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Abstract

Norepinephrine or phenylephrine administration to prevent and treat hypotension during
spinal anesthesia for cesarean section has been a significant topic of discussion. This
meta-analysis aimed to update existing evidence and provide further insights into
neonatal and maternal outcomes associated with norepinephrine and phenylephrine.
Review of randomized controlled trials (RCTs) was performed to assess the effectiveness
of norepinephrine and phenylephrine in managing maternal hypotension during cesarean
delivery under spinal anesthesia. Neonatal umbilical cord blood pH and maternal
hypotension were the primary outcomes. Based on the analysis of 26 RCTs with
2984 participants, we found no significant difference between the norepinephrine
and phenylephrine groups in umbilical artery pH in neonates (mean difference (MD)
0.00; 95% confidence interval (CI) —0.00 to 0.01, p = 0.20). Neonates Apgar
scores did not differ between both groups. Norepinephrine was associated with lower
incidences of bradycardia (risk ratio (RR) 0.44; 95% CI 0.37 to 0.51, p < 0.001)
and reactive hypertension (RR 0.53; 95% CI 0.39 to 0.72, p < 0.001) in parturient
women than phenylephrine. In neither group did umbilical cord blood levels of partial
pressure of oxygen (PaO-), partial pressure of carbon dioxide (PaCO;) and base excess
(BE) levels of neonates differ significantly, nor did maternal hypotension, nausea or
vomiting incidence during delivery. For maternal hypotension after spinal anesthesia,
norepinephrine and phenylephrine did not significantly differ in neonatal acidemia.
Despite similarities to phenylephrine in managing hypotension and maintaining maternal
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hemodynamic stability, norepinephrine is a promising alternative.
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1. Introduction

Spinal anesthesia is considered the preferred technique for both
elective and emergency cesarean sections due to its excellent
operative conditions and high tolerance levels [1]. However,
hypotension remains a common spinal anesthesia complica-
tion. Post-spinal hypotension incidence can reach 70-80%
without prophylactic vasoactive drugs [2]. Maternal symptoms
of severe hypotension include nausea, vomiting and dyspnea.
Hypotension severity and duration are associated with adverse
effects on newborns, such as reduced Apgar scores and acido-
sis [3]. Therefore, maternal hypotension should be prevented
efficiently.

A recent standard of care recommends prophylactic use
of vasopressors and fluid boluses [4-0]. Phenylephrine, a
potent alpha-adrenergic receptor agonist, has emerged as a pri-

mary vasopressor in obstetrics [5, 7]. Baroreceptor-mediated
bradycardia and maternal cardiac output reductions are pos-
sible side effects [8, 9]. There is no evidence that these
changes have adverse effects on neonates at the moment.
Nevertheless, researchers have raised concerns regarding the
lack of appropriate assessment techniques and longer follow-
ups [10]. Norepinephrine, a strong alpha-adrenergic receptor
agonist with beta-adrenergic effects, has been found to be
equivalent to phenylephrine in maintaining blood pressure
while increasing heart rate (HR) and cardiac output (CO) [8,
11]. Based on systematic evaluations, norepinephrine offers
better hemodynamic stability and fewer side effects in control-
ling maternal hypotension than phenylephrine [12]. However,
these evaluations were based on small-sample studies that
rarely examined norepinephrine’s impact on fetal acid-base
status. A single Bayesian network meta-analysis indicated that
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norepinephrine adversely affected fetal acid-base status less
frequently [13]. Moreover, the effectiveness of norepinephrine
and phenylephrine in managing maternal hypotension during
cesarean sections was recently evaluated in randomized con-
trolled trials using neonatal outcomes as the primary research
indicator [14-16].

This study conducted a systematic review and meta-
analysis to update existing evidence and better understand
norepinephrine’s effects on neonatal and maternal outcomes.
We aimed to develop updated evidence-based guidelines for
anesthesiologists to treat and prevent maternal hypotension
during cesarean sections under spinal anesthesia on the
selection of norepinephrine and phenylephrine.

2. Methods

This study adhered to the guidelines outlined in the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) [17]. The protocol was registered in the Inter-
national Prospective Register of Systematic Reviews (PROS-
PERO) under Registration ID CRD42022361087.

2.1 Outcomes

We evaluated neonatal and maternal outcomes separately. In
neonatal assessment, umbilical cord blood pH (including that
of the umbilical artery and vein) was the primary indicator.
Umbilical cord PaO5, PaCO5 and base excess (BE), umbilical
artery lactate, and APGAR scores of neonates at 1 minute and
5 minutes were secondary outcomes. A prespecified subgroup
analysis was performed to determine whether prophylactic
infusion or bolus therapy of norepinephrine or phenylephrine
affected maternal and neonatal outcomes in treating maternal
hypotension.

In maternal assessment, the incidence of hypotension was
the primary outcome. Hypotension is defined as a reduction in
blood pressure even when norepinephrine or phenylephrine is
administered. In the enrolled studies, hypotension was com-
monly referred to as “<80% baseline systolic blood pressure
(SBP)” or “<100 mmHg”. The incidence of bradycardia,
nausea, vomiting and reactive hypertension were secondary
outcomes. The majority of studies defined bradycardia by HR
<60 beats/min, with only six studies using HR <50 beats/min.
In almost all included studies, reactive hypertension was de-
fined as SBP >120% of the baseline value.

2.2 Selection and exclusion criteria

A meticulously search was conducted on PubMed, Web of
Science and Cochrane Library, spanning their inception until
18 September 2022. Supplementary Table 1 outlines the
detailed search strategy. Clinical trial registries were explored
to identify grey literature. A comprehensive review of all
included studies’ reference lists was conducted to ensure no
studies had been overlooked in the initial electronic search.
Language, sample size or publication date were not restricted.
The inclusion criteria were: (1) population—parturient
women undergoing spinal anesthesia elective cesarean
delivery, (2) intervention—intraoperative norepinephrine
intraoperatively to manage or prevent post-spinal hypotension,
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(3) control—phenylephrine intraoperatively to manage or
prevent post-spinal hypotension, (4) outcomes—eligible
studies reporting at least one predetermined outcome, and
(5) study design—randomized controlled trials. Exclusion
criteria included (1) general anesthesia cesarean deliveries,
(2) failure to extract data, and (3) lack of full text access.

2.3 Data extraction

Potential inclusions were independently screened by Jianli
Song and Xi Xu. All potentially eligible studies were reviewed
in detail, and data was extracted using an Excel spreadsheet
extraction table. Basic information, treatment methods and
outcome indicators were meticulously collected from articles
that met the criteria. The two reviewers resolved any disagree-
ments through discussion or mediation by Guo Mu.

2.4 Risk of bias assessment

Using the Cochrane Collaboration risk-of-bias tool, two re-
viewers independently assessed the bias risk of the included
studies. Study bias was classified as high, low or unclear.
For consistency, each study underwent cross-checking, and
discrepancies were resolved by involving a third reviewer as
a mediator or a discussion between the two reviewers.

2.5 Statistical analysis

In each study, continuous and dichotomous data were ex-
tracted. Continuous data were presented as mean difference
(MD) with a 95% confidence interval (CI). Dichotomous data
were presented as a risk ratio (RR) with a 95% CI. Using Wan e?
al.’s [18] method, studies with median and range or interquar-
tile range were converted to mean and standard deviation [18].
Statistical heterogeneity was evaluated using /2 statistics. A
fixed-effects model was applied, and a random-effects model
was adopted in cases of significant heterogeneity (p-value
of chi-square test < 0.10 and I2 > 50%). To investigate
heterogeneity sources, subgroup and sensitivity analyses were
performed when heterogeneity was high. One study at a time
was omitted during the sensitivity analysis to determine its
impact on the overall pooled estimate. Considering clinical
and methodological diversity among studies, a random-effects
model was used to analyze the effect sizes of primary and
secondary outcomes. Over 10 studies were evaluated for
potential publication bias using funnel plot symmetry. We
pre-planned a subgroup analysis based on drug administra-
tion protocol (prophylactic infusion versus bolus treatment for
maternal hypotension) in anticipation of heterogeneity across
trials. Statistical studies and meta-analyses were conducted
with Review Manager (RevMan, V.5.4.1), with a two-sided
statistical significance set at p < 0.05.

