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Abstract

Introduction: Ringer’s Lactate (RL) is commonly used to prevent hypotension during subarachnoid block
(SAB). Hydroxyethyl Starch (HES), a synthetic colloid, provides greater volume expansion but may affect
blood glucose levels. As perioperative hyperglycemia can worsen surgical outcomes, this study compared the
effects of 6% HES and RL on intraoperative blood glucose and hemodynamic parameters in non-diabetic
patients undergoing lower limb surgery under SAB.

Materials and Methods: Ninety ASA I-II non-diabetic adults were randomly assigned to two groups: Group A
received 6% HES 130/0.4 (n=45) and Group B received RL (n=45), administered as co-loading fluids at 20
mlL/kg after SAB. Blood glucose levels and vital parameters (blood pressure, heart rate, and SpO:) were
recorded at baseline and at 15, 30, 45, 60, 120, and 150 minutes intraoperatively.

Results: Blood glucose increased significantly from baseline in both groups. The RL group showed an earlier
peak (~90 mg/dL at 45 min) with values returning to baseline by 150 minutes, whereas the HES group
demonstrated a gradual rise, peaking at 60 minutes and remaining mildly elevated at 150 minutes. Intergroup
differences were significant at several time points (p<0.05). Hemodynamic parameters showed no significant
differences between groups (p>0.05).

Conclusion: In non-diabetic patients undergoing SAB, 6% HES produces a more prolonged mild increase in
blood glucose compared with RL, although both fluids maintain similar hemodynamic stability.

Keywords: Hydroxyethyl Starch; Ringer’s Lactate; Subarachnoid Block; Blood Glucose; Hemodynamic
Stability.

DOI: 10.25258/ijcpr.18.9.55

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0) and the Budapest Open Access
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium,
provided original work is properly credited.

Introduction

Hypotension following spinal anesthesia is a
common clinical problem caused by sympathetic
blockade, which leads to arterial and venous
vasodilatation, decreased systemic  vascular
resistance, and reduced venous return. Intravenous
fluid administration is therefore widely used to
prevent these hemodynamic changes.

Both crystalloids and colloids are commonly
administered as preloading or co-loading fluids to
reduce hypotension after central neuraxial blockade

[1].

Ringer lactate (RL), a balanced crystalloid solution,
is widely used due to its physiological electrolyte
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composition, safety profile, and cost-effectiveness.
Colloids are also recommended in several
resuscitation guidelines for rapid intravascular
volume expansion [2,3]. Hydroxyethyl starch
(HES), a synthetic colloid, provides prolonged
intravascular volume expansion because of its large
ethylated glucose polymers, which are metabolized
by serum amylases into smaller molecules and
glucose residues. Surgical stress and catecholamine
release may accelerate this degradation, potentially
increasing blood glucose levels [4].

The surgical stress response itself can induce
hyperglycemia through neuroendocrine activation
involving catecholamines, cortisol, and glucagon,
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and excessive perioperative hyperglycemia may
impair wound healing and increase infection risk
[5]. Although both RL and HES are widely used for
maintaining hemodynamic stability, their metabolic
effects may differ [6—11].

Therefore, this study aimed to compare the effects
of 6% hydroxyethyl starch and Ringer lactate on
perioperative  blood  glucose levels and
hemodynamic parameters in patients undergoing
lower limb surgery under subarachnoid block
[10,12].

Methods

This  hospital-based prospective randomized
double-blinded interventional study was conducted
in the orthopedic operation theatres of the
Department of Anesthesiology, Sawai Man Singh
Medical College, Jaipur, after approval from the
Institutional Ethics Committee. The study was
carried out until completion of the required sample
size.

Ninety patients aged 20-60 years, belonging to
American Society of Anesthesiologists (ASA)
physical status I-II, scheduled for elective lower
limb surgery under subarachnoid block were
enrolled. Non-diabetic patients with body mass
index less than 30 kg/m? who provided written
informed consent were included. Patients with
diabetes mellitus, pregnancy, chronic renal or liver
disease, cardiac disease, coagulation disorders, low
hematocrit (packed cell volume <30%), regular
steroid or ascorbic acid intake, substance abuse, or
anticipated surgery duration exceeding three hours
were excluded.

