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ARTICLE INFO ABSTRACT

Keywords: Background: In the past 20 years, many studies compared phenylephrine with ephedrine to prevent or treat
Phenylephrine hypotension in elective or emergency cesarean delivery and parturients with pre-eclampsia. A meta-analysis of
Ephedrine the abovementioned trials is needed.
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Methods: Several databases (PubMed, Embase, Web of Science and Cochrane Library) were searched from in-
ception to April 2018 for trials comparing phenylephrine with ephedrine in cesarean delivery. The primary
outcome is the incidence of maternal hypotension.

Results: Thirty-six trials (2439 patients) with elective cesarean delivery, three trials (400 patients) with emer-
gency cesarean delivery and three trials (192 patients) with parturients with pre-eclampsia were included and
analyzed. The incidence of hypotension did not differ in the elective surgery group (relative risk 0.83, 95% CI
0.66 to 1.05), emergency surgery group (relative risk 1.02, 95% CI 0.87 to 1.19) and pre-eclamptic parturients
group (relative risk 0.93, 95% CI 0.63 to 1.37). The phenylephrine group had a higher incidence of bradycardia
and lower incidences of tachycardia and nausea or vomiting in all three patient groups. The phenylephrine group
also had lower fetal acidosis rate, higher umbilical artery and vein pH values and less base excess in the elective
surgery. The abovementioned outcomes were similar in the emergency surgery group and the pre-eclampsia
group. Publication bias for hypotension was detected. However, the trim and fill method demonstrated that the
publication bias had little impact on hypotension. Trial sequential analysis of hypotension in elective surgery
showed that this meta-analysis lacked a sufficient cumulative sample size and that further studies should be
included.

Conclusion: Phenylephrine and ephedrine were both effective in maintaining hemodynamic balance. Newborns
benefited more from phenylephrine in elective cesarean delivery, but not in emergency cesarean delivery or in
parturients with pre-eclampsia. More trials should be included to achieve more conclusive results.

1. Introduction table or vasopressor administration [5].

Hypotension can be rapidly corrected by vasopressors, and the two

Despite the current promotion of vaginal delivery in parturients,
cesarean delivery still accounts for a large proportion of deliveries,
including 32.7% of all parturients in the US [1] and 46.2% in China [2].
Spinal anesthesia is the preferred anesthetic method for cesarean de-
livery to provide satisfactory analgesia and muscle relaxation. How-
ever, hypotension caused by spinal anesthesia due to blockade of
sympathetic nerves can threaten the safety of parturients and fetuses
through maternal decline of cerebral perfusion, nausea and vomiting,
and decreased uteroplacental perfusion [3,4]. Several measures are
used to prevent or treat hypotension caused by spinal anesthesia, in-
cluding prehydration, limb compression, left lateral tilt of the operating

most popular drugs are phenylephrine and ephedrine. However, which
vasoactive agent is better remains controversial. The historically pre-
ferred drug was ephedrine, which mainly activated B-adrenergic re-
ceptors, thus increasing cardiac output and maintaining placental blood
flow, while phenylephrine activated oa-adrenergic receptors, con-
tracting placental vessels and impairing uteroplacental perfusion [6].
Nevertheless, several randomized controlled trials (RCTs) have in-
dicated that a higher cord blood pH and a lower incidence of fetal
acidosis were found in parturients receiving phenylephrine compared
to those receiving ephedrine [7-9]. A meta-analysis [10] published in
2012 comparing phenylephrine with ephedrine in cesarean delivery

* Corresponding author. Department of Anesthesiology, Affiliated Hospital of Xuzhou Medical University, Xuzhou medical University, Huaihai West Rd #99,

Xuzhou, 221000, China.
E-mail address: qdy0828@163.com (D. Qi).

https://doi.org/10.1016/j.ijsu.2018.10.039

Received 16 July 2018; Received in revised form 21 September 2018; Accepted 22 October 2018

Available online 31 October 2018

1743-9191/ © 2018 1JS Publishing Group Ltd. Published by Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/17439191
https://www.elsevier.com/locate/ijsu
https://doi.org/10.1016/j.ijsu.2018.10.039
https://doi.org/10.1016/j.ijsu.2018.10.039
mailto:qdy0828@163.com
https://doi.org/10.1016/j.ijsu.2018.10.039
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijsu.2018.10.039&domain=pdf

C. Xu et al.

revealed that the incidence of hypotension did not differ between the
two groups. However, the meta-analysis above only contained a small
number of studies of elective cesarean delivery, resulting in incon-
clusive outcomes. Recently, the two drugs were compared in emergency
cesarean delivery [6,11,12] and in parturients with pre-eclampsia
[13-15].

