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Abstract
Background Vasopressors are effective in managing perioperative hypotension in high-risk parturients undergoing 
Caesarean section (CS). Nevertheless, the optimal vasopressor for addressing hypotension induced by neuraxial 
anesthesia remains a subject of investigation.

Methods We compared hypotension episodes among high-risk parturients who received ephedrine, noradrenaline, 
or phenylephrine by searching four electronic databases and reviewing the relevant references. Inclusion criteria 
encompassed randomized controlled trials directly comparing two or more vasopressors in the context of managing 
hypotension in high-risk parturients undergoing neuraxial anesthesia for CS. A network meta-analysis was performed 
using fixed-effects and Bayesian random-effects models.

Results We analyzed 13 trials involving 1,262 patients. While our direct and indirect comparisons revealed no reveal 
statistically significant differences in the number of hypotensive episodes among patients treated with different 
vasopressors, vasopressors were hierarchically ranked. Phenylephrine (Rank of the best choice = 0.81) exhibited 
the highest effectiveness in preventing hypotension, followed by ephedrine (Rank of the best choice = 0.10) 
and noradrenaline (Rank of the best choice = 0.09). Bradycardia occurrence was higher in patients administered 
phenylephrine compared to those given noradrenaline (risk ratio [RR]: 0.23; 95% confidence interval [CI]: 0.03 to 
0.85) or ephedrine (RR: 0.01; 95% CI: 0.00 to 0.12). Notably, patients treated with phenylephrine or noradrenaline 
experienced reduced occurrences of nausea or vomiting compared to those who received ephedrine (RR: 0.37; 95% 
CI: 0.19 to 0.59 for phenylephrine and RR: 0.28; 95% CI: 0.10 to 0.75 for noradrenaline). Regarding fetal outcomes, no 
significant differences were noted between noradrenaline and phenylephrine. Overall norepinephrine in maternal 
outcomes may be more favorable.

Conclusions Our findings suggest the potential advantages of phenylephrine for reducing hypotensive episodes in 
high-risk parturients undergoing CS. Noradrenalin may emerge as an alternative, particularly for women at high risk of 
caesarean delivery.
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Background
Neuraxial anesthesia is the preferred choice of anes-
thesia for cesarean Sect. [1]. However, it could decrease 
systemic vascular resistance and cardiac output (CO), 
leading to hypotension in 70–90% of cases [2, 3]. A fall 
in systolic blood pressure can compromise placental per-
fusion, promoting conditions that may endanger fetal 
health. The consequences of this can be severe, particu-
larly for patients with pre-eclampsia or those experi-
encing fetal distress (such as premature birth, placental 
insufficiency, or fetal compromise). In such cases, it is not 
advisable to have an abrupt decline in CO, as it increases 
the risk of unfavorable fetal outcomes, such as compro-
mised umbilical artery base excess (BE) values and low 
umbilical artery pH.

The quest for an optimal vasopressor for managing 
hypotension in spinal anesthesia has remained a subject 
of debate. Ephedrine, for instance, has been associated 
with lower umbilical cord pH and an increased incidence 
of acidosis [4]. Alpha-adrenergic agonists have been rec-
ommended in international consensus statement [5]. 
Nonetheless, animal studies have raised concerns regard-
ing phenylephrine’s potential to decrease uterine placen-
tal perfusion [6]. Furthermore, the use of phenylephrine 
has been linked to a heightened risk of reflex bradycardia, 
which could result in reduced maternal CO [7]. While 
the precise clinical implications of bradycardia on fetal 
health remain uncertain, the associated outcomes are 
undesirable.

Most current comparative studies regarding the effects 
of vasopressors have focused on healthy individuals 
selected for elective surgery. Only a few studies have 
assessed maternal and neonatal outcomes in high-risk 
cesarean sections, and previous studies have paid little 
attention to maternal bradycardia. However, the occur-
rence of hypotension is highly dangerous for high-risk 
mothers, such as in the case of fetal damage; even mild 
adverse reactions to vasopressors can significantly affect 
fetal outcomes. Fetuses with impaired uteroplacental 
circulation may not be able to compensate for a further 
reduction in blood flow caused by a reduction in mater-
nal CO due to vasoconstrictor or vasopressor treatment 
to the extent that it causes further fetal injury. Therefore, 
the choice of vasopressor in high-risk women is crucial. 
We reviewed the data from randomized controlled trials 
(RCTS) involving high-risk patients undergoing cesarean 
section. To establish a hierarchical “hierarchical order” of 
preference for vasoactive drugs by network meta-analysis 
(NMA), including indirect and direct analysis methods, 

and to provide valuable resources for clinical decision 
making.

Methods
This systematic review was conducted following a 
pre-established program in the PROSPERO Registry 
(CRD42023397259). The meta-analysis was performed 
based on the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines [8]. 
The results of the systematic review are reported accord-
ing to a systematic review of web meta-analyses and the 
PRISMA inventory (Supplemental Table 1) [9].

Search strategy
Two reviewers (S-YZ and QC) independently conducted 
a systematic electronic literature search of the MED-
LINE, Emabse, Web of Science, and Cochrane Library 
databases to identify relevant articles published up to 
February 8, 2023. We employed a combination of subject 
terms and free words in our search strategy, utilizing the 
following terms: ‘‘vasoconstrictor agents,’’ ‘‘vasopressor,’’ 
‘‘ephedrine,’’ ‘‘phenylephrine,’’ ‘‘norepinephrine,’’ ‘‘high-
risk pregnancy,’’ ‘‘fetal compromise,’’ ‘‘emergency,’’ and 
‘‘preeclampsia,’’ among others. A detailed explanation of 
the search strategy is provided in Supplemental Table 2. 
We also retrieved the bibliographies related to potentially 
relevant clinical practice guidelines [5] and systematic 
reviews [10–12]. The language of publication was lim-
ited to English. The final list of eligible studies was deter-
mined by discussion and consensus, and disagreements 
were resolved through consultation with a third adjudica-
tor (KW).

Inclusion and exclusion criteria
Our study included RCTs comparing the utilization of 
two or more vasopressors for managing hypotension in 
high-risk parturients undergoing cesarean delivery. High-
risk cesarean sections were indicated for conditions such 
as preterm birth, fetal compromise, placental dysfunc-
tion, pre-eclampsia, uterine placental insufficiency, or 
other emergencies. No restrictions were imposed based 
on race, age, or disease severity. The interventions involv-
ing drug administration were not constrained by dosage, 
regimen, dosing frequency, route, or duration.