Sample size was calculated at 80% power and 5%
alpha error, assuming a standard deviation of 8.64
mg/dl and a minimum detectable difference of 5.59
mg/dl in blood glucose levels. A minimum of 40
patients per group was required, which was
increased to 45 per group to account for possible
attrition, resulting in a total sample size of 90
patients.

Patients were randomized using sealed envelope
technique into two equal groups. Group A received
intravenous preloading with 20 ml/kg of 6%
hydroxyethyl starch, while Group B received 20
ml/kg of Ringer lactate. Patients were blinded to
group allocation.

All patients underwent preanesthetic evaluation
including medical history, physical examination,
airway assessment, and routine laboratory
investigations. In the operating theatre, standard
monitoring including electrocardiography, non-
invasive blood pressure, and pulse oximetry was
instituted. Baseline heart rate, blood pressure,
oxygen saturation, and capillary blood glucose
levels were recorded.
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Subarachnoid block was performed under aseptic
precautions using a 25-gauge spinal needle with 15
mg of 0.5% hyperbaric bupivacaine. After
achieving adequate sensory and motor block,
surgery was commenced. Intraoperative monitoring
included heart rate, systolic and diastolic blood
pressure, mean arterial pressure, oxygen saturation,
and blood glucose levels recorded at 15, 30, 45, 60,
120, and 150 minutes. Normal saline was used as
maintenance fluid throughout the procedure.

Statistical Analysis: All data were entered into
Microsoft Excel and analyzed using Epi Info
version 7.2.1.0. Categorical variables were
expressed as frequencies and percentages and
analyzed using the chi-square test. Continuous
variables were presented as mean + standard
deviation and compared using the independent
sample t-test. A p value <0.05 was considered
statistically significant.

Results

A total of 90 patients were analyzed (45 in Group
A: HES; 45 in Group B: RL). Baseline
characteristics were comparable between groups.
The mean age was 41.22 + 11.11 years in Group A
and 40.91 £+ 12.35 years in Group B (p = 0.900).
Sex distribution (64.4% vs 53.3% males, p = 0.28),
body mass index (24.78 + 3.25 vs 23.63 + 3.51
kg/m?, p = 0.111), ASA grade distribution (57.8%
ASA T and 42.2% ASA 1II in both groups, p =
0.831), baseline blood glucose (81.8 £ 4.4 vs 82.6 +
4.4 mg/dL, p = 0.417), and duration of surgery
(93.2 = 18.2 vs 89.8 £ 18.0 min, p = 0.37) were
similar, indicating well-matched groups.

Blood Glucose Levels: Both groups showed a
significant rise in blood glucose from baseline after
spinal anesthesia and fluid loading (p < 0.05). In
the RL group, glucose increased rapidly, peaking at
45 minutes (90.22 + 5.63 mg/dL), then gradually
declined toward baseline by 150 minutes (~83
mg/dL). In contrast, the HES group demonstrated a
slower but sustained increase, peaking at 60
minutes (90.24 + 599 mg/dL) and remaining
mildly elevated at 150 minutes (87.5 + 5.8 mg/dL).
Intergroup differences were significant at several
time points, including 30 min (p = 0.037), 45 min
(p = 0.027), 60 min (p = 0.005), 120 min (p =
0.002), and 150 min (p = 0.002), indicating an
earlier peak with RL and a more prolonged
elevation with HES.

Figure 1: Trend of intraoperative capillary blood
glucose levels (mg/dL) over time in the two groups
(mean values). The RL group (orange line) shows a
prompt rise and earlier peak at 45 min followed by
a decline toward baseline, whereas the HES group
(yellow line) exhibits a slower rise with a later peak
at 60 min and a more gradual return toward
baseline. Error bars (SD) omitted for clarity. Both
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fluids caused only modest changes in glucose,
remaining within normal range in all patients.