Therefore, we conducted this meta-analysis to compare pheny-
lephrine with ephedrine in maintaining hemodynamic stability and
fetal acid-base equilibrium, with more RCTs regarding not only elective
cesarean delivery but also emergency cesarean delivery and parturients
with pre-eclampsia, and carried out a trial sequential analysis (TSA) to
identify whether the results were conclusive and robust. The primary
outcome was the incidence of maternal hypotension and the secondary
outcomes were other maternal outcomes and fetal outcomes.

2. Materials and methods

The meta-analysis was previously registered in the International
Prospective Register of Systematic Reviews (PROSPERO, http://www.
crd.york.ac.uk/PROSPERO/display_record.
php?ID=CRD42018087466.). The entire study was conducted under
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [16] and AMSTAR (Assessing the methodological quality of
systematic reviews) Guidelines.

2.1. Literature search

Publications in the following databases were systematically sear-
ched until April 2018 without any language limits: PubMed, Embase,
Web of Science and Cochrane Library. The Clinical Trials Registry
(www.clinicaltrials.com), references of included studies and Google
Scholar were checked to identify more trials. Two authors searched the
databases according to three aspects: Participants, parturients sub-
mitted to cesarean delivery; Intervention group, phenylephrine; and
Comparison group, ephedrine. The integrated search history of PubMed
is shown in Appendix 1.

2.2. Selection criteria

Two authors independently removed duplicate articles, screened the
records by titles and abstracts, and determined the final selection of
studies after carefully reading the full texts. Any disagreement was
discussed to achieve a consensus. The included articles met the fol-
lowing criteria: (1) parturients undergoing cesarean delivery, including
elective surgery, emergency surgery and patients with pre-eclampsia;
(2) spinal anesthesia or combined spinal epidural anesthesia (excluding
totally epidural anesthesia and general anesthesia); (3) either a phe-
nylephrine group or an ephedrine group without combination of the
two drugs; (4) at least one of the required outcomes: Maternal out-
comes: the incidences of hypotension, hypertension, bradycardia, ta-
chycardia, and nausea or vomiting; Neonate outcomes: the incidence of
fetal acidosis, the number of Apgar scores, umbilical artery (UA) and
umbilical vein (UV) blood gas analysis; (5) study design: RCTs. In our
meta analysis, the definition of hypotension was the decrease of systolic
blood pressure (SBP) exceeding 20% SBP baseline value; the definition
of hypertension was the increase of SBP exceeding 20% SBP baseline
value; heart rate (HR) less than 60 beat per minute (bpm) was deemed
as bradycardia; HR more than 100 bpm was deemed as tachycardia; UA
pH less than 7.20 was deemed as fetal acidosis. Emergency surgery
included parturients who were initially scheduled for vaginal delivery
in the labor room but subsequently received cesarean delivery.

2.3. Data collection

Before data collection, one author designed the data extraction
form, which included the title, authors, country, language of
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publication, number of groups, number of patients in each group,
specific anesthesia protocol, data for continuous and binary outcomes,
surgery type (elective or emergency surgery, parturients with pre-
eclampsia), with or without prehydration, goals of vasopressor use
(prevention or treatment of hypotension) and some elements used to
assess the risk of bias. If the required data was unavailable, then we
would get in touch with the relevant authors for detailed information.
The data were collected individually by two researchers. If a con-
troversy arose, a third researcher was consulted to achieve a definitive
conclusion.

2.4. Risk of bias assessment

The risk of bias was determined by the Cochrane risk of bias tool
specifically evaluating the bias of RCTs [17]. The following aspects of
each trial were classified into low, unclear or high risk: (1) random
sequence generation; (2) allocation concealment; (3) blinding of par-
ticipants and personnel; (4) blinding of outcome assessments; (5) in-
complete outcome data; (6) selective reporting; and (7) other sources of
bias. Bias assessment was conducted by two researchers individually
followed by a discussion to resolve differences.

