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Abstract
Background: Hypotension is a common complication caused by spinal anesthesia (SA), which may have adverse impacts on the
condition of the parturient and fetus. Liquid infusion was found to be relatively effective for reducing the incidence of hypotension.
However, the question of whether colloid preload can optimize hemodynamic variables in the cesarean section remains
controversial. This study aims to determine the effects of colloid preload on the incidence of hypotension induced by SA in elective
cesarean section.
Methods:Related keywords were searched on PubMed, EMBASE, andCochrane Library from inception dates toMay 2020. Studies
includedwere evaluated for eligibility and quality. The primary outcomewas the intra-operative incidence of hypotension and severe
hypotension. The secondary outcomes included the lowest intra-operative systolic blood pressure, the maximal intra-operative heart
rate, the intra-operative needs of ephedrine and phenylephrine, the incidence of maternal nausea and/or vomiting, and neonatal
outcomes (umbilical artery pH and Apgar scores). Apart from the above, RevMan 5.3 was used for the data analysis.
Results:Altogether nine randomized controlled trials were included in the meta-analysis. There were no significant differences in the
incidence of intra-operative hypotension, severe hypotension, or neonatal outcomes between the colloid preload group and control
group, except for the umbilical artery pH.
Conclusion: This meta-analysis suggests that colloid preload does not significantly reduce the incidence of hypotension associated
with SA in elective cesarean section.
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Introduction

Cesarean section is one of the most commonly undertaken
surgical procedures. Rates of cesarean section continue to
rise worldwide: 24.5% in Western Europe, 32% in North
America, and 41% in South America in 2016.[1] In China,
the overall annual rate of cesarean sections rose from 2008
to 2014 by 34.9%.[2] The anesthetic management of
patients who receive cesarean section becomes a challeng-
ing problem.

About 80% to 90% of the cesarean sections are performed
under spinal anesthesia (SA).[3,4] Although SA may have
significant benefits compared to general anesthesia, it
frequently leads to hypotension, with an incidence up to
60% to 70% due to sympathetic nervous system
blockade.[5-7] In addition, during late pregnancy, supine
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positioning causes the gravid uterus to compress the
inferior vena cava, resulting in drastic hemodynamic
changes. A reduction of blood-flow through the inferior
vena cava occurs during the supine position, which
subsequently reduces cardiac output and blood pressure.[8]

Prolonged hypotension leads to organ ischemia and
cardiovascular collapse in parturients.[9] Furthermore,
the decrease of the blood-flows to the uterine vascular
bed leads to hypoxia, acidosis, fetal distress, reduced
Apgar scores, and risk for the baby’s health.[10] Since intra-
operative hypotension has been associated with the
increase of patient mortality and morbidity,[5] maintaining
of blood pressure is very important during cesarean
section, especially for the perinatal period before fetus
delivery.

Multiple studies have assessed fluid infusion, vasopressor
administration, and maternal positioning, which can
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attenuate the hypotension during cesarean section. Still, the
methods to prevent and treat hypotension vary from
one anesthesia practice to another.[11] Anesthetists can
choose from different fluids loading regimens. There are
two types of fluids (colloid or crystalloid), and both can be
administered either before SA (preload) or with SA
(coload),[12] while the better way to administer fluids is
still subject to controversy. Colloid has been widely used in
surgeries since it can provide swifter volume expansion in
the intravascular space,[13] but the appropriate infusion time
of colloid is unclear. Therefore, the aim of our research is to
determine whether colloid preload can prevent hypotension
during elective cesarean section under SA.
Methods

Study design

This reviewwaspresentedaccording to thepreferred reporting
items for systematic reviews and meta-analysis (PRISMA)
guidelines.[14]OurstudywasregisteredonPROSPERO,witha
registration number of CRD42020191758. The selection of
literature was based on the following inclusion criteria:

Participants: Healthy women with normal term pregnancy
receiving elective cesarean section under SA.

Intervention: Colloid preload given to the parturients
receiving elective cesarean section under SA.

Comparator: Instead of colloid preload, the parturients
will get fluid coload when receiving elective cesarean
section under SA.

