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Background: Perioperative hyperglycemia can occur in surgical patients and may increase
postoperative morbidity and mortality, especially in patients with diabetes. Therefore, we
conducted the present study to evaluate whether the administration of 6% hydroxyethyl
starch (HES)-130/0.4 increases blood glucose levels in patients with diabetes.

Methods: Forty patients undergoing lower limb surgery under spinal anesthesia were ran-
domly allocated into two groups according to the fluids administered 20 min before spinal
anesthesia (Group L, lactated Ringer’s solution; Group H, 6% HES-130/0.4). Patient charac-
teristics, intraoperative variables, blood glucose levels, mean blood pressure (MBP), and
heart rate (HR) were recorded at five time-points (0O, 20, 60, 120, and 240 min).

Results: A total of 39 patients were analyzed (Group L, n = 20; Group H, n = 19). The
amount of intraoperative fluid was significantly higher in Group L than in Group H (718.2 ml
vs. 530.0 ml, P = 0.010). There were no significant differences in the changes in blood glu-
cose levels, HR, or MBP between the two groups (P = 0.737, P = 0.896, and P = 0.141, re-
spectively). Serial changes in mean blood glucose levels from baseline also showed no sig-
nificant differences between the groups (P = 0.764).

Conclusions: There were no significant changes in blood glucose levels when lactated Ring-
er’s solution or 6% HES-130 was used. When compared to the lactated Ringer’s solution, no
evidence that 6% HES-130/0.4 produces hyperglycemia in diabetic patients could be found.
Further evaluation of larger populations is needed.

Keywords: Blood glucose; Colloids; Diabetes mellitus; Hydroxyethyl starch derivative; Hyper-
glycemia; Ringer’s lactate.

INTRODUCTION sponse to various surgical or anesthetic stresses [1,2]. The

catabolic nature of human homeostasis results in the activa-

Surgical patients often show high blood glucose levels, tion of endocrine systems, such as the hypothalamic-pitu-
which are known to be caused by a hypermetabolic re- itary-adrenocortical pathway, which leads to changes in the
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regulation of hormones [1-3]. Increased secretion of coun-
terregulatory hormones, such as catecholamines, cortisol,
glucagon, or growth hormone, promotes gluconeogenesis
and hepatic glucose production, all while inhibiting insulin
release by pancreatic p-cells [1]. These changes in hormone
levels and metabolism lead to increased blood glucose lev-
els and interrupt glucose control during surgery.

Perioperative hyperglycemia is significantly related to ad-
verse clinical outcomes and is thought to be an independent
risk factor for postoperative morbidity and mortality [1,4,5].
Perioperative hyperglycemia can occur regardless of wheth-
er a patient has diabetes, and its incidence in patients un-
dergoing general surgery ranges between 20 and 40% [1].
However, patients with diabetes may require more frequent
surgical interventions and hospitalizations [6]. Moreover, di-
abetic patients can have worse surgical outcomes, including
acute diabetic complications, as well as show increased in-
fection rates, delayed wound healing, longer hospital stays,
and worse perioperative mortality rates than non-diabetic
patients [6]. Therefore, diabetic patients undergoing surgery
should be carefully considered to avoid the risk of hypergly-
cemia during surgical procedures [4].

Although there are concerns regarding side effects in some
clinical situations [7], hydroxyethyl starch (HES), a synthetic
carbohydrate polymer, is still used for fluid resuscitation, as
colloids still have advantages for intravascular volume ex-
pansion in clinical hypovolemia [7-9]. HES can also be used
to prevent hypotension after spinal anesthesia [10]. HES is a
derivative of amylopectin and may have the potential to in-
crease blood glucose levels, as amylopectin is a highly
branched compound of starch that resembles glycogen in
structure, is rapidly hydrolyzed by amylase, and has a half-
life of approximately 20 min [7,11]. Several studies have re-
ported that 6% HES-130/0.4 does not increase blood glucose
levels or cause slight increases within physiological limits in
surgical patients without diabetes [11-13]. However, there
are objections that HES (6% HES-450 or 6% Pentastarch-200)
significantly increases blood glucose levels [14,15]. More-
over, controversy remains regarding whether 6% HES-
130/0.42 causes a significant increase in blood glucose levels
in surgical patients with diabetes [16].