2.5. Statistical methods

The statistical software programs used in our meta-analysis were
Review Manager 5.3 (Cochrane, London, UK), Stata 12.0 (StataCorp,
College Station, Texas). Parturients who only received phenylephrine
were included in the intervention group, and those who received only
ephedrine were included in the comparison group. For binary out-
comes, the relative risk (RR) with 95% CI was computed by a inverse
variance method. In continuous outcomes, weighted mean difference
(WMD) with 95% CI was computed using method of Mantel-Haenzsel.
To reduce the impact of potential heterogeneity caused by methodo-
logical and clinical differences between trials, random-effects models
were selected for this meta-analysis [18]. Heterogeneity was calculated
by the %2 and I tests [19]. Outcomes with a P value of x2 < 0.10 or a
quantitative assessment of the I? test > 50% were regarded as obviously
heterogeneous, warranting cautious interpretation of the result. If ob-
vious heterogeneity occurred, we conducted sensitivity analysis to
judge whether this result was robust via excluding one trial at a time
and synthesizing the remaining trials. We respectively analyzed every
outcome of all included studies, which were divided into three condi-
tions: elective cesarean delivery, emergency cesarean delivery and pa-
tients with pre-eclampsia. A subgroup analysis was conducted only for
elective cesarean delivery according to the goals of vasopressors (pre-
vention or treatment of hypotension) and with or without prehydration
before anesthesia. Publication bias was evaluated by the observed
symmetry of a funnel plot and the quantitative statistical methods of
Begg [20] and Egger [21]. If publication bias was obvious, the trim and
fill method was applied to explore the impact on the outcomes via
comparing the effect sizes before and after ‘trimming and filling’ [22].
The trim and fill method was conducted in two steps: first, obtaining an
effect size after trimming the asymmetric small sample studies in the
funnel plot; second, obtaining another effect size after filling an equal
number of small sample studies in the funnel plot. If the difference
between the two effect sizes is not significant, the publication bias has
little impact on the stability of the outcome. The statistically significant
threshold was P < 0.05.

2.5.1. Trial sequential analysis

To reduce the increased type I error caused by interim analyses in
RCTs, monitoring boundaries are applied to determine whether the P
value is small enough to terminate this trial prematurely. Adding each
trial into a cumulative meta-analysis will also increase type I errors
[23]. Similar to monitoring boundaries in RCTs, TSA boundaries are
used in meta-analyses to determine whether conclusions are decisive
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Fig. 1. Flow diagram of articles retrieval.

and robust [23]. When cumulative z-curves cross the TSA boundaries
for benefit and harm, the futility area or the required information size
(RIS), then a conclusive result can be obtained and no more trials are
required in the meta-analysis. Otherwise, more trials should be in-
cluded to obtain a more reliable result. We calculated the RIS according
to the TSA handbook [24] by a (0.05), B (0.20), the incidence of the
primary outcome, and a relative risk reduction (20%). Because of lim-
ited trials, we only performed TSA of the primary outcome (the in-
cidence of hypotension) in elective cesarean delivery.

3. Results
3.1. Study selection

Study selection was conducted according to the PRISMA statement
and a total of 322 articles were retrieved (Fig. 1). After excluding the
repeated trials and irrelevant records, 59 studies were assessed via full-
text review. Fifteen studies were excluded and 44 studies were included
in the final quantitative synthesis.

3.2. Study characteristics

The basic information of every contained trial is displayed in
Table 1. Among the 44 included studies [3,5-9,11-15,25-57], 36 stu-
dies [3,5,7-9,25-39,41-43,45-57] contained healthy mothers under-
going elective cesarean delivery, 3 studies [6,11,12] contained only
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emergency cesarean delivery, 3 studies [13-15] contained parturients
with pre-eclampsia, and 2 studies [40,44] contained both elective and
emergency surgery. For different goals of vasoactive drugs, 28 studies
[3,5,8,9,11-13,26,27,30-35,37,42-53] used the drugs to prevent hy-
potension and 16 studies [6,7,14,15,25,28,29,36,38-41,54-57] used
the drugs to treat hypotension. Thirty-three studies applied prehydra-
tion [3,5-9,13,14,25-33,36,38-45,47,50,52,53,55-57], with crystal-
loid or colloid volumes ranging from 500 to 2000 ml before anesthesia,
and 11 studies [11,12,15,34,35,37,46,48,49,51,54] did not apply pre-
hydration.

3.3. Risk of bias

The bias results are displayed in Fig. 2. Most trials had a low or
moderate risk of bias, only one trial [3] had a high blinding of parti-
cipants bias, and two trials [13,46] had a high selective reporting bias.

