. Total infused fluid volume, urine output, 

transfusion requirement and during operation and postoperative 24 hours were 

also recorded. The complications during admission which were post-operative 

myocardial infarction, abnormal Q wave at ECG, starting hemodialysis, 

occurrence of acute renal failure (increased Cr by 50% of preoperative levels) 

and surgical wound infection and re-operation were recorded. Further, the 

length of the stay in ICU and general ward was recorded as well. 

 

 B. Study analysis 

The sample size calculation was performed based on the data of previous 

study; we considered that a 150 ml of difference in perioperative blood loss has 

statistical significance24. Based on the results of OPCAB at 2008 year in out 

hospital, the standard deviation (SD) of perioperative blood loss was 250 ml. 

This calculation generated an estimate of 45 patients in each group with 80% 

power and an alpha level of 0.05. Considering 15% estimated dropout, we 

included 53 patients in each group. All data were expressed as the number of 
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patients or mean ± SD. Data were examined for normal distribution of variance 

with ANOVA and expressed as mean ± SD. For abnormal distribution of 

variance, data were assessed with Kruskal-Wallis test and measured median 

(interquartile range). Discrete variables between the groups were compared 

using Chi-square test, Fisher's exact test, and a P value < 0.05 was considered to 

be statistically significant. Statistical analyses were performed using Statistical 

Package for Social Sciences statistical software (SPSS 15.0 for windows, SPSS 

Inc., Chicago, IL, USA). 
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Ⅲ. Result 

There were no significant differences in the demographic data, pre-operative 

medications, numbers of grafts, and duration of operation between the two 

groups (Table 1). There was no case using CPB due to intraoperative 

hemodynamic instability.  

 
Table 1. Demographic Data  

 Crystalloid 

(n = 53) 

HES 130/0.4 

(n = 51) 

 

P-value 

Age (yrs) 65 ± 9 64 ± 8 0.388 

Sex (M/F) 44/ 9 42/ 10 0.929 

BSA (m2) 1.77 ± 0.16 1.75 ± 0.17 0.658 

LVEF (%) 61 ± 10 60 ± 11 0.621 

Preoperative Medications     

beta blockers 32 (60) 36 (71) 0.274 

ACEi 16 (30) 17 (33) 0.731 

CCB 28 (53) 28 (55) 0.832 

Diabetes mellitus 18 (34) 18 (35) 0.887 

Hypertension 36 (68) 33 (65) 0.682 

Number of grafts 3.6 ± 0.9 3.3 ± 1.0 0.118 

Duration of operation (min) 266 ± 63 260 ± 51 0.570 

Values are expressed as mean ± standard deviation or number of patient (percent). 

BSA; body surface area, LVEF; preoperative left ventricular ejection fraction, D/C; 

discontinuation, ACEi; angiotensin converting enzyme inhibitors, CCB; calcium 

channel blockers. 

 

The changes in hemodynamic variables after 15 min of induction of anesthesia 

(T1), during graft of obtuse marginal (OM) branch of left circumflex coronary 

artery (T2), and after sternum closure (T3) were similar between the groups 

(Table 2). 
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Table 2. Hemodynamic Changes during Operation  

 Group T1 T2 T3 

Crystalloid 61 ± 10 65 ± 10 66 ± 9 Heart rate 

(beat/min) 
HES 130/0.4 61 ± 11 66 ± 10 69 ± 9 

Crystalloid 72 ± 8 73 ± 8 73 ± 12 MAP (mmHg) 

HES 130/0.4 71 ± 9 72 ± 7 74 ± 10 

Crystalloid 2.6 ± 0.5 1.9 ± 0.4 2.4 ± 0.5 
C.I (L/min/m2) 

HES 130/0.4 2.6 ± 0.7 2.0 ± 0.5 2.5 ± 0.5 

Crystalloid 8 ± 2 10 ± 3 9 ± 2 
CVP (mmHg) 

HES 130/0.4 8 ± 2 10 ± 2 8 ± 2 

Crystalloid 13 ± 3 14 ± 3 13 ± 3 
MPAP (mmHg) 

HES 130/0.4 12± 3 14 ± 4 12 ± 3 

Crystalloid 128 ± 33 113 ± 28 123 ± 30 
RVEDVI (mL/m2) 

HES 130/0.4 144 ± 39 123 ± 30 135 ± 52 

Crystalloid 76 ± 12 66 ± 9 72 ± 9 
SVO2 (%) 

HES 130/0.4 79 ± 6 65 ± 9 72 ± 6 

Values are expressed as mean ± standard deviation.  

