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Abstract

Background Hypotension following spinal anesthesia

for Cesarean delivery is common. Fluid loading is recom-

mended to prevent hypotension, but preload is often inef-

fective. In non-pregnant patients, coloading has been shown

to better maintain cardiac output after spinal anesthesia.

The purpose of this meta-analysis was to determine whether

the timing of the fluid infusion, before (preload) or during

(coload) induction of spinal anesthesia for Cesarean deliv-

ery, influences the incidence of maternal hypotension or

neonatal outcome.

Methods We retrieved randomized controlled trials that

compared a fluid preload with coload in patients under-

going spinal anesthesia for elective Cesarean delivery. We

graded the articles for quality of reporting (maximum

score = 5) and recorded the incidence of hypotension,

lowest blood pressure, the incidence of maternal nausea

and vomiting, umbilical cord pH, and Apgar scores. We

combined the results using random effects modelling.

Results We retrieved eight studies comprised of 518

patients. The median quality score for the published studies

was three. The incidence of hypotension in the coload

group was 159/268 (59.3%) compared with 156/250

(62.4%) in the preload group (odds ratio [OR] = 0.93;

95% confidence interval [CI] 0.54–1.6). There were no

significant differences between groups in any of the other

outcomes.

Conclusions It is unnecessary to delay surgery in order

to deliver a preload of fluid. Regardless of the fluid loading

strategy, the incidence of maternal hypotension is high.

Prophylactic or therapeutic vasopressors may be required

in a significant proportion of patients.

Résumé

Contexte L’hypotension est un phénomène courant à la

suite d’une rachianesthésie pour un accouchement par

césarienne. Il est recommandé d’administrer une charge

liquidienne pour prévenir l’hypotension, mais la pré-charge

est souvent peu efficace. Chez les patients et patientes non

enceintes, il a été démontré que la co-charge maintenait

mieux le débit cardiaque après une rachianesthésie.

L’objectif de cette méta-analyse était de déterminer si le

moment de perfusion liquidienne, soit avant (pré-charge)

ou pendant (co-charge) l’induction de la rachianesthésie

pour un accouchement par césarienne, influençait

l’incidence d’hypotension chez la mère ou le devenir du

nouveau-né.

Méthode Nous avons extrait des études randomisées

contrôlées comparant une pré-charge à une co-charge liq-

uidienne chez des patientes subissant une rachianesthésie

pour un accouchement par césarienne non urgent. Nous

avons attribué une note aux articles selon la qualité de la

présentation (score maximal = 5) et noté l’incidence

d’hypotension, la tension artérielle la plus basse, l’inci-

dence de nausées et vomissements chez la mère, le pH du

sang du cordon ombilical et les scores d’Apgar. Nous avons

combiné les résultats à l’aide d’un modèle à effets

aléatoires.
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Résultats Nous avons retenu huit études comprenant 518

patientes. Le score de qualité médian des études publiées

était de trois. L’incidence d’hypotension dans le groupe

co-charge était de 159/268 (59,3 %) par rapport à 156/250

(62,4 %) dans le groupe pré-charge (rapport de cotes

[RC] = 0,93; intervalle de confiance [IC] 95 % 0,54 à

1,6). Il n’y a pas eu de différence significative entre les

groupes pour tous les autres critères d’évaluation.

Conclusion Il n’est pas nécessaire de retarder la chir-

urgie pour permettre l’administration d’une pré-charge

liquidienne. Quelle que soit la stratégie de charge liquidi-

enne, l’incidence d’hypotension maternelle demeure élevée.

Des agents vasopresseurs en prophylaxie ou comme trai-

tement pourraient être nécessaires chez une proportion

importante de patientes.