3.4. Elective cesarean delivery

Primary outcome: The incidence of hypotension. Eighteen studies
reported the incidence of hypotension. Hypotension was not statisti-
cally significant between the two groups (RR 0.83, 95% CI 0.66 to 1.05,
2 = 57%) (Fig. 3). According to the subgroup analysis, the difference
was also insignificant in the hypotension treatment group, the with
prehydration group and the without prehydration group, but it was
significant in the hypotension prevention group (RR 0.69, 95% CI 0.49
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Fig. 2. Risk of bias assessed by the Cochrane risk of bias tool. + = low risk; ? = unclear risk; - = high risk.
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Outcomes Meta-analysis RR (95%) r (%)
Hypotension
Elective cesarean delivery 0.83 (0.66 to 1.05) 57
Prevention > 0.69 (0.49 to 0.97) 70
Treatment 1.06 (0.85 to 1.32) 0
With prehydration 0.89 (0.70 to 1.13) 42
Without prehydration 0.65 (0.36 to 1.16) 75
Emergency cesarean delivery 1.02 (0.87 t0 1.19) 0
Parturients with pre-eclampsia 0.93 (0.63 to 1.37) NA
Hypertension
Elective cesarean delivery L 0.79 (0.62 to 1.02) 0
Prevention < 0.80 (0.62 to 1.02) 0
With prehydration - 0.71 (0.44 to0 1.15) 0
Without prehydration : 0.82 (0.61 to 1.10) 0
Emergency cesarean delivery 1.33 (0.50 to 3.53) NA
Bradycardia
Elective cesarean delivery > 2.13 (1.52 t0 2.99) 4
Prevention - 2.72 (1.62 to 4.57) 0
Treatment - 2.52 (1.17 t0 5.43) 43
With prehydration > 2.03 (1.36 to 3.01) 13
Without prehydration el 5.33 (1.84 to 15.42) 0
Tachycardia
Elective cesarean delivery - 0.39 (0.25 to 0.60) 18
Prevention R 4 0.39 (0.23 to 0.65) 19
Treatment e 0.24 (0.03 to 1.92) 57
With prehydration L 2 0.42 (0.30 to 0.58) 0
Emergency cesarean delivery et 0.15 (0.04 to 0.65) NA
Nausea or vomiting
Elective cesarean delivery s 0.20 (0.10 to 0.40) 0
With prehydration —~— 0.24 (0.08 to 0.71) 0
Without prehydration e 0.15 (0.05 to 0.45) 26
Emergency cesarean delivery - 0.30 (0.14 to 0.66) 0
0.01 0.1 10 100
Favours phenylephrine Favours epedrine

Fig. 3. Summary forest plot of maternal outcomes. RR = Relative Risk; NA = Not Applicable.

to 0.97).

3.4.1. Secondary outcomes

The overall incidence of hypertension was similar in the two groups
(RR 0.79, 95% CI 0.62 to 1.02) (Fig. 3). The difference in hypertension
was also insignificant in the following groups: prevention (RR 0.80,
95% CI 0.62 to 1.02), with prehydration (RR 0.71, 95% CI 0.44 to 1.15)
and without prehydration (RR 0.82, 95% CI 0.61 to 1.10). The ephe-
drine group had a lower incidence of bradycardia (RR 2.13, 95% CI
1.52 to 2.99) and higher incidences of tachycardia (RR 0.39, 95% CI
0.25 to 0.60) and nausea or vomiting (RR 0.20, 95% CI 0.10 to 0.40)
compared to the phenylephrine group.

Fetal outcomes with subgroup analysis are shown in Table 2. The
phenylephrine group had a lower incidence of fetal acidosis (RR 0.18,
95% CI 0.06 to 0.48) and lower UA BE (WMD 1.09, 95% CI 0.57 to
1.60), UV BE (WMD 0.70, 95% CI 0.12 to 1.29), UA PaCO2 (WMD
-4.52, 95% CI -6.00 to —3.04), UV PaCO2 (WMD -1.12, 95% CI -2.22 to
—0.02), UA lactate (WMD -0.94, 95% CI -1.69 to —0.19) and UV lac-
tate (WMD -0.62, 95% CI -1.20 to —0.05) levels compared to the
ephedrine group. The phenylephrine group also had higher UA pH
(WMD 0.04, 95% CI 0.03 to 0.06) and UV pH (WMD 0.02, 95% CI 0.02
to 0.03) values compared to the ephedrine group. No significant dif-
ference was found in the incidence of Apgar scores < 7 (1 min after
birth) (RR 0.68, 95% CI 0.11 to 4.20) or UA PaO2 (WMD 0.13, 95% CI
-0.70 to 0.96) and UV PaO2 (WMD 0.01, 95% CI -1.21 to 1.24) levels.