T1: after induction of anesthesia, T2: during graft of obtuse marginal branch, T3; 

during closure of sternum, MAP: mean arterial pressure, C.I: cardiac index, MPAP: 

mean pulmonary artery pressure, RVEDVI: right ventricular end diastolic volume 

index. SVO2: mixed venous oxygen saturation.  

 

After operation, Hct was significantly higher in the crystalloid group than in the 

HES 130/0.4 group, which was similar before operation. Similar remaining 

hematologic parameters were reported between the groups before and after 

operation (Table 3).  
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Table 3. Changes in Hematologic Parameters and Coagulation Profiles 

 Crystalloid 
(n = 53) 

HES 130/0.4 
(n = 51) P-value 

Hematocrit (%)    
preoperative 39.7 ± 4.4 38.9 ± 4.6 0.337 
POD1* 30.9 ± 3.5 28.3 ± 3.4 <0.001 

  Preop-POD1* 8.8 ± 4.1 10.6 ± 3.6 0.021 
INR    

preoperative 1.0 ± 0.1 1.0 ± 0.1 0.312 
POD1 1.2 ± 1.3 1.1 ± 0.1 0.440 

aPTT (sec.)    
preoperative 36.1 ± 13.0 33.4 ± 9.8 0.231 
POD1 33.7 ± 9.8 33.0 ± 7.7 0.680 

Platelet counts (103/L)    
preoperative 233 ± 63 252 ± 59 0.115 
POD1 172 ± 53 175 ± 48 0.738 

Values are expressed as mean ± standard deviation.  

*: p-value < 0.05 crystalloid versus HES 130/0.4. POD1; postoperative 1 day, INR; 

international ratio, aPTT; activated partial thromboplastin time 

 

In TEG analysis, there were trends for prolonged reaction and kinetic time and 

for reduced maximum amplitude and α-angle at 15 min after sternum closure in 

the HES 130/0.4 group compared to the crystalloid without statistical 

significance. At 5 hours after ICU arrival, trends for impaired coagulation were 

resolved and all values were similar between the groups (Table 4).  
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Table 4. Changes in TEG Variables 

  T0 T1 T2 

Crystalloid 20.1 ± 7.6 22.6 ± 15.6 22.2 ± 11.6 R 

HES 130/0.4 23.1 ± 10.3 29.0 ± 19.8 19.4 ± 7.1 

 P- value 0.146 0.127 0.1334 

Crystalloid 9.9 ± 4.8 13.7 ± 10.4 11.4 ± 5.7 K 

HES 130/0.4 12.4 ± 7.5 17.1 ± 10.7 11.8 ± 5.6 

 P- value 0.081 0.169 0.756 

Crystalloid 47.4 ± 8.5 43.6 ± 10.4 46.4 ± 10.5 MA 

HES 130/0.4 46.8 ± 9.1 40.5 ± 9.1 45.1 ± 6.6 

 P- value 0.853 0.251 0.595 

Crystalloid 24.4 ± 9.3 22.7 ± 11.6 24.3 ± 14.6 α-angle (°) 

HES 130/0.4 22.7 ± 11.2 18.8 ± 11.8 22.4 ± 12.7 

 P- value 0.461 0.161 0.598 

Values are expressed as mean ± standard deviation 

R; reaction time, K; kinetic time, MA; maximal amplitude, T0; baseline before 

induction of anesthesia, T1; 15 min after sternum closure, T2: 5 hours after arrival at 

ICU 

 