Introduction

Spinal anesthesia is commonly used for elective Cesarean

delivery, but maternal hypotension remains a common

complication that may result in maternal side effects, such as

nausea and vomiting, or neonatal side effects relating to

asphyxia. Early reports suggested that this complication

could be prevented by infusing a bolus of fluid before

induction of anesthesia,1 but this strategy, along with others

that increase central blood volume, has met with limited

success.2 Other measures, such as the use of therapeutic or

prophylactic vasopressors, have not been uniformly suc-

cessful.3 Traditionally, crystalloid intravenous fluids were

administered before the induction of spinal anesthesia for

Cesarean delivery (preload).4 In non-pregnant patients,

coloading has been shown to better maintain cardiac output

after spinal anesthesia.5 Recently, some authors have sug-

gested that fluid administration should take place at the time

of induction of anesthesia for Cesarean delivery.6 The pur-

pose of this meta-analysis is to determine whether the timing

of the fluid infusion, i.e., before or during induction of spinal

anesthesia for Cesarean delivery, influences the incidence of

maternal hypotension or adverse neonatal outcome.

Methods

Literature review

We sought randomized controlled trials (RCTs) in patients

scheduled for elective Cesarean delivery that compared

fluid administration before induction of spinal anesthesia

(preloading) with fluid administration at the time of induc-

tion of spinal anesthesia (coloading). We included articles

that employed either colloid or crystalloid fluids, but we did

not include articles that compared these fluids. Articles were

retrieved from MEDLINE, EMBASE, and LILACS (Jan

1980 until May 2009) using the following key words and

text words with alternate spellings: elective, Cesarean sec-

tion, anesthesia, spinal, preload or preloading, coload or

coloading (see Table 1 for search strategy and results from

MEDLINE and EMBASE). We also searched the bibliog-

raphies of relevant reviews and identified RCTs. In addition,

we searched for and reviewed published abstracts from

relevant anesthesia meetings that were held during 2000 to

2009 by the American Society of Anesthesiologists, the

Society of Obstetric Anesthesia and Perinatology, and the

European Society of Anaesthesia. Finally, we contacted

investigators if the dataset was incomplete. The search was

completed by all authors and the results were compared.

The final list of qualifying studies was derived by consen-

sus. There was no language restriction.

Quality of the trials

Two of the authors (AB, RMS) scored each trial inde-

pendently using a five-point validated quality index.7 This

index consisted of two points for appropriate reporting of

randomization, two points for appropriate reporting of

blinding, and one point for reporting the outcome of all

recruited patients. The two authors reviewed the articles and

assigned a final score by consensus when the initial scores

differed. In addition, they noted studies where there was

blinding to allocation.

Publication bias

A funnel plot can be used for assessing publication bias.8

This plot is a graph with effect size on the x axis and a

measure of sample size (in this case the log of the standard

error of the effect size) on the y axis. If small trials are

inappropriately represented, the plot will appear to be

asymmetrical. In addition, we inspected the Clinical Trials

Registry website (http://clinicaltrials.gov/ last accessed

September 14, 2009) for unpublished data using a broad

search strategy (preload and spinal anesthesia).

Outcome measurements

The primary outcome was the incidence of hypotension as

defined by the authors. The secondary outcomes were the

lowest blood pressure recorded, the incidence of nausea

and vomiting, umbilical arterial pH, total volume of fluid

administered, and the dose of vasoconstrictor used.

Data management

Data were recorded independently by two of the authors

(AB, RMS) to avoid transcription errors, with any
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discrepancies resolved by reinspection of the original

articles. The data were then entered into the statistical

program (by AB) and rechecked (by RMS).

Analysis

The study characteristics are presented in tabular form.

Meta-analytic techniques (MetaView software, Revman 4.2

and 5.0, Cochrane Library, Oxford, England) were used

where possible to combine the results of the randomized

controlled trials. For dichotomous variables, the OR and

95% CI were calculated using a random effects model. A

statistically significant difference occurred when the 95%

CI did not include 1.0. We also calculated the risk

difference and 95% CI for the primary outcome to provide

clinical context. For continuous variables, the standardized

mean difference and 95% CI were calculated using random

effects modelling. A statistically significant difference

occurred when the 95% CI did not include 0. Heterogeneity

was assessed using the I2 statistic. The I2 statistic describes

the percentage of total variation in study findings that is due

to between study differences rather than due to chance.9

Subgroup analysis

A subgroup analysis was performed for the primary out-

come according to the type of fluid (colloid or crystalloid)

used in the study.