3.5. Emergency cesarean delivery

Hypotension was reported in 2 studies [6,11] containing only

parturients undergoing emergency cesarean delivery. No difference was
found in the hypotension rate (RR 1.02, 95% CI 0.87 to 1.19). For other
outcomes, the phenylephrine group had less tachycardia (RR 0.15, 95%
CI 0.04 to 0.65) and nausea or vomiting (RR 0.20, 95% CI 0.10 to 0.40)
and lower UA lactate (WMD -0.20, 95% CI -0.41 to —0.01) and UV
lactate (WMD -0.20, 95% CI -0.39 to —0.01) levels compared to the
ephedrine group. No significant difference was found in the following
outcomes: hypertension (RR 1.33, 95% CI 0.50 to 3.53), fetal acidosis
(RR 0.71, 95% CI 0.39 to 1.28), Apgar score < 7 (1 min after birth) (RR
1.00, 95% CI 0.06 to 15.77), and UA pH (WMD 0.00, 95% CI -0.01 to
0.01), UV pH (WMD 0.00, 95% CI -0.01 to 0.01), UA BE (WMD 0.46,
95% CI -0.23 to 1.14), UV BE (WMD 0.03, 95% CI -0.85 to 0.92), UA
Pa02 (WMD -0.60, 95% CI -3.44 to 2.44), UV PaO2 (WMD -0.27, 95%
CI-1.74 to 1.20), UA PaCO2 (WMD -0.23, 95% CI -1.78 to 1.32) and UV
PaCO2 (WMD -0.27, 95% CI -1.74 to 1.20) levels.

3.6. Parturients with pre-eclampsia

Three trials [13-15] included only parturients with pre-eclampsia,
and the incidence of hypotension was reported in 1 trial [13]. No sig-
nificant difference between the groups was found in the hypotension
rate (RR 0.93, 95% CI 0.63 to 1.37), the incidence of an Apgar
score < 7 at 1 min after birth (RR 1.20, 95% CI 0.61 to 2.37), or UA pH
(WMD -0.01, 95% CI -0.04 to 0.03), UV pH (WMD -0.01, 95% CI -0.03
to 0.01), UA BE (WMD 0.29, 95% CI -0.89 to 1.47), UV BE (WMD -0.71,
95% CI -2.55 to 1.13), UA PaO2 (WMD -1.30, 95% CI -3.29 to 0.70), UA
PaCO2 (WMD -0.37, 95% CI -3.21 to 2.47), UV PaCO2 (WMD 3.66, 95%
CI -1.41 to 8.73), UA lactate (WMD -0.25, 95% CI -0.74 to 0.23) and UV
lactate (WMD -0.13, 95% CI -1.25 to 0.99) levels. The phenylephrine
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Table 2
Summary meta-analysis and heteroeneity of fetal outcomes.

Outomes No. Patients No. Studies RR or WMD (95% CI) P value I (%)

Fetal acidosis*

Elective cesarean delivery 569 8 0.18 (0.06-0.48) 0.0007 0
Prevention 269 5 0.16 (0.06-0.47) 0.0008 0
Treatment 300 3 0.33 (0.01-7.7.) 0.49 NA
With prehydration 511 7 0.18 (0.06-0.48)

Without prehydration 58 1 NA NA NA

Emergency cesarean delivery 196 2 0.71 (0.39-1.28) 0.25 0

Apgar score < 7, 1min*

Elective cesarean delivery 224 3 0.68 (0.11-4.20) 0.67 0

Emergency cesarean delivery 204 1 1.00 (0.06-15.77) 1.00 NA

Parturients with pre-eclampsia 64 1 1.20 (0.61-2.37) 0.60 NA

UA pH

Elective cesarean delivery 1839 29 0.04 (0.03-0.06) < 0.00001 95
Prevention T 1253 21 0.05 (0.03-0.07) < 0.00001 89
Treatment T 586 8 0.03 (0.01-0.05) < 0.00001 98
With prehydration 1 1351 22 0.04 (0.03-0.05) < 0.00001 95
Without prehydration T 488 7 0.06 (0.03-0.09) < 0.00001 89

Emergency cesarean delivery 400 3 0.00 (—0.01 to 0.01) 0.50 0

Parturients with pre-eclampsia 192 3 —0.01 (—0.04 to 0.03) 0.70 68
UV pH

Elective cesarean delivery 1235 23 0.02 (0.02-0.03) < 0.00001 79
Prevention 1049 19 0.03 (0.02-0.04) < 0.00001 71
Treatment 186 4 0.02 (0.00-0.03) 0.006 56
With prehydration i 808 17 0.02 (0.01-0.03) < 0.0001 69
Without prehydration T 427 6 0.03 (0.01-0.04) 0.002 80

