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A B STRA CT

The effect of 6% hydroxyethyl starch 130/0.4 on coagulation and volume 

expansion in off-pump coronary bypass surgery: Comparison with 6% 

hydroxyethyl starch 200/0.5 

TaeDongKweon

DepartmentofMedicine
TheGraduateSchool,YonseiUniversity

(DirectedbyProfessorWonOkKim)

Introduction: This study was performed to investigate the impacts of the low 

molecular 6% hydroxyethyl starch 130/0.4 on volume expansion and 

coagulation compared to the medium molecular 6% hydroxyethyl starch 

200/0.5 and their overall safety in off-pump coronary bypass surgery (OPCAB).  

Methods: Forty eight patients undergoing OPCAB  were randomly divided into 

two group receiving 6% hydroxyethyl starch 130/0.4 (n = 24) or 6% 

hydroxyethyl starch 200/0.5 (n = 24) during perioperative period. In 

hypovolemic patients whose pulmonary capillary wedge pressure was/or less 

than 10 mmHg after anesthesia, a 10 mg/kg of either 6% hydroxyethyl starch 

130/0.4 or 200/0.5 was loaded. Then up to 30 mg/kg of both the hydroxyethyl 

starch solutions were infused for volume replacement guided with cardiac index 

and pulmonary wedge pressure during surgery and until 16 hours in all patients. 

Volume requirements in excess of the maximum dose of hydroxyethyl starch 

solution were treated with crystalloid. Total amount of blood loss, infused 

colloid and blood products were measured. Coagulation profiles, hemodynamic, 

hematological and biochemical variables were recorded serially during and up 

to 16 hours after operation.

Results: After volume loading in hypovolemic patients, greater cardiac output 

and oxygen delivery were observed in the hydroxyethyl starch 130/0.4 group 
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compared to the hydroxyethyl starch 200/0.5 group. The total amount of infused 

fluid and hydroxyethyl starch preparation, allogenic blood products were 

similar in both groups. Coagulation profiles and hemodynamic variables were 

not different between two groups throughout the study period. Biochemical 

variables were within normal limits in both groups. 

Conclusions: After acute loading of hydroxyethyl starch solutions in 

hypovolemic patients, hydroxyethyl starch 130/0.4 demonstrated better cardiac 

output and oxygen delivery compared to hydroxyethyl starch 200/0.5. However, 

both hydroxyethyl starch 130/0.4 and hydroxyethyl starch 200/0.5 were equally 

efficient  in terms of maintaining plasma volume and organ function during and 

after surgery and had no significant effect on coagulation in patients undergoing 

OPCAB. 
 

Key words: coagulation, 6% hydroxyethyl starch 130/0.4, 6% hydroxyethyl 

starch 200/0.5, off-pump coronary artery bypass surgery, organ preservation.
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The effect of 6% hydroxyethyl starch 130/0.4 on coagulation and volume 

expansion in off-pump coronary bypass graft surgery: Comparison with 

6%  hydroxyethyl starch 200/0.5  

Tae Dong Kweon

DepartmentofMedicine
TheGraduateSchool,YonseiUniversity

(DirectedbyProfessorWonOkKim)

I. IN TROD U CTION

  

  Hydroxyethyl starch (HES) solutions are widely used for intravascular volume 

replacement in surgical patients, but they may cause coagulopathy when 

administerd in large dose. It is reported to be associated with reduction in Factor 

Ⅷ and von Willablend factor (vWF)1-2 and with direct adhesion of HES to 

platelet surface.3 Mean molecular weight and molar substitution ratio determine 

the degradation of HES. High molecular weight HES has been known to 

possess a greater negative effect on coagulation.4-5 Newly developed low 

molecular, low substituted HES such as 6% HES 130/0.4 (Voluven, Fresenius 

Kabi, Bad Homburg, Germany) and 6% HES 200/0.5 (HAES-steril Inj 6%, 

Fresenius Kabi, Bad Homburg, Germany) were reported to have less effects on 

coagulation.6-8  

   In cardiac surgery, both colloids have demonstrated similar effect on 

coagulation and volume expansion,9-11 although HES 130/0.4 was reported to 

less accumulate in the tissue than HES 200/0.5.12-13  However, previous studies 

were performed in patients undergoing cardiopulmonary bypass and genuine 

effects of both HES solutions on coagulation might not be evaluated exactly 
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because cardiopulmonary bypass affected coagulation system confounded. We 

postulated that the effects of HES solutions on coagulation could be evaluated 

more accurately in off-pump coronary bypass surgery (OPCAB) than in 

previous studies. In OPCAB, it is crucial to maintain appropriate intravascular 

volume to maintain stable hemodynamics  during distal coronary 

anastomosis.14-17 Furthermore, preoperative treatment with anticoagulants and 

intraoperative heparinization still increase the risk of perioperative bleeding in 

patients undergoing OPCAB despite of avoiding cardiopulmonary bypass. 

Appropriate use of volume expander with minimal effect on coagulation is 

important for hemodynamic management in OPCAB. This study was conducted 

to investigate the effect of 6% HES 130/0.4 as a volume expander in 

hypovolemic patients after anesthesia and volume replacement fluid on 

coagulation, hemodynamics, organ preservation, and oxygenation profile 

compared to 6% HES 200/0.5 in OPCAB .
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II. POPU LA TION S A N D  METHOD S

1. Populations

  This study was performed with approval of Institute Review Board and the 

ethic committee of Severance Hospital in Yonsei University, and written 

informed consents were obtained from all patients. Forty eight patients 

undergoing elective OPCAB were studied. Patients were randomly divided into 

HES 130/0.4 group or HES 200/0.5 group according to a computer-generated 

randomized table. Patients who had medical histories of valvular heart disease, 

myocardial infarction within 3 months and congestive heart failure (ejection 

fraction < 40%), anemia (hemoglobin (Hb) < 10.0 g/dl), renal failure (creatinine 

> 1.2 mg/dl), liver dysfunction (aspartate aminotransferase or alanine 

aminotransferase > 40 IU/L), uncontrolled diabetes mellitus, chronic obstructive 

pulmonary disease and/or allergy to HES, were excluded from this study. 