Outcomes: The primary outcome was the incidence of
hypotension and severe hypotension. Hypotension was
defined as a decrease of more than 20% from the baseline
in systolic blood pressure (SBP) <90mmHg. Severe
hypotension was defined as a decrease of more than
30% from the baseline in SBP, or SBP<80mmHg. The
secondary outcomes included the lowest SBP, the maximal
heart rate (HR), the intra-operative needs of ephedrine and
phenylephrine, the incidence of nausea and/or vomiting,
umbilical arterial pH, and Apgar scores at 1 min and 5min
after birth.

Type of studies: Published randomized controlled trials
(RCTs).

Exclusion criteria: The intervention group or control
group was set to apply vasoactive drugs or other
treatments from the beginning of anesthesia to the end
of the operation continuously; studies showed no relevant
outcomes mentioned above; study published in a non-
English language.
Data sources and search strategies

The literature search was based on the following electronic
databases from their inception dates toMay2020: PubMed,
EMBASE, and Cochrane Library. The following are the
keywords searched: colloid, preload, spinal anesthesia, and
cesarean section. Synonyms, including succinylated gelatin,
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hydroxyethyl starch, HES, 2-hydroxyethyl starches,
hydroxyethyl starch 130-0.4, hydrocolloids, preloading,
cesarean delivery, abdominal delivery, C-section, and post-
cesarean section, were also searched.
Selection of articles and extraction of data

Two independent investigators reviewed each title and
abstract to eliminate all irrelevant clinical trials and
identify the potentially relevant publications. The latter in
turn were thoroughly analyzed to select those which can
meet the inclusion criteria mentioned above. All discrep-
ancies were analyzed and verified again by a third
investigator. After that, studies were evaluated for
eligibility and quality. Data analysis was double-checked
to avoid any possible transcription errors. The following
data were extracted: author, publication year, country,
sample size, study design (randomization, blind, allocation
concealment, and follow-up), anesthetic method, inter-
ventions, and outcomemeasures of interest, etc. Additional
elements of information were requested from authors via
email if the required data were not available from the
articles.
Assessment of the risk of bias in individual studies

The Cochrane Collaboration tool was used independently
by two researchers to assess randomization bias, allocation
concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome
data, selective reporting, and other biases. Studies were
classified as “low,” “unclear,” or “high risk” of bias
according to each of these six criteria, and consensus was
reached through discussions among the three reviewers,
and when consensus could not be reached, “unclear risk of
bias” was the label given. Detailed criteria for making
judgments about the risk of bias from each of the items in
the tool are available in the Cochrane Handbook.
Statistical analysis

Review Manager 5.3 (RevMan 5.3) was used for the
statistical analysis. For continuous data, mean difference
(MD) with 95% confidence intervals (CIs) was used; for
dichotomous outcomes, odds ratio (OR) with 95% CIs
was used. A random-effects model was used in this meta-
analysis. We evaluated the statistical heterogeneity of the
results with the Chi-squared test and the I2 statistic. I2

values which were <25%, 25% to 50%, or >75% were
defined as indicating low, moderate, and high heterogene-
ity respectively. A P value of <0.05 was considered to be
statistically significant. If data were reported as a median
or range, we used formulas to calculate the mean and
standard deviation (SD).[15,16]
Results

Study selection and characteristics

The search strategy identified 152 articles, after which
71 were selected by title and abstract screen after
duplicates were removed. Following an initial evaluation,
61 articles were excluded: 50 articles were other settings
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Figure 1: The PRISMA flow diagram of the study selection. PRISMA: Preferred reporting items for systematic reviews and meta-analysis; RCT: Randomized controlled trial.
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(the authors discussed other topics), seven were not RCTs,
three were conference abstracts, and one was not in
English. Ten articles were selected for full-text review, after
which nine articles were finally selected.[17-25] The flow
diagram is shown in Figure 1.

Nine trials with 871 patients were eligible for this study.
These articles were published from 2001 to 2019 with
sample sizes ranging from 36 to 205. All trials enrolled
healthy parturients who were scheduled for elective
surgery and applied SA for elective cesarean section:
two trials[22,24] from India, two[23,25] from Egypt, one[17]

from China, one[18] from Japan, one[19] from America,
one[20] from Singapore, and one[21] from Lebanon.

