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Purpose: Many previous trials have compared the effects of different vasoactive drugs on cesarean section patients, but their infusion 
rate is based on experience rather than high-quality evidence. It is difficult to judge whether the effect of vasoactive drug comes from 
the better choice or a more appropriate at rates of vasoactive drugs. The effect of vasoactive drugs at the rates of the 90% effective 
dose needs to be verified and compared.
Patients and Methods: Women undergoing elective caesarean delivery under combined spinal-epidural anaesthesia were randomized to 
receive phenylephrine or norepinephrine or metaraminol infusion at the rate that was assumed to be the 90% effective dose. Anesthetic 
management was standardized and included fluid loading with 10 mL/kg of Ringer. The primary outcome was the umbilical artery pH.
Results: 78 patients were included. The umbilical artery pH was not significantly different among the three groups (phenylephrine 
group: 7.33 ± 0.03 vs norepinephrine group: 7.33 ± 0.04 vs metaraminol group: 7.33 ± 0.04, P = 0.99). There were no significant 
differences in the incidence of hypotension, hypertension, bradycardia, and nausea and vomiting among the three groups. The SBP of 
the phenylephrine group was significantly higher than that of the metaraminol group (adjustive P value = 0.005).
Conclusion: Phenylephrine (0.54 μg/kg/min) or metaraminol (2 μg/kg/min) or norepinephrine (0.08 μg/kg/min) administered to 
healthy patients with elective cesarean section after spinal anesthesia has no significant effect on the acid-base balance of the fetus.
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Introduction
During cesarean delivery, hypotension after spinal anesthesia is a frequent maternal complication that has adverse effects 
on both the mother and fetus.1,2 The infusion of vasoactive drugs remains the most effective treatment method.3–5 

However, controversies exist regarding the best choice and the appropriate rate of vasoactive drugs.
The vasoactive drug that is currently recommended by obstetric anesthesia guidelines is phenylephrine, which 

replaced the use of ephedrine.3,6,7 Recently, an increasing number of studies have focused on other drugs. 
Norepinephrine and metaraminol have recently been considered better alternatives to phenylephrine because β1 adre-
nergic receptor antagonism can mitigate the reflex decrease in cardiac output.8–10 Two recent network meta-analyses 
determined that metaraminol and norepinephrine might be better choices than phenylephrine in preventing hypotension 
and improving the fetal acid–base balance.11,12
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In a large-sample noninferiority study of 664 patients, Ngan Kee et al found that there was no significant difference in 
umbilical artery pH (UA-pH) between the norepinephrine group (mean, 7.289; 95% confidence interval [CI], 7.284–7.294) and 
the phenylephrine group (mean, 7.287; 95% CI, 7.281–7.292) (mean difference between groups, 0.002; 95% CI, −0.005 to 
0.009).13 In another noninferiority trial, when compared with the phenylephrine group, the metaraminol group had a significantly 
higher UA-pH and a lower incidence of hypotension with a dose ratio of 5:1 for metaraminol: phenylephrine.9 However, it is 
notable that the rates of the three vasoactive drugs were estimated based on clinical experience, and the authors were very cautious 
about the interpretation of the findings, especially as they were not convinced that the rates were equipotent. It is difficult to 
determine whether the effects of vasoactive drugs are a result of the better choice or a more appropriate rate of vasoactive drugs.

After several dose–response studies, the 90% effective dose (ED90) of weight-adjusted infusions of phenylephrine 
(0.54 μg/kg/min), norepinephrine (0.08 μg/kg/min) and metaraminol (2 μg/kg/min) for preventing hypotension during 
cesarean delivery was determined.14–16 However, these ED90s were estimated through the use of a probit regression 
instead of determining a 10% incidence of hypotension at these dosing rates; therefore, the effects of phenylephrine (0.54 
μg/kg/min), metaraminol (2 μg/kg/min) and norepinephrine (0.08 μg/kg/min) on the fetus and the mother need to be 
verified and compared by clinical trials.