Patients who had coagulopathy (platelet count < 100,000/cm3, activated partial 

thromboplastin time > 70 sec, fibrinogen < 2 g/dl, antithrombin-Ⅲ < 40 %) 

and/or recent (< 3 days) or current medication with any drugs known to affect 

blood coagulation  were also excluded. 

2. Methods

  All patients received intramuscular injection of morphine 0.05 mg/kg for 

premedication. Aspirin and antiplatelet agents were discontinued 3 days before 

operation. Right radial artery was cannulated and pulmonary artery catheter 

(Vigilance Swan-Ganz Combo, Baxter Healthcare Co, USA) was inserted 

through the right internal jugular vein to monitor hemodynamic variables. 

Anesthesia was induced with midazolam 2.0 - 3.0 mg, sufentanil 1.0-1.5 µg/kg 

and vecuronium 8 mg and maintained with continuous infusion of sufentanil 

2.0-3.0 µg/kg/hr, vecuronium 20-30 mg/hr and isoflurane (0.3 - 0.5%)-oxygen 

(2 L/min)-air (2 L/min). Ventilation was adjusted to keep the PETCO2 between 

33 mmHg and 35 mmHg. 
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 After anesthesia, 10 mg/kg of HES 130/0.4 or HES 200/0.5 was infused  for 30 

min in patients whose pulmonary capillary wedge pressure (PCWP) was/or less 

than 10 mmHg to evaluate the effect of acute loading of the both HES solutions 

in hypovolemic patients.  After then, HES with maximal infusion dosage up to 

the 30 mg/kg was infused to keep cardiac index above 2.2 L/min/m2, PCWP 

between 8-14 mmHg and/or urine output above 0.5 ml/kg/hr during surgery and 

until 16 hours thereafter. Volume requirement in excess of  the maximum dose 

of HES solution was treated with crystalloid. ACT was kept above 250 sec with 

heparin throughout OPCAB and then protamine 0.5 mg per heparin 100 U was 

infused for heparin reversal. Cell saver was used and salvaged bloods from cell 

saver were retransfused during operation in all cases. Hemodynamic variables 

including heart rate, systemic blood pressure, pulmonary artery pressure, 

PCWP, central venous pressure and cardiac output (CO) were measured 10 

minutes after induction (baseline value, T0), after acute loading of HES 10 

ml/kg (T1) in hypovolemic patients, after sternum closure (T2) and 16 hours 

after intensive care unit (ICU) arrival (T3).  Left ventricular end diastolic 

dimension (LVEDD) at the mid-papillary level were measured with 

transesophageal echocardiography at T0-T2. For obtaining oxygen profiles, 

arterial and mixed venous blood gas analysis were performed at T0, T2 and T3. 

Oxygen profile was calculated as follows: oxygen delivery (DO2.) = 10 ☓ CO 

☓ arterial oxygen content, oxygen extraction ratio = 10 ☓ CO ☓ (CaO2 - 

CvO2)/DO2., CaO2 (arterial oxygen content) = 1.39 ☓ Hb ☓ arterial oxygen 

saturation + 0.0031 ☓ partial arterial oxygen pressure (PaO2), CvO2 (mixed 

venous oxygen content) = 1.39 ☓ Hb ☓ mixed venous oxygen saturation + 

0.0031 ☓ partial mixed venous oxygen pressure (PvO2). Hematologic 

parameters (Hb, hematocrit [Hct]), biochemical variables (blood urea nitrogen 

[BUN], creatinine, aspartate aminotransferase and alanine aminotransferase) 

and coagulation profiles (thromboelastrography [TEG] parameters, prothrombin 

time, activated partial thromboplastin time, antithrombin-Ⅲ, fibrinogen and 

platelet count) were recorded simultaneously. TEG was measured with 

2-channel coagulation analysis system (TEG model 3000, Haemoscope Corp., 
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Niles. IL, USA). 

  All patients were transferred to ICU after operation. Packed red blood cell 

(RBC) was transfused when Hb was below 8 g/ml. Fresh frozen plasma (FFP) 

was transfused for correction of microvascular bleeding (chest tube drainage > 

200 ml/h for 2 consecutive hours) in the presence of abnormal coagulation 

values (prothombin time > 15 sec, activated partial thromboplastine time > 60 

sec, and/or fibrinogen concentration < 1 g/L). Platelet concentration was infused 

when platelet count was less than 80,000/mm3. The amount of shed mediastinal 

blood, infused fluid and homologous transfusion throughout the study period 

was recorded. Length of stay in ICU was also recorded.

3. Statistical analysis

  Statistical analysis was performed with SPSS 11.5 (SPSS 11.5 for windows, 

SPSS Inc, Chicago, IL, USA). All data are expressed as mean ± standard 

deviation or number of patients (percent). Sample size calculation was 

performed based on the Ruttmann's study18 with following assumptions: clinical 

significance α at 0.05 with paired t- test and power to expect a significant result 

= 0.85, mean difference between groups = 10 % with standard deviation 12 % 

of the mean value of the maximal amplitude (MA). This generates an estimate 

of 24 patients. Demographic data and ICU data between groups were compared 

using a Chi-square test or Fisher's exact test and an independent t-test. 