In three trials,[17,18,20] the infusion volume of intervention
groups was set as 15 mL/kg colloid preload, two[22,24] as
10mL/kg, and the other four as[19,21,23,25] 500 mL. As for
the control groups, the infusion methods were set as
15mL/kg colloid coload in two trials,[18,20] 10 mL/kg
colloid coload in two trials,[22,24] 500 mL colloid coload in
two trials,[19,21] and 1000mL crystalloid coload in two
trials.[23,25] Another trial did not specify the amount of
crystalloid coload in the control group.[17]
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Eight trials[17-19,21-25] recorded the number of patients
with hypotension throughout the surgery, among which
three trials[21,23,25] were recorded as severe hypotension.
As for the other hemodynamic variables, five trials[18-22]

recorded the lowest intra-operative SBPs, and two[21,22]

recorded the maximal intra-operative HRs. With regard to
intra-operative needs of vasoactive agents, four tri-
als[18,21,24,25] reported the needs for ephedrine, and
three[20-22] reported the needs for phenylephrine. In
addition, six trials[17,19-21,23,25] showed the incidence of
nausea and/or vomiting during surgery. For neonatal
outcomes, umbilical arterial pH was analyzed in seven
trials,[17-23] and Apgar scores were analyzed in four
trials.[19,21,23,25] The characteristics of the RCTs included
in the meta-analysis are summarized in Table 1.
Risk of bias in studies

The risk of bias assessment is presented in Figure 2A, and
the risk of bias summary is shown in Figure 2B. Overall,
most studies had a low or unclear risk of bias, and all
studies were RCTs. Two studies,[17,19] however, had high
risks of bias due to blinding of participants and personnel.
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Table 1: Characteristics of included studies.

Interventions Outcomes data available for meta-analysis

Study (year) Country
Number of
patients

Type of
colloid

Volume
of colloid Hypotension

Severe
hypotension

Lowest
SBPs

Maximal
HRs

Needs of
ephedrine

Needs of
phenylephrine

Nausea and/
or vomiting

Umbilical
artery pH

Apgar
scores

Ngan Kee et al[17]

(2001)
China 68 Succinylated

gelatin
15 mL/kg

p p p

Nishikawa et al[18]

(2007)
Japan 36 HES 15mL/kg

p p p p

Carvalho et al[19]

(2009)
America 46 HES 500mL

p p p p p

Siddik-Sayyid SM
et al[21] (2009)

Lebanon 178 HES 500mL
p p p p p p p p p

Teoh et al[20]

(2009)
Singapore 40 HES 15mL/kg

p p p p

Varshney and
Jain[22] (2013)

India 40 HES 10mL/kg
p p p p p

Tawfik et al[23]

(2014)
Egypt 205 HES 500mL

p p p p p

Arora et al[24]

(2015)
India 60 HES 10mL/kg

p p

Tawfik et al[25]

(2019)
Egypt 198 HES 500mL

p p p p p

HR: Heart rate; HES: Hydroxyethyl starch; SBP: Systolic blood pressure.
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Incidence of hypotension

As shown in Figure 3A, the incidence of hypotension was
analyzed in eight studies,[17-19,21-25] including a total of
831 patients. The results indicated that there were no
differences between the colloid preload group and control
group (OR 0.83, 95% CI 0.53 to 1.28, P= 0.39).
Furthermore, three studies[21,23,25] showed that colloid
preload might not affect the incidence of severe hypoten-
sion (OR 0.88, 95%CI 0.51 to 1.53, P= 0.66) [Figure 3B].

Colloid preload was not given to the parturients in the
control group. Six selected studies[18-22,24] used colloid
coload in the control groups, amongwhichfive[18,19,21,22,24]

reported the incidence of hypotension. The results showed
that there were no differences between colloid preload and
coload regimens (OR 0.81, 95%CI 0.51 to 1.30, P= 0.39).

In addition, we analyzed the effects of different colloid
volume preload on the incidence of hypotension. The
subgroup results showed that there were no differences
between the colloid preload group and control group
whether the infusion volume was set as 500 mL[19,21,23,25]

(OR 1.07, 95% CI 0.69 to 1.65, P= 0.76) or 10mL/
kg[22,24] (OR 0.68, 95% CI 0.28 to 1.67, P= 0.40).
However, two studies[17,18] demonstrated that 15 mL/kg
colloid preload can significantly reduce the occurrence of
hypotension (OR 0.32, 95% CI 0.13 to 0.77, P = 0.01)
[Figure 3C].
Hemodynamic variables

The lowest intra-operative SBPs are shown in Figure 4A.
Five studies[18-22] of 340 patients found no significant
differences between two groups (MD= 1.95 mmHg, 95%
CI �0.65 to 4.55, P= 0.14).