3. Results

3.1 Search outcomes and study
characteristics

This meta-analysis included 26 RCTs. An initial electronic
search yielded 894 citations, and a review of gray literature
added 33 more. A thorough text review of 54 studies was
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identified as potentially eligible. After eliminating duplicates
and disqualified studies, this meta-analysis included 26 RCTs
with 2984 participants [8, 14—16, 19-40] (Fig. | A). This anal-
ysis includes studies from 2015 to 2022, with sample sizes
ranging from 44 to 668 patients. Among the considered
studies, 14 trials used norepinephrine or phenylephrine as a
prophylactic infusion to prevent maternal hypotension [8, 15,
16, 19-29], 9 used bolus administration for treatment [14, 30—

(A)

searching (n=894)

Records identified through database

371, 2 used bolus administration for prevention or treatment
[38,39], and 1 used an infusion or bolus for either prophylactic
or therapeutic purposes [40]. Using a literature-by-exclusion
approach, sensitivity analyses were conducted on outcomes
exhibiting high heterogeneity. Fig. 1B,C summarizes the risk
of bias for individual studies and the overall risk of bias.
Table | summarizes the key features of the included studies.
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FIGURE 1. Literature inclusion process and quality evaluation. (A) PRISMA flow diagram of study selection. (B) Risk
of bias summary of the included studies. (C) Risk of bias graph of the included studies. RCT: randomized controlled trial.



Trail

Ngan  Kee,

2015

Vallejo, 2017

Dong, 2017

Hasanin,
2019

Mohta, 2019

Puthenveettil,

2019

Sharkey, 2019

Wang, 2019

Biricik, 2020

Theodoraki,
2020

Country

China

USA

China

Egypt

India

India

Canada

China

Turkey

Greece

Type of surgery

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia in
patients with
pre-eclampsia
Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

TABLE 1. Main characteristics of included studies.

Total patients

101

81

126

123

90

50

112

111

80

82

Mode of ad-
ministration

Prophylactic
infusions

Prophylactic
infusions

Prophylactic
infusions

Prophylactic
infusions

Bolus for
treatment

Bolus for
treatment

Bolus for
treatment

Bolus for
treatment

Prophylactic
infusion

Prophylactic
infusion

Norepinephrine
group
Infusion rate was
within the limits of 0
to 60 mL/h (5
pg/mL, n = 49)
Fixed-rate infusions
at 0.05 pg/kg/min (n
=43)

50 png was given a
bolus
prophylactically (10
pg/mL, n = 62)
Infusion with a
starting rate of 0.05
pg/kg/min (4 pg/mL,
n = 60)

5 pg was given a
bolus for treatment
(5 pg/mL, n = 45)
4 ug was given a
bolus for treatment
(4 pg/mL, n =25)
6 ng was given a
bolus for treatment
(6 pg/mL, n = 56)
4 pg was given a
bolus for treatment
(4 pg/mL, n = 56)

Infusion at a fixed
rate of 30 mL/h (5
pg/mL, n = 40)
Infusion at a fixed
rate of 30 mL/h (5
pg/mL, n=41)

Phenylephrine group

Infusion rate was
within the limits of 0
to 60 mL/h (100
pg/mL, n=52)
Fixed-rate infusions
at 0.1 pg/kg/min (n =
38)

50 pg was given a
bolus
prophylactically (50
pg/mL, n = 64)
Infusion with a
starting rate of 0.75
pg/kg/min (50
pg/mL, n = 63)
100 pg was given a
bolus for treatment
(100 pg/mL, n = 45)
50 pug was given a
bolus for treatment
(50 pg/mL, n = 25)
100 pg was given a
bolus for treatment
(100 pg/mL, n = 56)
50 pg was given a
bolus for treatment
(50 pg/mL, n = 55)

Infusion at a fixed
rate of 30 mL/h (100
pg/mL, n = 40)
Infusion at a fixed
rate of 30 mL/h (100
pg/mL, n=41)

Primary outcome

CoO

The number and
total dose of rescue
bolus interventions

Maternal
hypotension

Post-spinal
hypotension

Maternal
bradycardia

The number of bolus
doses of
interventions

Maternal
bradycardia

The overall SBP and
HR
Maternal

hypotension

Maternal
bradycardia

Inclusion
indicators

ORABGOO

@O®

VOO0

VORI

VOO0

200®

DC2OGOOOD

QOO

VIO

|
|

—V

WIOOOLO,

eI\ eudIg



Trail
Ngan  Kee,
2020

Cho, 2020

Wang, 2020

Eskandr Am,
2021

Goel, 2021

Mohta, 2021

Apoorva
Singh, 2022

Zhou, 2022

Tiwari, 2022

Jaskaran
Singh, 2022

Country

China

Korea

China

Egypt

India

India

India

China

India

India

Type of surgery

Elective and
non-elective CD
under spinal
anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia in
patients with
pre-eclampsia
Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Elective CD under
spinal anesthesia

Total patients

668

44

102

50

200

86

100

50

126

60

TABLE 1. Continued.

Mode of ad-
ministration

Norepinephrine
group

prophylactically Infusion or bolus (6

or therapeuti-
cally

Bolus for
treatment

Bolus for
prevention
and treatment

Prophylactic
infusion

Prophylactic
infusion

Bolus for
treatment

Prophylactic
infusion

Prophylactic
infusion

Bolus for
treatment

Prophylactic
infusion

pg/mL, n = 333)

5 ug was given a
bolus for treatment
(5 pg/mL, n=22)
8 nug was given a
bolus for prevention
and treatment (8
pg/mL, n = 52)
Infusion at a rate of
0.05 pg/kg/min (n =
25)
Infusion rate was
within the limits of 0
to 60 mL/h (NE: 5
pg/mL, n = 100)
4 pg was given a
bolus for treatment
(4 pg/mL, n = 43)

Infusion at a
fixed-rate of 50
mL/h (6 pg/mL, n=
50)
Infusion at an initial
rate of 30 mL/h (8
pg/mL, n = 25)

4 ug was given a
bolus for treatment
(4 pg/mL, n = 63)
Infusion at the rate
of 60 mL/h (2.5
pg/mL, n = 30)

Phenylephrine group

Infusion or bolus
(100 pg/mL, n =
335)

100 pg was given a
bolus for treatment
(100 pg/mL, n=22)
100 pg was given a
bolus for prevention
and treatment (100
pg/mL, n = 50)
Infusions at a rate of
0.1 pg/kg/min (n =
25)
Infusion rate was
within the limits of 0
to 60 mL/h (PE: 100
pg/mL, n=100)

50 pg was given a
bolus for treatment
(50 pg/mL, n = 43)

Infusion at a
fixed-rate of 50
mL/h (120 pg/mL, n
=50)
Infusion at an initial
rate of 30 mL/h (100
pg/mL, n = 25)
50 pg was given a
bolus for treatment
(50 pg/mL, n = 63)
Infusion at the rate
of 60 mL/h (50
pg/mL, n =30)

Primary outcome

UA pH

CO

CO

Post-spinal
hypotension

Maternal

hemodynamics

UA pH

UA BE

UA pH

Post-spinal
hypotension

UA pH

Inclusion
indicators
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TABLE 1. Continued.