Following the Patient Intervention Comparison Out-
come framework, the inclusion criteria were as fol-
lows. Patients: women undergoing spinal anesthesia for 
high-risk cesarean section, including cases of preterm 
birth, fetal impairment, placental dysfunction, emer-
gency, pre-eclampsia, or uterine placental insufficiency. 

Trial registration This systematic review was registered at PROSPERO (CRD42023397259).

Keywords Blood pressure, Fetal outcome, High-risk caesarean section, Maternal outcome, Vasopressor
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Interventions: administration of vasopressors to pre-
vent or treat hypotension induced by spinal anesthesia. 
Comparisons: Evaluation of outcomes resulting from the 
administration of different vasopressors to prevent or 
treat spinal anesthesia-induced hypotension. Outcomes: 
maternal outcomes included the number of hypotensive 
episodes (primary outcome) and the incidence of brady-
cardia and nausea or vomiting. Fetal outcomes included 
umbilical artery BE values, umbilical artery pH, incidence 
of fetal acidosis, and 1-min and 5-min Apgar scores.

The exclusion criteria were as follows: studies involv-
ing non-high-risk patients undergoing cesarean section, 
animal trials, review articles, conference abstracts, ret-
rospective studies, case reports, non-randomized stud-
ies, replication studies, and research involving duplicate 
datasets.

Data extraction
Two reviewers (S-YZ and P-PQ) independently extracted 
the data from the eligible trials based on predesigned 
tables, which included the author’s name, year and 
journal of publication, age and number of patients, the 
definition of hypotension and bradycardia, route of 
administration and dose of antihypertensive drugs, sal-
vage treatment with atropine, and primary and secondary 
outcomes. Finally, a crosscheck was performed, and any 
disagreements were resolved by a third reviewer (KW).

Risk of bias assessment
The methodological quality of the studies was assessed 
using the Cochrane Risk of Bias Tool. We assessed ran-
dom sequence generation, allocation concealment, blind-
ing of participants and healthcare providers, reported 
losses, selective reporting, and other biases to determine 
if there was a low, unclear, or high risk of bias [13]. Dis-
agreements were resolved through discussions with a 
third author (KW).

Statistical analysis
Paired meta-analysis
Traditional paired meta-analysis was performed Review 
Manager 5.4.1 software. For dichotomous variables, the 
results were expressed as the risk ratio (RR) with 95% 
confidence interval (CI). Standardized mean difference 
(SMD) with 95% CI was used for continuous variables 
to represent the combined results. We calculated the 
median, interquartile range (IQR), or P value for con-
tinuous variables without a direct mean or SMD [14]. 
We used Cochrane’s Q statistic (based on the chi-square 
test) [15] and the I2 index [16] to evaluate homogeneity, 
with P < 0.1 and I2 > 50% indicating substantial hetero-
geneity among studies. For the fixed effects model, the 
differences between studies were only caused by sam-
pling error, with little variability across studies. In the 

random-effects model, the variability of each study is 
large, which implies that the variation within each study 
is included, and each study has its corresponding over-
all effect. The pooled effect size of meta-analysis is the 
weighted average of multiple different population param-
eters. The specific calculation formulas used in these two 
models are different, aiming to make the meta-analysis 
results more credible and more accurate to express the 
actual effects [17]. Therefore, fixed-effects model was 
used in cases where heterogeneity was not significant. 
In cases of significant heterogeneity, a random-effects 
model was used for the paired meta-analysis, and a sen-
sitivity analysis was performed to determine the source.

Network meta-analysis
The network was mapped, and the NMA was performed 
using Stata 16.0 and Aggregate Data Drug Informa-
tion System (ADDIS) 1.16.5 software, respectively. The 
ADDIS analysis included modeling of “consistency” and 
“inconsistency.” When a closed loop was available, the 
node-splitting method was used for inconsistency testing 
to determine whether the direct and indirect compari-
sons were consistent [18], with P > 0.05 indicating con-
sistency between the interventions using the consistency 
model. Conversely, P < 0.05 indicated that the direct and 
indirect comparisons were inconsistent between the 
interventions using the inconsistency model. If split-
ting the model to test the result index was impossible, an 
inconsistent model was used for the analysis. Consistency 
models assessed the effect sizes and calculated rankings 
among the intervention groups. All analyses were run 
using four Markov chains with 20,000 tuning, 50,000 
simulation iterations, thinning interval of 10, and 10,000 
inference samples [19]. Convergence was monitored 
using trace plots and Brooks-Gelman-Rubin statistics. A 
potential scale reduction factor (PSRF) was used to eval-
uate the model convergence. If the PSRF value was close 
to 1, the model convergence was determined to be good, 
and the results were considered stable and reliable. If the 
PSRF score was < 1.2, the convergence was considered 
acceptable [20]. Stata 16.0 software was used to generate 
funnel plots to qualitatively examine whether publication 
bias existed when the cumulative number of eligible stud-
ies for individual comparisons exceeded 10 [21].

Sensitivity analysis
The “leave-one-out” approach led to the exclusion of a 
2008 study when assessing the robustness of the findings.

Subgroup analysis
Subgroup analysis was conducted according to the 
drug use in the included literature, such as population 
(emergency surgery or preeclampsia), duration of use 
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(treatment or prevention), mode of use (intravenous 
bolus or pump), and different doses of the three drugs.

Quality of evidence
Two reviewers (S-YZ and LL) used the Grading of Rec-
ommendations, Assessment, Development, and Evalua-
tion (GRADE) system to assess the quality of evidence for 
the estimates derived from the network meta-analyses 
[22]. The GRADE approach initially considers all obser-
vational studies as evidence of low quality. Of the eight 
criteria outlined in the GRADE method, five can dimin-
ish confidence in the accuracy of effect estimates, leading 
to downgrading as follows: risk of bias, inconsistency in 
results across studies, indirectness of evidence, impreci-
sion, and publication bias. Additionally, three criteria are 
proposed to enhance confidence or upgrade it as follows: 
a substantial effect size with no plausible confounders, a 
dose-response relation, and a conclusion that all plausible 
residual confounding would further support inferences 
regarding exposure effect [23]. We arrived at an overall 
judgment that considered the evidential certainty in all 
areas, reducing the evidence by one if an area was rated 
as “some concern” and by two if an area was rated as 
“major concern”. Finally, an overall qualitative judgment 
was made to classify each comparison based on the four 
levels of evidential certainty (high, medium, low, and very 
low).