The maximal intra-operative HRs are shown in Figure 4B.
Two studies[21,22] of 218 patients found no significant
differences between two groups (MD =�3.10 beats/min,
95% CI �7.41 to 1.21, P= 0.16).
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Intra-operative needs of vasoactive agents

Four studies[18,21,24,25] compared the intra-operative needs
of ephedrine between the colloid preload and control
groups. The results showed that there were no significant
decreases in the needs of ephedrine in patients receiving
colloid preload (MD= 0.08 mg, 95% CI �0.50 to 0.66,
P= 0.79) [Figure 5A].

Three studies[20-22] recorded the intra-operative needs of
phenylephrine for the colloid preload and control groups.
The results showed that there were no differences between
the two groups. (MD = 15.04 mg, 95% CI �65.82 to
95.90, P= 0.72) [Figure 5B].
Incidence of nausea and/or vomiting

Figure 6 shows the results about the incidence of nausea
and/or vomiting for the two groups. Six of the included
studies[17,19-21,23,25] reported this endpoint. No differences
were found between the two groups (OR 0.84, 95% CI
0.50 to 1.40, P= 0.50).
Neonatal outcomes

Umbilical artery pH

Data from seven studies[17-23] showed that the umbilical
arterial pH was significantly lower in the colloid preload
group (MD=�0.01, 95% CI �0.02 to �0.00, P = 0.04)
[Figure 7].
Apgar scores

Apgar scores were analyzed in four studies[19,21,23,25], and
formulas[15,16] were used to calculate the mean and SD
through the values for median and range reported in the
articles. Apgar scores at 1 min (MD= 0.01, 95%CI�0.09
to 0.12, P= 0.83) [Figure 8A] and 5min (MD = 0.00, 95%
CI�0.04 to 0.04, P= 1.00) [Figure 8B] after birth were not
influenced by colloid preload.
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Figure 2: The risk of bias in studies. (A) Assessment and (B) summary.
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Discussion

This study intended to study the effects of colloid preload
on the incidence of hypotension caused by SA during
cesarean section. The findings of this systematic review
and meta-analysis suggest that currently published
evidences do not favor the colloid preload in elective
cesarean section, in terms of preventing hypotension, or
improving other hemodynamic variables and perinatal
outcomes.

Hypotension is mainly caused by SA and supine hypoten-
sion syndrome. In included studies, all the participants laid
supine with a slight left lateral tilt to prevent supine
hypotension syndrome. The supine position prevents the
well blood-returning to the heart of the mother. Even if the
blood volume increases, it will cover up the effects of
reducing the incidence of hypotension. A research suggests
that more studies are needed on the prevention of
hypotension, and focusing only on the type and effects
of preloading liquid cannot effectively remove or prevent
the hypotension following SA.[26]

Colloid preload was given to patients in all intervention
groups in all nine studies. There were two types of colloid
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used in the studies, succinylated gelatin was employed in
one study,[17] and hydroxyethyl starch (HES) in
eight.[18-25] The volume of colloid preload was not the
same in each study; therefore, subgroup analyses were
conducted to ascertain if it has an impact on the results. In
three studies,[17,18,20] the infusion volume was set as
15mL/kg, two[22,24] as 10mL/kg, and the other four
as[19,21,23,25] 500mL. The three subgroup analyses showed
that 15 mL/kg colloid preload can reduce the incidence of
hypotension, while 500mL or 10mL/kg cannot. The
average weight of pregnant women is about 70 kg in the
included studies, and the blood volume accounts for 7% to
8% of the body weight, which is equivalent to 4.9 to 5.6 L.
If the preload volume is 500 mL or 10 mL/kg, it accounts
for about 10% to 15% of the blood volume, and thus the
volume of preloaded colloid was not enough to compen-
sate for the decrease in the amount of venous return and
cardiac output. Further, the results are in line with Davies’
study, which proved that 10mL/kg of colloid solution was
significantly more effective than 5mL/kg in preventing the
development of hypotension following SA,[27] meaning
that a larger volume of liquid is more conducive to
improving hemodynamic variables. Moreover, it should be
noted that 15 mL/kg colloid infused 15 to 20min before
the anesthesia is at the upper end of the range of volumes
investigated previously.[17] It may cause heart failure if the
preload volume exceeds this range in clinical practice. So,
such a large-volume infusion is not recommended in
cesarean sections by this research, and whether this
infusion strategy is appropriate for parturients remains
still to be studied. We moderately recommend that the
volume of colloid preload which is based on the patient’s
physical condition and weight, combined with crystalloid
and/or prophylactic vasopressors, is the most appropriate
fluid regimen.