In consideration of the above, we conducted the present
study to evaluate whether preloading of 6% HES-130/0.4 in-
creases blood glucose levels compared to control lactated
Ringer’s solution in patients with diabetes undergoing lower
limb surgery under spinal anesthesia.
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MATERIALS AND METHODS

After approval from Institutional Review Board of Chosun
University Hospital (2014-10-003), we carefully explained
the study and obtained written informed consent from the
patients. We conducted this randomized, double-blind, con-
trolled study in accordance with the Ethical Principles for
Medical Research Involving Human Subjects outlined in the
Helsinki Declaration of 1975 (revised 2013).

A total of 40 patients with type 2 diabetes mellitus who
were undergoing spinal anesthesia for elective surgery of the
lower limb (American Society of Anesthesiologists physical
status classification IT and aged between 30 and 80 years) in
our hospital were enrolled in the study. The inclusion crite-
ria were as follows: body weight within 40 to 75 kg, taking
only oral medications for glucose control, and well-con-
trolled glucose levels that did not require hospitalization
(hemoglobin Alc, HbAlc < 7.0%) [12,14]. The exclusion cri-
teria were as follows: uncontrolled diabetes; diabetes pa-
tients treated with insulin; taking of drugs such as acetamin-
ophen, steroids, or ascorbic acid, which can cause hypergly-
cemia continuously; history of allergy to corn or other exper-
imental drugs; dysfunction of the kidney, liver, or heart; co-
agulation disorders; and hypovolemia or hypervolemia, in-
cluding pulmonary edema.

All recruited patients agreed to participate in the study
and were allocated in a 1:1 ratio according to computer-gen-
erated random numbers. An independent anesthesiologist
prepared the sealed envelopes, and patients were allocated
into two groups according to the number of sealed enve-
lopes in sequential order. Group L (n = 20) was adminis-
tered lactated Ringer’s solution (15 ml/kg; JW Pharmaceuti-
cal, Korea). Group H (n = 20) was administered 6% HES
130/0.4 (Volulyte; Fresenius Kabi; 7.5 ml/kg).

Diabetes was managed following the guidelines of the
consultant to the Department of Medicine [17,18]. On the
morning of surgery, the patients were advised not to take
any oral diabetes medications. After overnight fasting, blood
glucose levels were measured in the ward. Hyperglycemia
with blood glucose > 200 mg/dl was treated with small dos-
es of short-acting insulin (0.1 U/kg). Hypoglycemia < 70
mg/dl was treated with dextrose 50% solution. Eventually,
the patients’ blood glucose levels were maintained within
the target range (80-180 mg/dl) before surgery [19]. Any pa-
tient with poor glycemic control before the surgery dropped
out of the study. During the study, the patients fasted.

After obtaining intravenous access with an 18-gauge intra-
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venous cannula and following the administration of intra-
muscular midazolam (0.05 mg/kg), patients were trans-
ferred to the waiting room in the operating room (OR). Basal
blood glucose levels (baseline, T0) were measured using a
glucometer (Accu-Check Inform II METER, Roche Diagnos-
tics GmbH) using blood samples from participants’ finger-
tips. For blinding, an independent nurse administered the
experimental fluids 20 min before the induction of anesthe-
sia in the waiting room. The patients were transferred to the
OR after changing the fluids to physiological saline (JW
Pharmaceutical), which was maintained until the end of the
study. Physiological saline was administered freely during
surgery to maintain blood pressure within 30% of the base-
line. Upon arrival at the OR, basal monitoring was per-
formed using electrocardiography, pulse oximetry, and
non-invasive arterial pressure. An anesthesiologist blinded
to the patient allocation conducted the spinal anesthesia.
After lateral decubitus positioning of the patients, spinal an-
esthesia was performed at the L4-5 intervertebral space us-
ing a 25-G Quincke needle. Hyperbaric bupivacaine hydro-
chloride 0.5% (Marcaine Spinal Heavy®, Astra Zeneca) with-
out an adjuvant was administered intrathecally. Non-inva-
sive blood pressure was monitored at 5-min intervals. A bo-
lus of 50 pg of phenylephrine (Hana Pharm) was injected
when systolic pressure decreased by more than 80% of the
baseline or was below 90 mmHg.