Mann-Whitney U test was used when variables did not show normal 

distribution. Paired t-test with Bonferroni correction for multiple comparisons 

between baseline values and values at each time point within each group was 

used. Independent t-test  for comparisons between groups was used. P-value 

less than 0.05 was considered as statistically significant.
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III. RESU LTS

   The patient demographic data are presented in Table 1. There were no 

significant differences in preoperative medication, number of grafts and 

anesthesia and operation time between two groups. Total amount of HES and 

fluid infused to maintain hemodynamics within predetermined level throughout 

the study period was 2.2 ± 0.5 L and 6.8 ± 1.8 L in HES 200/0.5 group and 2.3 

± 0.5 L and 6.8 ± 2.0 L in HES 130/0.4 group, respectively, which were not 

significantly different between two groups.  

  Both HES solutions were loaded in 12 patients in each group after anesthesia. 

After loading 10 ml/kg of HES solutions (T1), PCWP and LVEDD significantly 

increased in both groups compared to baseline values. Heart rate and oxygen 

delivery at T1 significantly decreased in HES 200/0.5 group but not in HES 

130/0.4 group compared to baseline value. Heart rate, cardiac index and oxygen 

delivery were significantly higher in HES 130/0.4 group than in HES 200/0.5 

group at T1 (Table 2). There were no significant differences in TEG parameters 

after HES loading between two group.  R time, K time , MA and alpha angle 

were 29.3 ± 10.4 mm, 11.4 ±  6.0 mm, 45.1±  7.3 mm and  40.3 ± 11.3 ° before 

acute loading of HES and 31.0 ± 11.3 mm, 10.3 ± 8.5 mm, 43.2 ± 4.3 mm and 

36.2 ± 18.7 ° after acute loading in HES 200/0.5 group  and   30.9 ± 9.9 mm, 

12.6 ± 5.7 mm, 42.6 ± 8.4 mm and 36.2 ± 13.7 ° before acute loading of HES 

and 31.3 ± 7.3 mm, 12.2 ± 6.0 mm, 42.3 ± 9.1 mm and 37.5 ± 18.0 ° after 

loading in HES 130/0.4 group, which were not different in comparisons 

between groups and within groups.

  Throughout the study period, there were no differences in hemodynamic 

variables between two groups. After OPCAB (T2), heart rate and PCWP  

significantly increased in both groups compared to baseline values. Cardiac 

index in HES 130/0.4 significantly decreased at T2 compared to baseline value. 

There were no significant differences in oxygenation profiles at T2 between two 

groups. PaO2/FiO2 ratio significantly decreased in HES 200/0.5 group at T2 

compared to baseline value. Oxygen delivery significantly decreased and 
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oxygen extraction ratio significantly increased in both groups at T2 compared to 

baseline values. At ICU (T3), heart rate and cardiac index significantly 

increased in both groups compared to baseline values (Table 3). 

  There were no significant differences in TEG parameters between groups at 

T2 and T3. MA significantly decreased at T2 compared to baseline value in 

HES 200/0.5 group, but not in HES 130/0.4 group. There were no significant 

differences in hematologic variables and coagulation profiles between two 

groups. Hb and Hct at T1-T3, platelet count at T2-T3, fibrinogen and 

antithrombin-Ⅲ at T3 significantly decreased compared to baseline values in 

both groups. Prothrombin time was significantly prolonged at T2 and T3 

compared to baseline value in both groups (Table 4).  

  Biochemical variables were within normal limit throughout the study period in 

both groups (Table 5). 

  The amount of postoperative bleeding and transfusion, frequency of 

transfusion and the length of ICU stay were not different between two groups. 

Drained blood in ICU was 713 ± 263 ml in HES 200/0.5 group and 530 ± 247 

ml in HES 130/0.4 group. The amount of RBC and FFP transfused throughout 

the study period was 12 ± 52 ml and 146.3 ± 245 ml in HES 200/0.5 group and 

30  ± 118 ml and 70 ± 156 ml in HES 130/0.4 group. RBC and FFP were 

transfused in 1 and 7 patients in HES 200/0.5 group and  4 and 2 patients in 

HES 130/0.4 group in ICU. Length of stay at ICU was 1.9 ± 0.7 days in HES 

200/0.5 group and  2.4 ± 2.1 days in HES 130/0.4 group.  
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Table 1. Demographic Data

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

Preop.: preoperative, EF: preoperative ejection fraction, LVEDD: left ventricular end 

diastolic dimension, LVESD: left ventricular end systolic dimension, CCB: calcium 

channel blockers, ACE-I: angiotensin converting enzyme inhibitors. 

HES 200/0.5 (n = 24)  HES 130/0.4 (n = 24)    p-value

Sex (M/F)

Age (years)

Weight (kg)

BSA (M2)

Preop. EF

Diabetes mellitus

Hypertension

Preop. heparinization

Preop. LVEDD (mm)

Preop. LVESD (mm)

Pre-operative     

 medication

 Beta-blockers

CCB

ACE-I

Digoxin

Diuretics

  Number of grafts

  Operation time (min)

  Anesthesia time (min)

  Intra-operatively

    salvaged blood (ml)

18/ 6

59.7 ± 9.2

66.6 ± 11.1

1.71 ± 0.1

62.2 ± 8.5

7 (29)

11 (46)

11 (46)

48.0 ± 5.4

33.5 ± 5.8

15 (62)

8 (33)

10 (42)

0 (0)

1 (4)

3.2 ± 0.8

322 ± 57.4

414 ± 67.2

339 ± 192

15/ 9

64.2 ± 8.8

64.9 ± 8.8

1.72 ± 0.2

61.1 ± 7.8

7 (29)

14 (58)

12 (50)

48.5 ± 3.2

31.4 ± 4.7

19 (79)

15 (62)

10 (42)

0 (0)

3 (12)

3.4 ± 1.0

324 ± 66.5

414 ± 68.7

344 ± 295

0.53

0.71

0.70

0.91

0.88

1.00

0.56

0.77

0.93

0.41

0.28

0.08

1.00

1.00

0.76

0.19

0.70

0.76

0.95
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Table 2. Hemodynamics after HES Loading in Hypovolemic Patients 

Values are expressed as mean  ± standard deviation. Data were obtained in 12 patients 

in each group. 