Table 1 Search strategy for

MEDLINE and EMBASE Database: Ovid MEDLINE(R), EMBASE 

Search Strategy: 

-------------------------------------------------------------------------------- 

1  exp anesthesia, spinal/ (18172) 

2  spinal anesthesia.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (13797) 

3  1 or 2 (19637) 

4  exp cesarean section/ (55047) 

5  cesarean.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (67232) 

6  caesarean.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (18691) 

7  c-section.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (588) 

8  6 or 4 or 7 or 5 (72984) 

9  fluid.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (538930) 

10  volume.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (646124) 

11  load.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (159916) 

12  loading.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (113289) 

13  preload.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (10661) 

14  preloading.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (1641) 

15  pre-loading.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (224) 

16  coload.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (7) 

17  co-load.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (6) 

18  coloading.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (10) 

19  co-loading.mp. [mp=ti, ot, ab, nm, hw, sh, tn, dm, mf] (32) 

20  11 or 9 or 17 or 12 or 15 or 14 or 18 or 19 or 10 or 13 or 16 (1370452) 

21  8 and 3 and 20 (559) 

22  remove duplicates from 21 (399) 

23  limit 22 to human (390) 

24  limit 23 to randomized controlled trial [Limit not valid in EMBASE; records 

were retained] (254)

26 A. Banerjee et al.
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Results

The flow diagram showing the search results is shown in

Fig. 1. We retrieved six manuscripts using the search

strategy described.10–15 One of these manuscripts compared

a group that received fluid at the time of induction of an-

esthesia (coload) with a group that received a bolus both

before and at the time of induction.15 This study was

omitted from the analysis. We found three additional ref-

erences in abstract form.16–18 Thus, we retrieved eight

randomized controlled trials with a total of 518 patients.

There was no evidence of publication bias seen in the funnel

plot (Fig. 2). There are no studies in the clinical trials reg-

istry that are ongoing or contain unreported data.

The median quality score for the full manuscripts was

3 (range 2–5). Four of the studies were not blinded 11–13,17

and two did not completely describe the randomization

process.10,12 Two of the studies did not describe blinding of

allocation.10,13 The study characteristics are shown in

Table 2.

Incidence of hypotension

Hypotension was defined by the authors as a 20% reduction

of systolic blood pressure from baseline in five stud-

ies,10–13,16 a 20% reduction and a systolic blood pressure

less than 100 mmHg in one study,18 and a reduction of

10% in two studies.14,17 The incidence of hypotension

in the coload group was 159/268 (59.3%) compared with

156/250 (62.4%) in the preload group (OR 0.93; 95% CI

0.54, 1.6). The incidence of hypotension in each study and

the pooled incidence are shown in Fig. 3. The pooled risk

difference between groups was 1.0% (95% CI -10% to

8%) favouring coload but was not statistically significant.

There was no significant heterogeneity among the studies

(I2 = 0.31; P = 0.18).

Similar results were found when hypotension was

examined in the fluid subgroups, i.e., OR 0.9; 95% CI

0.43–1.86 in the crystalloid studies and OR 0.99; 95% CI

0.37–2.67 in the colloid studies.

Fig. 1 Flow diagram

for selection of trials

Funnel Plot—The Incidence of Hypotension 

0.1  0.2  0.5  1  2  5  10

0.0

0.4

0.8

1.2

1.6

SE(log OR)

OR (fixed)

Fig. 2 Funnel plot—the incidence of hypotension. The odds ratio is

shown on the x axis and the log of the standard error is on the y axis.

