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ABSTRACT
Introduction: The most common complications after spinal anesthesia for Cesarean section 
is hypotension. Administration of intravenous crystalloid or colloid fluid before the induction 
of anesthesia is a way to prevent it. Aim: The aim of this study was to compare the effects of 
preloading with ringer’s solution and Voluven on hemodynamic changes in patients under-
went elective Caesarean section under spinal anesthesia. Methods: This study was conducted 
on 70 pregnant women. They were randomly divided into two groups of 35. Group I received 
10 ml/kg Ringer’s solution (R group) and group II received 10 ml/kg Voluven (V group) over 
15 min before spinal anesthesia. Mean SBP, DBP, MAP, HR, SPO2, mean Apgar of newborn 
at 1 and 5 minutes after birth, mean blood pH and analysis of umbilical venous blood gases 
of newborns, prevalence of nausea and vomiting, and the rate of shivering and its severity 
were recorded in the both groups. Results: Blood pH and analysis of blood gases and Apgar 
of newborn at 1 and 5 minutes after birth were similar in both groups. Shivering did not differ 
significantly between the two groups. Level of anesthesia and the incidence of nausea and 
vomiting in the R group were significantly higher than those in the V group (P=0.041 and 
P=0.029, respectively). Conclusion: The administration of both crystalloid and colloid fluids 
were effective in preventing the hypotension, although the use of Voluven was preferred to 
Ringer with respect to the level of the blockade and the incidence of nausea and vomiting.
Keywords: Spinal Anesthesia, Preload, Ringer’s Solution, Voluven Solution, Hemodynamic 
changes.

1. INTRODUCTION
General anesthesia and spinal an-

esthesia (SA) are acceptable methods 
for a Cesarean section (C-section). 
SA is often selected by anesthesiol-
ogists as a more acceptable and less 
risky method due to its speed, reli-
ability and deep sensory and motor 
blockade. Today, for a variety of rea-
sons, including an increased aware-
ness of patients and getting a good 
feeling for mother and fetus, preg-
nant women may prefer SA rather 
than general anesthesia. Despite the 
benefits of SA, this method has side 
effects such as cardiovascular com-
plications, hypotension, etc. The 
sympathetic nervous system block-
ade after SA may lead to a decrease 
in maternal blood pressure during 
Caesarean delivery, which is one of 

the most common and dangerous 
complications of this method (1). 
A decrease in blood pressure may 
boost the risk of cardiovascular com-
plications such as ischemia and heart 
failure. As a result of hypotension, 
blood flow to the uterine vascular 
bed decreases leading to hypoxia, 
acidosis, fetal distress, reduced Ap-
gar, and risk to baby’s health. Stud-
ies have shown that this response 
is more intense in patients who are 
not well hydrated before anesthesia 
(2). Therefore, proper monitoring of 
a delivery and the appropriate anes-
thetic technique, and more impor-
tantly, fetal and maternal health are 
very important during C-section (3).

Many studies have been conduct-
ed to prevent hypotension after SA. 
Some studies have suggested various 
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methods to prevent the hypotension, such as compres-
sion bandage of patient’s legs, the use of elastic stockings, 
positioning of the patient, prescription of vasopressors 
(e.g. ephedrine or phenylephrine), and infusion of colloid 
and crystalloid fluids as preload /or coload, that each of 
them has some degree of effect, but there is still no spe-
cific method to eliminate maternal hypotension (4–6).