The primary outcome of this study was to compare chang-
es in blood glucose levels according to the preloading of the
designated fluids. Blood glucose levels were measured by
blinded anesthesiologists and nurses according to the fol-
lowing time intervals: T0, baseline before administration of
the designated fluid; T1, 30 min after administration of the
designated fluid; T2, 1 h after administration of the designat-
ed fluid; T3, 2 h after administration of the designated fluid;
and T4, 3 h after administration of the designated fluid. The
means and differences from the baseline blood glucose lev-
els were calculated and compared at each time point. Sec-
ondary outcomes such as mean blood pressure (MBP) and
heart rate (HR) were measured simultaneously when blood
glucose levels were assessed. Patient characteristics and
perioperative variables such as age, sex, height, weight, body
mass index (BMI), comorbidity, preoperative HbAlc, blood
glucose level on the morning of surgery, fasting time, type
and duration of surgery, duration of tourniquet use, amount
of administered bupivacaine, block level, number of patients
requiring phenylephrine use, total administered dose of

phenylephrine, amount of intraoperative fluid, and estimat-
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ed blood loss were recorded.

Statistical analysis

The sample size was calculated using G*Power3 free soft-
ware (Franz Faul, University of Kiel). First, the effect size was
calculated based on a previous study that compared blood
glucose levels after administration of lactated Ringer’s solu-
tion and 6% HES [12]. However, according to the data from a
previous study (effect size: 1.75, variance explained by spe-
cial effects: 8.54, variance within groups: 9), the calculated
sample size was too small [20]. Therefore, we assumed the
effect size to be 0.3 according to Cohen’s guidelines for so-
cial science [21]. Based on the results of a previous study that
compared blood glucose levels between baseline and 1 h af-
ter administration [12], the correlation among the repeated
measures was calculated to be 0.25. The total sample size
was 38 for the repeated-measures two-way ANOVA test; this
was performed with five consecutive measurements of
blood glucose levels, with a = 0.05, and with a power of 80%.
A dropout rate of 5% was considered, and 20 patients were
allocated to each group.

Statistical analyses were performed using SPSS software
(version 21.0, IBM Co.). Normality tests were performed us-
ing the Shapiro-Wilk test. Normally distributed data (age,
height, weight, BMI, preoperative HbAlc, blood glucose lev-
el on the morning of surgery, fasting time, duration of sur-
gery, duration of tourniquet use, and amount of intraopera-
tive fluid) were analyzed using Student’s ¢-test. Non-normal-
ly distributed data, such as the administered dose of bupiva-
caine, total administered dose of phenylephrine, and esti-
mated blood loss, were analyzed using the Mann-Whitney
U test. Categorical variables were analyzed using the Chi-
square test (sex and number of patients requiring the use of
phenylephrine) or Fisher’s exact test (comorbidity, type of
surgery, and block level). Values were expressed as mean +
SD, median (1Q, 3Q), or number of patients (%) with exact P
values. A repeated measures two-way ANOVA was per-
formed to compare the differences in MBP, HR, and blood
glucose levels between the groups. The changes in blood
glucose levels according to the time sequence were also an-
alyzed using repeated-measures two-way ANOVA. A Green-
house-Geisser correction was applied to the data, as it did
not satisfy the sphericity assumption after Mauchly’s test of
sphericity. Post-hoc tests were performed using the Mann-
Whitney U test. After Bonferroni correction, adjusted P val-

ues < 0.05 were considered statistically significant.
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RESULTS

Forty patients were assessed for eligibility and enrolled.
Patients’ blood glucose levels were maintained within the
target range (80-180 mg/dl) on the morning of surgery and
did not require further management with insulin or dextrose
solution administration. One patient was excluded owing to
the need to convert from spinal anesthesia to general anes-
thesia due to inadequate blockade. Finally, data from 39 pa-
tients (Group L, n = 20; Group H, n = 19) were analyzed
(Fig. 1).