The results showed a significant interaction
between fluid type and time on blood glucose
levels. Initially, the RL group had slightly higher
glucose values, but after 60 minutes the HES group
demonstrated higher levels. Although statistically
significant at some intervals, the differences were
small (approximately 3-5 mg/dL). Importantly,
blood glucose remained within the normal
physiological range (<150 mg/dL) in all patients.
Thus, HES produced a more prolonged mild
elevation in blood sugar compared with RL,
without clinically significant hyperglycemia.

Hemodynamic Parameters: Intraoperative
hemodynamic variables were well maintained in
both groups. There were no significant differences
between groups in systolic blood pressure (SBP),
diastolic blood pressure (DBP), mean arterial
pressure (MAP), or heart rate (HR) at any time
point (p > 0.05). Baseline SBP was approximately
123 mmHg in both groups, with similar trends
throughout surgery. Both groups showed a mild
transient decrease in SBP (about 5-7%) after spinal
anesthesia, with comparable recovery by 60
minutes. Likewise, DBP and MAP values remained
stable and comparable between groups throughout
the intraoperative period.

Figure 2 (below) illustrates that blood pressure
remained stable in both groups without hypotensive
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episodes requiring treatment. Diastolic blood
pressure showed similar trends in both groups with
no significant differences at any time point (e.g., 15
min: 70.9 £ 7.1 mmHg in HES vs 73.4 + 10.3
mmHg in RL, p = 0.179). Heart rate increased
mildly after spinal anesthesia in both groups but
remained within normal limits. Baseline HR was
~76=77 bpm, rising slightly at 15 minutes and
gradually returning to ~74—75 bpm by 150 minutes,
with no significant intergroup differences. Oxygen
saturation remained stable (>99%) throughout the
procedure in all patients.

No severe hypotension (SBP <90 mmHg) occurred
after fluid loading. Mild hypotension requiring a
single dose of mephentermine occurred in 4
patients in the HES group and 5 in the RL group (p
= 1.0). Bradycardia requiring atropine occurred in
one patient in each group.

No spinal anesthesia—related complications,
allergic reactions, or significant differences in urine
output or blood loss were observed, and no patient
required blood transfusion. Overall, both 6% HES
and Ringer’s Lactate maintained comparable
hemodynamic stability during subarachnoid block
for lower limb surgery. The only notable difference
was in blood glucose trends, with HES producing a
slightly delayed and more prolonged rise compared
with RL.

Table 1: Intraoperative Systolic Blood Pressure (SBP) at key time points (Mean = SD).

Time point HES Group (SBP mmHg) RL Group (SBP mmHg) p-value
Baseline (0 min) 123.1+£6.9 122.7+8.0 0.832
15 min 115.6 £ 8.4 117.8£9.8 0.258
30 min 116.9 £8.2 115.7£09.1 0.536
45 min 118.6 £11.1 1159+8.9 0.209
60 min 119.0£10.6 116.0 £ 10.0 0.171
120 min 1209 £12.5 118.5+7.8 0.283
150 min 121.0 £ 13.1 1184+9.3 0.284
(There were also no inter-group differences in Discussion

DBP, MAP, or HR at corresponding time points;
data not shown for brevity. SpO: remained 99—
100% in both groups throughout.)

Summary of Key Findings: Co-loading with 6%
HES caused a slightly more prolonged rise in blood
glucose compared with RL, although values
remained within normal limits in this non-diabetic
population. Both fluids were equally effective in
maintaining  hemodynamic  stability  during
subarachnoid block, with no significant differences
in blood pressure or heart rate. No fluid-related
adverse events were observed. Overall, HES
130/0.4 was as effective as RL for preventing SAB-
induced hypotension, with only a minor, clinically
insignificant difference in glucose levels.
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In this randomized study of non-diabetic surgical
patients, 6% HES and Ringer’s Lactate (RL),
administered as equal-volume co-loads during
subarachnoid block (SAB), produced similar
hemodynamic outcomes but different blood
glucose patterns. Both fluids effectively prevented
significant hypotension after spinal anesthesia,
supporting previous findings that adequate volume
loading with either crystalloids or colloids
stabilizes hemodynamics. The main difference
observed was in blood glucose response: HES
produced a slower but more prolonged rise in
glucose compared with RL. Although statistically
significant differences were observed at several
time points, the magnitude was small
(approximately 3-4 mg/dL) and clinically
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insignificant, as no  patient
hyperglycemia or required intervention.

