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Abstract  Original Research Article 
 

Background: Because burn patients are accompanied by massive tissue destruction, adequate volume replacement is 

important. We studied the effects of 6% HES 130/0.4 in a balanced electrolyte solution (Volulyte) compared to 6% 

HES 130/0.4 in a saline (Voluven) regarding acid-base status and electrolytes in burn surgery. Methods: A total of 121 

patients who underwent burn surgery were retrospectively reviewed using a medical record. Fifty-nine patients 

received Volulyte (Group B) and 62 patients received Voluven (Group S). We compared arterial pH, base excess, and 

serum chloride level using analysis of multivariate regression and pre- and postoperative changes of the two groups 

after controlling demographic and operational procedural factors. Each group was subdivided into three groups by the 

burned surface area as a percentage of total body surface area (TBSA) in order to see whether there are differences 

between the two groups regarding burn severity. Results: Preoperative arterial pH, base excess, and chloride level had 

no differences between two groups. Postoperative serum chloride level was significantly lower and arterial pH was 

significantly higher in group B than in group S. Postoperative base excess showed a significant difference between the 

two groups. There was a tendency of less increase in serum chloride level in patients with ≥ 50% TBSA in group B. 

Conclusions: Volulyte showed more beneficial effects on acid-base status and serum chloride level than Voluven in 

burn patients after surgery. Therefore, Volulyte could minimize the possibility of infusion related hyperchloremic 

acidosis in patients undergoing burn surgery.  

Keywords: Acid base balance; Burn; Hydroxyethyl starch derivatives. 
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use, distribution, and reproduction in any medium for non-commercial use (NonCommercial, or CC-BY-NC) provided the original author and source 

are credited. 

 

INTRODUCTION 

Maintenance of adequate intravascular volume 

is very important in managing medical, surgical 

treatment especially for critically ill patients. During 

surgery, blood loss, peripheral vascular dilation and 

fluid shift induce a decrease in intravascular volume 

[1]. Deane and colleagues reported in 1988 that ―A 

prospective study of patients who died in the hospital 

after admission for treatment of injuries showed that 

inadequate fluid resuscitation was the most common 

mismanagement.‖[2]. An adequate intravascular 

volume replacement therapy may help to improve organ 

function and reduce patient morbidity or even mortality: 

in approximately 50% of septic patients, adequate 

volume replacement alone can reverse hypotension and 

restore hemodynamics [3]. 

 

In burn patients, release of inflammatory 

mediators (e.g. histamine, prostaglandins, thromboxane, 

and nitric oxide), increase capillary permeability, and 

fluid shifts happen due to severe tissue destruction [4-

6]. Furthermore, throughout burn wound evaporation, 

large amounts of fluid are lost from the damaged skin 

surfaces [7]. Burn patients’ special pathophysiology 

makes maintenance of intravascular volume even more 

important than in other patients. However, a strategy for 

fluid resuscitation in burn patients has not been 

established yet [8]. 

 

Colloids contain large molecules and exert a 

high oncotic pressure, therefore remaining in the 

intravascular volume longer than crystalloids [9,10]. 
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This makes colloids a more efficient tool for 

maintaining adequate intravascular volume, especially 

in patients with major trauma [11,12]. Recent studies 

suggest that colloid resuscitation may help patients to 

have a better postoperative recovery and experience less 

edema [6,13,14]. Since the infusion of large amounts of 

saline based solutions may contribute to the 

development of hyperchloremic metabolic acidosis, the 

use of a balanced carrier for colloid solution might 

improve postoperative acid-base status [15-17]. 

Currently used synthetic colloid solutions are gelatins, 

dextrans, and hydroxyethyl starches (HES) [18]. 

 

Voluven® (Fresenius Kabi, Bad Homburg, 

Germany) contains 6% HES 130/0.4 in normal saline 

and Volulyte® (Fresenius Kabi, Bad Homburg, 

Germany) contains 6% HES 130/0.4 in a balanced 

electrolyte solution. The newer carrier solution contains 

less chloride and is physiologically more similar to 

human plasma than Voluven [19]. In case of massive 

fluid resuscitation, HES in a balanced electrolyte 

solution may help to prevent hyperchloremic metabolic 

acidosis. An article reported that after administration of 

colloid solutions, the HES balanced group showed 

significantly lower serum chloride level and less 

acidosis compared with the conventional HES group 

[9].  

There are many recent publications with HES 

balanced solutions, but published data on its use in burn 

patients is still limited. We therefore conducted a 

retrospective study to evaluate effects of 6% HES 

130/0.4 in a balanced electrolyte solution (Volulyte) 

compared with 6% HES 130/0.4 in normal saline 

(Voluven) regarding acid-base status and electrolytes in 

burn surgery patients.  

