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Abstract
Background:Spinal anesthesia is the standard technique for elective cesarean section, but the incidence of maternal hypotension
in this setting is reportedly about 80%, without any prophylactic management. Vasopressors are the most reliable method for
counteracting the hypotension induced by spinal anesthesia. However, studies investigating the effects of vasopressors have yielded
inconsistent and debatable results. Therefore, we plan to conduct a systematic review and networkmeta-analysis to identify themost
effective vasopressor to prevent maternal hypotension, and to decrease fetal acidosis in women undergoing spinal anesthesia for
elective cesarean section.

Methods: A systematic and comprehensive search to detect all the randomized controlled studies on vasopressors for the
management of maternal hypotension during cesarean section under spinal anesthesia will be performed using information in the
databases, MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials (CENTRAL), and Google Scholar, beginning from
their inception to October 2018. We will conduct a network meta-analysis to combine the direct and indirect comparisons of the
vasopressors. We will use the surface under the cumulative ranking curve (SUCRA) values and rankograms to present the hierarchy
of vasopressors. A comparison-adjusted funnel plot will be used to assess the presence of small-study effects. The quality of the
studies included will be assessed using the risk of bias tool. All statistical analyses will be performed using Stata SE version 15.0.

Ethics and dissemination: This systematic review and meta-analysis will be published in a peer-reviewed journal. Ethical
approval and informed consent are not required, as the study will be a literature review and will not involve direct contact with patients
or alterations to patient care.

Trial registration number: The protocol for this review has been registered in the PROSPERO network (registration number:
CRD42018111852).

Abbreviations: BE = base excess, BP = blood pressure, CI = confidence intervals, CO = cardiac output, HR = heart rate, IF =
inconsistency factor, NMA = network meta-analysis, PrIs = predictive intervals, PRISMA = Preferred Reporting Items for Systematic
reviews and Meta-Analysis, PRISMA-P = preferred reporting items for systematic review and meta-analysis protocols, RCTs =
randomized controlled trials, ROB = risk of bias tool, SUCRA = surface under the cumulative ranking curve.

Keywords: anesthesia, cesarean section, hypotension, meta-analysis, spinal, systematic review, vasoconstrictor agents

This systematic review and meta-analysis will provide a comprehensive and objective assessment of vasopressors for the management of maternal hypotension during
cesarean section performed under spinal anesthesia.

This study will provide useful and novel information to parturients, anesthesiologists, and obstetricians.

This study will assess the methodological and reporting qualities of studies included using a modified risk of bias tool.

Sub-group analysis will be performed based on the quality of study, where possible.
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1. Introduction

Spinal anesthesia is the recommended standard practice for
elective cesarean section. It offers a rapid onset and a reliable
surgical condition with a failure rate below 1%.[1,2] However, the
risk of maternal hypotension is higher with spinal anesthesia than
with epidural anesthesia. This is, because spinal anesthesia results
in a rapid sympathetic vasomotor blockade: arteriolar vasodila-
tion and decreased systemic vascular resistance (SVR), that is
difficult to titrate.[3] Previous studies have reported incidences of
maternal hypotension in this setting by up to 80% in the absence
of prophylaxis.[4–6] Maternal hypotension does not only result in
unpleasant complications such as nausea and vomiting in the
parturient, but also decreases the uteroplacental blood flow,
consequently, lead to a low Apgar score and fetal acidosis. These
conditions have been correlated to the severity and the duration
of hypotension.
Previously, maternal hypotension and fetal outcome were

thought to be improved by avoiding aortocaval compression (left
uterine displacement) and increasing the blood volume, such as
by intravenous fluid loading to increase the venous return,
cardiac filling pressure, and cardiac output (CO). These
techniques, however, have proven ineffective, and use of
vasopressors is the most reliable method for countering the
hypotension induced by spinal anesthesia.[7]