When considering the above context, we assumed that phenylephrine (0.54 μg/kg/min) and norepinephrine (0.08 μg/kg/ 
min) have no significant difference in their effects on the fetal acid–base balance, and that metaraminol (2 μg/kg/min) can 
significantly improve the acid–base balance of the fetus compared with phenylephrine with a dose ratio of 4:1 for 
metaraminol: phenylephrine.9,13 We aimed to perform a three-group trial to compare the effects of phenylephrine, norepi-
nephrine and metaraminol with the ED90 on the fetal acid–base balance, which may be helpful for guiding clinical practice.

Materials and Methods
Study Design and Participants
This study complies with the Declaration of Helsinki. This study was approved by the Ethics Committee of Suqian 
Maternity Hospital (SFY2021-HZ08-11), and written informed consent was obtained from all subjects participating in 
the trial. The trial was registered prior to patient enrollment at clinicaltrials.gov (NCT04991662, Principal investigator: 
Chao Xu, Date of registration: Aug-20-2021).

The inclusion criteria were as follows: (1) Singleton pregnancy at term scheduled to be delivered via elective cesarean 
delivery; (2) Height 150 cm-180 cm; (3) American Society of Anesthesiologists (ASA) II–III; and (4) body mass index 
(BMI) less than 35 kg/m2.

The exclusion criteria were as follows: (1) Transverse presentation, suspected fetus macrosomia; (2) uterine abnormalities 
(eg, large fibroids, bicornuate uterus); (3) polyhydramnios; (4) ruptured membranes, oligohydramnios; (5) intrauterine 
growth restriction; (6) gestational or nongestational hypertension, diabetes, or eclampsia; (7) hypertensive disorders or any 
condition associated with autonomic neuropathy (such as diabetes mellitus for more than 10 years), renal failure; (8) 
contraindications for combined spinal-epidural anesthesia; or (9) participants who declined to sign informed consent forms.

Randomization and Blinding
Subjects were randomized by use of a random number table (n = 78) provided by the randomization website http://tools. 
medsci.cn/rand; the allocation was hidden using an opaque envelope. The intervention drugs were made by an investigator 
who was not involved in the trial and labeled with groups 1, 2 and 3. Patients and doctors were blinded to the grouping.

Intraoperative Procedures
Patients fasted for 6–8 hours but were allowed clear liquids up to 2 hours prior to surgery. There was no premedication.

Upon arrival in the operating theatre, peripheral venous access was obtained in the patients’ left arm. Patients were 
monitored with electrocardiography (ECG), noninvasive blood pressure (NIBP) and pulse oximetry (SpO2); 5 L/minute 
of oxygen was supplied via a nasal cannula.17 After the woman had been in the operating room for 5 minutes, the average 
of the three SBP values was taken in the supine position as the baseline SBP. The interval between the three 
measurements was 2 minutes, until the difference between the three consecutive measurements and the mean value 
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did not exceed 10%. The baseline SBP was used to determine whether patients had hypotension (SBP reduction >20% 
baseline value or SBP < 90 mmHg) during cesarean delivery.

Combined spinal-epidural anesthesia was performed by the same two anesthesiologists. Combined spinal-epidural 
anesthesia was performed in the left lateral position using a needle through needle technique with a 16-G epidural needle 
using the loss of resistance to air at the estimated L2-L3 vertebral interspace. A 25-G pencil-point spinal needle was 
advanced through the epidural needle, and the flow of CSF was demonstrated; 2 mL ropivacaine 0.75% and 1mL CSF was 
injected intrathecally at a rate of 1 mL per 10s. The spinal needle was removed, an epidural catheter was advanced 3–5 cm 
into the epidural space, and the epidural needle removed. The end of the spinal injection was time zero.