Trail Country Type of surgery Total patients ~ Mode of ad- Norepinephrine Phenylephrine group Primary outcome
ministration group
Guo, 2022 China Elective CD under 138 Prophylactic Fixed-rate infusions  Fixed-rate infusions Maternal
spinal anesthesia in infusion at 0.05 pg/kg/min (n at 0.625 ug/kg/min bradycardia and
patients with =69) (n=69) hypotension
pre-eclampsia
Bolus for 8 ug was given a 100 pg was given a UA pH

Mohta, 2022 India Emergency CD 100
under spinal

anesthesia in patients

treatment bolus for treatment bolus for treatment
(8 pg/mL, n = 50) (100 pg/mL, n = 50)

with fetal
compromise
Du, 2022 China Elective CD under 62 Prophylactic Infusion at an initial ~ Infusion at an initial CcO
spinal anesthesia in infusion rate of 60 mL/h (6 rate of 60 mL/h (100
healthy twin pug/h, n=31) pg/h,n=31)
pregnancies
Chen, 2022 China Elective CD under 100 Prophylactic ~ Infusion at an initial ~ Infusion at an initial The change in HR
spinal anesthesia in infusion rate of 24 mL/h (8 rate of 24 mL/h (100 and BP
healthy twin pug/h, n = 50) pg/h, n = 50)
pregnancies
Liu, 2022 China Elective CD under 52 Prophylactic Infusion at an initial ~ Infusion at an initial UA pH
spinal anesthesia infusion rate of 0.3 pg/kg/h rate of 0.3 pg/kg/h
(16 pg/h, n = 26) (108 pg/h, n=26)
Rai. A, 2022 India Elective CD under 90 Bolus for 1 mL was given 1 mL was given UA pH
spinal anesthesia treatment boluses for treatment  boluses for treatment
(100 pg/mL, n=45) (7.5 ug/mL, n = 45)

Inclusion
indicators

OOQOO]
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OR2BGO

2O

CD: cesarean delivery; UA: umbilical artery; CO: cardiac output; SBP: systolic blood pressure; HR: heart rate; BP: blood pressure; BE: base excess. () UA blood gas analysis,
@ Umbilical venous (UV) blood gas analysis, 3) Apgar scores in 1-min and 5-min, @) Hypotension, (3) Bradycardia, 6) Nausea or vomiting, () Reactive hypertension.
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3.2 Primary outcomes of neonates: the pH
of umbilical cord blood

3.2.1 Umbilical artery pH

19 studies comprising 2293 neonates reported umbilical artery
pH [8, 14—16, 20, 23, 25-27, 29, 30, 32-35, 37-39]. In
meta-analysis, norepinephrine did not significantly differ from
phenylephrine in neonates’ umbilical artery pH during ce-
sarean section under spinal anesthesia to prevent and treat ma-
ternal hypotension. The MD (95% CI) of 0.00 (—0.00 to 0.01;
p =0.20) was observed (Fig. 2A). Subgroup analysis revealed
no significant effect related to drug administration method (p
= (.63, Fig. 2B). Funnel plot analysis showed no significant
asymmetry, indicating a low likelihood of publication bias
(Supplementary Fig. 1A).

3.2.2 Umbilical venous pH

19 studies involving 2139 neonates reported umbilical ve-
nous pH. According to the meta-analysis based on these stud-
ies, norepinephrine used during cesarean section under spinal
anesthesia led to higher neonates’ umbilical venous pH than
phenylephrine. The MD (95% CI) was 0.01 (0.00 to 0.01; p
=0.001) (Fig. 3A). Subgroup analysis suggested that the drug
administration mode had no effect on umbilical venous pH in
neonates, with moderate heterogeneity (p = 0.09, I2 = 65%)
(Fig. 3B). Funnel plot analysis visually indicated no significant
asymmetry, indicating a low probability of publication bias
(Supplementary Fig. 1B).

3.3 Secondary neonatal outcomes
3.3.1 Umbilical cord PaO,

18 studies involving 2233 neonates reported umbilical artery
PaOy and 18 studies involving 2010 neonates reported um-
bilical venous PaOy. The meta-analysis of the relevant 18
studies found no significant differences in neonates’ umbilical
artery PaOs, with a MD (95% CI) of 0.41 mmHg (—0.46 to
1.29; p = 0.35) (Fig. 4A). Based on the other set, the meta-
analysis found no significant differences in umbilical venous
Pa0,, with a MD (95% CI) of 0.73 mmHg (—0.50 to 1.96; p =
0.24) (Fig. 4B).

3.3.2 Umbilical cord PaCO,

18 studies involving 2233 neonates reported umbilical artery
PaCO; and 18 studies involving 2148 neonates reported um-
bilical venous PaCO,. A meta-analysis of 18 studies showed
no significant differences in neonates’ umbilical artery PaCOs,
with a MD (95% CI) of 0.22 mmHg (—0.34 to 0.79; p = 0.44)
(Fig. 5A). Based on the other set, the meta-analysis found no
significant differences in umbilical venous PaCOs, with a MD
(95% CI) of —0.34 mmHg (—1.41 to 0.73; p = 0.54) (Fig. 5B).

3.3.3 Umbilical cord base excess (BE)

16 studies reported umbilical artery BE in 2060 neonates and
16 studies reported umbilical venous BE in 1972 neonates. A
meta-analysis of 16 studies showed no statistical differences
in neonates’ umbilical artery BE, with a MD (95% CI) of 0.07
(—0.19 to 0.33; p = 0.58). Based on the other set, the meta-
analysis found no significant differences in neonates’ umbilical

venous BE, with a MD (95% CI) of 0.24 (—0.15 to 0.64; p =
0.22) (Supplementary Fig. 2).

3.3.4 Umbilical artery lactate

11 studies reported umbilical artery lactate in 996 neonates.
Based on these 11 studies, a meta-analysis showed no signif-
icant difference in umbilical artery lactate levels in neonates,
with a MD (95% CI) of 0.04 mmol/L (—0.07 to 0.15; p = 0.47)
(Supplementary Fig. 3).

3.3.5 Apgar scores of neonates

14 studies reported APGAR scores at 1 minute and 5 minutes,
including 1239 neonates, and 6 reported APGAR scores <7
at 1 minute or 5 minutes, encompassing 1195 neonates. AP-
GAR scores in neonates at 1 minute and 5 minutes were not
significantly different based on a meta-analysis of 14 studies
(Supplementary Fig. 4A). Moreover, no significant differ-
ences were observed in APGAR scores <7 at 1 minute and 5
minutes (Supplementary Fig. 4B).

3.4 Maternal primary outcomes: the
incidence of hypotension after
vasopressor-use

12 studies reported maternal hypotension involving 1828 par-
turient women. According to the meta-analysis, hypoten-
sion incidence was not significantly different between the
12 studies, with a RR (95% CI) of 1.12 (1.00 to 1.25; p =
0.06) (Fig. 6A). There was no subgroup effect related to drug
administration mode (p = 0.46) (Fig. 6B). Funnel plot analysis
suggested visually no significant asymmetry, indicating a low
probability of publication bias (Supplementary Fig. 5).

3.5 Maternal secondary outcomes

3.5.1 The incidence of maternal bradycardia

25 studies involving 2878 parturient women reported maternal
bradycardia. According to the meta-analysis, bradycardia in-
cidence was not significantly different between the 25 studies,
with a RR (95% CI) of 0.44 (0.37 to 0.51; p < 0.001) (Fig. 7).
No subgroup effect related to drug administration mode was
observed (p = 0.84). Also, there were no differences in either
the prophylactic infusion group (RR 0.39, 95% CI1 0.29 to 0.54,
p < 0.001) or the bolus group (MD 0.41, 95% CI 0.29 to 0.58,
p < 0.001) (Supplementary Fig. 6).