There were no significant differences in the patient char-
acteristics or preoperative variables between the groups (Ta-
ble 1). The perioperative outcomes also showed no signifi-
cant differences, except for the amount of intraoperative flu-
id. The amount of intraoperative fluid was significantly high-
er in Group L than in Group H (718.2 ml vs. 530.0 ml, P =
0.011, Table 2).

The changes in mean blood glucose levels according to
the time sequence did not show significant differences be-
tween the two groups (P = 0.737 with Greenhouse-Geisser
correction). There were also no significant differences in the
mean blood glucose levels at any of the five time points (Fig.
2). Serial changes in the mean blood glucose levels from the

baseline values also showed no significant differences be-
tween the groups (P = 0.764 with Greenhouse-Geisser cor-
rection, Fig. 2).

Changes in MBP and HR did not show any significant dif-
ferences between the groups (MBP, P = 0.896 with Green-
house- Geisser correction; HR, P = 0.141). There were also
no significant differences in MBP and HR at any of the five
time points (Fig. 3).

DISCUSSION

In this study, the preloading of 6% HES-130/0.4 before spi-
nal anesthesia showed no significant increase in blood glu-
cose levels compared to the control lactated Ringer’s solu-
tion during lower limb surgery in patients with diabetes.
Therefore, compared to lactated Ringer’s solution, we could
not find evidence that 6% HES-130/0.4 produces hypergly-
cemia in diabetic patients.

The molar substitution of hydroxyl residues into hy-
droxyethyl residues of HES increases water solubility and
delays amylase hydrolysis by amylase [7,9]. The average
number of hydroxyethyl residues of 6% HES-130/0.4 is 4/10
glucose molecules [7]. Therefore, 6% HES-130/0.4 has six
parts that have not been substituted for hydroxyethyl resi-

Assess eligibility (n = 40)

[ Enrollment ]

A4

Excluded (n = 0)

A 4

Consent obtained and enrolled (n = 40)

[ Allocation j

Randomization

:

.

Group L (n = 20)

Group H (n = 20)

A 4

[ Follow-up j
[ Analysis j

Follow-up and analysis
(n=20)

Follow-up and analysis (n = 19)

Drop-out (n = 1)
Conversion to general anesthesia

Fig. 1. Consort flow diagram for the study. Group L was preloaded with lactated Ringer’s solution (15 ml/kg) as the control group. Group H

was preloaded with 6% hydroxyethyl starch 130/0.4 (7.5 ml/kg).
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Table 1. Patient Characteristics and Preoperative Variables

Variable Group L (n = 20) Group H (n = 19) P value
Age (yr) 62,6 * 10.5 632 *+ 12.2 0.719
Sex (M/F) 10/10 10/9 0.869
Height (cm) 161.8 £ 85 163.5 + 7.0 0.582
Weight (kg) 62,0 + 10.1 63.8 + 8.2 0.269
Body mass index (kg/m?) 237 + 3.2 238 + 2.2 0.152
Comorbidity 1.000
Diabetes only 5 (25.0) 4(21.1)
Diabetes with hypertension 15 (75.0) 15 (78.9)
Preoperative hemoglobin Alc (%) 5.8 + 0.6 5.9 = 0.7 0.829
Blood glucose level on the morning of surgery (mg/dl) 1125 + 16.8 120.6 + 215 0.192
Fasting time (h) 13.7 £ 2.6 137 £ 24 0.929
Type of surgery 0.389
Arthroscopic knee operation 2 (10.0) 5 (26.3)
Fracture reduction and fixation 9 (45.0) 10 (52.6)
Implant removal 6 (30.0) 3(15.8)
Simple excision 3(15.0) 1(5.3)

Values are presented as mean + SD, number only, or number (%). Group L: preloading with lactated Ringer’s solution (15 mi/kg) as the
control group, Group H: preloading with 6% hydroxyethyl starch 130/0.4 (7.5 mi/kg).