Vasopressor drugs act on a1-, b1- and b2-adrenoreceptors in
the heart and vascular system. The physiological response of these
adrenoreceptor agonists depends on the type and location of the
receptors. Vasoconstriction is mainly mediated by a1-receptors.
However, some vasopressors can also stimulate b1- and/or b2-
receptors directly or indirectly, leading to positive inotropic
(increasing cardiac contractility) and/or positive chronotropic
(increasing heart rate, HR) effects. The complex hemodynamic
effects of the various vasoconstrictors depend on the relative
stimulation of these adrenoreceptors. Reflex cardiovascular
responses to vasopressors, on the other hand, may result in other
changes, including the unwanted reflex bradycardia.
As for the fetal acid-base changes, pH and base excess (BE) are

considered as important outcome parameters in neonates, but
these can also be affected by the choice of vasopressor used to
manage the maternal hypotension. Owing to low resistance, the
uteroplacental blood flow is influenced by the maternal blood
pressure (BP). However, several studies on prophylactic
administration of vasoconstrictors have reported conflicting
results, particularly with regards to fetal acidosis.
In an early study conducted on pregnant ewes, it was found that

metaraminol and methoxamine consistently decreased the uterine
blood flow compared to ephedrine. Consequently, ephedrine
became the first-line vasopressor used in obstetric anesthesia for
decades.[8] However, recent clinical trials have demonstrated that
phenylephrine, which has a potent direct a1-effect, decreased the
risk of fetal acidosis compared to ephedrine.[9,10] These findings
have led to evidence-based changes in present-day obstetric
anesthesia practice. The pH and BE values are still within the
normal range inmany studies, and no difference in the incidence of
true fetal acidosis and neonatal morbidities have been reported in
systematic reviews of randomized controlled trials (RCTs) of
ephedrine versus phenylephrine.[11,12]

Phenylephrine is a pure vasoconstrictor, so its use is often
associated with reflex bradycardia as described above, and a
consequent decrease in CO. Cardiac output is an important
component for oxygen delivery to the peripheral tissues, and so,
would be more important especially under conditions of fetal

hypoxemia during delivery. Although a healthy parturient and
the healthy fetus may tolerate the decreased HR and CO, the
effects on the fetus whose condition is already compromised has
not been fully evaluated.[13] This may heighten the attention to
parturients in whom reactive hypertension may be harmful, for
instance, in parturients with chronic hypertension or preeclamp-
sia, and those with compromised uteroplacental perfusion.
Responding to this emerging information, some investigators
have suggested the use of norepinephrine as a potential
alternative to phenylephrine. Norepinephrine is not only a
potent a1-adrenergic agonist, but also is also a relatively mild b1-
agonist, and increases both, the HR and cardiac contractility. So,
it might be an effective vasopressor for maintaining the maternal
BP, and even the CO, during spinal anesthesia.[14]

The ideal vasopressor in the field of obstetric anesthesia would
not only maintain maternal hemodynamic stability and prevent
maternal complications such as nausea and vomiting, but also
have minimal detrimental effects on the uteroplacental blood
flow, and the neonatal clinical outcomes. However, an ideal
vasopressor has been the topic of controversy and is much
debated, as described above briefly, and it has not yet been clearly
demonstrated whether the clinical benefits may be outweighed by
possible disadvantages.

1.1. Review objective

This review will compare and specifically evaluate the most
effective vasopressor for simultaneously preventing maternal
hypotension (effectiveness), and decreasing fetal acidosis (safety)
in women undergoing spinal anesthesia for elective cesarean
section. All the RCTs that have compared the benefits and
disadvantages of commonly used vasopressors in the field of
obstetric anesthesia will be reviewed, and statistical analysis will
be performed via network meta-analysis.

2. Methods and analysis

Our protocol for systematic review and network meta-analysis
(NMA) was developed according to the preferred reporting
requirements for systematic review and meta-analysis protocol
(PRISMA-P) statement.[15] The protocol for this review was
registered with the PROSPERO network (registration number:
CRD42018111852). This systematic review and the NMA of
vasopressors for the management of maternal hypotension
during cesarean section under spinal anesthesia will be performed
according to the protocol recommended by the Cochrane
Collaboration,[16] and will be reported according to the PRISMA
extension for network meta-analysis guidelines.[17]