3.5.2 The incidence of maternal nausea or
vomiting

21 studies encompassing 2514 parturient women, reported
maternal nausea or vomiting. Based on these 21 studies, a
meta-analysis showed no significant difference in nausea or
vomiting incidence, with a RR (95% CI) of 1.00 (0.85 to 1.18;
p = 0.97) (Fig. 8). There was no subgroup effect related to
drug administration mode (p = 0.41). Neither the prophylactic
infusion group (RR 0.99, 95% CI 0.71 to 1.37, p = 0.94) or the
bolus group (RR 0.79, 95% CI1 0.51 to 1.21, p = 0.27) showed
a significant difference (Supplementary Fig. 7).



( A) group group Mean Difference Mean Difference
Study or Mean  SD  Total Mean  SD  Total Weight IV, Fixed, 95% Cl IV, Fixed. 95% CI
Apoorva Singh 2022 73 006 5 73 005 50 23% 000[002 002 —
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Mohta 2019 725 04 45 729 007 45 0.8% -0.04[-0.08,-000)
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Ngan Kee 2015 73 004 49 73 003 52 56% 000[-0.01,001] — T
Ngan Kee 2020 7280 0049 333 7286 0048 335 19.7% 0.00[-0.00,0.01] -T—
Rai A 2022 73 005 45 721 005 45 25%  003[0.01,008] - *
Sharkey 2019 724 008 56 725 005 56 1.7% -0.01[-003,0.01) —_—
Wang 2019 732 002 56 732 002 55 19.3% 000[-0.01,001] —t
Wang 2020 7307 009 52 7313 009 50 09% -0.01[-004,0.03)
Zhou 2022 731 003 25 731 003 25 39% 000[-0.02 002
Total (95% CI) 1143 1150 100.0% 0.0 -0.00, 0.01] e
Heterogeneity: Chi? = 27.40, df = 18 (p = 0.07). = 34% 005 0025 0 0.025 005
Test for overall effect: Z =1.28,(p = 0.20) Favours Norepinephrine  Favours Phenylephrine
(B) Norepinephrine  Phenylephrine Mean Difference Mean Difference
3.1.1 Prophylactic infusion
Apoorva Singh, 2022 73 006 50 73 005 50 47%
Chen, 2022 7.295 0.035 50 7.292 0.036 50 8.6% - 1
Eskandr Am, 2021 7.37 0.03 25 7.38 0.03 25  6.9% -0.01[-0.03, 0.01] - |
Guo, 2022 731 007 69 7.31 006 69 46%  0.00[-0.02 002
Hasanin, 2019 731 005 60 7.29 006 63 55%  0.02(0.00,0.04] —
Jaskaran Singh, 2022 729 0.04 30 7.28 0.04 30 52% 0.01[-0.01, 0.03] -
Liu, 2022 733 004 25 7.33 003 23 53%  000[0.02002]
Ngan Kee, 2015 73 004 49 73 003 52 86%  0.00[-0.01,001]
Zhou, 2022 731 003 25 7.31 003 25 69% 02,0.02]
Subtotal (95% CI) 383 387 56.2%  0.00[0.00,0.01] -
Heterogeneity: Tau? = 0.00; Chi?= 6.14, df = 8 (p = 0.63); = 0%
Test for overall effect: Z = 0.64 (p = 0.52)
3.1.2 Bolus
Cho, 2020 731 002 22 732 002 22 102%  -0.01[0.02,0.00] —_—
Mohta, 2019 725 01 45 729 007 45 20% -004[008,-000] ¥ —
Mohta, 2021 727 006 43 7.26 006 43 36%  0.01[0.020.04] ———
Mohta, 2022 7.252 0082 46 7.251 0081 48 23%  0.00[0.03,0.03]
Rai A 2022 73 005 45 727 005 45 50%  0.03[0.01,0.05] - ¢t
Sharkey, 2019 724 008 56 7.25 005 56 3.8% EEEE—
Wang, 2019 732 002 56 7.32 002 55 147% -
Wang, 2020 7307 009 52 7313 009 50 21%  -0.01[:0.04,0.03]
Subtotal (95% CI) 365 438%  -0.00[-0.01,0.01] g
Heterogeneity: Tau? = 0.00; Chi2= 16.84, df = 7 (p = 0.02);
Test for overall effect: Z = 0.20 (p = 0.84)
Total (95% CI) 748 751 100.0%  0.00[-0.00, 0.01] >

Heterogeneity: Tau? = 0.00; Chi? = 23.56, df = 16 (p = 0.10); 2= 32%

Test for subgroup differences: Chi? = 0.23, df = 1 (p = 0.63); = 0%

-0.02 -001 0 0.01
Favours

0.02
Favours

_Jr— Signa Vitae

FIGURE 2. Umbilical artery pH. (A) Forest plot for umbilical artery pH. (B) Forest plot for subgroup analysis of umbilical

artery pH. CI: confidence interval; SD: standard deviation.

(A) group group
Biricik 2020 7.34 0.06 40 731 0.03 40
Chen 2022 7334 0.029 50 7338 0031 50
Dong 2017 7.34 0.02 62 73 0.1 64
Du 2022 734 002 31 734 004 31
Jaskaran Singh2022  7.33 003 30 731 004 30
Liu 2022 7.38 0.02 25 7.38 0.02 23
Mohta 2019 729 011 45 7.33 0.08 45
Mohta 2021 7.31 0.07 43 731 0.06 43
Mohta 2022 7303 0084 46 7307 0073 48
Ngan Kee 2015 735 0.02 49 7.34 0.03 52
Ngan Kee 2020 7.338 0.047 333 7335 0.044 335
Puthenveettil 2019 7.32 0.038 25 7318 0476 25
Rai A 2022 7.32 0.04 45 731 0.05 45
Sharkey 2019 73 007 5 731 005 56
Theodoraki 2020 735 003 41 732 007 41
Tiwari 2022 7.39 1.19 63 7.32 093 63
Vallejo 2017 7.25 0.12 7 728 0.08 5
Wang 2020 737 008 52 736 009 50
Zhou 2022 737 002 25 736 002 25
Total (95% CI) 1068 1071
Heterogeneity: Chi2 = 33.29, df = 18 (p = 0.02); 2= 46%

Test for overall effect: Z=2.4 (p=0.02)
(B) Norepinephrine Phenylephrine

3.2.1 Prophylactic infusion

Biricik, 2020 734 0.06 40 731 003 40
Chen, 2022 7.334 0.029 50 7.338 0.031 50
Du, 2022 734 0.02 31 734 004 31
Jaskaran Singh, 2022 7.33 003 30 731 004 30
Liu, 2022 7.38 0.02 25 738 0.02 23

Ngan Kee, 2015
Theodoraki, 2020

735 0.02 49 734 003 52
735 0.03 41 732 007 41

Vallejo, 2017 725 042 7 728 008 5
Zhou, 2022 737 0.02 25 736 0.02 25
Subtotal (95% CI) 298 297

Heterogeneity: Tau? = 0.00; Chi?= 17.04, df = 8 (p = 0.03); 2= 53%
Test for overall effect: Z=2.4 (p = 0.02)

3.2.2Bolus

Mohta, 2019 729 011 45 733 008 45
Mohta, 2021 731 007 43 731 006 43
Mohta, 2022 7.303 0.084 46 7.307 0.073 48
Puthenveettil, 2019 7.32 0.038 25 7.318 0476 25
Rai A 2022 732 0.04 45 731 005 45
Sharkey, 2019 73 007 56 731 005 56
Tiwari, 2022 739 1.19 63 732 093
Subtotal (95% CI) 323 325

Heterogeneity: Tau? = 0.00; Chi? = 5.75, df = 6 (p = 0.45); = 0%
Test for overall effect: Z=0.44 (p = 0.66)