developed

Hemodynamic Effects: Our finding that HES and
RL provided comparable blood pressure stability is
consistent with previous studies. Singh et al. and
Chakraborty et al. also reported no significant
difference in the incidence of hypotension when
comparing RL and HES as preload fluids for spinal
anesthesia in general surgical patients. In the
present study, only mild hypotension occurred and
at similar frequencies in both groups, likely due to
the relatively large volume of fluid (20 mL/kg)
administered. This suggests that when given in
adequate volume, RL can be as effective as HES in
maintaining blood pressure during SAB. In
contrast, studies in obstetric populations have
shown some advantages of colloids. Siddik et al.
and Mercier et al. reported reduced hypotension
and vasopressor requirements with HES compared
with RL in cesarean patients . Such differences
may be more pronounced in pregnant patients due
to increased vasodilation and aortocaval
compression. In our non-obstetric cohort, however,
RL maintained hemodynamic stability comparable
to HES. Heart rate trends were also similar in both
groups, indicating adequate intravascular volume
status.

Blood Glucose Changes: The unique aspect of this
study was the serial measurement of blood glucose
levels, which demonstrated different temporal
patterns between RL and HES. RL produced a
slightly earlier rise in glucose at 30—45 minutes,
possibly due to lactate metabolism through the Cori
cycle, where lactate is converted to glucose in the
liver. RL contains lactate that can serve as a
gluconeogenic substrate, potentially explaining this
early increases.

In contrast, HES consists of large glucose polymers
that require enzymatic degradation by serum
amylases before releasing glucose residues.
Consequently, glucose levels in the HES group
increased more gradually, peaking later (around 60
minutes) and remaining mildly elevated for a
longer period.

This pattern is consistent with the pharmacokinetics
of tetrastarch, where partial degradation occurs
over time . Despite these differences, all glucose
values remained within the physiological range
(approximately 80-95 mg/dL). These findings align
with previous studies by Patki et al., Imran et al.,
and Jung et al., which reported no clinically
significant changes in blood glucose with colloid
use during surgery.

Clinical Implications: For healthy non-diabetic
patients undergoing surgery under SAB, both HES
and RL appear safe and effective as co-loading
fluids. Our results suggest that HES does not
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produce clinically significant hyperglycemia, with
maximum glucose levels remaining well within
normal limits. However, caution may be warranted
in patients with impaired glucose tolerance or
diabetes, where even small elevations could be
relevant. From a hemodynamic perspective, either
fluid can be used effectively, with HES offering the
advantage of achieving intravascular expansion
with smaller volumes, while RL may be preferred
in patients at risk of renal dysfunction or
coagulopathy. Overall, both fluids provided stable
intraoperative conditions without adverse effects in
this study population.

Limitations: This study has several limitations. It
evaluated only short-term intraoperative effects,
and postoperative glucose or insulin levels were not
assessed. The sample included only relatively
healthy, non-diabetic patients from a single center
with a moderate sample size, which may limit
generalizability. Additionally, hormonal stress
markers such as cortisol or insulin were not
measured to explain the observed glucose changes.

Conclusion

In conclusion, co-loading with 6% hydroxyethyl
starch (HES) and Ringer Lactate (RL) during spinal
anesthesia provides comparable hemodynamic
stability in non-diabetic patients. Both fluids
effectively maintained blood pressure and heart rate
without significant differences in hypotension or
vasopressor requirement. HES produced a slightly
delayed and more prolonged rise in blood glucose
compared to RL, though all values remained within
normal physiological limits. Thus, both fluids are
safe and effective for SAB, with cautious use of
HES recommended in patients at risk of
hyperglycemia.
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