Emergency cesarean delivery 400 3 0.00 (—0.01 to 0.01) 0.70 0

Parturients with pre-eclampsia 172 2 —0.01 (—0.03 to 0.01) 0.41 0

UA BE

Elective cesarean delivery 1496 23 1.09 (0.57-1.60) < 0.0001 96
Prevention 936 16 1.03 (0.24-1.81) < 0.00001 87
Treatment 560 7 1.21 (0.40-2.01) < 0.00001 98
With prehydration 1168 18 0.87 (0.29-1.45) 0.03 97
Without prehydration 1 328 5 2.01 (1.13-2.90) < 0.00001 51

Emergency cesarean delivery 400 3 0.46 (—0.23 to 1.14) 0.19 23

Parturients with pre-eclampsia 192 3 0.29 (—0.89 to 1.47) 0.63 31

UV BE

Elective cesarean delivery 938 17 0.70 (0.12-1.29) 0.02 91
Prevention 778 14 0.75 (—0.14 to 1.65) 0.10 90
Treatment 160 3 0.29 (—0.86 to 1.45) 0.62 96
With prehydration 671 13 0.48 (—0.20 to 1.15) 0.17 92
Without prehydration 267 4 1.42 (0.11-2.73) 0.03 78

Emergency cesarean delivery 400 3 0.03 (—0.85 to 0.92) 0.94 64

Parturients with pre-eclampsia 64 1 —0.71 (—2.55 to 1.13) 0.45 NA

UA PaO2

Elective cesarean delivery 993 18 0.13 (—0.70 to 0.96) 0.76 67
Prevention 729 12 0.39 (—0.77 to 1.55) 0.51 62
Treatment 264 6 —0.29 (—1.63 to 1.06) 0.68 77
With prehydration 605 12 0.21 (—0.84 to 1.26) 0.69 72
Without prehydration 388 6 —0.05 (—1.50 to 1.41) 0.95 55

Emergency cesarean delivery 196 2 —0.60 (—3.44 to 2.24) 0.68 79

Parturients with pre-eclampsia 172 2 —1.30 (—3.29 to 0.70) 0.20 0

UV PaO2

Elective cesarean delivery 934 17 0.01 (-1.21 to 1.24) 0.98 76
Prevention 748 13 0.08 (-1.64 to 1.79) 0.93 79
Treatment 186 4 -0.01 (-1.88 to 1.86) 0.99 64
With prehydration 607 12 0.93 (-0.56 to 2.42) 0.22 77
Without prehydration T 327 5 -2.05 (-3.82 to -0.27) 0.02 56

Emergency cesarean delivery 400 3 -0.27 (-1.74 to 1.20) 0.72 55

Parturients with pre-eclampsia 172 2 -3.00 (-4.98 to -1.02) 0.003 0

UA PaCO2

Elective cesarean delivery 1160 21 -4.52 (-6.00 to -3.04) < 0.00001 85
Prevention 896 15 -5.74 (-8.58 to -2.91) < 0.0001 86
Treatment 264 6 -2.81 (-4.14 to -1.48) < 0.0001 72
With prehydration 1 772 15 -4.71 (-6.39 to -3.03) < 0.00001 88
Without prehydration 388 6 -4.16 (-8.26 to -0.05) 0.05 78

Emergency cesarean delivery 400 3 -0.23 (-1.78 to 1.32) 0.77 14

Parturients with pre-eclampsia 172 2 -0.37 (-3.21 to 2.47) 0.80 1

UV PaCO2

Elective cesarean delivery 1004 18 -1.12 (-2.22 to -0.02) 0.05 75
Prevention 818 14 -1.65 (-2.82 to -0.48) 0.006 61
Treatment 186 4 0.48 (-0.03 to 0.99) 0.07 0
With prehydration 677 13 -1.41 (-2.72 to -0.11) 0.03 80
Without prehydration 327 5 -0.10 (-2.33 to 2.14) 0.93 51

Emergency cesarean delivery 400 3 -0.27 (-1.74 to 1.20) 0.72 55

(continued on next page)
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Outomes No. Patients No. Studies RR or WMD (95% CI) P value I (%)
Parturients with pre-eclampsia 172 2 3.66 (-1.41 to 8.73) 0.16 67
UA Lactate
Elective cesarean delivery 150 3 -0.94 (-1.69 to -0.19) 0.01 85
Emergency cesarean delivery f 204 1 -0.20 (-0.41 to -0.01) 0.06 NA
Parturients with pre-eclampsia 84 2 -0.25 (-0.74 to 0.23) 0.31 0
UV Lactate
Elective cesarean delivery 130 -0.62 (-1.20 to -0.05) 0.03 85
Emergency cesarean delivery f 204 1 -0.20 (-0.39 to -0.01) 0.04 NA
Parturients with pre-eclampsia 64 1 -0.13 (-1.25 to 0.99) 0.82 NA