The aim of fluid infusion prior to anesthesia is to neu-
tralize the hypovolemia induced by SA. For this purpose, 
various fluid infusion protocols, including crystalloids 
and colloids, have been used for preloading before spinal 
anesthesia. Several studies have shown that administra-
tion of colloid or crystalloid fluids approximately 20 min 
before administration of an anesthetic drug can prevent 
hypertension after SA (7, 8). In spite of some procedures 
for the prophylaxis, the incidence of hypertension during 
spinal anesthesia for C-section is approximately 80%. 
Accordingly, numerous studies have been conducted on 
the type of fluid infusion (crystalloid and colloid), fluid 
infusion time (pre-load or during spinal anesthesia), and 
fluid infusion volume (8, 9). In the meantime, several 
studies have been able to show that colloid solutions as 
preloading infusion are effective in the prevention of the 
hypotension after SA (10, 11). Colloid fluids remain in 
the blood vessels for long periods of time, and a volume 
that they require is equal to the lost volume. However, 
one of the disadvantages of colloids is their deleterious 
effects on the hemostatic system, which is not worry 
about Voluven (Hydroxyethyl starch (HES) due to low 
molecular weight. HES is a non-ionic starch derivative. 
Different compounds of HES have been produced based 
on molecular weight and hydroxylation rate, which one 
of them called Voluven is used to compensate for vascu-
lar volume loss. Voluven is a new HES with fewer side 
effects. With regard to the physicochemical properties, 
Voluven with the help of the extracellular fluid can im-
prove hemodynamic disorders using higher quality and 
speed (12–14).

On the other hand, many studies have been able to 
show that crystalloids, especially Ringer solution and 
Ringer’s lactate solution (RL), are effective in the pre-
vention of hypotension during SA (15). Of note crystal-
loids are significantly cheaper than colloids and easier to 
access, but they must be administered in large amounts 
and for a longer time. Crystalloids can also cause com-
plications, such as edema and electrolyte disturbances. 
Crystalloids by entering extravascular space may not 
completely replace intravascular space. Some studies 
have demonstrated that administration of Voluven and 
crystalloid fluids showed no significant difference be-
tween the two groups of the patients in the hemodynam-
ic parameters (10, 16). Considering the importance of 
hemodynamic stability during SA, especially in pregnant 
women, and the presence of the contradictory results 
from earlier studies.

2. AIM
The aim of the present study was to compare the effects 

of preloading with ringer’s solution and Voluven solution 

on hemodynamic changes in patients underwent elective 
Caesarean section under spinal anesthesia.

3. METHODS
A randomized, double-blind clinical trial was conduct-

ed on seventy term Singleton Pregnancy women aged of 
18-45 years old in ASA (American Society of Anesthesi-
ologist) I-II candidate for elective cesarean section under 
spinal anesthesia. This study was approved by the Ethics 
Committee of Hormozgan University of Medical Scienc-
es (Code: HEC-REC-1395.033). After obtaining the writ-
ten informed consent, seventy subjects were randomly 
divided into two groups (n=35), based on the random 
allocation software. Group I received 10 ml / kg Ring-
er’s solution (Samen pharmaceutical CO, Mashad, Iran) 
(R group) and group II received 10 ml / kg Voluven (6% 
HES 130/0.4)(Voluven, 500ml, Fresenius Kabi Deutsch-
land GmbH, D-61346 Bad Homburg v.d.h Germany)
(V group) over 15 min before spinal anesthesia. Spinal 
anesthesia was performed with a 25-G Quincke needle 
in the sitting position at the L4-5 intervertebral spaces 
after preparation of anesthetic area. After observing a 
free cerebrospinal fluid (CSF), 2.5 ml of 0.5% bupiva-
caine and hyperbaric was injected by ananesthesiologist. 
Immediately after anesthesia, the patients lied in the su-
pine position with a slight left tilt and the patients’blood 
pressure and heart rate were measured immediately after 
the blockade, then every 2-10 min, and then every 5 min 
until the end of surgery and recorded in the question-
naire. The levels of sensory and sympathetic blockade 
were also checked in the first 3-5min after the blockade 
and surgery was allowed when an anesthetic level was 
between T4 and T6. When the systolic pressure dropped 
below 90 mm Hg there was a decrease in Blood pressure 
more than 20% from baseline values, 5mg ephedrine was 
injected. Moreover, if there was symptomatic bradycar-
dia (HR <60), 0.6 mg atropine was administered. The to-
tal doses of ephedrine and atropine used and the level of 
sensory blockade in both groups were recorded.