Total volume of fluids infused and urine output during operation and 24 hours 

after operation were similar between the groups. There were no significant 

differences in intraoperative and postoperative blood loss for 24 hours between 

the groups. Amount of pRBC transfusion and FFP, number of patients 

transfused were not different between the groups (Table 5).  
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Table 5. Fluid Balance and Transfusion during Operation and Postoperative 24 hours 

 Crystalloid 

( n = 53) 

HES 130/0.4 

(n = 51) 

P - value 

Crystalloid infused (ml)* 8342 ± 1794 6692 ± 1876 <0.001 

Colloid infused (ml)* 36 ± 189 1485 ± 454 <0.001 

Total fluid infused (ml)* 8361 ± 1806 8147 ± 1866 0.555 

Urine output (ml) 4073 ± 1498 3778 ± 934 0.254 

Total blood loss (ml)* 1028 ± 389 978 ± 347 0.559 

  OR 218 ± 161 231 ± 162 0.841 

  ICU24 810 ± 322 754 ± 318 0.427 

Transfused pRBC (units)†
 

 

 

 

 

 

1.6 ± 1.2 2.1 ± 1.6 0.316 

 OR† 0.7 ± 0. 8 1.5 ± 1.6 0.115 

ICU24† 0.9 ± 1.0 0.6 ± 1.1 0.508 

Transfused FFP (units)‡ 2.2 ± 0. 5 2. 6 ± 1.2 0.552 

  OR‡ 0.6 ± 1.3 0.4 ± 0.9 0.796 

  ICU24‡ 1.6 ± 0. 9 2.1 ± 1.4 0.470 

Patients received pRBC* 12 (23) 14 (27) 0.571 

Patients received FFP* 5 (9) 9 (17) 0.220 

Values are expressed as mean ± standard deviation or number of patient 

(percent). pRBC; packed red blood cell, FFP; fresh frozen plasma, OR; during 

operation, ICU24; during first 24 hours in intensive care unit postoperatively, *; during 

the operation and the first 24 hours in intensive care unit postoperatively, †; mean 

transfused pRBC units in patients received pRBC, ‡; mean transfused FFP units in 

patients received FFP 
 

The patients using cardiotropic drug for hemodynamic stability were not 

different (44 and 43 in the Crystalloid and HES 130/0.4 group, respectively, P = 

1.0000), and mean dose of infused norepinephrine and injected vasopressin 

were also similar between the groups. Frequency of infusing vasopressin for 

severe hypotension was not different (4 and 5 in the Crystalloid and HES 

130/0.4 group, respectively, P = 1.000). 
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The number of patients with intraoperative CI < 2.0 L/min/m2 was lower in 

the crystalloid group (11) than in HES 130/0.4 group (14), but not statistically 

significant (P = 0.478). The number of patients with intraoperative SvO2 < 60% 

was not significantly different. 

The length of the stay in ICU (2.7 ± 1.0 days vs 2.6 ± 0.7 days in the 

Crystalloid and HES 130/0.4 group, respectively) and general ward after 

operation (10.3 ± 3.7 days vs 11.0 ± 5.8 days in the Crystalloid and HES 

130/0.4 group, respectively), and the incidence of adverse events after operation 

were not different between the groups.  
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Ⅳ. Discussion 

In this prospective study, we evaluated the safety and efficacy of 6% HES 

130/0.4 compared to crystalloid solution in terms of blood coagulation, 

subsequent blood loss and transfusion requirement, and hemodynamic stability 

in patients with recent dual antiplatelets therapy prior to OPCAB. Although 6% 

HES 130/0.4 did not significantly impair blood coagulation resulting similar 

amount of blood loss and transfusion compared to crystalloid, it also could not 

provide hemodynamic stability during operation and reduce the use of 

cardiotonic drugs. 

During coronary artery anastomosis of lateral or posterior walls in OPCAB, 

displacement of the heart has significant hemodynamic consequences, resulting 

in an increase in atrial pressure, a decrease in CO and mixed venous saturation1. 