 

MATERIALS and METHODS 
Study design  

All patients who had burn surgery at the 

Department of Burn Surgery for three months were 

reviewed in this study. The information was obtained 

by manual searching of electronic medical records. We 

reviewed the preoperative orders, anesthesia records 

and intensive care unit (ICU) records for preoperative 

medications orders as well as intraoperative and 

postoperative adverse events. All patients received a 

normal saline and Ringer's lactate solution infusion 

supplemented with colloids and blood products such as 

packed red blood cells (PRBC) and fresh frozen plasma 

(FFP) for intraoperative hemodynamic stabilization. All 

patients received either Volulyte or Voluven for 

colloids used during the surgery.  

 

Inclusion criteria were: 1) adults above 20 

years old, 2) under general anesthesia 3) with third-

degree burns undergoing either elective cadaveric 

allograft, split thickness skin graft (STSG) or both, 4) a 

body mass index (BMI) between 17 and 31 kg/m
2
, 5) 

data from the first operation, if a patient had several 

surgeries, 6) urine output > 0.5 ml/kg/h, 7) serum 

potassium level between 3.3 and 5.5 mmol/L. Exclusion 

criteria were: 1) hemoglobin concentration <12 g/dl and 

>17 g/dl before operation, 2) a known allergy to HES, 

3) renal insufficiency (serum creatinine > 2.5 mg/dl), 

significant hepatic disease (liver function tests > 3 times 

upper limit of normal), a history of coagulation 

disorders, 4) use of sodium bicarbonate or diuretics, 5) 

pregnancy, 6) total fluid infusion amount over 100 

ml/kg, 7) body temperature during surgery below 33°C. 

 

A total of 121 cases were sorted from 

anesthesia records. In 59 cases, patients treated with 

Volulyte (Group B), and in 62 cases, patients treated 

with Voluven (Group S). Additional crystalloid (normal 

saline and Ringer’s lactate solution) and blood products 

(PRBC and FFP) were used concomitantly for fluid 

maintenance and hemodynamic stability in both groups. 

PRBC transfusion is targeted to a hemoglobin to >8 g/dl 

( >9 g/dl in patients with significant heart disease). In 

all patients, anesthesia was induced with propofol (1.0-

2.0 mg/kg), fentanyl (0.5-1.0 ㎍/kg), rocuronium 

bromide (1 mg/kg), and maintained with 2.5-3.0% 

sevoflurane and air in oxygen (fraction of inspired 

oxygen, 0.5). Unless patient has a facial burn including 

the forehead, all patients were monitored with a 

bispectral index monitor (BIS VISTA
TM

 Monitoring 

System; Aspect Medical Systems, Norwood, MA, 

USA). The concentration of sevoflurane was modulated 

to maintain the heart rate and blood pressure within 

20% above or below baseline values and the BIS value 

between 40 and 60. Mechanical ventilation was 

modulated to maintain an end-tidal carbon dioxide 

partial pressure of 32-38 mmHg throughout the 

procedure. Body temperature was maintained by a 

forced air warming device, circulating-water mattress, 

intravenous fluid warming device, and the heating room 

air itself.  

 

Variables analyzed were arterial pH, base 

excess, and serum chloride level. All three variables 

were sorted from the first arterial blood gas analysis just 

after induction and the first arterial blood gas analysis 

after transfer to the ICU postoperatively. All blood gas 

analysis values were measured at 37°C. 

 

We studied the effects of Volulyte on arterial 

pH, base excess, and serum chloride level by comparing 

them to the effects of Voluven after controlling the 

relevant factors. To explore effects of burn severity, 

each group was divided into three sub-groups by the 

burned surface area as a percentage of total body 

surface area (TBSA) (subgroup 1; < 20% TBSA, 

subgroup 2; ≥ 20% and < 50% TBSA, subgroup 3; ≥ 

50% TBSA) and compared between two study groups. 

Additionally, we compared between preoperative value 

and postoperative value in each study groups to 

examine the changes in pH, base excess, serum chloride 

level between before and after fluid administration. We 

also compared 30 day mortality between group B and 

group S to study effects of HES on patient outcome. 
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Statistical analyses 

In the baseline analysis, continuous variables 

are presented as mean, standard deviation, range and 

categorical variables are presented as frequency count 

and percent. To detect the difference between the two 

groups, we used t-test, Chi-squared test. To analyze the 

effects of treatment, the preoperative index (the arterial 

pH, base excess, and serum chloride level) and the 

postoperative index were compared using t-test. In 

addition, a paired t-test was used for comparison of the 

same patients before and after surgery.  

