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Background: Phenylephrine is the first-line drug used to maintain blood pressure in cesarean delivery. However, it poses a high risk of bradycardia and depression of cardiac activity in pregnant women. Consequently, norepinephrine has gained popularity over the recent years, as an alternative to Phenylephrine because it is thought that prophylactic use of vasopressors may reduce the incidence of hypotension after spinal anesthesia. This systematic review compared the efficacy of both treatments.
Methods: We searched the following databases; CNKI, PubMed, Embase, Web of science, clinicaltrials.gov, Medline and Cochrane Library, for randomized controlled trials comparing the prophylactic efficacy of norepinephrine and phenylephrine on elective cesarean delivery under spinal anesthesia. The search period was from inception to July 2022, and the primary outcome indicator was incidence of bradycardia. Statistical analysis was conducted on Rev manager 5.4, and the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) framework was used to evaluate the quality of evidence from each main finding.
Results: A total of 12 papers were included in the analysis. The incidence of bradycardia (RR = 0.37, 95% CI: 0.28 to 0.49, p < 0.00001) and reactive hypertension (RR = 0.58, 95% CI 0.40 to 0.83, p = 0.003) was significantly lower in the norepinephrine (NE) group compared with the phenylephrine (PE) category. In contrast, there were no statistical differences in the umbilical cord blood gas analysis pH values between the groups (arterial: MD = 0.00, 95% CI −0.00 to 0.01, p = 0.22, vein: MD = 0.01, 95% CI −0.00 to 0.02, p = 0.06). The incidence of hypotension, nausea, and vomiting did not differ significantly between the NE and PE groups (hypotension: 23% vs. 18%; nausea: 14% vs. 18%; vomiting: 5% vs. 7%, respectively).
Conclusion: Prophylactic use of norepinephrine is safe and effective in maintaining maternal hemodynamics without causing adverse events to either the pregnant woman or fetus.
Systematic Review Registration: website https://www.crd.york.ac.uk/prospero/, identifier CRD42022347095
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1 INTRODUCTION
Spinal anesthesia is commonly used for elective cesarean delivery. However, studies have shown that the hemodynamic changes caused by spinal anesthesia can affect up to 90% of pregnant women, and may lead to a series of adverse effects such as nausea, vomiting, and dizziness, or even threaten fetal safety (Kulkarni et al., 2016; Fitzgerald et al., 2020). Phenylephrine has, for a long time, been used as a pure α-receptor agonist to prevent hypotension induced by spinal anesthesia, especially in cesarean sections (Cho et al., 2020). However, its use may be accompanied by cardiac depression and bradycardia, resulting in a corresponding decrease in cardiac output, which is extremely detrimental to pregnant women with comorbidities (Stewart et al., 2010; Xu et al., 2018). On the other hand, Norepinephrine not only has both α and ß receptor agonist effects, but also confers a positive chronotropic effect on the heart (Ngan Kee et al., 2015). It has therefore gained popularity over the recent years, as a plausible alternative to phenylephrine for obstetric anesthesia. It is against this background that the present study sought to compare the efficacy of prophylactic norepinephrine and phenylephrine after spinal anesthesia for elective cesarean delivery.
Several meta-analyses have been published on either the efficacy of multiple antihypertensive agents in spinal anesthesia (Ryu et al., 2019; Singh et al., 2020), comparison of phenylephrine and ephedrine (Veeser et al., 2012; Heesen et al., 2019), or analyse the treatment of hypotension induced by spinal anesthesia (Kumari et al., 2022). However, our study focused on prophylaxis and not only highlights a different time point in the use of these drugs but also reflects a distinct line of thought. Furthermore, there is an international consensus on the prophylactic use of α agonists in spinal anesthesia for cesarean delivery (Kinsella et al., 2018) to prevent adverse events such as hypotension. Therefore, this study provides strong evidence to support clinical decisions regarding patient care during cesarean delivery.