Total (95% CI) 621
Heterogeneity: Tau? = 0.00; Chi? = 25.40, df = 15 (p = 0.04);
Test for overall effect: Z = 1.86 (p = 0.06)

Test for subgroup differences: Chi2 = 2.86, df = 1 (p = 0.09); = 65.0%

6.4%
11.5%
8.8%
7%
11.8%
12.9%
5.4%
0.3%
12.0%
76.9%

23%
4.2%
3.4%
0.1%
7.3%
57%
0.0%
23.1%

100.0%

Mean Difference

30%
9.5%
21%
5.3%

0.03[0.01, 0.05]
-0.00 [-0.02, 0.01)
0.04 0.01,0.07)
0.000.02, 0.02)
41%  0.02[0.00,0.04]
103%  0.00 [-0.01,0.01)
0.8% -0.04[-0.08, -0.00]
17% 0.0 [-0.03,003]
1.3% -0.00 [-0.04,0.03]
134%  0.01[0.00,0.02)
276%  0.00[-0.00,0.01)

Mean Difference

0.0% 0.00[-0.19, 0.19]
38% 001[-001,0.03
26% -001[-0.03,001]
24%  003[0.01,0.05]

00% 007 [-0.30, 0.44]

0.1% -0.03[-0.14,0.08]
12% 0.01[-0.02,0.04]
10.7% 0.01[-0.00, 0.02)

100.0%  0.01[0.00, 0.01]

. i‘ w Ml 1|| |

-0.

Mean Difference

0.03[0.01, 0.05]
-0.00 [0.02, 0.01]
0.00 [0.02, 0.02]
0.02[0.00, 0.04]
0.00 [-0.01,0.01]
0.01(0.00,0.02]
0.03(0.01, 0.05]

1 005 [ 0.05 01
Favours Norepinephrine  Favours Phenylephrine

Mean Difference

-0.03-0.14, 0.08]
0.01[-0.00, 0.02]
0.01[0.00, 0.02]

-0.04 [-0.08, -0.00]
0.00[-0.03,0.03]
-0.00 [-0.04, 0.03]

|

0.00[-0.19, 0.19]
0.01[-0.01,003]
-0.01[-0.03,0.01]

0.07[:0.30, 0.44]
-0.00 [-0.01,0.01]

0.01[-0.00, 0.01]

>

-0.1

0.05 4 0.05 0.1
Favours Norepinephrine ~ Favours Phenylephrine

FIGURE 3. Umbilical venous pH. (A) Forest plot for umbilical venous pH. (B) Forest plot for subgroup analysis of umbilical

venous pH. CI: confidence interval; SD: standard deviation.
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(A) i ine group P ylephrine group Mean Difference Mean Difference

_Study or Mean SD otal Mean SD otal Weight IV, Random, 95% ClI V. Random,95%Cl
Apoorva Singh 2022 295 123 50 29.4 16.5 50 1.9% 0.10 [-5.60, 5.80]
Chen 2022 18.36  5.123 50 19.74 479 50 7.1% -1.38 [-3.32, 0.56] - I
Cho 2020 18.21 2.96 22 1963 223 22 81% -1.42[-2.97, 0.13] |
Dong 2017 17.33 5.93 62 16 5.19 64  71% 1.33[-0.62, 3.28] 1T
Eskandr Am 2021 25.94 3.07 25 2747 215 25 83% -1.53 [-3.00, -0.06] -
Guo 2022 23.25 75 69 23.25 6 69 6.3% 0.00 [-2.27, 2.27] -1
Hasanin 2019 26.33 2.96 60 21 9.63 63 5.8% 5.33[2.84,7.82] -
Liu 2022 19.2 3.48 25 17.33 3.19 23 7.2% 1.87 [-0.02, 3.76] —
Mohta 2019 17.5 14.4 45 20.4 233 45 1.1%  -2.90[-10.90, 5.10]
Mohta 2021 28.1 16.5 43 229 72 43 21% 5.20 [-0.18, 10.58] —
Mohta 2022 214 6.7 46 211 75 48  5.0% 0.30[-2.57,3.17] -
Ngan Kee 2015 15.3 6.75 49 1367 6.75 52 5.5% 1.63 [-1.00, 4.26] -1
Ngan Kee 2020 16.5 3.75 333 16.5 5.25 335 10.2% 0.00 [-0.69, 0.69] T
Rai A 2022 16.49 7.62 45 1545 7.63 45  4.5% 1.04 [-2.11,4.19] -1
Sharkey 2019 18 8 56 18 8 56  4.8% 0.00 [-2.96, 2.96] -1
Wang 2019 14.5 5.8 56 13.5 4.4 55 7.2% 1.00 [-0.91, 2.91] |
Wang 2020 2267 30.37 52 15 14.81 50 0.8% 7.67 [-1.55, 16.89]
Zhou 2022 17.33 43 25 19.54 3.03 25 6.8% -2.21[-4.27,-0.15] D
Total (95% ClI) 1113 1120 100.0% 0.41 [-0.46, 1.29] ?
Heterogeneity: Tau? = 1.82; Chi2 = 46.47, df = 17 (p = 0.0001); 2= 63% 4 2 0 2 a4
Test for overall effect: Z=0.93 (p = 0.35) Favours Norepinephrine  Favours Phenylephrine

(B) i group P ine group Mean Difference Mean Difference

_Study or Mean SD __ Total Mean SD otal Weight IV, Random, 95% CI 1V, Random, 95% Cl
Biricik 2020 24.2 748 40 284 53 40 6.1% 420(7.04,-136) &
Chen 2022 277 8.53 50 2849 8.09 50 5.5% -0.79 [-4.05, 2.47]
Dong 2017 29.67 5.19 62 28 444 64 7.8% 1.67 [-0.02, 3.36]
Du 2022 26.667 2.963 31 24833 4815 31 7.3% 1.83[-0.16, 3.82] T
Liu 2022 288 45 25 27.7 52 23 6.2% 1.10 [-1.66, 3.86] -1 -
Mohta 2019 334 35.1 45 26.4 282 45 0.8% 7.00 [-6.16, 20.16]
Mohta 2021 39 16.4 43 295 9.8 43 3.1% 9.50[3.79, 15.21] I
Mohta 2022 33 9.5 46 333 8.1 48  5.1% -0.30 [-3.88, 3.28]
Ngan Kee 2015 26.67 5.19 49  25.67 37 52 7.6% 1.00 [-0.77, 2.77] -1
Ngan Kee 2020 24.75 6 333 2475 6 335 87% 0.00 [-0.91, 0.91] -1
Puthenveettil 2019 28.18 9421 25 25672 5879 25 4.3% 2.51[-1.85, 6.86]
Rai A 2022 25.53 721 45 2341 8.43 45 5.6% 2.12[-1.12,5.36] -1
Sharkey 2019 24 7 56 25 8 56  6.2% -1.00 [-3.78, 1.78] - 1
Theodoraki 2020 264 5333 41 24625 6.388 a4 6.5% 1.77 [-0.77, 4.32] -1 -
Tiwari 2022 254 289 63 28.3 223 63 8.7% -2.90 [-3.80, -2.00] -
Vallejo 2017 58.33 2061 43 5067 1145 38  22% 7.66 [0.50, 14.82] —_—
Wang 2020 27.07 18.52 52 2737 2074 50 2.0% -0.30 [-7.94,7.34]
Zhou 2022 31.75 5.15 25 30.13 48 25 6.2% 1.62[-1.14, 4.38] -1
Total (95% CI) 1074 1074 100.0%  0.73 [-0.50, 1.96] ~
Heterogeneity: Tau? = 4.34; Chi2= 78.03, df = 17 (p = 0.00001); 2= 78% M 2 0 2 4
Test for overall effect: Z=1.17 (p = 0.24) Favours Norepinephrine  Favours Phenylephrine

FIGURE 4. Umbilical cord PaOs. (A) Forest plot for umbilical artery PaOs. (B) Forest plot for umbilical venous PaOs. CI:
confidence interval; SD: standard deviation.