The sensory block level was measured by assessing loss of painful pinprick sensation using an 18 gauge epidural 
needle and we removed patients with a sensory level higher than T4. Patients were excluded if the block was lower than 
T6 by 10 minutes after injection.18

The intervention drugs were prepared by researchers who did not participate in the surgery (phenylephrine 108μg/mL, 
norepinephrine 16μg/mL, metaraminol 400μg/mL). Immediately after spinal injection, patients were placed in 15° left-tilt 
position with a wedge (50 cm long, 28 cm wide, and 7.5 cm high, consisting of dense sponges) and injected with 
metaraminol or phenylephrine or norepinephrine at 0.3mL/kg/h according to the group; 10 mL/kg of Ringer lactate was 
instilled quickly within 10–15 minutes; then, the infusion was changed to a uniform slow infusion.14–16

Immediately after the delivery of the fetus, UA blood and umbilical vein (UV) blood were taken from double- 
clamped segment of the umbilical cord and transported by an investigator blinded to the group assignment to a Roche 
Cobas b 123 POC blood gas analyzer (Roche Group, Basel, Switzerland) within 30s. Apgar scores were rated at 1 and 5 
minutes after delivery; the clinicians assessing the neonates and assigning Apgar scores were blind to group allocation.

The NIBP was cycled every minute until delivery and then changed to every 2 minutes. Reactive hypertension was defined 
as an increase in SBP to ≥120% of the baseline values, and was managed by stopping the infusion; the infusion was restarted 
when SBP returned to <120% of the baseline value. Maternal hypotension (SBP reduction >20% baseline value or SBP < 90 
mmHg) was treated with intervention drugs injected at double the initial rate. A dose of 0.5 mg of atropine was administered 
for an HR < 50 bpm without hypotension. If the patient’s baseline SBP was less than 90 mmHg, the target was to maintain an 
SBP at or above 90 mmHg. If the hypotension (SBP reduction >20% baseline value or SBP < 90 mmHg) was not improved for 
3 consecutive minutes under this regime, the patient could be given additional phenylephrine, additional ephedrine, or 
additional intravenous fluids, and the position could be adjusted. If all of the above are still ineffective, patients could be 
given epinephrine. The dose of additional vasoactive drugs was determined by the anesthesiologist. The time of first 
hypotension use was recorded, as was additional vasopressor use before delivery.

Statistical Analysis
The primary outcome was the UA-pH.19 The secondary outcome indicators included other blood gas analysis results of 
UA blood and UV blood, incidence of hypotension. Apgar scores at 1 and 5 minutes after delivery, SBP within 12 min 
after the end of spinal injection (based on clinical experience, most fetuses have already been delivered at this time 
point), and the presence of hypertension (SBP ≥ 120% baseline value) nausea (the patient was queried at the end of the 
operation), vomiting (vomiting 10 mL or more of liquid or vomiting solids or the observation that the patient retched), 
and bradycardia (heart rate (HR) was ≤60 bpm) before delivery.13

Data analysis was performed using SPSS 21.0 (SPSS, Inc, Chicago, IL). For quantitative data, we used the Shapiro– 
Wilk test to evaluate for a normal distribution: normally distributed data (such as age and BMI) are expressed as the 
mean ± standard deviation (X ± S). The comparison of quantitative data between groups was tested by analysis of 
variance (ANOVA) and the least significant difference (LSD) method, and repeated measurement data were compared 
using a linear mixed-effects model. The group, time and group-by-time interaction were fixed effects, and the random 
effect was a random intercept for subjects. Nonnormally distributed data are expressed as the median (M) and 
interquartile range (IQR). The Kruskal–Wallis H-test was used to compare data between groups in non-normal distribu-
tions. Count data are expressed by proportions, and the comparison of different groups was performed with the Cochrane 
Armitage χ2 test. Kaplan–Meier curves were used to assess the time to the first incidence of hypotension after anesthesia, 
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and the Log rank test was used to compare the first rescue time in the 3 groups. Post hoc pairwise comparison was 
performed using Bonferroni test. A P value of less than or equal to 0.05 was considered statistically significant.