 

The study was performed using analysis of 

multivariate regression. The effect of treatment is 

checked after controlling the influence of co-variates. In 

this study, demographic characteristics of patients (sex, 

age, BMI) and operational procedural factors were 

considered as co-variates that could affect the results of 

the trial. Thus, we investigated the effect of treatment 

by controlling demographic factors and % TBSA 

(model 1), further controlling the operational procedural 

factors (model 2), controlling the amount of 

administered Ringer’s lactate solution and PRBC 

(model 3) and controlling the amount of administered 

Ringer’s lactate solution, PRBC, the demographic 

variables, and % TBSA (model 4). Statistical 

adjustment is to determine the magnitude of the effect 

that we are observing after removing the interference 

from other relevant factors. Multivariate regression 

adopted in this study is one of the general methods of 

statistical adjustment. The effect of adjustment for the 

interference is presented by a partial regression 

coefficient.  

 

For more rigorous study, in the final analysis 

model, we examined whether treatment was effective 

after controlling covariates. The level of significance 

was set at 0.05. This study was performed using SAS
®
 

ver. 9.3 (SAS, Cary, CA).  

 

RESULTS 
A total of 121 cases were sorted from 

anesthesia records. Patient demographics and clinical 

data, including age, sex, weight, height, body mass 

index, cerebrovascular prior surgery, and concomitant 

diseases are presented in Table 1. There were no 

significant differences in the most of demographic 

factors and major diseases except a number of patients 

with previous history of cardiovascular accident 

between group B (N=59) and group S (N=62). There 

were more patients with previous history of 

cardiovascular accident in group B (5 vs. 0).  

 

Table 2 shows variables related to operation 

and anesthetic management. Similar volumes of 

Volulyte and Voluven were administered during the 

surgery. The mean doses were 1145.9 ± 379.9 ml and 

1259.7 ± 353.1 ml in group B and group S, respectively. 

However, there was a difference in the amount of 

administered Ringer’s lactate solution and PRBC. The 

mean doses of Ringer’s lactate solution were 539.8 ± 

313.2 ml and 390.6 ± 338.6 ml in group B and group S. 

There were more units of PRBC transfused in group B 

(5.1 ± 3.7 vs. 3.9 ± 2.4). Intraoperative infusion 

volumes grouped by components are presented in Table 

2. 

 

Variables analyzed are the pre- and 

postoperative arterial pH, base excess, and serum 

chloride level (Table 3). The serum chloride level 

(mmol/L) from the postoperative blood gas analysis 

was significantly lower in group B (105.44 ±3.79 vs. 

109.31 ± 4.29) (Fig. 1). The postoperative arterial pH 

was significantly higher in group B than in group S 

(7.41 ± 0.07 vs. 7.37 ± 0.06) (Fig. 2). The postoperative 

base excess showed significant difference between the 

two groups as well (-0.96 ± 3.26 vs. -3.51 ± 2.84) (Fig. 

3). 

 

Table 4 shows the results of subgroups. In 

subgroup 2 (20-49% TBSA), there were significant 

differences in postoperative base excess and serum 

chloride level between the two groups. In subgroup 3 (≥ 

50% TBSA), there was a significant difference in 

postoperative chloride level between the study groups. 

However, not every variable had significant differences 

between the study groups by burn severity due to the 

small sizes of samples.  

 

For more rigorous study, we examined 

whether treatment was effective after controlling other 

variables (Table 5). As a result of the analysis model 1, 

which controlled the demographic variables and % 

TBSA, coefficients of base excess difference and 

arterial pH difference were positive (β = 2.303, 

p<.0001; β = 0.037, p =0.0019, respectively) and 

coefficient of serum chloride level was negative (β =-

2.411, p=0.0026). In model 2, which controlled the 

demographic variables, % TBSA and the operational 

procedural variables, the difference in base excess, 

arterial pH, and serum chloride level showed significant 

coefficients in the expected hypothesis (β= 2.365, 

p<.0001; β = 0.031, p = 0.0084; β = -1.681, p = 0.0345, 

respectively). In model 3, we controlled the amount of 

administered Ringer’s lactate solution and PRBC which 

were significantly different in two study groups. The 

difference in base excess, arterial pH, and serum 

chloride level showed significant coefficients in the 

expected hypothesis (β= 2.727, p<.0001; β = 0.033, p = 

0.005; β = -2.661, p = 0.001, respectively). In model 4, 

which controlled the amount of administered Ringer’s 

lactate solution, PRBC, the demographic variables, and 

% TBSA, the difference in base excess, arterial pH, and 

serum chloride level showed significant coefficients in 

the expected hypothesis (β= 2.481, p<.0001; β = 0.036, 

p = 0.003; β = -2.240, p = 0.005, respectively). 