(A) group group Mean Difference Mean Difference
i i % Cl 1V, Fixed, 95% Cl

Apoorva Singh 2022 40.3 7.3 50 387 74 50 3.8% 1.60[-1.28,4.48]
Chen 2022 487 6.38 50 48.66 5.39 50 59% 0.04[-2.28,2.36]
Cho 2020 51.35 3.96 22 4923 3.37 22 6.7% 2.12[-0.05,4.29] |
Dong 2017 50 6.67 62 50.33 5.19 64 7.3% -0.33[-2.42, 1.76] - 1
Eskandr Am 2021 39.6 3.4 25 38.5 294 25 10.2% 1.10[-0.66, 2.86] -1 -
Guo 2022 45 9 69 45 75 69  4.2% 0.00[-2.76, 2.76]
Hasanin 2019 47 8 60 49 7 63 45% -200[-4.66,066) ¢
Liu 2022 51.4 6.4 25 48.6 6.6 23  2.3% 280[-0.88,6.48]
Mohta 2019 53.7 1.8 45 522 10.6 45 15% 1.50([-3.13,6.13]
Mohta 2021 46.1 9.7 43 46.8 9.4 43 2.0% -0.70[-4.74,3.34]
Mohta 2022 51.4 10.3 46 486 1.5 48 16% 2.80[-161,7.21]
Ngan Kee 2015 51.3 5.93 49 52 5.93 52 59% -0.70[-3.01, 1.61] -
Ngan Kee 2020 47.25 75 333 4725 825 335 222% 0.00([-1.20, 1.20] -1
Rai A 2022 4797 10.99 45 4763 126 45 1.3% 0.34[4.54,522]
Sharkey 2019 56 " 56 59 9 56 2.3% -3.00[-6.72,0.72] — 1
Wang 2019 50.9 4.1 56 50.8 44 55 12.7% 0.10[-1.48, 1.68] -
Wang 2020 4967  14.81 52 51 126 50 1.1% -1.33[-6.66,4.00]
Zhou 2022 51.14 5.12 25 51.02 4.66 25 43% 0.12[-2.59,2.83]
Total (95% CI) 1113 1120 100.0% 0.22[-0.34, 0.79] ’
Heterogeneity: Chiz = 15.42, df = 17 (p = 0.57); P= 0% 2 2 0 2 4
Test for overall effect: Z=0.77 (p = 0.44) Favours i i Favours

(B) i ine group ine group Mean Difference Mean Difference

i % Cl IV, Random, 95% CI

Biricik 2020 39.8 3.48 40 39.8 35 40  73% 0.00 [-1.53, 1.53]
Chen 2022 42.67 4.81 50 41.39 5.33 50 6.7% 1.28[-0.71,3.27] ]
Dong 2017 42.67 37 62 4367 37 64 77% -1.00 [-2.29, 0.29] - |
Du 2022 44.4 59 31 46 5.59 31 5.3% -1.60 [-4.46, 1.26] - 1
Liu 2022 41.1 3 25 411 28 23 72% 0.00 [-1.64, 1.64] -1
Mohta 2019 45 145 45 459 72 45 32% -0.90 [-5.63, 3.83]
Mohta 2021 36.5 8.4 43 39.1 79 43 46% -260(-6.05085 — |
Mohta 2022 389 9.7 46 36.3 89 48  42% 260[-1.17,6.37] -
Ngan Kee 2015 40.67 37 49 4133 5.19 52 7.0% -0.66 [-2.41, 1.09] - 1
Ngan Kee 2020 405 6.75 333 405 6.75 335 8.0% 0.00 [-1.02, 1.02] -1
Puthenveettil 2019 43.864 5864 25 467 1172 25  6.1% -2.84[-5.18,-0.49] -
Rai A 2022 399 10.86 45 4107 1005 45  36% -1.17 [-5.49, 3.15]
Sharkey 2019 48 8 56 47 7 56  55% 1.00 [-1.78, 3.78] |
Theodoraki 2020 44.25 6.85 41 4483 5.56 41 5.6% -0.58 [-3.28, 2.12] -
Tiwari 2022 46.5 251 63 42.8 3.61 63  7.9% 3.70[2.61,4.79] -
Vallejo 2017 25 1111 43 50.83 4333 38 05% -25.83[-40.00,-11.66] ¢
Wang 2020 4167 11.85 52 43 1111 50 35% -1.33[-56.79,3.13]
Zhou 2022 39.81 4.57 25 4132 3.88 25  61% -1.51[-3.86, 0.84] [
Total (95% CI) 1074 1074 100.0%  -0.34[-1.41,0.73] *
Heterogeneity: Tau? = 3.46; Chi? = 74.16, df = 17 (p < 0.00001); P=77% 4 2 0 é )
Test for overall effect: Z=0.62 (p = 0.54) Favours i Favours

FIGURE 5. Umbilical cord PaCQs. (A) Forest plot for umbilical artery PaCOs. (B) Forest plot for umbilical venous PaCOs.
CI: confidence interval; SD: standard deviation.
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(A) inegroup F ylephrine group Risk Ratio Risk Ratio
_Study or Events Total Events Total -H. Fi % Cl M-H, Fixed, 95% CI
Biricik 2020 28 40 27 40 9.2% 1.04[0.77, 1.39] —
Chen 2022 12 50 3 50 1.0%  4.00[1.20, 13.32] —
Du 2022 12 31 13 31 4.4% 0.92[0.50, 1.69]
Guo 2022 1" 69 10 69 3.4% 1.10 [0.50, 2.42]
Hasanin 2019 18 60 20 63 6.6% 0.94 [0.56, 1.60] - 1
Jaskaran Singh 2022 5 30 3 30 1.0% 1.67 [0.44, 6.36]
Liu 2022 10 26 3 26 1.0% 3.33[1.03, 10.74] -_—
Ngan Kee 2015 4 49 4 52 1.3% 1.06 [0.28, 4.01]
Ngan Kee 2020 193 333 180 335 61.1%  1.08[0.94,1.23] L
Sharkey 2019 21 56 22 56 7.5% 0.95[0.60, 1.53] —
Theodoraki 2020 5 41 5 41 1.7% 1.00[0.31, 3.19]
Zhou 2022 8 25 5 25 1.7% 1.60[0.61, 4.22]
Total (95% CI) 810 818 100.0% 1.12[1.00, 1.25] >
Total events 327 295
Heterogeneity: Chi2 = 10.27, df = 11 (p = 0.51); 2= 0% 05 07 1 15 2
Test for overall effect: Z = 1.90 (p = 0.06) Favours Norepinephrine  Favours Phenylephrine
(B) ine  Phenylephrin Risk Ratio Risk Ratio
-| % Cl M-H, 95%Cl
3.3.1 Prophylactic infusion
Biricik, 2020 28 40 27 40 36.3% 1.04 [0.77, 1.39] -
Chen, 2022 12 50 3 50 27% 4.00[1.20, 13.32]
Du, 2022 12 31 13 31 10.3% 0.92[0.50, 1.69] -
Guo, 2022 11 69 10 69 6.3% 1.10[0.50, 2.42] - I
Hasanin, 2019 18 60 20 63 13.3% 0.94 [0.56, 1.60] -1
Jaskaran Singh, 2022 5 30 3 30 22% 1.67 [0.44, 6.36] I
Liu, 2022 10 26 3 26 2.9% 3.33[1.03, 10.74]
Ngan Kee, 2015 4 49 4 52 2.3% 1.06 [0.28, 4.01] -
Theodoraki, 2020 5 41 5 41 2.9% 1.00 [0.31, 3.19] -1
Zhou, 2022 8 25 5 25 42% 1.60 [0.61, 4.22] ]
Subtotal (95% CI) 421 427 83.4% 1.16 [0.91, 1.49] -
Total events 113 93
Heterogeneity: Tau? = 0.02; Chi2 = 10.29, df =9 (p = 0.33); 2= 13%
Test for overall effect: Z=1.21 (p = 0.23)
3.3.2 Bolus
Sharkey, 2019 21 56 22 56 16.6% 0.95 [0.60, 1.53] -
Wang, 2019 0 56 0 55 Not estimable
Subtotal (95% CI) 112 111 16.6% 0.95 [0.60, 1.53] -
Total events 21 22
Heterogeneity: Not applicable
Test for overall effect: Z = 0.19 (P = 0.85)
Total (95% CI) 533 538 100.0% 1.11 [0.90, 1.35] *>
Total events 134 115
Heterogeneity: Tau? = 0.01; Chi2 = 1052, df = 10 (p = 0.40); 2= 5% o0z o b 5 -