To minimize these hemodynamic instabilities during distal anastomosis, 

sufficient fluid loading to increase preload before using cardiotropic drugs was 

suggested3, especially before anastomosis of coronary artery1,4.  

In cardiac surgery, the use of colloids or crystalloids as a plasma volume 

substitute has been an important but controversial issue. Although colloid was 

reported to be superior to crystalloid to expand plasma volume, maintain 

osmotic pressure and improve microcirculation5-10, and have been widely used, 

all kinds of colloid have a risk of disturbing coagulation system and subsequent 

bleeding, especially in cardiac surgery using CPB. HES, the most widely used 

colloids recently, is cheaper than albumin and has lower anaphylactoid reactions 

than dextran. Moreover, HES is superior than other colloids in plasma volume 

expansion25. It is a derivative of amylopectin, and pharmacologic differences in 

various HES solutions are determined by the extent of hydroethylation and its 

pattern. HES has 3 carbon atoms (C2,3,6) per mol glucose subunits that could 

be hydroxyethylation and with high C2 to C6 ratio was reported to be degraded 

slowly and remain longer in the body26. As a result, it may cause coagulopathy 

when administered in large doses11,12, and thus the usage of previous HES 
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solutions was limited. Contrary to the previous HES solutions, HES 130/0.4, a 

newly developed low molecular with low C2/C6 ratio HES solution was known 

to produce a superior plasma volume expansion effect and rapid total body 

clearance leading to a favorable coagulation in clinical practice. Therefore, this 

new solution could safely be used in cardiac surgery11,12. While HES 200/0.5, a 

previous HES solution, disturbed blood coagulation and increased bleeding at a 

maximum dose of 33 ml/kg, HES130/0.4 demonstrated less effect on blood 

coagulation and bleeding at loading dose up to 50 ml/kg in the previous 

studies12,23.  

Antiplatelet agent therapy is effective in preventing serious vascular events in 

patients with atherosclerotic arterial diasease27. Aspirin is the most widely 

studied and used antiplatelet agent. At high doses, however, the synthesis of 

prostacyclin in the endothelium was inhibited that paradoxically leaded to 

thrombosis and vasoconstriction, and proportioning to doses, the risk of 

gastrointestinal bleeding also increased28. Hence in clinical practice, the use of 

dual antiplatelet therapy with low-dose aspirin and other antiplatelet agents is 

common than single aspirin. Clopidogrel, a potent adenosine 5-diphosphate 

(ADP) receptor antagonist, induces significant inhibition of fibrinogen adhesion 

and ADP-induced platelet aggregation29. The dual treatment with aspirin and 

clopidogrel, significantly reduced cardiovascular mortality, recurrent 

myocardial infarction and cerebrovascular stroke 18,22,30,31. Therefore, the 

treatment with dual antiplatelet agents became a standard for medical therapy 

and prevention of recurrent cardiovascular events in patients with coronary 

artery occlusive disease. Consequently, the number of patients under dual 

antiplatelet agent therapy has been rapidly increasing. However, continued 

antiplatelet therapy increases the risk of bleeding, especially continued dual 

antiplatelet therapy with aspirin and clopidogrel causes irreversible platelet 

suppression even after discontinuation for 3-5 days. Thus, in the case of patients 

undergoing cardiac operation using CPB, discontinuing antiplatelet agent was 
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recommended at least 5 days before operation to prevent possible massive 

perioperative bleeding19-21. Nevertheless, controversies about appropriate time 

of discontinuing antiplatelet agent still exist due to the increased risk of 

coronary artery re-stenosis and myocardial infarction, cerebrovascular stroke by 

stopping antiplatelet agents medication32. In contrast to on-pump CABG, 

OPCAB could significantly decrease the disturbance of blood coagulation 

system and the amount of perioperative blood loss and transfusion requirement 

by avoiding CPB13-15. In the previous study, the effect of preoperative 

antiplatelet agent to postoperative bleeding during OPCAB was less than during 

on-pump CABG33. Despite the ongoing debate on a correlation between 

continuing antiplatelet therapy and postoperative bleeding20,21,33, the use of 

antiplatelet agents is continued in increasing number of patients scheduled for 

OPCAB due to the risk of thrombotic events after the discontinuation of agents. 