2.1. Inclusion and exclusion criteria

We propose inclusion of only RCTs that compare 2 or more
vasopressors for the management of maternal hypotension
during cesarean section under spinal anesthesia.
The PICO-SD information comprises: patients (P): all parturi-

ent receiving cesarean section under spinal anesthesia, interven-
tion (I): use of vasopressors to treat or prevent hypotension in
parturients receiving cesarean section, (C): other vasopressors or
placebo or no treatment, outcome measures, (O): the primary
outcomes are systolic blood pressure measured during the early
(0–20min) and middle (20min - 1 h) phases of cesarean section,
maximum and minimum systolic blood pressure during the
caesarean section, incidences of hypertension and hypotension
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during the caesarean section, incidences of fetal acidosis in the
umbilical artery or vein and pH of the umbilical artery or vein.
The secondary outcomes are incidences of bradycardia and
tachycardia during the cesarean section, incidences of nausea,
vomiting, nausea and vomiting after cesarean section, mean
arterial blood pressure and HR during the cesarean section, fetal
APGAR score, and the study design (SD): RCT.
The exclusion criteria are:

1. review articles, case reports, case-series, letters to the editor,
commentaries, proceedings, laboratory science studies, and all
other non-relevant studies, and

2. studies that failed to report the outcomes of interest. There will
neither be language limitations nor date restrictions in our
study.

2.2. Information sources
2.2.1. Electronic search. We propose searching MEDLINE,
EMBASE, the Cochrane Central Register of Controlled Trials
(CENTRAL), and Google Scholar using the search terms related
to vasopressors for the management of maternal hypotension
during cesarean section under spinal anesthesia. Search terms to
be used for MEDLINE and EMBASE are presented in the
Appendix (Supplementary File, http://links.lww.com/MD/C736).
Two authors will screen the titles and abstracts of the retrieved
articles. Reference lists will be imported to Endnote software 8.1
(Thompson Reuters, CA, USA) and duplicate articles removed.
Additional but relevant articles will be identified by scanning the
reference lists of articles obtained from the original search.

2.3. Study selection

The titles and abstracts identified through the search strategy
described above will be reviewed independently by 2 inves-
tigators. To minimize data duplication due to multiple reporting,
papers from the same author, organization or country will be
compared. For articles determined to be eligible based on the title
or abstract, the full paper will be retrieved. Potentially relevant
studies chosen by at least 1 author will be retrieved and the full
text evaluated. Articles meeting the inclusion criteria will be
assessed separately by 2 authors, and any disagreement will be
resolved through discussion. In cases where agreement cannot be
reached, the dispute will be resolved with the help of a third
investigator. If authors are similar or incidence data are extracted
from the same database, the study period will be assessed. If the
study period overlaps, only the latest study will be included. A
flow diagram for the search and selection process will be
developed using the PRISMA guidelines.

2.4. Data extraction

Using a standardized extraction form, the following data will be
extracted independently by 2 investigators:

1. title,
2. name of first author,
3. name of journal,
4. year of publication,
5. study design,
6. kinds of vasopressors,
7. dose of vasopressors,
8. country,
9. risk of bias,

10. inclusion criteria,
11. exclusion criteria,
12. age,
13. number of subjects,
14. systolic blood pressure measured during the early (0–20min)

and middle (20min - 1 h) phases of cesarean section.,
15. maximum systolic blood pressure during caesarean section,
16. minimum systolic blood pressure during caesarean section,
17. incidence of hypertension during caesarean section,
18. incidence of hypotension during caesarean section,
19. incidence of fetal acidosis in the umbilical artery or vein,
20. pH of the umbilical artery or vein,
21. incidence of bradycardia during caesarean section,
22. incidence of tachycardia during caesarean section,
23. incidence of nausea after caesarean section,
24. incidence of vomiting after caesarean section,
25. incidence of nausea and vomiting after caesarean section,
26. mean arterial pressure during caesarean section,
27. heart rate during caesarean section, and
28. fetal APGAR score.

If the information is inadequate, attempts will be made to
contact the study authors, and additional information requested.
If unsuccessful, missing information will be calculated from the
available data if possible, or will be extracted from the figure
using the open source software Plot Digitizer (version 2.6.8;
http://plotdigitizer. sourceforge.net).
The reference list will be divided into 2 halves. Two

investigators will complete data extraction, 1 for each half of
the reference list. Data extraction forms will be cross-checked to
verify accuracy and consistency of the extracted data.