Therefore, all differences between pre- and 

postoperative values of base excess, arterial pH, and 
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serum chloride level showed more stable results in 

group B than in group S. 

 

For each group, we analyzed the differences in 

pre- and postoperative values of arterial pH, base 

excess, and serum chloride level using paired t-test 

(Table 6). The arterial pH and base excess had 

statistically significant changes in group S, however, 

both remained stable in group B. The change of serum 

chloride level was significant in both groups, but the 

mean difference between pre- and postoperative values 

in group B was smaller (-1.14 ± 3.68 vs -3.66 ± 4.66). 

In subgroup 3, there were significant changes in all 

three laboratory values in group S, while laboratory 

values remained stable in group B (Table 7). There was 

a tendency for Volulyte to give less chloride loading 

especially in patients with more than 20% TBSA (Table 

8, Fig. 4). 

 

Additionally, there was no statistically 

significant difference in 30-day mortality rate between 

the two groups (Table 9).  

 

Table-1: Patient Characteristics 
  Group B (n=59) Group S (n=62) P-value 

  n (%)  Mean (SD) Range  n (%)  mean (SD) Range    

Demographics               

Male 50(84.8)     51(82.3)     0.7127 

Female 9(15.3)     11(17.7)       

Age   46.2(15.4) 20-80   47.2(11.2) 22-68 0.6611 

20-29 9(15.3)     5(8.1)     0.6500 

30-39 9(15.3)     9(14.5)       

40-49 14(23.7)     21(33.9)       

50-59 18(30.5)     18(29.0)       

60+ 9(15.3)     9(14.5)       

Weight (kg)   65.9(10.4) 44-97   68.1(11.3) 44-92 0.2753 

Height (cm)   169.1(7.8) 150-185   169.0(8.3) 150-185 0.9513 

BMI (kg/m2)   23.0(2.6) 18.9-29.9   23.7(2.9) 17.6-30.8 0.1280 

Pre-existing medical conditions at admission  

Previous MI 2(3.4)     0(0)     0.1438 

Cardiovascular 

accident 

5(8.5)     0(0)     0.0192 

Heart Failure 1(1.7)     0(0)     0.3033 

Diabetes Mellitus 2(3.4)     3(4.6)     0.6890 

Hypertension 3(5.1)     7(10.8)     0.2153 

Previous CABG 1(1.7)     0(0)     0.3033 

Previous PCI 0(0)     1(1.5)     0.3273 

Burn severity 

TBSA0-19 (%) 22(37.3)    14(22.6)   0.1202 

TBSA 20-49 (%) 25(42.4)     27(43.6)      

TBSA 50+ (%) 12(20.3)     21(33.9)      

Group B: 6% HES 130/0.4 in a balanced electrolyte solution (Volulyte), Group S: 6% HES 130/0.4 in a saline 

(Voluven), MI: myocardial infarction, CABG: coronary artery bypass graft, PCI: percutaneous coronary intervention, 

TBSA: total body surface area 

 

Table-2: Operational Characteristics 
  Group B (n=59) Group S (n=62) P-value 

  n (%)  mean (SD) Range  n (%)  mean (SD) Range    

Type of procedure               

Caderveric allograft 27(45.8)     30(48.4)     0.7725 

 STSG 32(54.2)     33(58.2)     0.9112 

Surgery details                

 Elapsed day (day)   14.0(13.0) 1-54   12.7(10.9) 1-57 0.5601 

 Blood loss (mL)   1586.4(1124.9) 500-6000   1354.0(744.4) 250-3500 0.1807 

 HES(mL)   1145.9(379.9) 700-2700   1259.7(353.1) 500-2300 0.0904 

 Saline (mL)   1368.6(794.3) 0-3650   1227.4(697.3) 0-3400 0.3002 

 RL solution (mL)   539.8(313.2) 0-1600   390.6(338.6) 0-1300 0.0133 

PRBC (unit)   5.1(3.7) 0-18   3.9(2.4) 0-11 0.0421 

 FFP (unit)   1.9(2.4) 0-16   1.3(1.3) 0-6 0.0746 

Operation time (min)   128.7(46.4) 50-240   142.5(66.4) 30-385 0.1000  

Outcome               

Mortality 8(13.6)     12(19.4)     0.3910 

Group B: 6% HES 130/0.4 in a balanced electrolyte solution (Volulyte), Group S: 6% HES 130/0.4 in a saline (Voluven), 