However, a continuous administration of perioperative antiplatelet therapy and 

intraoperative heparinization has to be considered seriously as they could 

increase the risk of bleeding in patients undergoing OPCAB 34.   

Recently, HES 130/0.4 is widely used during OPCAB. However, the risk and 

benefit of large volume of HES130/0.4, on the amount of bleeding and 

transfusion and hemodynamic stability have not been fully evaluated in patients 

undergoing OPCAB with recent dual antiplatelet therapy in comparison with 

crystalloid.  

In the present study involving patients undergoing OPCAB who continued 

both preoperative aspirin and clopidogrel within 3 days before surgery, 6% HES 

130/0.4 solution at a maximum dose of 30 ml/kg/day, did not increase the 

amount of blood loss and transfusion requirement comparing crystalloid. 

However, in the TEG which is the objective parameter of coagulation system, 

there were some trends for impaired coagulation in terms of increase in R and K 

values and decrease in MA and α-angle in the HES 130/0.4 group compared to 

the crystalloid group during operation. In the current study, the intraoperative 
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blood loss was automatically measured only from drained blood of cell saver. 

And thus, an error might have occurred from the measurement that not 

comparing the weight of the blood-soaked gauzes and tapes applied during the 

operation, although the measurement has been generally used for intraoperative 

blood loss. Regarding the trends for larger amount of intraoperative pRCB 

transfusion and decrease in Hct at POD 1 in the HES 130/0.4 group, 

unmeasured intraoperative blood loss could be larger in the HES group. This 

also raised the possibility of impaired coagulation during or immediately after 

infusion of large volume of HES 130/0.4. All trends for impaired coagulation 

disappeared in variables measured in ICU.    

Furthermore, HES 130/0.4 did not prevent decrease in CI and SvO2 and not 

reduce the use of cardiotonic agents compared to crystalloid alone. Since a 

significant decrease of clot strength (MA) in TEG was observed with loading of 

7 ml/kg of HES 130/0.4 after cardiac surgery using CPB35, HES 130/0.4 could 

affect platelet function in the current study, although it did not result in 

clinically significant bleeding or transfusion requirement after OPCAB in 

patients with dual antiplatelet therapy. In the view of plasma volume expansion 

with colloid solutions, the result of this study was in accordance with a result of 

recent meta-analysis. Although it has been generally believed that three or four 

times more crystalloid than HES volume is needed to achieve an equivalent 

plasma volume, the crystalloid/HES volume ratio was in the range of 1 to 1.6 in 

a recent study of goal directed resuscitation that compared colloids with 

crystalloids36. Therefore, considering the cost effectiveness and the trend for 

coagulopathy observed in TEG in this study, the use of HES 130/0.4 did not 

seem to be beneficial compared to crystalloid in OPCAB, especially in patients 

with high risk of postoperative bleeding.  

Despite a concern about the negative effect of HES on renal function and 

possible renal impairment, there were no significant differences in postoperative 

Cr levels and the incidence of acute renal failure between the groups, which is 
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in consonance with results of previous studies37.  

This study could not be a double-blind study, since the external instrument of 

6% HES 130/0.4 and crystalloid were different. However, the intraoperative 

hemodynamic parameters and the amount of bleeding and transfusion were 

objective numbers and recorded by blinded persons for the study group. To 

minimize the limitation, the prognosis was assessed by the objective profile of 

blood test and re-operation. The decision of transfusion in ICU was performed 

by cardiothoracic surgeons who did not involve in the current study.  
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Ⅴ. Conclusion 

 