Sample size calculation was performed using ANOVA with PASS 11.0 (NCSS, LLC, Kaysville, USA) software.20 

The primary outcome of the trial is the UA pH.19 The trial carried out by Crawford et al determined that a 15° tilt could 
cause a difference of 0.039 in the UA pH, which led to the 15° tilt position being widely used clinically; therefore, we 
estimate that a UA pH difference of 0.03 has clinical significance.21 According to previous trials, we estimated that 
compared with the phenylephrine group, the norepinephrine group has no significant difference in UA-pH (both 7.28), 
while the metaraminol group can increase UA-pH to 7.31.4,9,13 We estimated (based on pilot data) within group SDs of 
0.03. Considering the possible pairwise comparison, α = 0.05/3 = 0.017 and β = 0.2, a total of 63 patients was obtained. 
Accounting for possible dropout, each group contained 26 patients.

Results
This trial was conducted at Suqian Maternity Hospital from October to December 2021. A total of 112 women were 
screened during the trial, of which 78 women met the inclusion criteria and were randomized (Phenylephrine group, n = 
26; Norepinephrine group, n = 26; Metaraminol group, n = 26). No patients were lost to follow-up. Data from 78 patients 
were included in the analysis (Figure 1).

Baseline Data
No clinically important differences were found in the baseline data (Table 1).

Neonatal Outcomes
UA blood and UV blood were successfully obtained from the correct vessels. The primary outcome (neonatal UA pH) was 
not significantly different among the three groups (phenylephrine group: 7.33 ± 0.03 vs norepinephrine group: 7.33 ± 0.04 
vs metaraminol group: 7.33 ± 0.04, P = 0.99). The difference in the means between phenylephrine group and norepinephrine 
group was −0.002 (98.3% CI, −0.023 to 0.02, P = 0.89); between the phenylephrine group and metaraminol group was 
−0.001 (98.3% CI, −0.022 to 0.021, P = 0.96); and between the norepinephrine and metaraminol group was 0.001 (98.3% 
CI, −0.02 to 0.022, P = 0.93).

Figure 1 Consolidated Standards of Reporting Trials (CONSORT) flow diagram.
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No significant difference was found in UA base excess (BE), UV BE, or UV pH. There was no fetus with an Apgar 
score of less than 7 in 1 minute or 5 minutes after delivery (Table 2).

Maternal Hemodynamics
A linear mixed-effects model was used to examine the changes in SBP over the first 12 minutes after anesthesia. The 
time-by-group term interaction was not statistically significant (P = 0.27). There was significant difference in the SBP 
over time (P < 0.001). There was a significant difference in the SBP among three groups (F = 5.05, P = 0.007); after 
a pairwise comparison, we only found that patients in phenylephrine group had higher SBP than patients in metaraminol 
group (adjustive P value = 0.005) (Figure 2). Only at 12 min after anesthesia, we found patients in phenylephrine group 
had higher SBP than patients in metaraminol group (adjustive P value = 0.04).

Table 1 Baseline Data of Maternal

Phenylephrine Group  
(n = 26)

Norepinephrine Group  
(n =26)

Metaraminol Group  
(n =26)

Age (yr) 29.5 [22–41] 30 [20–38] 30 [20–34]

Height (cm) 161 (159–165) 162 (158–165) 160 (158–163)

Weight (kg) 74 ± 8 76 ± 11 78 ± 8

BMI (kg/m2) 28 ± 2.7 28.7 ± 2.9 29.9 ± 2.7

Gestational age (wk) 39.2 (38.9–39.3) 39.3 (39–39.9) 39 (38.7–39.3)

Neonatal weight (kg) 3.56 ± 0.38 3.63 ± 0.45 3.56 ± 0.31

Baseline SBP (mmHg) 123 ± 10 126 ± 11 121 ± 8

Time from end of anesthesia to delivery (min) 13 (11–15) 11.5 (11–14) 13 (12–14)

Notes: Normally distributed data are represented by mean ± SD. Nonnormally distributed data are represented by median (interquartile range). Age 
of patients are represented by median [range]. 
Abbreviations: SBP, Systolic Blood Pressure; BMI, Body Mass Index.