Findings
Study selection and characteristics
Of the 2,696 records initially identified, 13 RCT [24–36], 
involving 1,262 patients were included in the NMA. Fig-
ure 1 illustrates the literature screening process and out-
comes. Three vasopressors––phenylephrine, ephedrine, 
and noradrenaline––were evaluated. The fundamental 
characteristics of each study are summarized in Table 1. 
No statistically significant differences in basic character-
istics were observed among the study groups. All studies, 
with the exception of the three-arm study conducted by 
Wang et al. [35], were two-arm studies. The mean sam-
ple size was 97, with a range of 20–204 participants. Six 
and seven RCTs provided data for the primary outcome 
(number of hypotensive episodes) and at least one of the 
secondary outcomes, respectively. Phenylephrine was the 
most frequently used intervention, followed by ephed-
rine, with 13 and 10 treatment groups, respectively. The 
most common route of vasopressor administration was 
intravenous injection (n = 9), followed by a combination 
of intravenous injection and infusion (n = 4). Most of the 
RCTs involved patients with pre-eclampsia (n = 8), while 
the remaining studies focused on fetal injury (n = 3) and 
emergency cesarean sections (n = 2). All of the studies 
except one used 0.75% hyperbaric bupivacaine [28] used 
0.5% hyperbaric bupivacaine, mostly 2-2.2  ml, 3 studies 

used 2ml [24, 25, 29],1 study used 2.4ml [28], and 1 study 
used 2.5ml [36]. Seven studies used adjuvants [24–29, 
34], while the remaining studies did not. Among the 
adjuvants used, most studies used fentanyl, one used 
morphine [25], and one study used fentanyl plus mor-
phine [28]. Four studies [31–33, 35] mentioned accord-
ing to the height adjusting local anesthetics capacity. Five 
studies [26, 27, 33, 33, 36] had puncture levels at L3-4, 
four studies [24, 28, 29, 34] were at L3-L4 or L4-L5, three 
studies [30, 32, 35] were at L2-3 or L3-4, and one study 
[25] was at L4-5. There were no differences in demo-
graphic aspects among all articles.

Quality assessment
A quality assessment of the included studies was con-
ducted based on the available information. We veri-
fied the deployment of a randomization protocol in 
each study. However, one study did not provide a clear 
description of how the randomization was carried out. 
Furthermore, two articles did not explicitly state the 
methods used for allocation concealment (Figs. 2 and 3).

Direct meta-analysis results
Table  2 presents the forest plot displaying the primary 
and secondary outcome measures, with statistically sig-
nificant results highlighted in bold text.

Primary outcome assessment
The three drug comparisons did not yield statistically sig-
nificant results. Notably, the comparison between ephed-
rine and phenylephrine demonstrated no heterogeneity 
among studies (P > 0.1; I2 < 50%). Conversely, there was 
heterogeneity among studies when phenylephrine and 
noradrenaline were compared (P < 0.1; I2 > 50%).

Secondary outcome assessments
None of the direct comparisons revealed statistically 
significant differences between interventions, except in 
five instances. The incidence of bradycardia was lower 
with noradrenaline than with phenylephrine (n = 4; RR: 
0.33; 95% CI: 0.18 to 0.61) and lower for ephedrine than 
phenylephrine (n = 6; RR: 6.80; 95% CI: 2.69 to 17.17). 
The incidence of nausea or vomiting was lower with 
phenylephrine (n = 8; RR: 0.50; 95% CI: 0.36 to 0.69) and 
noradrenaline (n = 1; RR: 0.27; 95% CI: 0.08 to 0.91) than 
ephedrine. Finally, noradrenaline was superior to ephed-
rine in terms of the umbilical artery BE value (SMD: 1.50; 
95% CI: 0.59 to 2.41).

Network meta-analysis results
Eight network diagrams were generated, which are shown 
in Fig. 4. Node-splitting models were employed to assess 
inconsistencies by testing the differences between direct 
and indirect effects. No significant inconsistencies were 



Page 5 of 18Zhao et al. BMC Anesthesiology          (2024) 24:447 

Fig. 1 Flow diagram of the literature review
The preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram of search results
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observed after constructing the model (Supplemental 
Table 3). Therefore, the results of the consistency model 
were reliable. Furthermore, the convergence of the con-
sistency model was acceptable, with all PSRF values ≤ 1.2 
for various outcome measures, including the number 
of hypotensive episodes, the incidence of bradycardia, 
the incidence of nausea or vomiting, umbilical artery 
BE value, umbilical artery pH, fetal acidosis, and 1-min 
and 5-min Apgar scores (Supplemental Table 4). Table 3 
presents the complete network analysis results, with the 
statistically significant results indicated in bright blue. 
Figure 5 presents the network ranking of the primary and 
secondary outcome measures. All network rankings are 
provided in Supplemental Table 5.

Primary outcome
The NMA results revealed no statistically significant dif-
ferences in the number of hypotensive episodes among 
the three comparisons involving the three vasopressors. 
The ranking of the three vasopressors from best to worst 
was phenylephrine > ephedrine > noradrenaline. The 
probability of phenylephrine being the best treatment 
was 81%.

Secondary outcomes
Bradycardia
The NMA results for the incidence of bradycardia 
revealed that ephedrine was better than noradrenaline 
(RR: 0.06; 95% CI: 0.00 to 0.78) and phenylephrine (RR: 
0.01; 95% CI: 0.00 to 0.12), and noradrenaline was more 
effective than phenylephrine (RR: 0.23; 95% CI: 0.03 
to 0.85). The ranking order for this variable was ephed-
rine > noradrenaline > phenylephrine. The probability that 
ephedrine is the best treatment was 98%.

Nausea or vomiting
The NMA results demonstrated that noradrenaline (RR: 
3.58; 95% CI: 1.33 to 10.21) and phenylephrine (RR: 2.74; 
95% CI: 1.68 to 5.21) were better than ephedrine. The 
rank order for this outcome was noradrenaline > phenyl-
ephrine > ephedrine, with a 71% probability of noradrena-
line being the most effective.