Test for overall effect: Z=0.99 (p =0.32)
Test for subgroup differences: Chi2 = 0.54, df = 1 (p = 0.46); 2= 0%

Favours Norepinephrine

Favours Phenylephrine

FIGURE 6. The incidence of hypotension after vasopressor-use. (A) Forest plot for maternal hypotension. (B) Forest plot
for subgroup analysis of maternal hypotension. CI: confidence interval; SD: standard deviation.

ine group  Phenylephrine group Risk Ratio Risk Ratio

_Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% ClI M-H, Fixed, 95% Cl

Biricik 2020 5 40 6 40 1.5% 0.83[0.28, 2.51] ]

Chen 2022 3 50 15 50 3.7% 0.20[0.06,065) —

Cho 2020 5 22 7 22 1.7% 0.71[0.27, 1.91] - 1

Dong 2017 1 62 8 64 1.9% 0.13[0.02, 1.00] ]

Du 2022 7 31 20 31 4.9% 0.35[0.17,0.71] -

Eskandr Am 2021 2 25 4 25 1.0% 0.50 [0.10, 2.49]

Goel 2021 1 100 16 100 3.9% 0.06 [0.01, 0.46] i —

Guo 2022 5 69 17 69  4.2% 0.29[0.11, 0.75]

Hasanin 2019 8 60 13 63 3.1% 0.65 [0.29, 1.45] [

Jaskaran Singh 2022 6 30 13 30 3.2% 0.46 [0.20, 1.05]

Liu 2022 0 26 2 26 0.6% 0.20[0.01, 3.97]

Mohta 2019 10 45 17 45 4.2% 0.59 [0.30, 1.14] _

Mohta 2021 0 43 1 43 0.4% 0.33[0.01,7.96] ©

Mohta 2022 5 46 7 48 1.7% 0.75[0.25, 2.18]

Ngan Kee 2015 9 49 29 52 6.9% 0.33[0.17, 0.62] -

Ngan Kee 2020 83 333 137 335 33.4% 0.61[0.49, 0.76] -

Puthenveettil 2019 1 25 5 25 1.2% 0.20 [0.03, 1.59] +

Rai A 2022 4 45 15 45 3.7% 0.27 [0.10, 0.74]

Sharkey 2019 6 56 21 56 5.1% 0.29[0.12, 0.65] -

Theodoraki 2020 2 41 13 41 3.2% 0.15[0.04, 0.64] —

Tiwari 2022 3 63 12 63 2.9% 0.25[0.07, 0.84]

Vallejo 2017 8 43 9 38 2.3% 0.79[0.34, 1.83] —

Wang 2019 2 56 12 55 3.0% 0.16[0.04,070) ¥

Wang 2020 1 52 7 50  1.7% 0.14[002,1.08) ¥—— T

Zhou 2022 0 25 3 25 0.9% 0.14[0.01, 2.63]

Total (95% Cl) 1437 1441 100.0% 0.44[0.37, 0.51] L 4

Total events 177 409 X ) X X X X

Heterogeneity: Chi = 32.76, df = 24 (p = 0.11); = 27% 01 02 05 1 > 5 10

Test for overall effect: Z=10.47 (p <0.0001)

Favours Norepinephrine  Favours Phenylephrine

FIGURE 7. Forest plot for maternal bradycardia. CI: confidence interval.

3.5.3 The incidence of reactive hypertension

13 studies involving 1304 parturient women reported reactive
hypertension after norepinephrine or phenylephrine adminis-
tration. According to the meta-analysis, reactive hypertension
incidence was not significantly different between these 13
studies, with a RR (95% CI) of 0.53 (0.39 to 0.72; p <

0.001) (Fig. 9). There was no subgroup effect related to drug

administration mode (p = 0.89).

Neither the prophylactic

infusion group (RR 1.86,95% CI 1.30t02.67, p < 0.001) or the
bolus group (RR 1.67, 95% CI1 0.38 to 7.29, p = 0.50) showed
a significant difference (Supplementary Fig. 8).
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Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed. 95% CI
Biricik 2020 10 40 8 40 3.8% 1.25[0.55, 2.84]

Chen 2022 1 50 2 50 1.0% 0.50[0.05, 5.34] ¢

Cho 2020 2 22 2 22 1.0% 1.00[0.15, 6.48]

Dong 2017 2 62 3 64  1.4% 0.69[0.12, 3.98]

Du 2022 9 31 7 31 33% 1.29[0.55, 3.02] ]

Eskandr Am 2021 0 25 3 25 1.7% 0.14[0.01,2.63] *

Goel 2021 7 100 11 100  52% 0.64 [0.26, 1.57] - |
Guo 2022 7 69 6 69  29% 1.17 [0.41, 3.29] -

Hasanin 2019 12 60 5 63 2.3% 2.52[0.94,6.72] T

Jaskaran Singh 2022 1 30 0 30 02% 3.00[0.13,70.83] >
Liu 2022 6 26 2 26 1.0% 3.00[0.67, 13.51] >
Ngan Kee 2015 3 49 2 52 0.9% 1.59[0.28, 9.12]

Ngan Kee 2020 91 332 79 332 37.6% 1.15[0.89, 1.49] T
Puthenveettil 2019 2 25 2 25  1.0% 1.00 [0.15, 6.55]

Sharkey 2019 16 56 22 56  10.5% 0.73[0.43, 1.23] - |
Theodoraki 2020 2 41 3 41 1.4% 0.67[0.12, 3.78]

Tiwari 2022 5 63 5 63  24% 1.00 [0.30, 3.29]

Vallejo 2017 29 43 34 38 17.2% 0.75[0.60, 0.95] -

Wang 2019 3 56 4 55  1.9% 0.74[0.17, 3.14]

Wang 2020 2 52 5 50 24% 0.38[0.08, 1.89] *

Zhou 2022 1 25 2 25  1.0% 0.50[0.05,5.17] *¢

Total (95% Cl) 1257 1257 100.0% 1.00 [0.85, 1.18]

Total events 211 207

Heterogeneity: Chi? = 20.35, df = 20 (p = 0.44); P=2%
Test for overall effect: Z=0.03 (p = 0.97)

. T
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Favours Norepinephrine  Favours Phenylephrine

FIGURE 8. Forest plot for maternal nausea or vomiting. CI: confidence interval.