UA = Umbilical Artery; UV = Umbilical Vein; BE = Base Excess; RR = Relative Risk; WMD = Weighted Mean Difference; NA = Not Applicable; * Binary outcomes
measured by RR and the remaining results were continuous outcomes measured by WMD; 7 Statistically significant outcomes (P value < 0.05).

group had lower UV PaO2 (WMD -3.00, 95% CI -4.98 to —1.02) levels
compared to the ephedrine group.

3.7. Publication bias

We did publication bias of hypotension rate in parturients under-
going elective cesarean delivery. The funnel plot (Appendix 2) showed
asymmetry owing to small study effects. The publication bias was
confirmed by subsequent quantitative results of Begg test and Egger test
(both P value less than 0.05). The trim and fill results showed that no
new studies were added after ‘trimming and filling’, hence the pub-
lication bias influenced little on the final results. We also did a sensi-
tivity analysis and the synthesized outcome remained unchanged after
excluding one study each time. The sensitivity analysis result also de-
monstrated that the outcome result was robust (Appendix 2).

3.8. Trial sequential analysis

TSA was conducted for the primary outcome (maternal hypotension
rate), and the RIS was 2523. The cumulative z-curve did not cross the
TSA monitoring boundaries or reach the futility area (Fig. 4). The total
information size of the 17 included studies was 1159, which did not
fulfill the RIS. The results of the TSA demonstrated that more RCTs
should be included to obtain a conclusive result.

4. Discussion

Our meta-analysis showed the following results. First, in elective
cesarean delivery, the phenylephrine group had similar incidences of
hypotension, hypertension, and Apgar score <7 (1 min after birth),
similar UA Pa02, UV Pa0O2 and UV PaCO2 levels, a higher incidence of
bradycardia, higher UA and UV pH values, lower incidences of tachy-
cardia, nausea or vomiting, and fetal acidosis, and lower UA BE, UV BE,
UA lactate, UV lactate and UA PaCO2 levels compared to the ephedrine
group. The abovementioned results changed very little after subgroup
analysis according to prevention or treatment of hypotension and with
or without prehydration. Second, in emergency surgery and in par-
turients with pre-eclampsia, the phenylephrine group maintained si-
milar incidences of hypotension, hypertension, and Apgar score < 7
(1 min after birth), a higher incidence of bradycardia and lower in-
cidences of tachycardia and nausea or vomiting. However, unlike the
elective surgery patients, the following outcomes between groups were
similar: incidence of fetal acidosis and the outcomes of acid-base
equilibrium (UA pH, UV pH, UA BE, and UV BE).

Unlike the former meta-analysis by Lin [10] in 2012, our study
contained not only healthy parturients under elective cesarean delivery,
but also analyzed emergency surgery and parturients with pre-
eclampsia. Lin's study included 15 RCTs of elective cesarean delivery
and our meta-analysis contained 36 RCTs with subgroup analysis (dif-
ferent goals of vasopressors: treatment or prevention of hypotension;
with or without prehydration before spinal anesthesia).

56

Phenylephrine, a pure al adrenergic receptor agonist, can elevate
blood pressure by contracting the vascular smooth muscle. Therefore,
heart rate will decline reflexively, and the incidence of hypotension will
increase with its use. Ephedrine, a mixed a and {3 adrenergic receptor
agonist, increases blood pressure mainly by activating B adrenergic
receptors. Therefore, heart rate, myocardial contractility and cardiac
output will improve after ephedrine administration [58]. The above-
mentioned theory could explain the higher incidence of bradycardia in
the phenylephrine group and the higher incidence of tachycardia in the
ephedrine group.

Our meta-analysis demonstrated that the incidence of intraoperative
nausea or vomiting was less in the phenylephrine group. First, para-
sympathetic nerves were overactive after sympathetic nerve blockade
due to spinal anesthesia and induced nausea or vomiting by activating
gastrointestinal function. The overactive parasympathetic nerves were
aggravated by [3-adrenergic receptor agonism [59]. Second, although
the incidence of hypotension did not differ between two groups,
ephedrine has a longer onset time than phenylephrine, causing delayed
treatment of hypotension, which was not detected by noninvasive blood
pressure monitoring.