STSG: split thickness skin graft, RL solution: Ringer's lactate solution, PRBC: packed red blood cells, FFP: fresh frozen 

plasma 

 
Table-3: Preoperative and Postoperative Laboratory Values in Two HES Groups 
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  Group B (n=59) Group S(n=62) P-value 

  mean (SD) Range  mean (SD) Range    

Preoperative           

BE  -0.04(3.16)  -7.0~6.7  -0.15(2.78)  -6.2~6.3 0.8373 

pH 7.42(0.07) 7.26~7.56 7.42(0.06) 7.26~7.60 0.7932 

Cl 104.31(4.52) 93~113 105.65(5.80) 89~127 0.1603 

Postoperative            

BE  -0.96(3.26)  -10.9~6.4  -3.51(2.84)  -11.6~2 <.0001 

pH 7.41(0.07) 7.20~7.62 7.37(0.06) 7.13~7.47 0.0021 

Cl 105.44(3.79) 97~113 109.31(4.29) 102~127 <.0001 

Group B: 6% HES 130/0.4 in a balanced electrolyte solution (Volulyte), Group S: 6% HES 130/0.4 in a saline (Voluven), 

BE: base excess (mmol/L), Cl: serum chloride level (mmol/L) 
 

Table-4: Preoperative and Postoperative Laboratory Values in Two HES Groups (Subgroup Analysis by TBSA) 

  Group B(n=22) Group S(n=14)  

TBSA (0~19) mean (SD) Range  mean (SD) Range  P-value 

Preoperative           

 BE  0.79(2.32)  -3.7~6.2  0.46(1.80)  -2.1~4.2 0.6586 

 pH 7.46(0.04) 7.36~7.53 7.45(0.05) 7.36~7.60 0.6045 

 Cl 104.55(3.73) 96~110 107.29(2.79) 101~112 0.0242 

Postoperative          

 BE  0.70(2.29)  -4.9~5.0  -1.49(1.70)  -4.0~2.0 0.0067 

 pH 7.44(0.07) 7.34~7.62 7.40(0.03) 7.30~7.40 0.0080 

 Cl 105.64(4.20) 97~113 108.50(2.41) 104~113 0.0139 

 Group B (n=25) Group S (n=27)  

TBSA (20~49) mean (SD) Range  mean (SD) Range  P-value 

Preoperative           

 BE  0.05(3.32)  -7.0~6.7 0.63(3.18)  -4.8~6.3 0.5217 

 pH 7.43(0.06) 7.28~7.56 7.43(0.05) 7.30~7.54 0.9881 

 Cl 103.92(5.00) 93~113 102.70(4.09) 92~108 0.3397 

Postoperative            

 BE  -1.67(3.34)  -8.8~6.4  -3.69(2.70)  -9.0~1.3 0.0200 

 pH 7.40(0.06) 7.27~7.50 7.38(0.05) 7.26~7.47 0.1402 

 Cl 104.72(3.14) 99~110 107.48(3.03) 102~114 0.0022 

 Group B (n=12) Group S (n=21)  

TBSA (50+) mean (SD) Range  mean (SD) Range  P-value 

Preoperative           

 BE  -1.74(3.68)  -6.3~4.2  -1.56(2.26)  -6.2~1.7 0.8627 

 pH 7.35(0.05) 7.26~7.43 7.39(0.06) 7.26~7.47 0.0561 

 Cl 104.67(5.10) 95~111 108.33(7.40) 89~127 0.1392 

Postoperative            

 BE  -2.52(3.25)  -10.9~1.7  -4.64(3.00)  -11.6~0.1 0.0682 

 pH 7.36(0.07) 7.20~7.47 7.35(0.07) 7.13~7.46 0.6470 

 Cl 106.58(4.23) 100~112 112.19(5.17) 106~127 0.0033 

Group B: 6% HES 130/0.4 in a balanced electrolyte solution (Volulyte), Group S: 6% HES 130/0.4 in a saline (Voluven), 

TBSA: Total body surface area, BE: base excess (mmol/L), Cl: serum chloride level (mmol/L) 
 

Table-5: The Effect of Volulyte on the Change of Laboratory Values after Covariate Control 

