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ABSTRACT

Background: Although controversial, many studies have shown effectiveness of colloid loading as a substitute for crystalloids on reduc-
ing the incidence of hypotension in spinal anesthesia. This study was conducted to compare the effects of three intravenous fluid regimens
on hemodynamic changes following spinal anesthesia in cesarean section. The regimens included 6% Hydroxyethylstarch 130/0.4 (HES)
as a colloid and two crystalloids (lactated ringer’s solution and sodium chloride 0.9%). Material & Method: In a double-blind clinical
trial, 90 otherwise healthy parturients candidate of elective caesarean section were randomly allocated to receive lactated ringer’s solu-
tion (1000 ml), sodium chloride 0.9% (1000 ml) or HES (7.5 mL/Kg) as preloading before spinal anesthesia. Hemodynamic parameters
including blood pressure and heart rate, umbilical cord blood pH and the neonatal Apgar score were compared among the three groups.
Results: There was no difference in the basic hemodynamic measurements among the three groups. The incidence of hypotension and
required dose of ephedrine was lower in HES group (p=0.008). There was no significant difference in umbilical cord blood PH or Apgar
scores among intervention groups. Conclusion: Preloading with HES is more effective than crystalloids in prevention hypotension after

spinal anesthesia without significant difference in Apgar score and umblical cord blood pH.
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1. INTRODUCTION

Spinal anesthesia offers many advantages for cesarean
delivery. It has a very rapid onset and provides a dense
neural block. Because of the small doses used, there is lit-
tle risk of local anesthetic toxicity and minimal transfer of
drug to the fetus. Disadvantages of this technique include
the finite duration of anesthesia and a higher incidence of
hypotension (1, 2, 3).

Hypotension if remain untreated could produce fetal
distress and reduce Apgar Score (4). Expansion of intra-
vascular volume, physical methods or prophylactic ad-
ministration of vasoactive drugs such as ephedrine or
phenylephrine are used to prevent hypotension (5, 6).
Intravascular volume expansion could take place by dif-
ferent types of fluids. Crystalloids are effective for preven-
tion of hypotension in parturient (7), although less expen-
sive and more available they need to be infused in larger
amount and so are more time consuming. Crystalloid
replacement can induce fluid retention edema and may
also produce electrolyte derangement (8). Some studies
indicate that crystalloids by entering extravascular space
may not completely replace intravascular deficit, so there
is still some doubt about the value of relying just on crys-
talloids for volume expansion (9, 10).
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Colloids remain for a longer period of time in circulation
and the required volume is equal to the volume of deficit
or blood loss (8). One of the disadvantages of colloids is
their detrimental effect on haemostatic system. However,
this concern may not be relevant for Hydroxyethyl starch
(6% HES 130/0.4 ) because of its low molecular weight
(11). Although controversial, some studies have reported
the beneficial effects of colloids on reducing the incidence
of hypotension (12, 13). The issue needs to be validated in
further studies.

In spite of prophylactic measures, there is still a high
incidence of hypotension up to 80% in cesarean section
following spinal anesthesia (14, 15). This study aimed to
compare the effects of three intravenous fluid regimens
including HES, lactated ringer and sodium chloride 0.9%
on hemodynamic changes following spinal anesthesia in
cesarean section. Apgar scores and umbilical cord blood
pH were also evaluated as secondary outcomes.

2.METHODS

2.2. Patients

In a double-blind clinical trial, 90 otherwise healthy
parturients candidate of elective caesarean section were
enrolled. Inclusion criteria consisted of normal single
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pregnancy, gestational age of more than 37 weeks, and
no history of hypertension. Patients with any contrain-
dication for spinal anesthesia, third trimester bleeding,
body mass index (BMI) more than 30, previous allergy
to HES preparations, known cardiomyopathy, height less
than 155cm and sympathetic block higher than T4 level
were excluded from the study. The local ethics committee
approved the study protocol. Informed consent was ob-
tained from all participants before inclusion.