The 95% confidence interval is shown as a dotted boundary line
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The secondary outcomes are shown in Table 3. Because

various drugs, drug combinations, and drug concentrations

were used by investigators as vasopressors, we reported the

results of this outcome as ‘‘standardized units’’. This was

either the number of mg of vasopressor or the number of

mL, depending on the method the authors used to report

this outcome. There was no significant difference between

the two treatment groups in any of the outcomes.

Discussion

Early studies showed that a preload of 1 litre of crystalloid

initiated about 30 min before induction of anesthesia was

fully effective in preventing hypotension when compared

with no fluid load.1,19 However, this has not been confirmed

by other investigators. A recent systematic review found ten

randomized controlled trials performed to determine the

effectiveness of crystalloid preload.2 As defined by the

authors, these studies reported a median incidence of

hypotension of 46% in the crystalloid preload group. Col-

loid preload was somewhat better (38%).

Preloading may be unsuccessful in reducing the inci-

dence of hypotension for a number of reasons. Early fluid

loading may not effectively increase the intravascular vol-

ume at the time of maximum vasodilation. Volunteer

studies have shown that a rapid infusion of lactated Ringers

solution increases the intravascular volume by about 10%.

Study Co-load Preload OR (random) Weight OR (random)
n/N n/N 95% CI  %  95% CI

Colloid
 Teoh       15/20              18/20   7.75      0.33 [0.06, 1.97] 

 Carvalho        7/23              11/23  13.85      0.48 [0.14, 1.60] 

 Sahar Siddik       66/88              61/90  26.45      1.43 [0.74, 2.74] 

 Nishikawa        3/18               2/18   6.81      1.60 [0.23, 10.94] 

Subtotal (95% CI) 91/149                92/151  54.87 0.90 [0.43, 1.86]

Test for heterogeneity: Chi² = 4.26, df = 3 (P = 0.23), I² = 29.6%
Test for overall effect: Z = 0.29 (P = 0.77)

Crystalloid
 Dyer       15/25              21/25  12.04      0.29 [0.08, 1.09] 

 Cardoso        9/40               5/20  13.14      0.87 [0.25, 3.06] 

 Mercier       15/24              12/24  14.78      1.67 [0.53, 5.27] 

 Bouchnak       29/30              26/30   5.18      4.46 [0.47, 42.51] 

Subtotal (95% CI) 68/119                64/99 45.13 0.99 [0.37, 2.67]

Test for heterogeneity: Chi² = 5.86, df = 3 (P = 0.12), I² = 48.8%
Test for overall effect: Z = 0.02 (P = 0.99)

Total (95% CI) 159/268          159/250 100.00 0.93 [0.54, 1.60]

Test for heterogeneity: Chi² = 10.14, df = 7 (P = 0.18), I² = 31.0%
Test for overall effect: Z = 0.28 (P = 0.78)

 0.1  0.2  0.5  1  2  5  10

 Favors Co-load  Favors Preload

The Incidence of Hypotension :

Fig. 3 Forest plot showing the incidence of hypotension. The sample size, event rate, and pooled estimates of the odds ratios (OR) are shown.

The 95% confidence intervals (CI) are shown as lines for individual studies and as diamonds for pooled estimates

Table 3 Other outcomes

Outcome Number of studies Number of

participants

Standardized mean difference

(continuous data) or odds ratio (n/N)

and 95% confidence interval (random)

Heterogeneity

(I2, %)

P value

Lowest blood pressure 6 (11, 13, 14, 16–18) 408 0.02 (-0.23 to 0.28) 32 0.86

Vasopressor dosea 7 (10–14, 17, 18) 458 -0.36 (-0.84 to 0.13) 83 0.15

Incidence of nausea

and vomiting (n/N)

6 (10–12, 14, 17, 18) 422 1.17 (0.73 to 1.89) 21 0.51

Umbilical artery pH 6 (11–14, 17, 18) 398 0.04 (-0.16 to 0.23) 0 0.71

Apgar scores \7 at 5 min 7 (10–14, 17, 18) 458 No events reported – –

a In standardized units
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This decreases rapidly when the infusion is discontinued.20