Umbilical arterial base excess
The NMA results did not reveal significant differences in 
any of the comparisons. The rank order for this variable 
was noradrenaline > phenylephrine > ephedrine, with a 
52% probability of noradrenaline being the most effective.

Umbilical arterial pH
Comparing the three drugs did not yield statistically sig-
nificant differences. The rank order for this variable was 
phenylephrine > noradrenaline > ephedrine, with a 51% 
probability of phenylephrine being the most effective.

Umbilical arterial pH < 7.2
The NMA results did not show statistically significant 
differences in any of the comparisons. The rank order for 
this variable was phenylephrine > noradrenaline > ephed-
rine, with a 49% probability of phenylephrine being the 
most effective treatment.

Apgar score at 1 min
The NMA results did not reveal statistically significant 
differences in any of the intergroup comparisons. The 
rank order for this variable was noradrenaline > phenyl-
ephrine > ephedrine, with a 77% probability of noradrena-
line being the most effective treatment.

Fig. 2 Risk of bias overview
Green = low risk of bias, yellow = unclear risk of bias, red = high risk of bias
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Fig. 3 Risk of bias for the included studies
Green = low risk of bias, yellow = unclear risk of bias, red = high risk of bias
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Apgar score at 5 min
The NMA results did not demonstrate statistically 
significant differences in any of the intergroup com-
parisons. The rank order for this variable was noradrena-
line > phenylephrine > ephedrine, with a 64% probability 
of noradrenaline being the most effective treatment.

Sensitivity analysis
Because uterine placental insufficiency is a major focus 
in studies involving fetal injury and patients with pre-
eclampsia, we combined data from studies involving both 
populations. The study by Kee et al. [34], which focused 
on emergency cesarean sections, included women who 
underwent the procedure without the risk of fetal endan-
germent; thus, it was excluded from the sensitivity analy-
sis. The findings of the sensitivity analysis were consistent 
with those of our previous studies and were considered 
reliable (Supplemental Fig. 2).

Subgroup analyses
We performed subgroup analyses according to patient 
population undergoing high-risk cesarean delivery, 
vasopressor use for prophylaxis or treatment, mode of 

administration (bolus or pump), and different dose of 
the drug (Supplementary Fig. 1). The results of subgroup 
analyses were generally consistent with those of the pre-
vious analyses.

Reporting bias
This assessment involved comparing the symmetry of the 
funnel plots. In terms of the incidence of nausea or vom-
iting, fetal acidosis, umbilical artery pH, and the 1-min 
Apgar score, most included studies had symmetrical dis-
tributions on both sides of the median line. This suggests 
a lesser likelihood that a small sample size influenced 
the effects. However, the incidence of bradycardia and 
the umbilical artery BE value were unevenly distributed 
on either side of the vertical median line in most stud-
ies, indicating a possible influence of small sample size 
(Fig. 6). Since there were fewer than 10 RCTs evaluating 
the number of hypotensive episodes and the 5-min Apgar 
score, it was not possible to assess the risk of publication 
bias for these variables using funnel plots.

Table 2 Summary estimates from pairwise meta-analysis of direct comparisons
Number of hypo-
tensive episodes
SMD (95% CI)

Bradycardia
RR (95% CI)

Nausea, 
vomiting
RR (95% CI)

Umbilical 
arterial BE
SMD (95% CI)

Umbilical 
arterial pH
SMD (95% 
CI)

Umbilical 
arterial 
pH < 7.2
RR (95% CI)

Apgar score
1 min
SMD (95% 
CI)

Apgar score
5 min
SMD (95% 
CI)

Noradrenaline vs.
Phenylephrine

0.49 (-0.49 to 1.47) 0.33 (0.18 to 
0.61)

1.05 (0.56 to 
1.99)

0.01 (-0.43 to 
0.45)

0.00 (-0.01 to 
0.01)

1.07 (0.59 to 
1.94)

0.35 (-0.40 to 
1.10)

0.50 (-0.48 to 
1.48)

Phenylephrine vs.
Ephedrine

-0.06 (-0.25 to 0.13) 6.80 (2.69 to 
17.17)

0.50 (0.36 
to 0.69)

0.31 (-0.21 to 
0.82)

0.02 (-0.00 to 
0.03)

0.82 (0.60 to 
1.14)

0.00 (-0.17 to 
0.17)

0.00 (-0.47 to 
0.47)

Noradrenaline vs.
Ephedrine

0.00 (-0.39 to 0.39) 1.96 (0.18 to 
21.04)

0.27 (0.08 
to 0.91)

1.50 (0.59 to 
2.41)

0.01 (0.00 to 
0.02)

NA 0.00 (-0.52 to 
0.52)

0.00 (-0.28 to 
0.28)

BE, base excess; CI, confidence interval; NA, not available; RR, risk ratio; SMD, standard mean difference

Fig. 4 Networks, point size, and treatment sample size had a positive correlation, and line thickness was proportional to the number of direct compari-
sons across interventions. a, number of hypotensive episodes. b, bradycardia. c, nausea + vomiting. d, umbilical arterial base excess. e, umbilical arterial 
pH. f, umbilical arterial pH < 7.2. g, Apgar score 1 min. h, Apgar score 5 min
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Quality of evidence
The quality of evidence for the eight outcomes was low 
to very low based on the GRADE evaluation tool. Most 
of the evidence was rated as low quality due to the risk 
of bias, inconsistencies, and inaccuracies (Supplemental 
Table 7).