* P < 0.05 versus T0, † p < 0.05 HES 130/0.4 versus HES 200/0.5.

T0: baseline after induction of anesthesia, T1: 5 min after loading 10 ml/kg of HES 

solutions. MBP : mean blood pressure, PCWP: pulmonary capillary wedge pressure, 

RVEF: right ventricular ejection fraction, LVEDD: left ventricular end diastolic 

dimension.

Group T0 T1 

Heart rate (beats/min) HES 200/0.5 63.1 ± 8.4 56.2 ± 3.4*

HES 130/0.4 63.9 ± 7.0 60.7 ± 5.2†

MBP (mmHg) HES 200/0.5 71.7 ± 10.5 78.1 ± 13.4

HES 130/0.4 75.7 ± 7.9 75.0 ± 7.9

PCWP (mmHg) HES 200/0.5 8.2 ± 1.4 13.3 ± 2.7*

HES 130/0.4 7.3 ± 0.6 14.2 ± 2.6*

Cardiac index (L/min/m2) HES 200/0.5 2.7 ± 0.5 2.6 ± 0.3

HES 130/0.4 2.9 ± 0.5 3.1 ± 0.4†

RVEF (%) HES 200/0.5 35.7 ± 9.3 32.3 ± 5.5

HES 130/0.4 30.3 ± 6.7 34.5 ± 7.4

LVEDD (mm) HES 200/0.5 32.4 ± 7.6 36.3 ± 5.4*

HES 130/0.4 32.2 ± 6.7 36.6 ± 4.9*

O2 delivery (ml O2/min) HES 200/0.5 831 ± 173 628 ± 133*

HES 130/0.4 838 ± 209 784 ± 167†

O2 extraction ratio (%) HES 200/0.5 0.22 ± 0.03 0.23 ± 0.02

HES 130/0.4 0.20 ± 0.03 0.21 ± 0.03

PaO2/FiO2 ratio HES 200/0.5 400 ± 82 401 ± 97

HES 130/0.4 339 ± 89 401 ± 84

Hematocrit (%) HES 200/0.5 38.2 ± 4.5 31.0 ± 4.4

HES 130/0.4 37.3 ± 4.5 30.6 ± 5.4

Pulmonary shunt ratio (%) HES 200/0.5 0.12 ±0.04 0.17 ± 0.06

HES 130/0.4 0.16 ± 0.04 0.18 ± 0.09
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Table 3. Changes in Hemodynamic Variables

Values are expressed as mean  ± standard deviation.

* P < 0.05  versus T0.

 T0: baseline value after induction of anesthesia, T2: after sternum closure, T3: 16 hours 

after arrival at ICU, MBP: mean blood pressure, PCWP: pulmonary capillary wedge 

pressure, RVEF: right ventricular ejection fraction, LVEDD: left ventricular end 

diastolic dimension, DO2: oxygen delivery. 

Group T0 T2 T3

Heart rate HES 200/0.5 65.7 ± 9.6 76.5 ± 12.0* 78.1 ± 7.1*

(beats/min) HES 130/0.4 65.0 ± 8.3 74.1 ± 9.9* 82.0 ± 10.1*

MBP (mmHg) HES 200/0.5 75.6 ± 12.3 78.7 ± 10.3 77.9 ± 8.9

HES 130/0.4 76.3 ± 9.6 77.1 ± 10.6 74.2 ± 9.4

PCWP (mmHg) HES 200/0.5 9.9 ± 3.6 13.2 ± 3.3* 11.9 ± 3.4

HES 130/0.4 9.7 ± 3.2 12.8 ± 3.0* 10.7 ± 2.2

Cardiac index HES 200/0.5 3.0 ± 0.6 2.7 ± 0.5 3.5 ± 0.6*

(L/min/m2) HES 130/0.4 3.1 ± 0.6 2.6 ± 0.8* 3.5 ± 0.8*

RVEF (%) HES 200/0.5 37.0 ± 10.6 32.1 ± 7.7

HES 130/0.4 36.7 ± 8.4 33.2 ± 6.9

LVEDD (mm) HES 200/0.5 33.9 ± 6 30.2 ± 6

HES 130/0.4 33.8 ± 6 33.7 ± 6

Urine output (ml) HES 200/0.5 45.1 ± 8.8 37.6 ± 9.8* 41.6 ± 7.9

HES 130/0.4 42.0 ± 9.5 41.6 ± 9.3 38.9 ± 12.0

PaO2/FiO2 ratio HES 200/0.5 383 ± 89  314 ± 92*

HES 130/0.4 346 ± 86 317 ± 96

DO2 HES 200/0.5 998 ± 295 649 ± 214*

(ml O2/min) HES 130/0.4 984 ± 288 606 ± 169*

O2 extraction HES 200/0.5 0.21 ± 0.03 0.29 ± 0.06*

ratio (%) HES 130/0.4 0.20 ± 0.02 0.30 ± 0.06*

Pulmonary shunt HES 200/0.5 0.14 ± 0.05 0.18 ± 0.08

ratio (%) HES 130/0.4 0.16 ± 0.05 0.18 ± 0.08



- 13 -

Table 4 . Changes in Coagulation Profiles

Values are expressed as mean ± standard deviation.

* P < 0.05 versus T0. T0: baseline after induction of anesthesia, T2: after sternum 

closure, T3: 16 hours after arrival at ICU, R: reaction time, K: kinetic time, MA: 

maximal amplitude, PT: prothrombin time, aPTT: activated partial thromboplastin time, 

AT-Ⅲ: antithrombin Ⅲ.   