Both groups had received the same quantity of fluids, 
which included the administration of a balanced salt 
solution in accordance with rule 4: 2: 1. The umbilical 
cord blood PH and Apgar score of newborns at 1 and 5 
minutes after birth in both groups were measured and 
recorded. Presence of nausea and vomiting in the pa-
tients of both groups were recorded. Nausea is defined 
as an unpleasant sensation associated with the awareness 
of the possible vomiting, while vomiting is described as 
the forceful ejection of stomach contents up through the 
mouth. The severity of nausea is also classified into (17): 
mild (sensation of unease / discomfort that does not in-
terfere with the persons’ normal activity), moderate 
(sensation of unease / discomfort that reduces normal 
activity), severe nausea (no doing the normal daily activ-
ity). Vomiting is also classified according to VAS (visual 
analogue scale), VAS scoring is performed as follows:

0: No vomiting, 1: episode vomiting, 2: episode vomit-
ing, 3≤:episode vomiting.

If there was an interval of less than 5 minutes, vom-
iting were recorded as one episode. Ondansetron 4mg 
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was administered intravenously to treat the patients with 
moderate to severe nausea or vomiting> 2 times, without 
hypotension. According to a five-point scale similar to 
the study of Chu and Tsai (18), the incidence of shivering 
and its severity in the patients were recorded and evalu-
ated as follows: No shivering, 1: piloerection or peripher-
al vasoconstriction but no visible shivering, 2: muscular 
activity in only one muscle group, 3: muscular activity in 
more than one muscle group but not generalized, and 4: 
shivering involving the whole body. Grade 0 to 2 was de-
fined to mild shivering and grade 3 and 4 was defined for 
severe shivering, in case of severe shivering over Grade 2, 
25 mg pethidine was administered intravenously.

Patients who had complications during surgery, such 
as excessive bleeding and required blood transfusion, 
and atony with the need for hysterectomy, as well as an 
incomplete block or block failure with the need for an-
esthesia supplementation, were excluded from the study.

Statistical analysis
Data were collected in a questionnaire which was 

composed of the two parts. The first part of the ques-
tionnaire included the demographic data such as age, 
weight, height and ASA class, and the second part in-
cluded the initial hemodynamic findings during surgery. 
All data were analyzed by descriptive statistics (mean ± 
standard deviation) and independent test, one way anal-
ysis of variance (ANOVA), repeated measures ANOVA 
and Chi-square test using SPSS version 19. The value of 
p <0.05 was be considered to be statistically significant.

4. RESULTS
Two groups consisted of 70 patients with 35 patients 

in each group were examined in this study. No signifi-
cant differences were observed in the mean of weight, 
age, height, Body mass index (BMI) between the two 
groups (Table 1). Moreover, there was no significant dif-
ference in mean systolic blood pressure at different times 
between the two groups (P> 0.05), except at 15 minutes, 
which indicated a significant difference between the two 
group (P = 0.04), and patients in the V group had high-
er systolic blood pressure (Figure 1). No significant dif-

ference was observed in mean diastolic blood pressure 
between the two groups at different times studied (P> 
0.05), except at 6 and 15 min, which showed a signifi-
cant difference between the two groups (P = 0.028 and 
P = 0.023), respectively, and patients in the V group had 
higher diastolic blood pressure (Figure 2). 

Characteristics R group V group
Age(year) 29.15±6.41 29.40±4.96
Weight(kg) 71.31±10.77 70.91±10.31
Height(cm) 160.50±6.63 163.43±7.20
BM (Kg/m2) 27.78±3.77 26.14±3.75

Table 1. Demographic Characteristics of Patients in Both Groups based 
on Mean ± Standard Deviation

Apgar Score R group V group P value

1st minute Apgar 8.77±0.49 8.83±0.38 0.721

5th minute Apgar 9.86±0.36 9.74±0.44 0.235

PH 7.28±0.11 7.31±0.7 0.516

Pco2(mmhg) 49.37±13.41 48.12±11.53 0.812

Po2(mmhg) 46.82±26.21 53.58±25.13 0.534

HCO3(meq/Lit) 23.02±2.28 23.18±1.61 0.850

Table 2. Comparison of Mean and Standard Deviation of Apgar Score of 
Newborns at 1 and 5 minutes, Mean Blood PH and Analysis of Umbilical 
Venous Blood Gases in the Infants of Two Groups