Discussion
A combined systematic review and NMA was conducted 
to comprehensively evaluate maternal and fetal outcomes 
related to the prophylactic or therapeutic use of vasopres-
sors in women undergoing spinal anesthesia for high-risk 
cesarean sections. Our NMA sorting results indicated 
that phenylephrine appears to be the optimal vasopres-
sor for reducing hypotensive episodes. Phenylephrine 
and norepinephrine had similar fetal outcomes and were 

Table 3 Network meta-analysis 

Detailed results of network meta-analysis for bradycardia, number of hypotensive episodes, nausea + vomiting, umbilical arterial base excess, umbilical 
arterial pH, umbilical arterial pH < 7.2, Apgar 1 min score, Apgar 5 min score
CI = confidence interval, NA = not available, RR = risk ratio, SMD = standardized mean difference, BE = base excess
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Fig. 5 Network analysis ranking map
A grid ranking: number of hypotensive episodes (a), bradycardia (b), nausea + vomiting (c), umbilical arterial base excess (d), umbilical arterial pH (e), 
umbilical arterial pH < 7.2 (f), Apgar score 1 min (g), Apgar score 5 min (h)
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Fig. 6 Funnel diagram
Comparison-adjusted funnel plot: bradycardia (a), nausea + vomiting (b), umbilical arterial base excess (c), umbilical arterial pH (d), umbilical arterial 
pH < 7.2 (e), Apgar score 1 min (f)
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superior to ephedrine. Noradrenaline improved maternal 
outcomes, such as less bradycardia and the incidence of 
nausea or vomiting, better than the other vasopressors. 
The quality of evidence in the comparison was generally 
low, mainly because of the inaccuracy of the test. The 
intervention effect estimates were robust in several pre-
planned sensitivity and subgroup analyses.

Previous studies have suggested that ephedrine use 
may be associated with more severe fetal acidosis than 
compared with phenylephrine [37, 38] and angiotensin 
II [39]. These data suggest that ephedrine may not be an 
ideal drug for treating hypotension in obstetric patients. 
Phenylephrine is a selective α1-adrenergic agonist equiv-
alent to ephedrine for spinal hypotension [40]. Thomas 
et al. have shown that phenylephrine is more effective in 
increasing maternal uteroplacental blood flow, increas-
ing fetal oxygen supply, and reducing acidosis [37]. 
However, it has recently been found that norepineph-
rine, with its weak β-adrenergic and potent α-adrenergic 
receptor agonist activity, can reduce the incidence of 
maternal bradycardia [41]. It has also been shown that 
norepinephrine has similar effects as phenylephrine in 
maintaining blood pressure during CS spinal anesthe-
sia, but has less reduction in hemodynamic variables in 
maintaining larger CO, inhibiting venous dilatation, and 
increasing venous return to the heart [42]. The incidence 
of hypotension is reduced due to the potent α and weakly 
potent β endogenous adrenergic potential of hypotension 
[43]. These studies, as well as the current NMA, focus on 
healthy patients, but there are few studies on neonates 
with potential or existing fetal damage. These high-risk 
patients are at risk for uteroplacental insufficiency, which 
has led to concern about possible effects of vasopres-
sors on uteroplacental circulation. Even minor adverse 
reactions to vasopressors can significantly impact fetal 
outcomes in cases of fetal damage. Fetuses experiencing 
impaired uteroplacental circulation may not compen-
sate for further reductions in blood flow due to reduced 
maternal CO caused by vasoconstriction or vasopressor 
therapy. Bradycardia has a tendency to reduce placen-
tal perfusion and may cause harm to high-risk patients 
undergoing cesarean delivery, so it should be treated with 
caution as it may have clinical significance.

Some of our findings are identical and different from 
previous findings on this topic. For example, Fitzgerald et 
al. [44] investigated the prophylactic use of vasopressors 
to address hypotension following elective cesarean sec-
tions and found ephedrine to be the least effective, with 
norepinephrine surpassing phenylephrine in efficacy. 
However, we examined both preventive and therapeu-
tic use in high-risk pregnancies and found that phenyl-
ephrine was superior to norepinephrine in episodes of 
hypotension but inferior to norepinephrine in other out-
comes. Furthermore, another meta-analysis comparing 

ephedrine and phenylephrine revealed no significant 
intergroup differences in fetal outcomes [11], which is 
similar to our results. Our study also indicates a similar 
ranking of fetal outcomes for norepinephrine and phen-
ylephrine with the findings of Kumari et al. [45]. The 
distinct outcomes presented in our study might be attrib-
uted to sample size.

We found that phenylephrine-induced bradycardia 
during high-risk cesarean sections is higher than that of 
other vasopressors. In contrast to phenylephrine, nor-
epinephrine demonstrates superior capabilities in main-
taining maternal CO, which may theoretically lead to 
better outcomes for both the mother and fetus. Kee et 
al. [42]found that norepinephrine contributes to high 
CO, primarily due to heart rate maintenance rather than 
an increase in stroke volume (SV). Furthermore, we 
observed a decrease in postoperative nausea and vomit-
ing in women who received norepinephrine. This could 
be linked to enhanced gastrointestinal perfusion. How-
ever, the impact of bradycardia on placental perfusion 
remains debatable. While a reduction in CO is a potential 
risk factor for compromising placental perfusion, most 
studies have not identified significant differences in fetal 
outcomes between the use of norepinephrine and phen-
ylephrine [45]. Therefore, although phenylephrine may 
result in more frequent incidents of bradycardia, its influ-
ence on placental perfusion could be limited.

This study has several strengths. First, our literature 
search was comprehensive and included all relevant 
RCTs. Second, it is the first to evaluate outcomes using 
a Bayesian NMA. The GRADE system was utilized to 
assess the quality of the evidence, and a predefined 
subgroup analysis was carried out to explore potential 
sources of heterogeneity. Moreover, this study specifically 
focused on patients who had undergone high-risk cesar-
ean sections because hypotension is likely to cause fetal 
harm in this patient population. The unique patient pop-
ulation and methodology used in this study led to find-
ings that differ from previous reports.