In this prospective study, we evaluated the efficacy and safety of HES 130/0.4 

compared to crystalloid solution in patients treated with aspirin and clopidogrel 

within 3 days before OPCAB. As a result, 6% HES 130/0.4 did not significantly 

increase the amount of blood loss and transfusion requirement compared to 

crystalloid while there was a trend for impaired coagulation in TEG after sternal 

closure. Furthermore, it could not provide hemodynamic stability in terms of 

preventing decrease in CO and SvO2 and not reducing the use of cardiotonic 

agents. Regarding safety issues in terms of possible impaired coagulation and 

cost effectiveness, HES 130/0.4 could not provide benefits in patients 

continuously treated with dual antiplatelet agents prior to OPCAB. 
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ABSTRACT (IN KOREAN) 

 
이중 항혈소판제제에 노출된 무체외순환 관상동맥우회술을 시행 받는 

환자에서 6% Hydroxyethylstarch 130/0.4 용액이 혈액응고와 출혈 및 

혈역학 안정성에 미치는 영향  

 

<지도교수 곽영란> 

 

연세대학교 대학원 의학과 

 

이 정 수 

 

관상동맥질환 환자에서 항혈소판제제인 clopidogrel과 aspirin은 심

혈관 관련 유병률과 사망률을 낮추는 것으로 보고되고 있다. 따라서 

체외순환을 이용한 관상동맥우회술에 비해 수술 전 항혈소판제제 치

료가 수술 후 출혈에 미치는 영향이 적다고 보고된 무체외순환관상동

맥우회술(off pump coronary artery bypass surgery, OPCAB)에서는 이

중 항혈소판제제 치료를 수술 직전까지 지속하는 경우가 많다. 

Hydroxyethyl starch (HES)는 혈장량을 효과적으로 증가시키나 다량 

사용시 혈액응고 장애를 유발한다고 알려져 있어 사용이 제한되어 왔

다. 본 연구에서는 OPCAB 환자 중 이중 항혈소판제제 치료를 수술 3

일전까지 받은 환자들을 대상으로 혈액응고장애가 가장 적다고 알려

진 6% HES 130/0.4이 혈액응고와 출혈과 수혈량 및 혈역학에 미치는 

영향을 정질액과 비교해 보고자 하였다.  

OPCAB이 예정된 환자 중 이중 항혈소판제제 치료를 수술 전 3일 이

내까지 복용한 환자 106명을 무작위로 수술 중 6% HES 130/0.4를 

25-30 ml/kg 투여하는 군(HES군)과 정질액(Crystalloid군)을 사용하

는 군으로 나누었다. 수술 중 혈역학 변수 변화, 수술 전과 수술 1일 
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후의 혈액검사 및 혈액응고검사 소견, 혈전탄성묘사도(TEG) 값, 수술 

중과 수술 후 24시간의 출혈량과 수혈량을 비교하였다. 수혈은 혈색

소치가 25% 미만일 때 시행하였다. 또한 수술 중 혈압과 심박출지수 

및 혼합정맥혈산소포화도를 포함한 주요 혈역학 변수 및 심근수축촉

진제 또는 혈관수축제의 사용량을 비교하였다.  

 HES군과 Crystalloid군에서 수술 중과 수술 후 출혈량과 수혈량 및

혈액응고검사 소견은 차이가 없었으나 HES군에서 수술 후 혈색소 용

적률이 감소 정도가 컸다. 또한 수술 중 TEG 상의 혈액응고 시작은 

지연시키고 응고 정도를 감소시키는 경향을 보였으나 통계적 의의는 

없었으며, 이런 경향은 중환자실에서는 소실되었다. 각 군간의 수술 

중 혈역학적 안정성 및 수술 중과 중환자실에서의 승압제 사용량에

는 차이가 없었다.  

이상의 결과로 볼 때 OPCAB을 시행 받는 환자들 중 이중 항혈소판제

제 사용을 지속한 환자들에서 HES 130/0.4의 사용은 비용 및 효과와 

안정성 문제를 고려할 때 특별한 이익을 제공하지 못한다고 생각되며, 

이러한 환자군에서의 HES 130/0.4 사용은 신중하게 이루어져야 한다

고 생각한다.  
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핵심되는 말: 이중 항혈소판제제, 6% Hydroxyethylstarch 130/0.4, 무체외

순환 관상동맥우회술, 혈액응고  