Our study showed that in elective cesarean delivery, phenylephrine
use resulted in a lower fetal acidosis rate, a higher umbilical cord pH
and a lower base excess compared to ephedrine use. An RCT conducted
by Ngan Kee [37] showed that ephedrine had greater liposolubility than
phenylephrine and more readily crossed the placenta. Therefore, fetal
metabolism was also stimulated by (3 adrenergic receptor activation due
to ephedrine administration, causing more acidic status in the fetuses.

Unlike in elective cesarean delivery, fetal acid-base equilibrium was
not better with phenylephrine use in emergency surgery. Our meta-
analysis found that the two groups had similar fetal acidosis rate and
umbilical cord pH in the emergency surgery. A retrospective study
demonstrated that the total dosage of ephedrine was related to wor-
sening acid-base equilibrium [60]. The total dose of ephedrine used in
emergency surgery seemed lower than that used in elective surgery
[6,11,12] because less vasopressor support is required in laboring
mothers compared to nonlaboring mothers.In our meta-analysis, the
total dose of ephedrine used in emergency surgery was lower than that
used in elective surgery [6,11,12], causing less ephedrine-related acidic
status in the fetuses.

The basic physiological changes in pre-eclampsia are arteriole
spasm and damaged vascular endothelial cells, causing reduced uter-
oplacental perfusion [61]. Research [62] has shown that parturients
with pre-eclampsia exhibited a lower incidence of hypotension, and
three studies showed that lower total doses of vasopressors were re-
quired for pre-eclamptic patients compared to those required for
healthy mothers undergoing elective surgery [13-15]. Less vasopressor
use was associated with a better fetal acid-base status [60], which is
consistent with our results of similar fetal umbilical cord pH and BE
values in pre-eclamptic mothers between the groups.

Some strengths exists in this meta-analysis. First, after searching the
relatively comprehensive databases by appropriate searching strategies,
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Fig. 4. Trial sequential analysis of 17 studies comparing a phenylephrine group with an ephedrine group for the primary outcome (hypotension). The X axis
represents the total number of patients included. The Y axis represents the cumulative z-score. The two horizontal red lines represent the traditional monitoring
boundary of the statistically significant threshold with z values of = 1.96 (the upward red line for benefit and the downward red line for harm). The two curved green
lines represent TSA monitoring boundaries. The inner wedge between the two sloping green lines represents the futility area. The vertical green line represents the
required information size to draw a definitive conclusion calculated by a = 0.05 (two-sided), B = 0.20, RRR = 20% and the incidence of hypotension in the
ephedrine group (41.04%). The z-curve represents synthetic outcomes after adding each study. Each dot on the z-curve represents one study. The result is confirmed
when the z-curve crosses one of the TSA boundaries, the futility boundary or the RIS vertical line). TSA = Trial Sequential Analysis; RIS = Required Information Size;
RRR = Relative Risk Reduction. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

RCTs were included, high quality study design, to minimize the selec-
tion bias. Second, appropriate statistical methods were used in this
article. We not only used the conventional subgroup analysis and
publication bias but also trial sequential analysis, evaluating the relia-
bility of the conclusion. Third, 42 included studies involved not only
elective cesarean delivery but also emergency surgery and parturients
with pre-eclampsia, which was never reported in other meta-analysis.

Some limitations exists in this meta-analysis. First, the TSA outcome
for the incidence of hypotension demonstrated that the cumulative z-
curve did not cross the TSA monitoring boundaries or the futility area,
and the cumulative sample size failed to fulfill the required information
size. More trials are required to obtain a more conclusive result. Second,
for the emergency cesarean delivery patients and the parturients with
pre-eclampsia, the numbers of included studies were small, with three
for each condition, and more RCTs involving emergency surgery, par-
turients with pre-eclampsia and other pregnancy-related complications
should be included for a more comprehensive conclusion. Third, a
publication bias existed for the incidence of hypotension due to small
study effects. However, the subsequent trim and fill method showed
that the publication bias had little impact on the stability of the final
results. Finally, apart from elective cesarean delivery, we only included
emergency cesarean delivery and parturients with pre-eclampsia.
Subsequent analysis should discuss the two drugs in other circumstance
such as fetal abnormality, parturients with diabetes, parturients with
epilepsy, etc.
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5. Conclusion

Our study revealed that phenylephrine and ephedrine were both
effective in maintaining maternal hemodynamic balance in cesarean
delivery. Fetal acid-base equilibrium was better controlled in the phe-
nylephrine group in elective cesarean delivery, but not in emergency
cesarean delivery or in parturients with pre-eclampsia. More trials
should be included to fulfill the TSA requirements to achieve more
conclusive results.
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