Nonetheless, our study has a few limitations. First, 
unlike traditional meta-analyses or clinical trials, NMA 
heavily depends on indirect estimates, and CIs often 
overlap due to the wide range of values reported for 
each outcome variable. For example, we could not pre-
cisely evaluate various vasopressor combinations, such 
as ephedrine and noradrenaline, as there was only one 
study that directly compared these outcomes. This limi-
tation can only be addressed by conducting RCTs of high 
quality in the future. Second, most of our evidence was 
of low quality, mainly due to the heterogeneity of the 
included literature. For example, the dose of bupivacaine 
varied. Studies have shown that the occurrence of spinal 
hypotension is significantly related to the dose of bupi-
vacaine, especially ≥ 10mg [46]. In addition, some of the 
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studies included in our study added fentanyl or morphine 
to local anesthetics. Intrathecal injection of opioids can 
improve the quality of surgical anesthesia, but it may also 
cause adverse reactions such as nausea and vomiting [47]. 
It has previously been proposed that fentanyl increases 
the incidence of sympathetic block, complicating the 
comparison of our results with studies using intrathecal 
local anesthetics alone [48]. Therefore, we considered 
various methods of vasopressor administration, includ-
ing intravenous injection, intravenous pump, different 
doses of the drug used, and time points of administra-
tion. Although we performed a vasopressor group anal-
ysis to reduce this heterogeneity, more research on this 
topic is needed in the future. Furthermore, fluid therapy 
varied from one study to another, which could also result 
in different outcomes. However, given the reported lim-
ited effects of fluid therapy on fetal outcomes [49, 50], we 
did not implement any specific adjustments for this fac-
tor. Regarding methodological differences, it should be 
noted that there is no agreed-upon definition of hypoten-
sion in the scientific literature; the incidence of hypoten-
sion varies depending on the definition used, and even 
slight variations in the definition can result in noticeable 
variations in the frequency of hypotension. This is par-
ticularly true in patients with pre-eclampsia. This may 
impede the advancement of this field of research and 
make it challenging to compare studies on hypotension 
treatment and prevention methods [51]. In the future, 
we recommend further studies to determine the optimal 
strategy, including bolus or pump, different doses, treat-
ment or prophylaxis, and to explore the safety of different 
agents, as well as in larger study populations and obstet-
ric patients with comorbidities.

In the context of high-risk cesarean sections, phenyl-
ephrine seems to be the optimal choice for minimizing 
the occurrence of hypotension. Nevertheless, when con-
sidering maternal and fetal outcomes, noradrenaline may 
serve as a viable alternative to phenylephrine as the pri-
mary choice. However, we do not have enough evidence 
to support this conclusion, and future well-organized 
randomized studies are needed to draw more definitive 
conclusions.

Abbreviations
ADDIS  Aggregate Data Drug Information System
BE  Base excess
CI  Confidence interval
CO  Cardiac output
CS  Caesarean section
GRADE  Grading of Recommendations, Assessment, Development, and 

Evaluation
IQR  Interquartile range
NMA  Network meta-analysis
PRISMA  Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
PSRF  Potential scale reduction factor
RCTs  Randomized controlled trials
RR  Risk ratio

SMD  Standardized mean difference

Supplementary Information
The online version contains supplementary material available at  h t t  p s : /  / d o  i .  o r 
g / 1 0 . 1 1 8 6 / s 1 2 8 7 1 - 0 2 4 - 0 2 8 1 9 - 9     .  

Supplementary Material 1: The complement of the data in this paper. 
Including PRISMA NMA checklist of items to include when reporting a sys-
tematic review involving a network meta-analysis, protocol and full search 
strategy, assessment of inconsistency results for each outcome: from the 
node-splitting model, the PSRF value of all outcomes, network analysis 
ranking table, heterogeneity test result, I 2 and heterogeneity estimate, 
subgroup analysis results, pairwise Meta-analysis of sensitivity analysis and 
evaluation of the quality of evidence using GRADE framework.

Acknowledgements
This systematic review was registered at PROSPERO (CRD42023397259).

Author contributions
SYZ and KW conceptualize the research idea, while SYZ, KW, and QC compose 
the initial draft. SYZ conducts data analysis. PPQ, LL, and SYZ collaborate on 
the final draft. KW oversees the project, and all authors unanimously approve 
the publication of the current version of the article.

Funding
This work was supported by the Studio for Young Distinguished Scientists in 
Medical Science organized by Chongqing Municipal Health Committee.

Data availability
All information required is given in the text and supplementary materials, 
other supplementary information can be obtained upon email from the 
corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Anesthesiology, The First Affiliated Hospital of Chongqing 
Medical University, Chongqing, China

Received: 12 June 2024 / Accepted: 18 November 2024

References
1. Aksoy M, Aksoy AN, Dostbil A, Çelik MG, Ahıskalıoğlu A. Anaesthesia Tech-

niques for Caesarean Operations: retrospective analysis of last decade. Turk J 
Anaesthesiol Reanim. 2014;42(3):128–32.

2. Skillman CA, Plessinger MA, Woods JR, Clark KE. Effect of graded reductions 
in uteroplacental blood flow on the fetal lamb. Am J Physiol. 1985;249(6 Pt 
2):H1098–1105.

3. Mercier FJ, Augè M, Hoffmann C, Fischer C, Le Gouez A. Maternal hypoten-
sion during spinal anesthesia for caesarean delivery. Minerva Anestesiol. 
2013;79(1):62–73.

4. Reynolds F, Seed PT. Anaesthesia for caesarean section and neonatal acid-
base status: a meta-analysis. Anaesthesia. 2005;60(7):636–53.

5. Kinsella SM, Carvalho B, Dyer RA, Fernando R, McDonnell N, Mercier FJ, 
Palanisamy A, Sia ATH, Van de Velde M, Vercueil A. International consensus 

https://doi.org/10.1186/s12871-024-02819-9
https://doi.org/10.1186/s12871-024-02819-9


Page 17 of 18Zhao et al. BMC Anesthesiology          (2024) 24:447 

statement on the management of hypotension with vasopressors during 
caesarean section under spinal anaesthesia. Anaesthesia. 2018;73(1):71–92.

6. Ralston DH, Shnider SM, DeLorimier AA. Effects of equipotent ephedrine, 
metaraminol, mephentermine, and methoxamine on uterine blood flow in 
the pregnant ewe. Anesthesiology. 1974;40(4):354–70.

7. Stewart A, Fernando R, McDonald S, Hignett R, Jones T, Columb M. The dose-
dependent effects of phenylephrine for elective cesarean delivery under 
spinal anesthesia. Anesth Analg. 2010;111(5):1230–7.

8. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 
2009;6(7):e1000097.

9. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, Ioan-
nidis JP, Straus S, Thorlund K, Jansen JP, et al. The PRISMA extension statement 
for reporting of systematic reviews incorporating network meta-analyses 
of health care interventions: checklist and explanations. Ann Intern Med. 
2015;162(11):777–84.

10. Singh PM, Singh NP, Reschke M, Ngan Kee WD, Palanisamy A, Monks DT. 
Vasopressor drugs for the prevention and treatment of hypotension during 
neuraxial anaesthesia for caesarean delivery: a bayesian network meta-analy-
sis of fetal and maternal outcomes. Br J Anaesth. 2020;124(3):e95–107.