Table 2. Perioperative Outcomes

Variable Group L (n = 20) Group H (n = 19) P value

Duration of surgery (min) 83.8 £ 30.9 85.3 £ 29.6 0.892
Duration of tourniquet use (min) 63.8 £ 30.9 65.8 £ 28.6 0.789
Administered dose of bupivacaine (mg) 8.0 (8, 10) 8.0 (8, 10) 0.939
Block level 0.904

T8 3(15.0) 4 (21.1)

T10 3 (65.0) 11 (57.9)

T12 4 (20.0) 4 (21.1)
A number of patients requiring the use of phenylephrine 6 (30.0) 5(26.3) 0.798
Total administered dose of phenylephrine (ug) 0 (0, 50) 0(0, 25) 0.951
Amount of intraoperative fluid (ml) 718.2 + 169.3 530.0 £ 228.9 0.011
Estimated blood loss (ml) 47.5 (30, 100) 60 (30,100) 0.419

Values are presented as mean + SD, median (1Q, 3Q), or number (%). Group L: preloaded with lactated Ringer’s solution (15 ml/kg) as the
control group, Group H: preloaded with 6% hydroxyethyl starch 130/0.4 (7.5 mi/kg).

dues, which are easily hydrolyzed by amylase to raise blood
glucose levels [7]. Previous studies have shown significant
increases in blood glucose after using HES (6% HES-450 or
6% Pentastarch-200/0.5) in non-diabetic surgical patients
[14,15]. However, other reports that studied changes in
blood glucose levels after using 6% HES-130/0.4 showed no
significant increase or a slight increase within physiological
limits in non-diabetic surgical patients [11-13]. This differ-
ence is thought to be caused by the difference in the number
of hydroxyethyl residue substitutions and the C2/C6 ratio
according to the type of HES, which could affect the hydroly-
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sis rate of HES by amylase [7,9]. In particular, the attachment
of hydroxyethyl residues to the C2 molecules of glucose mol-
ecules strongly inhibits the hydrolysis of starch by amylase
[7,9]. Therefore, HES with a higher C2/C6 ratio is hydrolyzed
more slowly. Notably, the C2/C6 ratio of 6% HES-450 or 6%
Pentastarch-200 is 5:1, whereas the C2/C6 ratio of 6% HES-
130/0.41is 9:1 [7].

Patients with diabetes who are undergoing surgery might
be more susceptible to surgical stress, which changes the
regulation of metabolism and hormones, leading to hyper-
glycemia easily [1-4]. Therefore, careful consideration of the
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the baseline values (TO) at certain time points (mean + SD). Group L was preloaded with lactated Ringer’s solution (15 mli/kg) as the
control group, whereas Group H was preloaded with 6% hydroxyethyl starch 130/0.4 (7.5 ml/kg). TO: baseline before administration of the
designated fluid, T1: 30 minutes after administration of the designated fluid, T2: 1 hour after administration of the designated fluid, T3: 2
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selection of perioperative fluids is required for patients with
diabetes. Recently, one study showed that preloading of 6%
HES-130/0.4 30 min prior to general anesthesia in diabetic
patients significantly increased blood glucose levels within
the first hour of initial administration [16]. Moreover, the in-
crease in blood glucose levels after preloading with 6% HES-
130/0.4 was much greater in patients with diabetes than in
those without diabetes [16]. However, our study showed no
significant changes in the blood glucose levels of diabetic
patients over 3 h, regardless of the type of fluid administered.
It is thought that this discrepancy resulted from differences
in the anesthetic methods, as this study employed spinal an-
esthesia instead of general anesthesia. A previous study
comparing perioperative blood glucose levels in patients
undergoing hip arthroplasty showed a significant increase in
glucose levels in patients undergoing general anesthesia
versus spinal anesthesia [22]. The glucose levels of the pa-
tients who received spinal anesthesia remained stable and
required no additional glycemic control during surgery by
attenuating the hyperglycemic response to surgical stimuli.
In addition to the above results, the blood glucose levels of
the patients in the current study remained stable despite the
use of HES, and the patients also did not require any glyce-
mic control during the observational period. The following
hypothesis can be considered as the cause of these results:
First, the characteristics of 6% HES-130/0.4, including its
high molecular weight, molar substitution, and high C2/C6
ratio, inhibit hydrolysis by amylase, which is likely the pri-
mary mechanism for the conversion of HES into glucose [7].
Second, degraded molecules from HES are small enough
(molecular weight of approximately 40-50 kDa) to be excret-
ed in the urine rapidly before amylase-dependent break-
down occurs [23]. Third, HES metabolism requires amylase
and increases serum amylase to levels as high as twice the
basal value [24]. However, serum amylase activity is signifi-
cantly decreased in patients with type 2 diabetes mellitus
[25]. Therefore, the conversion of HES to glucose may be de-
layed. Additionally, in the patients in this study, preloading
of 6% HES-130/0.4 decreased the requirements for intraop-
erative fluids compared to lactated Ringer’s solution (718.2
ml vs. 530.0 ml, P = 0.011). In addition, as there were no sig-
nificant differences in the administered doses of bupiva-
caine, block levels after spinal anesthesia, use of phenyleph-
rine, or vital signs such as MBP and HR, the amounts of
loading fluids after spinal anesthesia for the maintenance of
vital signs were reduced in patients administered 6% HES-