Table 2 Neonatal Acid–Base Status and Apgar Score

Phenylephrine Group  
(n = 26)

Norepinephrine Group  
(n =26)

Metaraminol Group  
(n =26)

P value

UA blood gases (n=23) (n=25) (n=25)

pH 7.33±0.03 7.33±0.04 7.33±0.04 0.99
P02 (mmHg)* 16.7 (15.5–19.8) 18.5 (17.2–21.9) 18.7 (15.8–21.4) 0.21

PCO2 (mmHg) 48.6±6.6 51.4±6.4 50.1±8.3 0.39

BE (mmol/L) −0.11±2.61 1.13±1.71 1.07±1.6 0.06
Lac (mmol/L) 1.9 (1.5–2.2) 1.8 (1.5–2) 1.6 (1.5–1.9) 0.26

HCO3 (mmol/L) 22.4±1.7 23±1.4 23.1±1.4 0.18

UV blood gases (n=24) (n=23) (n=25)
pH 7.38±0.02 7.38±0.02 7.38±0.03 0.5

P02 (mmHg)* 27.7±5.2 28.8±4.5 29.4±7.4 0.59

PCO2 (mmHg) 41.1±2.8 41.1±3 42.2±5.9 0.59
BE (mmol/L) −0.83±1.56 −0.56±1.71 0.13±1.4 0.09

Lac (mmol/L) 1.5 (1.5–1.8) 1.4 (1.2–1.7) 1.4 (1.2–1.7) 0.39

HCO3 (mmol/L) −0.83±1.56 −0.56±1.71 0.13±1.4 0.23
Apgar score (n=26) (n=26) (n=26)

<7 at 1 min 0 0 0 NS

<7 at 5 min 0 0 0 NS

Notes: Normally distributed data are represented by mean ± SD and compared by analysis of variance. Nonnormally distributed data are 
represented by median (interquartile range) and compared by Kruskal–Wallis H-test. *PO2 values less than 10 mmHg are reported as “less than 
10 mmHg” and were treated as 10 mmHg for this analysis. 
Abbreviations: UA, umbilical artery; UV, umbilical vein.
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The incidence of hypotension (SBP reduction >20% baseline value or SBP < 90 mmHg) has no significant difference 
among the three groups (P = 0.08). The incidence of hypertension (P = 0.36), bradycardia (P = 0.13) and nausea and 
vomiting (P = 0.31) also have no significant difference among the three groups (Table 3).

Two patients in each of the three groups still had hypotension 3 minutes after the double-dosed trial drug treatment, 
and they were all given an additional 10 mg of ephedrine.

We used Kaplan–Meier survival curves and the Log rank test to compare the time points of the first occurrence of 
hypotension after anesthesia (Figure 3). The results showed that there is no significant difference among groups (P = 0.06).

Discussion
Currently, an increasing number of cesarean section patients receive prophylactic vasoactive drug infusion after spinal 
anesthesia, which has greater advantages for patients compared to bolus administration and can reduce the workload of 
anesthesiologists.22 However, the drug infusion rate of many trials is based on clinical experience rather than evidence, 
so it is difficult to judge whether the effect of vasoactive drugs comes from the better choice or a more appropriate 
rate.9,13,23,24 Some dose–response trials used probit regression analyses to estimate the ED90 of phenylephrine, 
norepinephrine and metaraminol for the prevention of intraoperative hypotension during cesarean section.14–16 

However, probit regression is a mathematical estimation, and its confidence interval is very wide; therefore, the results 
need to be verified by clinical trials.

Figure 2 Maternal Mean Systolic Blood Pressure After Spinal Anesthesia.

Table 3 Other Outcome Measures

Phenylephrine Group  
(n = 26)

Norepinephrine Group  
(n =26)

Metaraminol Group  
(n =26)

P value

Incidence of hypotension (n) 3 (12) 10 (38) 7 (27) 0.08
Incidence of hypertension (n) 1 (4) 0 (0) 0 (0) 0.36

Incidence of nausea and vomiting (n) 2 (8) 6 (23) 4 (15) 0.31

Incidence of bradycardia (n) 2 (8) 0 (0) 0 (0) 0.13
Additional vasopressor drug given (n) 2 (8) 2 (8) 2 (8) NS