Preloading may induce atrial stretching, releasing atrial

natriuretic peptide.21 Since natriuretic peptide type C is a

potent vasodilator produced in the endothelium of great

vessels,22 rapid fluid administration (whether before or

during induction of anesthesia) may exacerbate peripheral

vasodilation and facilitate fluid excretion. Finally, prehy-

dration affects the distribution of local anesthetics in the

cerebrospinal fluid (CSF) by changing the CSF circula-

tion.23 Whether this affects the incidence of hypotension

has not been determined.

Because fluid is rapidly lost from the intravascular

compartment, it may be rational to initiate a rapid infusion

immediately after induction of spinal anesthesia. Hahn et al.

demonstrated that colloid and crystalloid are less efficient in

expanding the functional volume than previously thought.

In particular, much of the blood volume may be sequestered

in the legs. They also postulate that fluid does not return to

the functional compartment from the interstitium in spite of

central hypovolemia. Therefore, it would be desirable to

rapidly infuse fluid immediately after the block has been

placed to maximize the amount of fluid in the functional

compartment.24 Fluid enhances cardiac output and stroke

volume but only transiently. These parameters are equal

whether preload or coload is given within 10 min of

induction of spinal anesthesia.14

In this review, we were unable to conclude that the time of

fluid loading, either before or during induction of spinal

anesthesia, affected the incidence of hypotension or other

side effects in patients undergoing elective Cesarean deliv-

ery. None of the eight studies we retrieved that involved a

total of 518 patients showed a statistically significant dif-

ference in the incidence of hypotension between groups.

Only one study showed a reduced requirement for vaso-

pressor in the coload group. Of interest, this study used the

highest infusion volume, i.e., 20 mL � kg-1 of crystalloid.12

While there are insufficient data to conclude that fluid

preloading is equivalent to coload, the difference in the

incidence of hypotension between the groups is consistently

small. In addition, there were no statistically (or clinically)

significant differences in any of the other side effects

reported. These data give further support to the recent

American Society of Anesthesiologists (ASA) clinical

practice guideline recommendation concerning spinal an-

esthesia for Cesarean delivery that states, ‘‘Although fluid

preloading reduces the frequency of maternal hypotension,

initiation of spinal anesthesia should not be delayed to

administer a fixed volume of intravenous fluid.’’ 25 It should

be noted that all of the studies in this review were done on

patients undergoing elective Cesarean delivery and may not

apply to emergency situations.

This review has several limitations. The majority of

the studies are small. Combining small studies may give

misleading information if many of them were not published

(publication bias). This is unlikely, since the most common

reason for failure to publish is the inability to demonstrate a

statistical difference between groups.26 None of the studies

in this review demonstrated a statistical difference; never-

theless, they were published. In addition, none of the usual

methods used for detecting publication bias were positive.

A second limitation is the heterogeneity in the secondary

outcomes. In particular, there was significant heterogeneity

in the amount of vasopressor used to treat hypotension. This

can be accounted for by noting the clinical differences in the

vasopressor drugs and the protocols for their use. A third

limitation is our decision to combine all fluid volumes into

one analysis. As a result, an effect size for each bolus

size could not be established. However, the studies in our

meta-analysis were relatively homogenous and used fluid

boluses in the range of 1000–1500 mL of crystalloid or

500–1000 mL of colloid. If significant heterogeneity had

appeared, we would have performed a sensitivity analysis to

consider the effect of volume of fluid.

In summary, in patients undergoing elective Cesarean

delivery under spinal anesthesia, the timing of fluid loading

does not have an impact on the incidence of hypotension.

This is true for both colloid and crystalloid loading. There-

fore, it is unnecessary to delay surgery in order to deliver a

preload of fluid. Regardless of the fluid loading strategy,

either prophylactic or therapeutic vasopressors may be

required in a significant proportion of patients.
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