Complication R group V group P value

Vomiting 19(54.3%) 10(28.6%) 0.029*

Number of 
vomiting

1 16 (84.2%) 10 (100%)

2 3 (15.8%) 0 (0%) 0.530

≥3 0 (0%) 0 (0%)

Shivering 18 (51.4%) 16 (47.1%) 0.717

Severity

Mild 16 (88.9%) 13 (81.3%)
0.648

Severe 2 (11.1%) 3 (18.8%)

Table 3. Incidence and Severity of Nausea and Vomiting, and Incidence 
and Severity of Shivering

Figure 1. Comparison of Mean Systolic Blood Pressure Changes

Figure 2. Comparison of Mean Diastolic Blood Pressure Changes

Figure 3. Comparison of Mean Heart Rate Changes
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No significant difference was observed in mean arte-
rial blood pressure between the two groups at different 
times studied (P> 0.05), except at 15 min, which showed 
a significant difference between the two groups (P = 
0.015), and patients in the V group had higher arterial 
blood pressure. No significant difference was observed in 
the mean heart rate between the two groups at different 
times (P> 0.05), except at 8 min, which showed a signif-
icant difference between the two groups (P = 0.024) and 
the patients in the V group had higher heart rate (Figure 
3). There was no significant difference in the mean arte-
rial oxygen saturation level between the two groups at 
different times studied (P> 0.05), except at 6 minutes and 
recovery, which showed a significant difference between 
the two groups (P = 0.049 and P = 0.023, respectively). At 
6 min, the arterial oxygen saturation value was higher in 
R group and at recovery time, the arterial oxygen satura-
tion value was greater in the V group.

Information regarding mean Apgar at 1 and 5 minutes, 
mean blood CO2 pressure, mean blood oxygen pressure, 
and mean bicarbonate in the blood has been shown in 
Table 2. The mean level of anesthesia in the V group 
was 4.47 ± 0.86 and in the R group was 4.12 ± 0.48; ac-
cording to Mann-Whitney test, there was a significant 
difference between the two groups (P = 0.041). About 
nausea and vomiting, 10 subjects in the V group (28.6%) 
and 19 in the R group (54.3%) had vomiting. According 
to the chi-square test, there was a significant difference 
between the two groups in the incidence of vomiting 
(P=0.029). Regarding severity of vomiting, all subjects in 
the V group vomited once , but 84.2% of subjects in the 
R group vomited once and 15.8% vomited twice, which 
this difference was not statistically significant (P=0.530). 
Shivering was seen in 16 (47.1%) subjects of V group 
and 18 (51.4%) ones in R group that according to the 
Chi-square test, no significant difference was observed 
between the two groups (P=0.717). In the V group, 13 
(81.3%) subjects had mild shivering and 3 (18.8%) had 
severe shivering, and in the R group, 16 (88.9%) subjects 
had mild shivering and 2 (11.1%) had severe shivering, 
which this difference was not statistically significant. (P 
= 0.648) (Table 3).

5. DISCUSSION
The present study was conducted on 70 pregnant 

women underwent elective Cesarean section under spi-
nal anesthesia. The results of the study indicated that 
there were no significant differences in demographic pa-
rameters such as age, weight, height, BMI, and ASA class 
between the two groups, which were consistent with the 
results of other studies (8, 9, 19). Moreover, the results 
obtained from this study demonstrated that there were 
no significant differences in hemodynamic changes, so 
that no significant changes in systolic and diastolic blood 
pressure, arterial mean blood pressure, heart rate and ar-
terial oxygen saturation level were observed in patients 
who received Ringer (R group) and those who received 
Voluven (group V) at different times, which were consis-
tent with the results of studies conducted by Marciniak 
and Tawfik (9, 19). Although the results of the present 