2.2. Intervention and measurements

After admitting to operating room, for each patient two
intravenous lines 20G and standard monitoring (nonin-
vasive blood pressure, pulse oximetry, ECG) were estab-
lished and baseline blood pressure (BP) and heart rate
(HR) were recorded. Using block randomization table, 90
patients were allocated to three groups of HES, NS and
LR. In the preoperative holding area patients were hy-
drated with 1000 ml lactated Ringer’s in LR group, 1000
ml Sodium chloride 0.9% in NS group and 7.5 ml/kg HES
6%, 130/0.4 (Voluven, Fresenius Kabi, Germany) in HES
group in 15 minutes. After volume loading, patients were
transferred to the operating room. Spinal anesthesia was
performed in lateral position with Quincke needle No. 25
in either L3-L4 or L4-L5 interspace. A total of 12mg hy-
perbaric Bupivacaine 0.5% was injected in subarachnoid
space. The patients immediately turned to supine posi-
tion.

Blood pressure and HR monitoring were performed in
predetermined intervals (every 1 minute for the first 10
minutes, every 2 minute for the second 10 minutes and
every 5 minute for the rest of surgery). The level of sym-
pathetic block was checked by cotton swab. More than
20% reduction in SBP or BP less than 100 mmHg was con-
sidered as hypotension. In such cases 5mg intravenous
ephedrine was administered to manage hypotension. To-
tal dose of administered ephedrine and level of block were
recorded. Maintenance Fluid was calculated according to
4-2-1 method. Umbilical cord blood pH and the neonatal
Apgar score were recorded.

2.3. Statistical analysis

Data were presented as mean (standard deviation) or
frequency (percentage), as appropriate. Age, blood pres-
sure, heart rate, Apgar scores and umbilical cord pH
were compared among the three groups with ANOVA or
Kruskal-Wallis tests, according to the result of Kolmog-
rov-smirnov test. For comparing the incidence of hypo-
tension Chi-square test was used. Apgar score and um-
bilical cord blood pH was compared in patients with or
without hypotension with Man-Whitney U test. P value
less than 0.05 was considered statistically significant. All
the comparisons were two-tailed. Analyses were per-
formed using SPSS version 11 (SPSS Inc., Chicago, I1).

3.RESULTS

Baseline measurements including age, BP and HR were
not statistically different among the three groups (Table 1).
The level of sympathetic block in all patients was between
T4 and T6. Hypotension was detected in 31 patients after
spinal anesthesia. The incidence of systolic hypotension
and ephedrine administration was significantly lower in
HES group than either LR or NS groups (13.3% vs. 46.6%
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Pvalue HES Normal saline  Ringer lactate Variables

0.8 7.1+£29.6 7.7+30.4 5.7+29.37 Age (year)

0.78 7.6+£128.2 8.7+127.8 7.8+126.8 SBP (mmHg)

0.76 8.17+62.3 8.7+62.27 7.5+63.3 DBP (mmHg)

0.97 6.27+84.26  7.57+84.1 5.9+84.48 MAP (mmHg)

0.87 5.9+91.17 10.6+91.17 10.1+92.2 HR (mmHg)
Table 1. Baseline variables in three groups

Pvalue HES Normal saline Ringer lactate Variables

0.004 7.5+11.9 15.50+14.59 17.36£12.58 SBP changes

0.032 2.66+5.86 6.23+7.56 6.40+7.48 DBP changes

0.008 4.22+6.53 9.32+8.53 10.05+7.89 MAP changes

0.003 4.83+4.41 11.33+10.08 12.96+12.22 HR changes

0.9 0.02+7.3 0.026+7.3 0.4+7.3 PH of umbilical cord

0.4 0.37+8.83 0.46+8.83 0.46+8.7 Apgar Score (1 min)

0.8 0.35+8.87 0.4618.83 0.49+8.63 Apgar Score (5 min)

Table 2. Maternal hemodynamic parameters and neonatal out-
come measures following spinal anesthesia

and 40%, respectively; P<0.05). Changes in diastolic and
mean BP as well as HR were also lower in HES than either
crystalloid groups (Table 2).