In addition, we compared the time of colloid infusion of two
groups. In six included studies,[18,19,21,23-25] where colloid
coload was used in the control groups, it was found that
colloid preload was similarly effective in reducing hypoten-
sion when compared with colloid coload in the cesarean
section. It means that if the amount of fluid infusions is the
same in two groups throughout the operation, only changing
the timeof colloid infusion (before or after anesthesia) cannot
effectively avoid the occurrence of hypotension.

As for the secondary outcomes, there were no statistically
significant differences between the colloid preload and
control groups with respect to the lowest SBPs or the
maximalHRs, aswell as the intra-operativedoseof ephedrine
and phenylephrine. In all the included studies, ephedrine or
phenylephrinewas administered if hypotension occurred. So,
the needs for vasoactive agents in the two groups were
directly related to the occurrence of hypotension.

Furthermore, outcomes such as nausea and/or vomiting in
the patients of both groups were also evaluated, indicating
that there were no statistically significant differences
between the colloid preload and control groups. Hypo-
tension that occurs during SA is one of the most important
etiological factors for intra-operative nausea and/or
vomiting, because hypotension leads to gut ischemia and
release of emetogenic substances such as serotonin from
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Figure 3: Forest plot for intra-operative hypotension. (A) Hypotension, (B) severe hypotension; and (C) hypotension in subgroup analyses. CI: Confidence interval.
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Figure 6: Forest plot for the incidence of nausea and/or vomiting. CI: Confidence interval.

Figure 5: Forest plot for needs of vasoactive agents. (A) Ephedrine and (B) phenylephrine. CI: Confidence interval; SD: Standard deviation.

Figure 4: Forest plot for the hemodynamic variables. (A) Lowest intra-operative SBPs and (B) maximal intra-operative HRs. CI: Confidence interval; SD: Standard deviation.

Chinese Medical Journal 2021;134(9) www.cmj.org

1049

http://www.cmj.org


Figure 7: Forest plot for umbilical artery pH. CI: Confidence interval; SD: Standard deviation.

Figure 8: Forest plot for Apgar scores (A) 1 min and (B) 5 min. CI: Confidence interval; SD: Standard deviation.
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the intestine.[28] Since there were no significant differences
in the incidence of hypotension between the two groups,
the results in the occurrence of nausea and/or vomiting are
understandable. In this regard, the findings in our study
were consistent with the studies conducted by Banerjee
et al,[29] since there were no differences in nausea and/or
vomiting between preload and coload regimens.
As for the neonatal outcomes, the results of Apgar scores
showed no significant differences between the two groups
in our study. However, the umbilical arterial pHwas lower
in the colloid preload group. Umbilical arterial pH is
sensitive in detecting fetal hypoxia.[6] Umbilical arterial
pH< 7.1 will be considered an abnormal outcome, which
happened neither in the colloid preload groups nor the
control groups. The umbilical arterial pH-values in the two
groups are both at normal levels (pH> 7.1). The slight
difference, although statistically significant, has little
clinical significance for infants.
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Limitations

There were several limitations in this meta-analysis. First,
participants or personnel were not blinded in the two
studies, which may cause selection bias. Second, the
differences in the amount and speed of fluids infusion
among studies may have an impact on the final results.
Finally, this study does not observe any beneficial effects of
colloid preload regimens on long-term outcomes after
cesarean delivery. Therefore, further studies with larger
sample size, investigating the short-term as well as long-
term outcomes in this population, are needed.

Conclusions

In summary, colloid preload does not reduce the incidence
of hypotension in women undergoing elective cesarean
section. Only if the colloid preload volume attains 15mL/
kg, will the occurrence of hypotension be decreased.
However, the safety of such a large-volume infusion needs

http://www.cmj.org


Chinese Medical Journal 2021;134(9) www.cmj.org
to be further studied. Since the above conclusions are
limited by the number and quality of included studies, they
necessitate verification through more high-quality studies.
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