Group T0 T2 T3

R (mm) HES 200/0.5 32.0 ± 18.8 29.3 ± 10.9 32.8 ± 9.1

HES 130/0.4 28.0 ± 7.8 25.7 ± 6.2 32.2 ± 17.4

K (mm) HES 200/0.5 13.1 ± 7.1 15.0 ± 6.3 13.0 ± 7.2

HES 130/0.4 12.1 ± 5.7 13.6 ±6.7 15.8 ± 16.4

MA (mm) HES 200/0.5 45.1 ± 8.8 37.6 ± 9.8* 41.6 ± 7.9

HES 130/0.4 42.0 ± 9.5 41.6 ± 9.3 38.9 ± 12.0

α-angle (°) HES 200/0.5 37.8 ± 15.9 32.2 ± 10.5 33.1 ± 9.7

HES 130/0.4 35.9 ± 12.1 36.1 ± 10.9 34.3 ± 14.5

PT (sec) HES 200/0.5 11.8 ± 0.8 14.9 ± 1.2* 14.9 ± 1.1*

HES 130/0.4 11.7 ± 0.8 14.6 ± 1.7* 14.8 ± 1.4*

aPTT (sec) HES 200/0.5 38.0 ± 9.9 44.7 ± 15.9 46.4 ± 16.5

HES 130/0.4 45.3 ± 22.1 40.9 ± 9.2 42.9 ± 13.1

Platelet HES 200/0.5 242 ± 80.4 152 ± 46.6* 149 ± 58.0*

(109/L) HES 130/0.4 239 ± 71.2 155 ± 65.9* 133 ± 46.7*

Fibrinogen HES 200/0.5 358 ± 81.9 191 ± 61.0*

(mg/dl) HES 130/0.4 373 ± 101.0 235 ± 79.7*

AT-Ⅲ (%) HES 200/0.5 93.9 ± 8.9 56.1 ± 11.6*

HES 130/0.4 94.9 ± 17.5 59.9 ± 17.7*

Hematocrit (%) HES 200/0.5 38.2 ± 4.5 28.2 ± 4.3* 24.3 ± 4.1*

HES 130/0.4 37.3 ± 4.5 28.6 ± 4.4* 24.7 ± 2.5*
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Table 5. Changes in Biochemical Data

Values are expressed as mean ± standard deviation.

* P < 0.05 versus T0. 

T0: baseline value after induction of anesthesia, T2: 5 min after sternum closure, T3 : 16 

hours after arrival at ICU, BUN: blood urea nitrogen, AST: aspartate aminotransferase, 

ALT: alanine aminotransferase. .

Group T0 T2 T3

BUN (mg/dl) HES 200/0.5 15.4 ± 4.5 12.0 ± 2.9* 12.6 ± 4.1*  

HES 130/0.4 15.2 ± 2.9 11.7 ± 2.5* 14.7 ± 3.7

Creatinine HES 200/0.5 1.00 ± 0.2 0.8 ± 0.2* 0.9 ± 0.2*

(mg/dl) HES 130/0.4 0.96 ± 0.2 0.8 ± 0.3* 1.0 ± 0.2

AST (IU/L) HES 200/0.5 25.1 ± 11.3 30.3 ± 12.3 46.1 ± 23.3*

HES 130/0.4 34.0 ± 28.4 31.8 ± 17.8 48.2 ± 34.0

ALT (IU/L) HES 200/0.5 28.2 ± 17.7 25.1 ± 16.6 27.1 ± 14.2

HES 130/0.4 32.3 ± 28.0 26.0 ± 25.3 27.8 ± 20.2
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IV . D ISCU SSION

  In this study, when the 10 ml/kg of each HES solution was infused in 

hypovolemic patients, HES 130/0.4 maintained cardiac output and oxygen 

delivery more stable than 6% HES 200/0.5 because both variables were greater 

in HES 130/0.4 group than in HES 200/0.5 group. Effects on coagulation 

profiles were comparable in both HES solutions, except that MA significantly 

decreased after surgery in HES 200/0.5 group compared to baseline value. Both 

HES solutions were demonstrated to maintain hemodynamics stable and 

preserve organ perfusion during OPCAB. 

 Newly developed low molecular, low substituted 6% HES 130/0.4 and 6% 

HES 200/0.5 were reported to have less effects on coagulation,6-8 and to have 

similar effect on coagulation and volume expansion in cardiac surgical 

patients.9-11 In this study, we compared both HES solutions as an acute volume 

expander in hypovolemic patients and a volume substitute in OPCAB during 

which relatively large amount of fluid is infused. Although both HES solutions 

were demonstrated to have similar effects on coagulation, hemodynamics and 

organ function during the surgery and 16h at ICU, there were significant 

differences in hemodynamic effects as an acute volume expander between both 

HES solutions. After acute HES loading in hypovolemic patients, cardiac index 

was greater in HES 130/0.4 group than in HES 200/0.5 group. It might be 

associated with significant decrease in heart rate after loading in HES 200/0.5 

group. Since heart rate was reduced with cardiac medications in almost 

coronary disease patients, further decrease in heart rate could result in 

myocardial distension and reduced cardiac output. Less effect of HES 130/0.4 

on heart rate, therefore, compared to HES 200/0.5 could be beneficial when 

acute volume loading is needed. Greater  oxygen delivery in HES 130/0.4 group 

than in HES 200/0.5 group after HES loading is consistent with the result of 

previous study. Boldt and colleges11 reported that oxygen delivery increased 

immediately and 30 minutes after infusion of HES 130/0.4 compared with HES 

200/0.5, but oxygen consumption was similar in both groups. Higher cardiac 

output in HES 130/0.4 group compared to HES 200/0.5 group seemed to be 
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responsible for this result because Hb and PaO2 were similar between two 

groups. PaO2/FiO2 ratio increased after acute loading in HES 130/0.4 group, 

although it did not reach statistical significance. Improved oxygen exchange in 

V/Q mismatching area of the lung with volume expansion was considered as a 

possible mechanism. Reduced sympathetic tone and mechanical ventilation 

would negatively affect cardiac output after anesthesia and might limit 

significant increase in cardiac output compared to baseline value after loading 

of HES solutions in this study. And also, regarding normal cardiac index before 

HES loading, there was a possibility that the patients were not in absolutely 

hypovolemic status despite of low PCWP and reduced LVEDD. However, since 

there was no difference in baseline hemodynamics between two groups, it did 

not seem to affect the difference between two groups after HES loading.