11. Heesen M, Rijs K, Hilber N, Ngan Kee WD, Rossaint R, van der Marel C, Klimek 
M. Ephedrine versus phenylephrine as a vasopressor for spinal anaesthesia-
induced hypotension in parturients undergoing high-risk caesarean section: 
meta-analysis, meta-regression and trial sequential analysis. Int J Obstet 
Anesth. 2019;37:16–28.

12. Heesen M, Hilber N, Rijs K, Rossaint R, Girard T, Mercier FJ, Klimek M. A 
systematic review of phenylephrine vs. noradrenaline for the management 
of hypotension associated with neuraxial anaesthesia in women undergoing 
caesarean section. Anaesthesia. 2020;75(6):800–8.

13. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, Savovic J, 
Schulz KF, Weeks L, Sterne JA. The Cochrane collaboration’s tool for assessing 
risk of bias in randomised trials. BMJ. 2011;343:d5928.

14. Cai S, Zhou J, Pan J. Estimating the sample mean and standard deviation 
from order statistics and sample size in meta-analysis. Stat Methods Med Res. 
2021;30(12):2701–19.

15. Bowden J, Tierney JF, Copas AJ, Burdett S. Quantifying, displaying and 
accounting for heterogeneity in the meta-analysis of RCTs using standard 
and generalised Q statistics. BMC Med Res Methodol. 2011;11:41.

16. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat 
Med. 2002;21(11):1539–58.

17. Borenstein M, Hedges LV, Higgins JP, Rothstein HR. A basic introduction to 
fixed-effect and random-effects models for meta-analysis. Res Synthesis 
Methods. 2010;1(2):97–111.

18. Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in mixed 
treatment comparison meta-analysis. Stat Med. 2010;29(7–8):932–44.

19. Cipriani A, Higgins JP, Geddes JR, Salanti G. Conceptual and technical chal-
lenges in network meta-analysis. Ann Intern Med. 2013;159(2):130–7.

20. Burger DA, Schall R. A bayesian nonlinear mixed-effects Regression Model 
for the characterization of early bactericidal activity of tuberculosis drugs. J 
Biopharm Stat. 2015;25(6):1247–71.

21. Palma Pérez S, Delgado Rodríguez M. [Practical considerations on detection 
of publication bias]. Gac Sanit. 2006;20(Suppl 3):10–6.

22. Jansen JP, Naci H. Is network meta-analysis as valid as standard pairwise 
meta-analysis? It all depends on the distribution of effect modifiers. BMC 
Med. 2013;11:159.

23. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, Norris S, Falck-Ytter 
Y, Glasziou P, DeBeer H, et al. GRADE guidelines: 1. Introduction-GRADE 
evidence profiles and summary of findings tables. J Clin Epidemiol. 
2011;64(4):383–94.

24. Verma R, Singh R, Bhatia VK, Chaudhary A, Chandra G. A comparative study of 
phenylephrine and ephedrine combination to ephedrine and phenylephrine 
alone for maintenance of blood pressure for caesarean delivery and their 
effects on foetal acid base status. J Obstetric Anaesth Crit Care 2018, 8(1).

25. Abdalla EM, Almaz M, Mohammed M, Wahba O. Ephedrine versus phen-
ylephrine effects on fetal outcome and hemodynamics of pre-eclamptic 
mothers undergoing cesarean section under spinal anesthesia. Ain-Shams J 
Anaesthesiol 2014, 7(2).

26. Dyer RA, Daniels A, Vorster A, Emmanuel A, Arcache MJ, Schulein S, Reed AR, 
Lombard CJ, James MF, van Dyk D. Maternal cardiac output response to col-
loid preload and vasopressor therapy during spinal anaesthesia for caesarean 
section in patients with severe pre-eclampsia: a randomised, controlled trial. 
Anaesthesia. 2018;73(1):23–31.

27. Dyer RA, Emmanuel A, Adams SC, Lombard CJ, Arcache MJ, Vorster A, Wong 
CA, Higgins N, Reed AR, James MF, et al. A randomised comparison of bolus 
phenylephrine and ephedrine for the management of spinal hypotension in 
patients with severe preeclampsia and fetal compromise. Int J Obstet Anesth. 
2018;33:23–31.

28. Higgins N, Fitzgerald PC, van Dyk D, Dyer RA, Rodriguez N, McCarthy RJ, 
Wong CA. The Effect of Prophylactic Phenylephrine and Ephedrine infusions 
on umbilical artery blood pH in Women with Preeclampsia Undergoing 
Cesarean Delivery with spinal anesthesia: a Randomized, double-blind trial. 
Anesth Analg. 2018;126(6):1999–2006.

29. Jain K, Makkar JK, Subramani Vp S, Gander S, Kumar P. A randomized trial 
comparing prophylactic phenylephrine and ephedrine infusion during spinal 
anesthesia for emergency cesarean delivery in cases of acute fetal compro-
mise. J Clin Anesth. 2016;34:208–15.

30. Mohta M, Aggarwal M, Sethi AK, Harisinghani P, Guleria K. Randomized 
double-blind comparison of ephedrine and phenylephrine for manage-
ment of post-spinal hypotension in potential fetal compromise. Int J Obstet 
Anesth. 2016;27:32–40.

31. Mohta M, Duggal S, Chilkoti GT. Randomised double-blind comparison 
of bolus phenylephrine or ephedrine for treatment of hypotension in 
women with pre-eclampsia undergoing caesarean section. Anaesthesia. 
2018;73(7):839–46.

32. Mohta M, Chilkoti RL, Agarwal GT, Malhotra R. A randomised double-blind 
comparison of phenylephrine and norepinephrine for the management of 
postspinal hypotension in pre-eclamptic patients undergoing caesarean 
section. Eur J Anaesthesiol. 2021;38(10):1077–84.

33. Mohta M, Bambode N, Chilkoti GT, Agarwal R, Malhotra RK, Batra P. Neonatal 
outcomes following phenylephrine or norepinephrine for treatment of 
spinal anaesthesia-induced hypotension at emergency caesarean section in 
women with fetal compromise: a randomised controlled study. Int J Obstet 
Anesth. 2022;49:103247.

34. Ngan Kee WD, Khaw KS, Lau TK, Ng FF, Chui K, Ng KL. Randomised double-
blinded comparison of phenylephrine vs ephedrine for maintaining blood 
pressure during spinal anaesthesia for non-elective caesarean section*. 
Anaesthesia. 2008;63(12):1319–26.