study were not consistent with studies by Young-oh and 
Madi-Jebara (5, 8), in the study of Young-oh, only Hart-
mann’s crystalloid solution was used as preload and co-
laod at two different times, and hemodynamic changes 
were also measured over time. It also utilized 8 mg bu-
pivacaine and 15 μg fentanyl to produce the blockade, 
which this study was different from our study. Moreover, 
the study of Madi-Jebara was different from our study in 
terms of infusion fluid volume and the dose of anesthetic 
medication administered. In the study, a constant volume 
containing 1 liter of Ringer’s solution and 500 cc of Volu-
ven solution was utilized and 10 mg bupivacaine plus 0.1 
mg morphine and 2.5 μg sufentanil were used for spinal 
anesthesia. In addition, in terms of heart rate and blood 
oxygen saturation level, our results were consistent with 
those of the study of Mandal, but our results contrasted 
with those of this study for systolic blood pressure and 
mean arterial blood pressure. The Mandal’s study used 
a constant volume containing 1 liter of Ringer’s solution 
and 500 cc of Voluven solution, which could be a reason 
for contrasting with our results (4).

In the present study, there were no statistically signifi-
cant differences between the two groups with respect to 
the overall incidence of hypotension and bradycardia, as 
well as the dose of ephedrine and atropine used, which 
were consistent with the Memary’s study, while contrast-
ing with the results of other studies (2, 3, 20), which in 
these studies, the incidence of hypotension and dose of 
vasopressors (phenylephrine and ephedrine) used in the 
Voluven group were significantly lower compared to the 
Ringer group, which possible causes for these differences 
might be expected between the amount of the preload-
ed fluid infused and local anesthetic dose used for spinal 
anesthesia. In the present study, the neonatal outcomes, 
including Apgar score of newborns at 1 and 5 minutes 
after birth and the analysis of umbilical venous blood 
gases of newborns (PH, po2, pco2 and bicarbonate) were 
assessed between the two groups and the results showed 
no significant difference between the two groups, which 
were consistent with the results of other studies (3, 5, 6). 
It is noteworthy to mention that even the results of stud-
ies that were different from our results for hemodynam-
ic changes, but for neonatal outcomes were consistent 
with our results (2, 5, 8). In the present study, the level 
of anesthesia induced in the patients of two groups was 
evaluated, although the level of anesthesia induced in 
the R group was slightly higher than that in the V group, 
this difference was also statistically significant. In this re-
gard, only one study evaluated the relationship between 
the fluid therapy before spinal anesthesia and the level 
of blockade (21), which there was no significant differ-
ence in the mean level of anesthesia between the R and 
V groups, however, in contrary to our study, the level of 
anesthesia in the V group was slightly higher than that in 
the R group (T9/94±2/15 versus T8/32±1/16). However, 
it is important to note that this study was different from 
our study in term of the volume of infused colloid fluid, 
local anesthetic dose used and the type of surgery in pa-
tients who underwent elective lower limb surgery, which 
might be the possible cause of the difference between the 
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results. Furthermore, in our study, complications such as 
nausea and vomiting and their severity, shivering and its 
severity in the patients of both groups were evaluated, 
which the results indicated that the incidence of nau-
sea and vomiting increased significantly in the R group 
compared to the V group, but for other cases, there was 
no statistically significant difference between the groups 
studied. Regarding nausea and vomiting, findings from 
the present study were consistent with those of the stud-
ies conducted by Mercier and Shahriyari (3, 22), but con-
trasted with the results of other studies (5, 9). Regarding 
shivering and its severity, unfortunately we could not 
find any literature that was relevant to our research.

6. CONCLUSION
The results from the present study demonstrated that 

using Voluven or Ringer as preload before spinal anes-
thesia for Cesarean section showed no differences in he-
modynamic parameters during surgery and recovery, in-
cidence of hypotension and bradycardia, ephedrine and 
atropine used, Apgar score, pH of arterial blood gases, 
and incidence of shivering between the two groups of pa-
tients and both crystalloid and colloid fluids of Voluven 
could be used for this purpose. Although the use of Volu-
ven is preferred to Ringer with respect to the level of the 
blockade and the incidence of nausea and vomiting, the 
availability and lower cost of the Ringer’s solution makes 
it easier to use.
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