Notes: Data are median (interquartile range) and number (percentage) and were compared using Kruskal–Wallis H-test. Number (percentage) data were 
compared with the Cochrane Armitage χ2 test.
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In this trial, we used 15 mg of ropivacaine for spinal anesthesia. Three groups of patients were treated with 
metaraminol (2 μg/kg/min), phenylephrine (0.54 μg/kg/min) or norepinephrine (0.08 μg/kg/min) at the initial rate, and 
the results of this study ultimately demonstrated several interesting discoveries. The incidence of hypotension in the 
phenylephrine group was 12%, and the incidence of hypotension in the norepinephrine group and the metaraminol group 
was 38% and 27%, respectively. The incidence of nausea and vomiting in the phenylephrine group was lower than that in 
the norepinephrine and metaraminol groups. This indicates that the previous estimates of ED90 for phenylephrine, 
norepinephrine and metaraminol may be underestimated. The reasons for these results may be as follows: first, compared 
to previous trials that estimated the ED90 of phenylephrine, norepinephrine, and metaraminol, our study used different 
doses and different specific gravities of drugs for spinal anesthesia; second, the confidence interval of ED90 obtained by 
probit regression is wide, which may lead to a deviation in the median of ED90; third, it is worth noting that this analysis 
is based on secondary outcome indicators and should be interpreted with caution and that the differences were not 
statistically significant but only numerically significant.

The UA pH of the three groups was almost the same (P = 0.99). This may be because the duration of hypotension was 
short; only two patients in each group had hypotension lasting more than 3 minutes and required additional vasoactive 
drug treatment. The occurrence of hypotension in a short period of time does not lead to significant differences in the 
fetal acid–base status.25 This shows that anesthesiologists need not be too indecisive in the choice of vasoactive drugs but 
should pay more attention to the infusion rate, which can effectively prevent hypotension.

This trial had some limitations. First, in addition to the three articles we selected, there have been other trials that 
determined the appropriate infusion rate of vasoactive drugs during cesarean section.26–28 We ultimately chose the results of 
the trials that were conducted in the same clinical center because we believe that this can effectively reduce heterogeneity.14–16 

However, it is worth noting that these three trials used different spinal anesthesia drugs (10 mg of hyperbaric bupivacaine plus 
5 μg of sufentanil or 15 mg of ropivacaine). According to reports, the use of 15 mg of ropivacaine in spinal anesthesia has 
a shorter sensory and motor block time than 10 mg of bupivacaine, and there was no significant difference in the mother’s SBP 
or diastolic blood pressure between the two groups.29 Therefore, 15 mg of ropivacaine was used for spinal anesthesia in our 
trial, and we believe that the choice of spinal anesthesia drugs will not have a significant impact on the main results of our trial. 
Second, oxygen supplementation can treat nausea and cerebral blood deoxygenation following spinal anesthesia, so we 
administered oxygen inhalation immediately after anesthesia instead of only when the patient’s blood oxygen saturation was 
less than 92%. However, this may influence the umbilical artery blood gas measurements. Third, this trial was a single-center 
clinical trial with a small sample size, and the generalizability of its results may be limited; our finding is only directly 

Figure 3 Kaplan–Meier curves for time to first incidence of hypotension after anesthesia.
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applicable to healthy women with a BMI ≤35 kg/m2 who are undergoing elective cesarean delivery of a normal weight 
singleton fetus.

Conclusion
Phenylephrine (0.54 μg/kg/min), metaraminol (2 μg/kg/min) or norepinephrine (0.08 μg/kg/min) administered to patients 
with elective cesarean section after spinal anesthesia had no significant effect on the acid–base balance of the fetus. There 
was no significant difference in the incidence of intraoperative complications among the three groups; however, the SBP 
of the phenylephrine group was significantly higher than that of the metaraminol group.

Data Sharing Statement
The individual participant’s data underlying published results reported in this study can be accessed with approval from 
the corresponding author (Hong Zhang. Email: zhangh_18@sina.com) after 6 months of publication of the main results. 
The study protocol, statistical analysis plan, and clinical study report will also be available.
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