 As a volume substitute, there was no significant difference in hemodynamics 

and amount of fluid to maintain hemodynamics within predetermined level 

between two groups in this study, although previous studies reported that HES 

130/0.4 was less accumulated in the tissue than HES 200/0.5.12-13,19 The fact that 

water binding effects of different HES solutions primarily depends on the 

number of molecules rather than on their size was likely to affect the result.10 

The greater number of osmotically effective molecule in HES 130/0.4 could 

increase plasma volume with greater cardiac output shortly after volume 

loading compared to HES 200/0.5. After then, however, more degradable HES 

130/0.4 might result in the similar volume expansion effect with HES 200/0.5 

during operation. 

The greater the molecular weight, the higher the degree of substitution and 

the C2 to C6 ratio, the more a particular HES may compromise coagulation. 

HES 130/0.4 had a higher C2 to C6 ratio (11.2) than HES 200/0.5 (5.1),20 but 

lower molecular weight and the degree of substitution. In this study, there was 

no difference in the effect of both HES solutions on coagulation after acute 

loading, in contrast to previous study18 that observed significant decrease in MA 

after hemodilution with 1000 mL of HES 200/0.5. This discrepancy is probably 

due to smaller loading dose in our study and loading 10 mg/kg of these two 
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types of HES solutions is likely to be safe without adverse effect on coagulation 

in cardiac patients. However, MA decreased significantly compared to baseline 

value in only HES 200/0.5 group after surgery in this study, although there were 

no significant differences in coagulation profiles between two HES solutions 

throughout the study period. MA reflects the properties of platelets and 

fibrinogen, and also factor ⅩⅢ. Diluted plasma and antipletelet effect caused 

by HES 200/0.5 infusion and heparin usage might be responsible for the 

decrease of MA. Evolutionary characteristics of HES 130/0.4, lower the degree 

of molar substitution of  compared to HES 200/0.5, seems to be resulted in  the 

different effect on MA after surgery. However, change in MA dose not seem to 

have clinical significance because there was no significant difference in amount 

of intraoperatively salvaged blood and postoperative mediastinal bleeding 

between both HES solutions. 

HES preparations have been known to maintain intravascular colloid osmotic 

pressure than crystalloid solutions which cause decrease in viscosity, to 

improve microcirculation and to preserve renal function although there are 

conflicting data in the literatures. In this study, BUN and creatinine decreased 

after operation in both groups and at ICU in HES 200/0.5 group, which might 

be due to the dilution of blood to some degree. Regarding to the result reflecting 

organ function, both HES solutions were equally effective to preserve organ 

function in OPCAB. However, this study might be underpowered to conclude 

the effects of both HES solutions on postoperative organ function. 
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V . CON CLU SION

 In this study, we investigated the impacts of low molecular 6% HES 130/0.4 on 

volume expansion and coagulation compared to the medium molecular 6% HES 

200/0.5 and their overall safety in 48 patients undergoing OPCAB.

 When 10 ml/kg of HES 200/0.5 or HES 130/0.4 was loaded for acute volume 

expansion in hypovolemic patients after induction of anesthesia, cardiac index 

and oxygen delivery was significantly greater in HES 130/0.4 group than in 

HES 200/0.5 group, and PaO2/FiO2 ratio was improved in HES 130/0.4 group 

without significance. There was no significant compromise in coagulation 

profiles after acute HES loading in both groups.   

  Effects of both HES solutions on coagulation and organ function, however, 

were comparable during OPCAB and ICU stay. Total amount of infused fluid 

and transfused allogenic blood products were similar in both groups. 

Biochemical variables were all within normal limits in both groups. 

 Therefore, as an acute volume expander in hypovolemic patients, HES 130/0.4 

seemed to be preferable with better cardiac output and oxygen delivery 

compared to HES 200/0.5, but both HES 130/0.4 and 200/0.5 might be equally 

efficient and safe in terms of maintaining plasma volume, coagulation and 

organ function during and after surgery in patients undergoing OPCAB. 
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 ABSTRACT(IN KOREAN)

체외순환 체외순환 체외순환 체외순환 없는 없는 없는 없는 관상동맥우회술을 관상동맥우회술을 관상동맥우회술을 관상동맥우회술을 시행받는 시행받는 시행받는 시행받는 환자에 환자에 환자에 환자에 있어서 있어서 있어서 있어서 666%%% HHHEEESSS
111333000///000...444와 와 와 와 666%%% HHHEEESSS222000000///000...555가 가 가 가 혈액응고와 혈액응고와 혈액응고와 혈액응고와 혈장증량에 혈장증량에 혈장증량에 혈장증량에 미치는 미치는 미치는 미치는 영향영향영향영향

<<<지도교수 지도교수 지도교수 지도교수 김 김 김 김 원옥원옥원옥원옥>>>

연세대학교 연세대학교 연세대학교 연세대학교 대학원 대학원 대학원 대학원 의학과의학과의학과의학과

권 권 권 권 태 태 태 태 동동동동

서론서론서론서론: : : : hydroxylethyl hydroxylethyl hydroxylethyl hydroxylethyl starch starch starch starch (HES) (HES) (HES) (HES) 제재들의 제재들의 제재들의 제재들의 평균분자량과 평균분자량과 평균분자량과 평균분자량과 몰치환률은 몰치환률은 몰치환률은 몰치환률은 