    Model 1   Model 2 

    Estimate SE P-value Estimate SE P-value 

Dependent variable Treatment             

BE difference Group S(Voluven) 0     0     

  Group B (Volulyte) 2.303 0.489 <.0001 2.365 0.514 <.0001 

pH difference Group S(Voluven) 0     0     

  Group B (Volulyte) 0.037 0.011 0.0019 0.031 0.012 0.0084 

Cl difference Group S(Voluven) 0     0     

  Group B (Volulyte) -2.411 0.768 0.0026 -1.681 0.785 0.0345 

    Model 3 Model 4 

    Estimate SE p-value Estimate SE p-value 

Dependent variable Treatment             

BE difference Group S(Voluven) 0     0     

  Group B (Volulyte) 2.727 0.494 <.0001 2.481 0.501 <.0001 

pH difference Group S(Voluven) 0     0     

  Group B (Volulyte) 0.033 0.011 0.005 0.036 0.012 0.003 

Cl difference Group S(Voluven) 0     0     

  Group B (Volulyte) -2.661 0.769 0.001 -2.240 0.779 0.005 

Model 1: adjusted for age, sex, BMI, and TBSA, Model 2: adjusted for age, sex, BMI, TBSA, blood loss, HES, Saline, Ringer's lactate 
solution, packed red blood cells, fresh frozen plasma, and operation time, Model 3: adjusted for Ringer's lactate solution and packed red 

blood cells, Model 4: adjusted for age, sex, BMI, TBSA, Ringer's lactate solution, and packed red blood cells, Group B: 6% HES 

130/0.4 in a balanced electrolyte solution (Volulyte), Group S: 6% HES 130/0.4 in a saline (Voluven), BE: base excess (mmol/L, Cl: 
serum chloride level (mmol/L) 

 

 

Table-6: Comparison between Preoperative and Postoperative Laboratory Values Using Paired t-test 
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  Preoperative Postoperative  Paired t-test: difference (pre-post) 

  mean (SD) Range  mean (SD) Range  mean(SD) t value P-value 

Group B (n=59)           

 BE  -0.04(3.16)  -7.0~6.7  -0.96(3.26)  -10.9~6.4 0.92(2.63) 2.70 0.092 

 pH 7.42(0.07) 7.26~7.56 7.41(0.07) 7.20~7.62 0.01(0.06) 1.61 0.113 

 Cl 104.31(4.52) 93~113 105.44(3.79) 97~113 -1.14(3.68) -2.37 0.021 

Group S (n=62)           

 BE  -0.15(2.78)  -6.2~6.3  -3.51(2.84)  -11.6~2.0 3.36(2.72) 9.74 <.0001 

 pH 7.42(0.06) 7.26~7.60 7.37(0.06) 7.13~7.47 0.05(0.06) 6.74 <.0001 

 Cl 105.65(5.80) 89~127 109.31(4.29) 102~127 -3.66(4.66) -6.19 <.0001 

Group B: 6% HES 130/0.4 in a balanced electrolyte solution (Volulyte), Group S: 6% HES 130/0.4 in a saline 

(Voluven), BE: base excess (mmol/L), Cl: serum chloride level (mmol/L) 

 
Table-7: Comparison between Preoperative and Postoperative Laboratory Values Using Paired t-test   (Subgroup Analysis by TBSA) 

  Preoperative Postoperative  Paired t-test: difference (pre-post) 

  mean (SD) Range  mean (SD) Range  mean (SD) t value P-value 

  TBSA (0~19%)             

Group B (n=22)      

 BE  0.79(2.32)  -3.7~6.2  0.70(2.29)  -4.9~5.0 0.09(1.49) 0.27 0.789 

 pH 7.46(0.04) 7.36~7.53 7.44(0.07) 7.34~7.62 0.01(0.05) 0.85 0.403 

 Cl 104.55(3.73) 96~110 105.64(4.20) 97~113 -1.09(2.35) -2.18 0.041 

Group S (n=14)      

 BE  0.46(1.81)  -2.1~4.2  -1.49(1.70)  -4.0~2.0 1.95(1.09) 6.70 <.0001 

 pH 7.45(0.05) 7.36~7.60 7.40(0.03) 7.34~7.44 0.05(0.05) 3.6 0.003 

 Cl 107.29(2.79) 101~112 108.5(2.41) 104~113 -1.21(3.51) -1.29 0.218 

  TBSA (20~49%)       

Group B (n=25)      

 BE  0.05(3.32)  -7.0~6.7  -1.67(3.34)  -8.8~6.4 1.72(2.85) 3.02 0.006 

 pH 7.43(0.06) 7.28~7.56 7.40(0.06) 7.27~7.50 0.03(0.07) 2.03 0.053 

 Cl 103.92(5.00) 93~113 104.72(3.14) 99~110 -0.80(4.59) -0.87 0.392 

Group S (n=27)      

 BE  0.63(3.18)  -4.8~6.3  -3.69(2.70)  -9.0~1.3 4.32(3.47) 6.48 <.0001 

 pH 7.43(0.05) 7.30~7.54 7.38(0.05) 7.26~7.47 0.05(0.06) 4.51 <.0001 

 Cl 102.70(4.09) 92~108 107.48(3.03) 102~114 -4.78(5.00) -4.96 <.0001 

  TBSA (50%+)       