There was no significant difference in umbilical cord
blood PH. Mean Apgar scores in all 3 groups were above
eight with no statistically significant difference. (Table 2)
Further analyses in patients with and without hypotension
showed that mean Apgar score in the 5% min (8.7+0.4 vs
8.8+0.4) and umbilical blood pH (7.3+0.033 vs 7.3+0.034)
may not be affected by BP changes (p<0.05)

4. DISCUSSION

The cardiovascular effects of neuraxial blocks are similar
in some ways to the combined use of intravenous o, - and
B-adrenergic blockers including decreased heart rate and
arterial blood pressure. The sympathectomy that accom-
panies the techniques depends on the height of the block.
This sympathectomy causes venous and arterial vasodi-
lation, the venodilation effect predominates as a result of
the limited amount of smooth muscle in venules. That the
decrease in arterial blood pressure after neuraxial block
can be minimized by the administration of crystalloids
intravenously is probably not a valid concept. Specifically,
250- to 2000-mL preblock hydration regimens appear to
temporarily increase preload and cardiac output without
consistently increasing arterial blood pressure or pre-
venting hypotension. The extent to which arterial blood
pressure decreases with nuroaxial technique depends on
multiple factors, including patient age and intravascular
volume status (15).

Hypotension is present when systolic blood pressure
decreases to less than 100 mm Hg or to more than 20%
less than baseline readings. Hypotension occurs in many
patients after neuraxial anesthesia. The incidence and se-
verity of hypotension depends on the height of the block,
the position of the parturient, and whether prophylactic
measures were taken to avoid such hypotension. Measures
that decrease the risk of hypotension to varying degrees
include intravenous administration of fluids, avoidance of
aortocaval compression (left uterine displacement), and
vigilant monitoring of blood pressure at frequent inter-
vals after placement of a regional anesthetic. Intravenous
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ephedrine in 5- to 10-mg increments remains the first-
line treatment; recent evidence supports the use of phen-
ylephrine (14).

Fluid preloading with 15-20 ml of crystalloids is an ac-
cepted method of reducing the incidence of hypotension.
However, there is no consensus about the most effective
solution against hemodynamic changes during spinal an-
esthesia. Although controversial (16, 17), several earlier
studies have reported the superiority of different colloid
solutions over crystalloids on reducing the incidence of
spinal induced hypotension (18-24). Voluven (6% HES
130/0.4 in 0.9% sodium chloride) is used for intravenous
volume expansion with almost least complications seen
with other colloids. In the present study, in spite of less
administered infused volume in the HES group versus
crystalloid groups, the hemodynamic parameters includ-
ing BP and HR were more stable.

Noteworthy, our findings suggest that hemodynamic
changes are not associated with lower neonatal Apgar
scores and umbilical cord PH. It seems that transient ma-
ternal hypotension, if recognized and treated promptly,
may not be associated with neonatal morbidity. Anoth-
er study on 60 parturients candidate of caesarian section
reported that HES and crystalloid solutions comparably
maintain cardiac output following spinal anesthesia (25).

Our findings indicated that preloading with HES in
parturients candidate for caesarean section under spinal
anesthesia can significantly reduce the incidence of spinal
induced hypotension compared to crystalloid solutions.
This will reduce the need for vasoactive medications such
as ephedrine. However, apgar scores and umbilical cord
PH may not be affected by the type of IV fluid therapy. It
seems reasonable to conclude that in the case of prompt
treatment of maternal hypotension, HES, LR and NS all
effectively maintain uteroplacental perfusion in otherwise
healthy parturients. Possibly economic concerns and par-
turient’ co-morbidities such as preeclampsia play a role in
selecting the most appropriate choice of solution before
spinal anesthesia. The issue needs to be addressed in fur-
ther clinical trials and cost-effective analyses.

5. CONCLUSION

Preloading with HES is more effective than crystalloids
in prevention hypotension after spinal anesthesia without
significant difference in Apgar score and umblical cord
blood pH.
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