혈장증량과 혈장증량과 혈장증량과 혈장증량과 응고에 응고에 응고에 응고에 영향을 영향을 영향을 영향을 미친다미친다미친다미친다. . . . 본 본 본 본 연구에서는 연구에서는 연구에서는 연구에서는 낮은 낮은 낮은 낮은 평균분자량을 평균분자량을 평균분자량을 평균분자량을 가가가가

진 진 진 진 6% 6% 6% 6% HES HES HES HES 130/0.4 130/0.4 130/0.4 130/0.4 과 과 과 과 6% 6% 6% 6% HES HES HES HES 200/0.5200/0.5200/0.5200/0.5이 이 이 이 체외순환 체외순환 체외순환 체외순환 없는 없는 없는 없는 관상동맥우관상동맥우관상동맥우관상동맥우

회술을 회술을 회술을 회술을 시행받는 시행받는 시행받는 시행받는 환자들에 환자들에 환자들에 환자들에 있어서 있어서 있어서 있어서 혈장증량과 혈장증량과 혈장증량과 혈장증량과 응고 응고 응고 응고 및 및 및 및 출혈량에 출혈량에 출혈량에 출혈량에 미치는 미치는 미치는 미치는 

영향을 영향을 영향을 영향을 비교하고자 비교하고자 비교하고자 비교하고자 하였으며하였으며하였으며하였으며, , , , 장기기능과 장기기능과 장기기능과 장기기능과 관련된 관련된 관련된 관련된 안정성을 안정성을 안정성을 안정성을 살펴보고자 살펴보고자 살펴보고자 살펴보고자 하하하하

였다였다였다였다. . . . 

대상 대상 대상 대상 및 및 및 및 방법방법방법방법: : : : 연세의료원 연세의료원 연세의료원 연세의료원 심혈관센터에서 심혈관센터에서 심혈관센터에서 심혈관센터에서 체외순환 체외순환 체외순환 체외순환 없는 없는 없는 없는 관상동맥우회술관상동맥우회술관상동맥우회술관상동맥우회술

을 을 을 을 시행받는 시행받는 시행받는 시행받는 환자 환자 환자 환자 48484848명을 명을 명을 명을 대상으로 대상으로 대상으로 대상으로 하였다하였다하였다하였다. . . . 무작위방식으로 무작위방식으로 무작위방식으로 무작위방식으로 6% 6% 6% 6% HES HES HES HES 

130/0.4 130/0.4 130/0.4 130/0.4 투여군과 투여군과 투여군과 투여군과 6% 6% 6% 6% HES HES HES HES 200/0.5 200/0.5 200/0.5 200/0.5 투여군으로 투여군으로 투여군으로 투여군으로 나누었다나누었다나누었다나누었다. . . . 마취 마취 마취 마취 유도 유도 유도 유도 후 후 후 후 

폐모세혈관쐐기압이 폐모세혈관쐐기압이 폐모세혈관쐐기압이 폐모세혈관쐐기압이 10 10 10 10 mmHg mmHg mmHg mmHg 이거나 이거나 이거나 이거나 그 그 그 그 이하인 이하인 이하인 이하인 저혈량 저혈량 저혈량 저혈량 상태의 상태의 상태의 상태의 환자에환자에환자에환자에

서 서 서 서 HES HES HES HES 용액을용액을용액을용액을10 10 10 10 ml/kgml/kgml/kgml/kg를 를 를 를 우선 우선 우선 우선 주입하였다주입하였다주입하였다주입하였다. . . . 이 이 이 이 후의 후의 후의 후의 수액 수액 수액 수액 투여는 투여는 투여는 투여는 심장지심장지심장지심장지

수가 수가 수가 수가 2.2 2.2 2.2 2.2 l/min/ml/min/ml/min/ml/min/m2 2 2 2 이상으로 이상으로 이상으로 이상으로 유지되고유지되고유지되고유지되고, , , , 폐모세혈관쇄기압이 폐모세혈관쇄기압이 폐모세혈관쇄기압이 폐모세혈관쇄기압이 8-14 8-14 8-14 8-14 

mmHg  mmHg  mmHg  mmHg  내에서 내에서 내에서 내에서 유지되도록 유지되도록 유지되도록 유지되도록 하였다하였다하였다하였다. . . . 이를 이를 이를 이를 위해 위해 위해 위해 최대 최대 최대 최대 30 30 30 30 ml/kgml/kgml/kgml/kg의 의 의 의 HES HES HES HES 용용용용

액과 액과 액과 액과 crystalloid crystalloid crystalloid crystalloid 용액을 용액을 용액을 용액을 주입하였다주입하였다주입하였다주입하였다. . . . 혈역학 혈역학 혈역학 혈역학 변수들변수들변수들변수들, , , , 혈액응고 혈액응고 혈액응고 혈액응고 변수들변수들변수들변수들, , , , 혈혈혈혈

액학적 액학적 액학적 액학적 변수들 변수들 변수들 변수들 및 및 및 및 생화학 생화학 생화학 생화학 검사 검사 검사 검사 결과들을 결과들을 결과들을 결과들을 수술 수술 수술 수술 중 중 중 중 및 및 및 및 수술 수술 수술 수술 후 후 후 후 16161616시간 시간 시간 시간 후까후까후까후까

지 지 지 지 측정하고 측정하고 측정하고 측정하고 기록하였다기록하였다기록하였다기록하였다. . . . 더불어 더불어 더불어 더불어 출혈양출혈양출혈양출혈양, , , , 투여된 투여된 투여된 투여된 수액양 수액양 수액양 수액양 및 및 및 및 수혈량을 수혈량을 수혈량을 수혈량을 기록기록기록기록

하였다하였다하였다하였다. . . . 