Group B (n=12)      

 BE  -1.74(3.68)  -6.3~4.2  -2.52(3.25)  -10.9~1.7 0.78(3.40) 0.8 0.442 

 pH 7.35(0.05) 7.26~7.43 7.36(0.07) 7.20~7.47 -0.01(0.07) -0.49 0.632 

 Cl 104.67(5.10) 95~111 106.58(4.23) 100~112 -1.92(3.75) -1.77 0.105 

Group S (n=21)      

 BE  -1.56(2.26)  -6.2~1.7  -4.64(3.00)  -11.6~0.1 3.08(1.85) 7.62 <.0001 

 pH 7.39(0.06) 7.26~7.47 7.35(0.07) 7.13~7.46 0.043(0.06) 3.45 0.003 

 Cl 108.33(7.40) 89~127 112.19(5.17 106~127 -3.86(4.44) -3.98 0.001 

Group B: 6% HES 130/0.4 in a balanced electrolyte solution (Volulyte), Group S: 6% HES 130/0.4 in a 

saline (Voluven), TBSA: Total body surface area, BE: base excess (mmol/L), Cl: serum chloride level 

(mmol/L) 

 
Table-8: Differences between Preoperative and Postoperative serum Chloride Values in Two HES Groups 

  Group B Group S P-value 

  mean (SD) Range  mean (SD) Range    

Cl difference      

  Total  -1.14 (3.68) -9 ~ 13 -3.66 (4.66) -20 ~ 4 0.001 

  TBSA 0~19% -1.09 (2.35) -6 ~ 3 -1.21 (3.51) -8 ~ 4 0.900 

  TBSA 20~49% -0.80 (4.59) -7 ~ 13 -4.78 (5.00) -14 ~ 3 0.004 

  TBSA 50%+ -1.92 (3.75) -9 ~ 5 -3.86 (4.44) -20 ~ 2 0.212 

Group B: 6% HES 130/0.4 in a balanced electrolyte solution (Volulyte), Group S: 6% HES 130/0.4 in a saline 
(Voluven),TBSA: Total body surface area, Cl: serum chloride level (mmol/L) 

 

Table-9: The Effect of Volulyte on 30-day Mortality (Logistic Regression) 
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    Model 1   Model 2 

    OR 95% CI p-value OR 95% CI p-value 

Dependent 

variable 

Treatment             

Death Group S 1   1   

  Group B 1.475 0.381-5.712 0.5740 3.431 0.505-

23.311 

0.2072 

Model 1: adjusted for age, sex, BMI, and TBSA, Model 2: adjusted for age, sex, BMI, TBSA, blood loss, 

HES, Saline, Ringer's lactate solution, PRBC, FFP, and operation time, Group B: 6% HES 130/0.4 in a 

balanced electrolyte solution (Volulyte), Group S: 6% HES 130/0.4 in a saline (Voluven) 

 
 

 
Fig-1: Change of serum chloride level (mmol/L) in two HES 

groups (Group B: 6% HES 130/0.4 in a balanced electrolyte 

solution (Volulyte), Group S: 6% HES 130/0.4 in a saline 

(Voluven), Pre-OP: preoperative, Post-OP: postoperative), 1,3: 

preoperative, 2,4: postoperative) 
 

 
Fig-2: Change of pH level in two HES groups (Group B: 6% HES 

130/0.4 in a balanced electrolyte solution (Volulyte), Group S: 6% 

HES 130/0.4 in a saline (Voluven), 1,3: preoperative, 2,4: 

postoperative) 
 

 
Fig-3: Change of base excess in two HES groups (Group B: 6% 

HES 130/0.4 in a balanced electrolyte solution (Volulyte), Group 

S: 6% HES 130/0.4 in a saline (Voluven), 1,3: preoperative, 2,4: 

postoperative) 

 
Fig-4: Differences between preoperative and postoperative serum 

chloride level in two HES groups (** P<0.01)  

 

DISCUSSION 
In this study, we evaluated the effects of 

Volulyte compared with Voluven regarding acid-base 

status and electrolytes. Although patients in group B 

had disadvantages such as having more PRBC 

transfusion and more patients with previous myocardial 

infarction or cerebrovascular accident, the postoperative 

base excess and arterial pH were significantly higher in 

group B. In order to overcome the heterogeneity of 

data, we analyzed the effect of treatment after 

controlling other variables in four ways.  

 

Generally, base excess and arterial pH were 

decreased and serum chloride level was increased after 

the fluid infusion. The increase in serum chloride level 

was expected to be less in group B than in group S. The 

differences between pre- and postoperative values in 

base excess and arterial pH were expected to be smaller 

by the infusion of Volulyte, and the postoperative 

values were expected to be higher than that of group S. 