2.5. Study quality assessment

The quality of the studies will be independently assessed by 2
investigators using the ‘risk of bias’ tool according to the Review
Manager (version 5.3, The Cochrane Collaboration, Oxford,
UK). The quality will be evaluated using the following potential
sources of bias: sequence generation, allocation concealment,
blinding of participants or outcome assessor, incomplete data,
and selective reporting. The methodology for each study will
be graded as “high”, “low”, or “unclear”, to reflect the risk
of bias.[16]

2.6. Statistical analysis

Ad-hoc tables will be designed to summarize data from the
included studies and show their key characteristics and an
important question related to the review objectives. After
extracting the data, reviewers will determine the feasibility of
a meta-analysis.
A multiple treatment comparisons NMA is a meta-analysis

generalization method that includes both direct and indirect RCT
comparison of treatments. A random-effects NMA based on a
frequentist framework will be performed using STATA software
(version 15; StataCorp LP, College Station, TX) mvmeta with
NMA graphical tools developed by Chaimani and colleagues.[18]

Before conducting the NMA, we plan to evaluate the
transitivity assumptions by examining the comparability of the
risk of bias (all versus removing high risks of bias for
randomization, allocation concealment, and blinding of outcome
assessor), demographics and kinds of vasopressor as a potential
treatment-effect modifier across comparisons.
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A network plot linking all the included vasopressors will be
formed to indicate the kinds of vasopressors, number of
parturients under different vasopressors, and the level of pair-
wise comparisons. The nodes will show vasopressors being
compared, and the edges will show the available direct
comparisons among the vasopressors. The nodes and edges will
be weighed on the basis of the number of parturients and studies.
Contribution plots present the percent contribution of each

estimate in the summary estimate and the entire network.We will
display the contribution percentage of each comparison by
weighted squares in a contribution plot.
We will evaluate the consistency assumption for the entire

network using the design-by-treatment interaction model. We
will also evaluate each closed loop in the network in order to
evaluate local inconsistencies between the direct and indirect
effect estimates for the same comparison. For each loop, we will
estimate the inconsistency factor (IF) as the absolute difference
between the direct and indirect estimates for each paired
comparison in the loop.[19]

Mean summary effects with confidence interval (CI) will be
presented together with their predictive intervals (PrIs) to
facilitate interpretation of the results considering the magnitude
of heterogeneity. PrIs provide an interval, which is expected to
encompass the estimate of a future study.
A rankogram and cumulative ranking curve will be drawn for

each vasopressor. A rankogram plots the probabilities for
treatments to assume a possible rank. We used the surface
under the cumulative ranking curve (SUCRA) values to present
the hierarchy of vasopressors for the primary and secondary
outcomes. The SUCRA is a relative ranking measure that
accounts for the uncertainty in the treatment order, that is,
accounts both for the location and the variance of all relative
treatment effects. A higher SUCRA value will be regarded as a
better result for individual interventions.[20]

A comparison-adjusted funnel plot will be used to assess the
presence of small-study effects.[21]

2.7. Sub-group analysis

Sub-group analysis will be carried out based on the quality of
study, when possible.

2.8. Sensitivity analysis

Sensitivity analyses will be conducted to evaluate the influence of
individual studies on the overall effects estimate by excluding 1
study at a time from the analysis.

3. Discussion

The objectives of this systematic review and NMA are to
investigate and identify the most effective vasopressor to
simultaneously prevent maternal hypotension (effectiveness)
and to decrease fetal acidosis (safety) in women undergoing
spinal anesthesia for elective cesarean section.
To our knowledge, there are very few systematic reviews and

meta-analyses published on this topic.[10–12] However, they are
focused either on ephedrine and/or phenylephrine only, even
though several vasoconstrictors are used in the field of obstetric
anesthesia. Therefore, we felt necessitated to compare all kinds of
drugs that have been clinically used for preventing maternal
hypotension during cesarean section. Hence, we planned this
systematic review and the NMA to summarize, and assess the

published evidence to-date. Thus, we can identify the most
effective and safest vasopressor for the parturient and the
fetus. At the same time, this result would shed light on areas
for future research.
We anticipate some potential limitations to our analysis. First,

the different doses and injection modalities, that is bolus injection
or continuous infusion, of vasoconstrictors could be a source of
inter-study heterogeneity. Second, there may be some differences
in the incidences of hypotension and reactive hypertension as
determined by BP measurement, non-invasive intermittent
measurement, or invasive continuous measurement. Third, all
incidences may depend on the definition of each measurement
outcome; maternal hypotension, reactive hypertension, brady-
cardia, fetal acidosis, etc. These limitations will be described in
the discussion section of our review after a comprehensive
analysis.
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