결과결과결과결과: : : : 저혈량 저혈량 저혈량 저혈량 상태의 상태의 상태의 상태의 환자에서 환자에서 환자에서 환자에서 각각의 각각의 각각의 각각의 HES HES HES HES 제재를 제재를 제재를 제재를 10 10 10 10 ml/kgml/kgml/kgml/kg를 를 를 를 주입한 주입한 주입한 주입한 후 후 후 후 

6% 6% 6% 6% HES HES HES HES 130/0.4 130/0.4 130/0.4 130/0.4 군에서 군에서 군에서 군에서 6% 6% 6% 6% HES HES HES HES 200/0.5 200/0.5 200/0.5 200/0.5 군에 군에 군에 군에 비해 비해 비해 비해 심장지수와 심장지수와 심장지수와 심장지수와 심박심박심박심박

수가 수가 수가 수가 의미 의미 의미 의미 있게 있게 있게 있게 높았으며 높았으며 높았으며 높았으며 산소운반능도 산소운반능도 산소운반능도 산소운반능도 높았다높았다높았다높았다. . . . 연구 연구 연구 연구 기간 기간 기간 기간 중 중 중 중 혈액응고 혈액응고 혈액응고 혈액응고 지지지지

표에 표에 표에 표에 있어서는 있어서는 있어서는 있어서는 두 두 두 두 군간 군간 군간 군간 차이가 차이가 차이가 차이가 없었다없었다없었다없었다. . . . 수술 수술 수술 수술 중 중 중 중 및 및 및 및 중환자실에서 중환자실에서 중환자실에서 중환자실에서 출혈량 출혈량 출혈량 출혈량 

및 및 및 및 혈액응고 혈액응고 혈액응고 혈액응고 지표들은 지표들은 지표들은 지표들은 두 두 두 두 군간 군간 군간 군간 차이가 차이가 차이가 차이가 없었으며없었으며없었으며없었으며, , , , 수액 수액 수액 수액 투여원칙에 투여원칙에 투여원칙에 투여원칙에 따라 따라 따라 따라 투투투투
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여된 여된 여된 여된 수액의 수액의 수액의 수액의 총량과 총량과 총량과 총량과 수혈량도 수혈량도 수혈량도 수혈량도 두 두 두 두 군간 군간 군간 군간 차이가 차이가 차이가 차이가 없었다없었다없었다없었다. . . . 연구 연구 연구 연구 기간 기간 기간 기간 중 중 중 중 혈역혈역혈역혈역

학적 학적 학적 학적 변수들은 변수들은 변수들은 변수들은 두 두 두 두 군간 군간 군간 군간 차이가 차이가 차이가 차이가 없었으며없었으며없었으며없었으며, , , , 수술 수술 수술 수술 후 후 후 후 생화학 생화학 생화학 생화학 검사 검사 검사 검사 결과들은 결과들은 결과들은 결과들은 

두 두 두 두 군 군 군 군 모두에서 모두에서 모두에서 모두에서 정상 정상 정상 정상 범위 범위 범위 범위 내에 내에 내에 내에 있었다있었다있었다있었다.  .  .  .  

결론 결론 결론 결론 : : : : 6% 6% 6% 6% HES HES HES HES 130/0.4130/0.4130/0.4130/0.4는 는 는 는 6% 6% 6% 6% 200/0.5200/0.5200/0.5200/0.5에 에 에 에 비해 비해 비해 비해 저혈량 저혈량 저혈량 저혈량 상태의 상태의 상태의 상태의 환자에서 환자에서 환자에서 환자에서 

혈장증량제로써혈장증량제로써혈장증량제로써혈장증량제로써(10 (10 (10 (10 mg/kg) mg/kg) mg/kg) mg/kg) 급속 급속 급속 급속 투여할 투여할 투여할 투여할 때 때 때 때 심장지수와 심장지수와 심장지수와 심장지수와 산소운반능의 산소운반능의 산소운반능의 산소운반능의 관관관관

점에서 점에서 점에서 점에서 우수한 우수한 우수한 우수한 것으로 것으로 것으로 것으로 나타났다나타났다나타났다나타났다. . . . 그러나 그러나 그러나 그러나 수술 수술 수술 수술 중 중 중 중 및 및 및 및 중환자실에서의 중환자실에서의 중환자실에서의 중환자실에서의 혈역혈역혈역혈역

학학학학, , , , 혈액응고 혈액응고 혈액응고 혈액응고 및 및 및 및 장기기능 장기기능 장기기능 장기기능 보존에 보존에 보존에 보존에 미치는 미치는 미치는 미치는 영향은 영향은 영향은 영향은 두 두 두 두 수액 수액 수액 수액 간에 간에 간에 간에 차이가 차이가 차이가 차이가 없없없없

었으는 었으는 었으는 었으는 바바바바, , , , 체외순환 체외순환 체외순환 체외순환 없는 없는 없는 없는 관상동맥우회술을 관상동맥우회술을 관상동맥우회술을 관상동맥우회술을 시행받는 시행받는 시행받는 시행받는 환자들에서 환자들에서 환자들에서 환자들에서 두 두 두 두 가가가가

지  지  지  지  EHS EHS EHS EHS 용액 용액 용액 용액 모두 모두 모두 모두 혈장대용제로써 혈장대용제로써 혈장대용제로써 혈장대용제로써 안전하게 안전하게 안전하게 안전하게 사용될 사용될 사용될 사용될 수 수 수 수 있다고 있다고 있다고 있다고 생각된다생각된다생각된다생각된다. . . . 

핵심되는 핵심되는 핵심되는 핵심되는 말말말말:::장기기능장기기능장기기능장기기능,,,체외순환 체외순환 체외순환 체외순환 없는 없는 없는 없는 관상동맥 관상동맥 관상동맥 관상동맥 우회술우회술우회술우회술,,,혈액응고혈액응고혈액응고혈액응고,,,
666%%% HHHEEESSS111333000///000...444,,,666%%% HHHEEESSS222000000///000...555...
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