130/0.4 compared to those administered lactated Ringer’s
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solution.

The general incidence of spinal anesthesia-induced hypo-
tension ranges from 25-75% [26]. It is well known that pre-
loading colloids before spinal anesthesia significantly reduc-
es the incidence of hypotension and related side effects com-
pared to crystalloids. Thus, colloids are a better fluid for
pre-hydration than crystalloids [27]. Although we did not an-
alyze patient hemodynamics such as spinal anesthesia-in-
duced hypotension or hypotension during the surgery as a
secondary outcome, we believe that the result of this study in
which preloading of 6% HES-130/0.4 decreased the amount
of intraoperative fluid is worth referring to in the future.

This study had several limitations. First, we included only
patients with well-controlled diabetes (HbAlc < 7.0%) who
took oral medications. Postoperative hyperglycemia in pa-
tients with diabetes is significantly associated with preoper-
ative fasting glucose levels and HbAlc [28]. Therefore, dia-
betic patients with poor glycemic control are vulnerable to
surgical stress and may be at a risk of increased postopera-
tive morbidity and mortality [6]. Therefore, the results may
differ if the experiment were to be conducted in patients
with poor glycemic control. Furthermore, additional re-
search that includes patients with glycemic control using in-
sulin is required. Second, although it is known that the use
of lactate Ringer’s solution leads to transient hyperglycemia
via the conversion of lactate to glucose in diabetic patients
[29], Ringer’s lactate solution was used as the control fluid in
this study. However, according to a theoretical analysis, one
liter of lactated Ringer’s solution contains 29 mmol of lac-
tate, which can create a maximum increase in glucose con-
centration by about 18.02 mg/dl in a patient weighing 70 kg
and that has 100% gluconeogenesis efficiency [30]. More-
over, lactate alone cannot induce significant hyperglycemia
in actual clinical practice because the efficiency of glucone-
ogenic pathways is not 100% and the loss of lactate is due to
oxidative metabolism [30]. Therefore, the use of lactated
Ringer’s solution as a control fluid seems to have a limited
effect on glycemic control in fasting diabetic patients under
spinal anesthesia. Finally, the sample size of the current
study was relatively small, despite it being deemed as appro-
priate based on the calculations for the pilot study. In addi-
tion, we only observed glucose levels 4 h after the adminis-
tration of fluids. As approximately half of the administered
HES remains after 24 h [7,9], a long-term follow-up study
with a larger sample size is needed.

In conclusion, the preloading of 6% HES-130/0.4 in pa-

tients with diabetes under spinal anesthesia did not increase
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blood glucose levels compared to lactate Ringer’s solution.
There were also no significant differences in the serial
changes in mean blood glucose levels after administration
of fluids between 6% HES-130/0.4 and lactate Ringer’s solu-
tion. Therefore, evidence that 6% HES-130/0.4 produces hy-
perglycemia in diabetic patients could not be found; howev-
er, further evaluation with long-term follow-up is required.
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