Norepinephrine group  Phenylephrine group Risk Ratio Risk Ratio
__Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H. Fixed. 95%Cl
Chen 2022 6 50 13 50 13.9% 0.46[0.19, 1.12] - 1
Dong 2017 2 62 3 64 32%  0.69[0.12,3.98] —
Du 2022 10 31 17 31 182% 0.59[0.32, 1.07] "
Goel 2021 3 100 4 100 4.3% 0.75[0.17, 3.27] —
Guo 2022 3 69 2 69 2.1% 1.50 [0.26, 8.70] |
Hasanin 2019 7 60 15 63 15.7% 0.49[0.21,1.12] I
Jaskaran Singh 2022 1 30 0 30 0.5% 3.00[0.13, 70.83]
Liu 2022 0 26 1 26 1.6% 0.33[0.01,7.82]
Mohta 2019 2 45 1 45 1.1% 2.00[0.19, 21.28]
Ngan Kee 2015 4 49 9 52 9.4% 0.47[0.16, 1.43] - - |
Rai A 2022 2 45 13 45 13.9% 0.15[0.04, 0.64] -
Sharkey 2019 6 56 6 56 6.4% 1.00[0.34, 2.91] -1
Zhou 2022 2 25 9 25 9.6% 0.22[0.05, 0.93]
Total (95% Cl) 648 656 100.0% 0.53[0.39, 0.72] L 4
Total events 48 93 ’ ) ) )
Heterogeneity: Chi2= 10.04, df = 12 (p = 0.61); = 0% '0_01 0f1 1 1'0 100'

Test for overall effect: Z=3.96 (p < 0.0001)

Favours Norepinephrine  Favours Phenylephrine

FIGURE 9. Forest plot for maternal reactive hypertension. CI: confidence interval.

4. Discussion

In this meta-analysis, norepinephrine did not significantly dif-
fer from phenylephrine for maternal hypotension after spinal
anesthesia in umbilical cord blood acid-base status and AP-
GAR scores at 1 minute and 5 minutes. Norepinephrine may
also be effective in treating hypotension and exhibit fewer side
effects, such as bradycardia and reactive hypertension.
Umbilical blood acid-base status and Apgar scores at 1
minute and 5 minutes for neonates were not statistically dif-
ferent. Despite the importance of maternal hypotension for a
fetus, it has not been extensively studied. Spinal hypotension
during cesarean delivery has been reported to affect neonatal
acid-base balance [41, 42], with neonatal acid-base status
serving as a surrogate marker of neonatal well-being. For
this meta-analysis, the primary outcome was umbilical artery
pH, which is the most commonly used measurement of acid-
base imbalances. Based on a systematic review involving
481,753 neonates with known umbilical cord blood gases, a
low arterial pH is strongly associated with long-term adverse
outcomes [43]. However, there is a lack of clarity about the
precise pH threshold for adverse neonatal outcomes with some
studies suggesting a pH range of 7.26—7.30 is optimal for the
lowest risk of adverse outcomes [44]. Norepinephrine and
phenylephrine groups in this meta-analysis had mean umbilical

artery pH and mean umbilical venous pH exceeding 7.2 and
approaching the ideal pH range. No significant differences
were found in umbilical artery pH. While umbilical venous pH
was significantly different between both groups, but not clini-
cally relevant. Also, both groups did not differ significantly on
other indicators of neonatal umbilical cord blood gas analysis,
including PaO,, PaCO; and BE. Therefore, norepinephrine
dose is claimed to not increase neonatal acidosis incidence
when used to prevent or treat maternal hypotension after spinal
anesthesia compared to phenylephrine.

Due to the ongoing controversy regarding the use of va-
sopressors in a preventive or therapeutic capacity, a prespec-
ified subgroup analysis of a prophylactic infusion or bolus
of norepinephrine or phenylephrine was performed. In ob-
stetric populations undergoing spinal anesthesia, prophylactic
vasopressors are generally recommended by the international
consensus statements [5]. When phenylephrine was adminis-
tered prophylactically, a low maternal hypotension incidence
was reported compared to a single bolus for treatment [45].
However, the prophylactic administration of phenylephrine is
considered too aggressive by some, potentially causing reac-
tive hypertension and bradycardia [46]. In this meta-analysis,
a significant difference was not observed between subgroups
for umbilical artery pH and maternal hypotension and maternal
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bradycardia, nausea, vomiting and reactive hypertension. This
finding aligns with Heesen’s 2014 meta-analysis, despite their
smaller sample size [45]. Although our meta-analysis incor-
porates a large number of trials, the bolus group for maternal
hypotension in the subgroup analysis only includes 2 stud-
ies, introducing some heterogeneity. Consequently, without
conclusive evidence, prophylactic treatment is preferred, as
delaying prophylactic vasopressor infusion may compromise
its effectiveness in reducing hypotension incidence. Moreover,
prophylactic continuous infusion combined with rescue bolus
dosing maintains hemodynamics more effectively than rescue
dosing alone [47].

Our investigation demonstrates that norepinephrine has a
comparable effect on hypotension after spinal anesthesia to
phenylephrine, particularly concerning maternal circulation,
confirming earlier studies [30, 35, 40]. During cesarean section
anesthesia, it is crucial to consider the adverse effects of drugs
on the newborn and to ensure maternal circulation stability.
This study assessed short-term outcomes, specifically umbil-
ical cord blood gas analysis and APGAR scores. The long-
term impact of various vasoactive drugs on neonatal prognosis
remains uncertain. For instance, the establishment of early
fetal gut flora might be influenced by altered placental blood
supply [48]. Research focusing on the fetal implications of
anesthetic management of cesarean sections is essential in the
future.

In this review, maternal and neonatal outcomes following
cesarean sections are comprehensively evaluated. Further-
more, eligibility criteria, data extraction, and outcome eval-
uation were all conducted in duplicate, demonstrating high
inter-rater agreement. To adjust for potential confounders,
prespecified subgroup analyses and sensitivity analyses were
conducted. In addition, this review included the largest number
of RCTs on this subject, achieving optimal information size
and allowing for more reliable conclusions. Lastly, the /2
statistic revealed no significant statistical heterogeneity.

Nevertheless, this meta-analysis has some limitations. We
included 26 studies involving various scenarios, including
healthy singleton pregnancies, parturient women with pre-
eclampsia, fetal compromise, and healthy twin pregnancies.
As a result of limited relevant data, certain critical variables,
such as norepinephrine or phenylephrine concentration, pro-
phylactic infusion rate, single bolus dose, and norepinephrine
and phenylephrine equivalent dose ratio, may contribute to
clinical heterogeneity across trials. Parturient women’s CO
and stroke volume (SV), which are more accurate hemody-
namic indicators, were not evaluated. The effect of fluid
administration on maternal circulatory stability was also not
considered. Currently, circulation monitoring for cesarean
sections is constrained. Cesarean section anesthesia quality
and safety may be enhanced by incorporating non-invasive car-
diac monitoring or real-time ultrasonic dynamic monitoring.
Lastly, no long-term outcomes for newborns were assessed
in our analysis due to the lack of relevant indicators in the
included trials. A key evaluation metric remains improving
perioperative safety and accelerating postoperative recovery.
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5. Conclusion

This meta-analysis comprehensively assessed
norepinephrine’s efficacy in managing maternal hypotension
during cesarean section under spinal anesthesia, focusing
on neonatal acidemia and maternal hypotension correction.
Comparing perioperative norepinephrine with phenylephrine
in 2984 patients, we found no evidence of fetal acidosis
associated with norepinephrine administration for maternal
hypotension. Norepinephrine may also be more effective
than phenylephrine in managing maternal hypotension
and providing excellent maternal hemodynamic stability.
However, the potential risk of norepinephrine-induced
maternal reactive hypertension should not be ignored.
Findings were specific to women without comorbidities.
Therefore, it is crucial to evaluate the health conditions of
both the mother and the fetus before selecting between the two
drugs. Further studies evaluating the safety of norepinephrine
and phenylephrine in managing post-anesthesia hypotension
in women undergoing cesarean section should be conducted
in high-quality clinical settings.
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