Therefore, a larger regression coefficient value was 

more effective. In serum chloride level, the difference 

was expected to be smaller in group B, and a larger 

negative regression coefficient value indicated a greater 

effect of treatment. 

 

After controlling demographic variables and 

operative characteristics, the result was still significant. 

In models 1 - 4, which had different control variables, 

group B showed better results than group S. The 

positive coefficient for 'base excess difference' means 

that the degree of drop from preoperative to 

postoperative base excess was lower in group B than in 

group S. The coefficient for the arterial pH difference 

can also be interpreted as the base excess difference. 
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The negative coefficient for 'serum chloride level 

difference' means that the preoperative to postoperative 

increase in serum chloride level was less in group B 

than in group S. The results of our study demonstrated 

that the use of Volulyte gives positive effects tothe 

serum chloride level and acid-base status in burn 

surgery patients. 

 

Third-generation hydroxyethyl starch (HES 

130/0.4 balanced; Volulyte) is used widely because of 

its improved safety profile [20]. Volulyte has less 

sodium (137 vs. 154), chloride (110 vs. 154), and 

osmolality (283 mOsm/kg vs. 304 mOsm/kg) compared 

with Voluven. The difference in composition between 

Volulyte and Voluven could have different effects on 

the human body when administered to patients.  

 

Previous studies have compared Volulyte and 

Voluven. In a study in cardiac surgery, Base et al. 

compared balanced and saline-based HES solutions 

[21]. In a similar comparison of concepts in major 

abdominal surgery, Boldt et al. examined a total 

balanced volume replacement strategy using balanced 

HES solutions [22]. Both studies showed higher serum 

chloride level postoperatively and larger base excess 

difference in the Voluven groups. Also a similar study 

has been conducted in children reported that 

bicarbonate and base excess decreased only with 

Voluven and remained stable with Volulyte [23]. 

Similar to previous studies, the postoperative serum 

chloride level was significantly higher in the Voluven 

group. These findings are consistent with the results of 

our study.  

 

Fluid resuscitation affects acid-base status and 

electrolytes such as hyperchloremic acidosis which may 

contribute to many other complications [24]. Major 

burn patients need more fluid resuscitation during burn 

surgery which makes the choice of fluid even more 

important. One study reported that major burn patients 

who received larger volumes of resuscitation fluid were 

at higher risk for injury complications and death [25]. 

There were animal studies suggest that hyperchloremia 

causes renal vasoconstriction [26,27], and 

hyperchloremic acidosis has been often associated with 

reduced gastric mucosal perfusion on gastric tonometry, 

vasoconstriction and reduction of the glomerular 

filtration rate in patients as well [28]. In another animal 

study with burned rats, the burned and infected group 

developed septic shock with hypernatremia, 

hyperchloremia, and hyperosmolality [29]. Burn injury 

can cause fluid and electrolyte disturbances due to fluid 

shift. Therefore, prevention of hyperchloremic acidosis 

may be more important in major burn patients. Walker 

et al. [30] compared effects of balanced electrolyte 

solution and normal saline on bicarbonate and base 

deficit in major burn patients during burn surgery. The 

result showed that bicarbonate and total buffering 

capacity in balanced electrolyte solution group were 

significantly higher than in normal saline group. 

 

The current study had several limitations. 

Since it was a retrospective study, we could not control 

many things before we conduct a study. First, 

administered mean dose of Ringer’s lactate solution and 

transfused units of packed red blood cells had 

differences between the study groups. Therefore, we 

used analysis of multivariate regression in order to 

adjust and control these different factors. Second, we 

did not compare the effect for hemodynamic stability or 

outcome measures such as lengths of ICU and hospital 

stay. Third, regarding metabolism of the fluid, future 

research should perform consecutive postoperative 

measurements throughout time course. This is because 

our data was obtained from routine medical records and 

laboratory investigations. Therefore, further clinical 

investigations to determine the effects of Volulyte 

should be performed.  

 

The present study showed that Volulyte, 

compared to Voluven, had more beneficial effects on 

acid-base status and serum chloride level in burn 

patients. In addition, more severe burn patients had a 

more distinct change in blood gas analysis according to 

the type of HES solution. This finding can be 

interpreted that Volulyte contributes to the stability of 

acid-base status and electrolytes during burn surgery in 

more severe burn patients. In massive burn patients, 

there should be a concern in choice of colloid solution. 

In conclusion, Volulyte could minimize the possibility 

of infusion related hyperchloremic acidosis in burn 

patients undergoing surgery. 
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