35. Wang X, Mao M, Liu S, Xu S, Yang J. A comparative study of Bolus Norepi-
nephrine, Phenylephrine, and Ephedrine for the Treatment of Maternal 
Hypotension in Parturients with Preeclampsia during Cesarean Delivery 
under spinal anesthesia. Med Sci Monitor: Int Med J Experimental Clin Res. 
2019;25:1093–101.

36. Guo L, Qin R, Ren X, Han C, Xue W, He L, Ma L, Pan H, Ma S, Chen Y, et al. 
Prophylactic norepinephrine or phenylephrine infusion for bradycardia 
and post-spinal anaesthesia hypotension in patients with preeclampsia 
during caesarean delivery: a randomised controlled trial. Br J Anaesth. 
2022;128(5):e305–7.

37. Thomas DG, Robson SC, Redfern N, Hughes D, Boys RJ. Randomized trial of 
bolus phenylephrine or ephedrine for maintenance of arterial pressure dur-
ing spinal anaesthesia for caesarean section. Br J Anaesth. 1996;76(1):61–5.

38. Moran DH, Perillo M, LaPorta RF, Bader AM, Datta S. Phenylephrine in the 
prevention of hypotension following spinal anesthesia for cesarean delivery. J 
Clin Anesth. 1991;3(4):301–5.

39. Ramin SM, Ramin KD, Cox K, Magness RR, Shearer VE, Gant NF. Comparison 
of prophylactic angiotensin II versus ephedrine infusion for prevention 
of maternal hypotension during spinal anesthesia. Am J Obstet Gynecol. 
1994;171(3):734–9.

40. Vukotic AD, Green D, Jevdic JD, Vukotic MR, Petrovic N, Stevanovic PD. Com-
parison of efficacy and safety of preemptive infusion protocols of ephedrine 
and phenylephrine - prevention of hypotension and effects on hemody-
namic parameters during spinal anesthesia for caesarean section. Srp Arh 
Celok Lek. 2020;148(3–4):173–9.

41. Vallejo MC, Attaallah AF, Elzamzamy OM, Cifarelli DT, Phelps AL, Hobbs GR, 
Shapiro RE, Ranganathan P. An open-label randomized controlled clinical trial 
for comparison of continuous phenylephrine versus norepinephrine infusion 
in prevention of spinal hypotension during cesarean delivery. Int J Obstet 
Anesth. 2017;29:18–25.

42. Ngan Kee WD, Lee SW, Ng FF, Tan PE, Khaw KS. Randomized double-blinded 
comparison of norepinephrine and phenylephrine for maintenance of blood 
pressure during spinal anesthesia for cesarean delivery. Anesthesiology. 
2015;122(4):736–45.

43. Chen D, Qi X, Huang X, Xu Y, Qiu F, Yan Y, Li Y. Efficacy and Safety of Differ-
ent Norepinephrine Regimens for Prevention of Spinal Hypotension in 



Page 18 of 18Zhao et al. BMC Anesthesiology          (2024) 24:447 

Cesarean Section: A Randomized Trial. BioMed research international 2018, 
2018:2708175.

44. Fitzgerald JP, Fedoruk KA, Jadin SM, Carvalho B, Halpern SH. Prevention of 
hypotension after spinal anaesthesia for caesarean section: a systematic 
review and network meta-analysis of randomised controlled trials. Anaesthe-
sia. 2020;75(1):109–21.

45. Kumari K, Chaudhary K, Sethi P, Rathod D, Meshram T, Kothari N, Sharma A, 
Bhatia P, Singh S. Norepinephrine versus phenylephrine for postspinal hypo-
tension in parturients undergoing cesarean section: a systematic review and 
meta-analysis. Minerva Anestesiol. 2022;88(12):1043–56.

46. Weiniger CF, Heesen M, Knigin D, Deutsch F, Hilber N, Avidan A. Associa-
tion between hyperbaric bupivacaine dose and maternal hypotension: 
Retrospective Database Study of 8226 women undergoing cesarean delivery 
under spinal anesthesia. Anesth Analg. 2021;133(4):967–75.

47. Seki H, Shiga T, Mihara T, Hoshijima H, Hosokawa Y, Hyuga S, Fujita T, Koshika 
K, Okada R, Kurose H, et al. Effects of intrathecal opioids on cesarean section: 
a systematic review and bayesian network meta-analysis of randomized 
controlled trials. J Anesth. 2021;35(6):911–27.

48. Shende D, Cooper GM, Bowden MI. The influence of intrathecal fentanyl on 
the characteristics of subarachnoid block for caesarean section. Anaesthesia. 
1998;53(7):706–10.

49. Kaufner L, Karekla A, Henkelmann A, Welfle S, von Weizsäcker K, Hellmeyer 
L, von Heymann C. Crystalloid coloading vs. colloid coloading in elective 
caesarean section: postspinal hypotension and vasopressor consumption, a 
prospective, observational clinical trial. J Anesth. 2019;33(1):40–9.

50. Gong RS, Liu XW, Li WX, Zhao J. Effects of colloid preload on the incidence 
of hypotension in spinal anesthesia for cesarean section: a systematic review 
and meta-analysis. Chin Med J (Engl). 2021;134(9):1043–51.

51. Ngan Kee WD, Khaw KS, Tan PE, Ng FF, Karmakar MK. Placental transfer and 
fetal metabolic effects of phenylephrine and ephedrine during spinal anes-
thesia for cesarean delivery. Anesthesiology. 2009;111(3):506–12.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Comparison of vasopressors for management of hypotension in high-risk caesarean section under neuraxial anesthesia: a systematic review and network meta-analysis
	Abstract
	Background
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction
	Risk of bias assessment
	Statistical analysis
	Paired meta-analysis
	Network meta-analysis


	Sensitivity analysis
	Subgroup analysis
	Quality of evidence
	Findings
	Study selection and characteristics
	Quality assessment
	Direct meta-analysis results
	Primary outcome assessment
	Secondary outcome assessments
	Network meta-analysis results
	Primary outcome
	Secondary outcomes
	Bradycardia
	Nausea or vomiting


	Umbilical arterial base excess
	Umbilical arterial pH
	Umbilical arterial pH < 7.2
	Apgar score at 1 min
	Apgar score at 5 min