2 METHODS
2.1 Literature search
This meta-analysis was conducted based on the preferred reporting items and meta-analysis statements for systematic reviews (PRISMA) and the Cochrane Handbook for systematic reviews on interventions (Moher et al., 2009). Ethical approval or patient consent were not required because all analyses were based on previously published studies. The review was registered with PROSPERO (CRD42022347095).
A systematic search was conducted in the following databases; CNKI, PubMed, Embase, Web of science, clinicaltrials.gov, Medline, and Cochrane Library, using the following keywords: cesarean section (title/abstract) and spinal anesthesia (title/abstract) OR neuraxial anesthesia (title/abstract) OR lumbar anesthesia (title/abstract) OR subarachnoid block (title/abstract) OR intralesional anesthesia (title/abstract) AND norepinephrine OR phenylephrine (title/abstract) AND randomized controlled trial (RCT). The reference sections of respective articles were also explored for relevant literature to expand the search.
2.2 Study selection
The inclusion criteria were as follows: Cesarean delivery under elective intravesical anesthesia; the intervention involved prophylactic use of norepinephrine and phenylephrine, the article was peer-reviewed, and the study was a randomized controlled trial. The exclusion criteria were as follows: Emergency surgery, cesarean section performed under general anesthesia, interventions involving therapeutic use of norepinephrine and phenylephrine, non-RCT, and literature for which information on inclusion to the study could not be obtained and was inaccessible even after contacting the original authors.
2.3 Outcomes
The primary outcome indicator was the incidence of bradycardia (Heart rate<60 bpm). The secondary outcome indicators included: incidence of hypotension (systolic blood pressure (SBP) was <80% of the baseline or less than 90 mmHg), incidence of reactive hypertension (systolic blood pressure >120% of the baseline or SBP >140 mmHg), umbilical arterial blood gas pH, umbilical vein blood gas pH, and incidence of nausea and vomiting.
2.4 Data extraction
Two reviewers (LP and Z-SS) collated the final list of included studies and used a standardized data extraction format to obtain the data. After extraction, two other reviewers (YH and HH) matched the data, before re-reading the papers whenever discrepancies arose. Discrepancies were resolved through discussion with a third reviewer (D-BH or G-ZJ). The following information was included in the extracted data: first author, year, basic demographic characteristics, intervention protocol, and outcome indicators. If the required data were missing, not reported in the paper, or reported in an unusual form, the corresponding authors of the relevant papers were contacted for further clarification.
2.5 Quality assessment
We used the Cochrane risk of bias assessment tool to explore sources of bias in the included RCTs (Higgins et al., 2011). Using this tool, the risk of bias was evaluated during random sequence generation, allocation concealment, blinding of participants and researchers, blinding of the outcome assessments, selective reporting, incomplete outcome data, and other metrics. In addition, Funnel plot asymmetry tests, the Egger’s test, and the Begg-Mazumdar test were used to assess for potential evidence of reporting bias. Funnel plot asymmetry tests were only performed when there were at least ten studies (Sterne et al., 2011).
2.6 Evidence grade
The GRADE profiling system was employed to evaluate the quality of evidence for specific outcomes (Guyatt et al., 2008). The quality of evidence considers limitations, inconsistency, indirectness, imprecision, and risk of publication bias. Four levels of certainity are described in GRADE i.e., very low, low, moderate, and high.
2.7 Trial sequential analysis
Trial Sequential Analysis (TSA) is mainly used to assess the risk of Type I error in meta-analyses and whether there is a sufficient sample size to draw the current conclusions. We performed trial sequential analysis of the incidence of bradycardia (TSA Module version 0.9.5.10, Copenhagen trial unit, Denmark).
2.8 Methodological quality
We evaluated the methodological components of the included studies using a modified Jadad scale, where 1–3 was low quality while 4–7 was regarded as high quality. The evaluation included:1) Random sequence generation; 2) randomization concealment; 3) blinding; 4) withdrawal and exit. The first three items were judged as appropriate, unclear, and inappropriate, depending on the decision of the author.
2.9 Statistical analysis
The RevMan 5.4 software was used for statistical analysis. The risk ratio (RR) with 95% confidence intervals (CI) was calculated for dichotomous variables (binary outcomes) while the mean difference with 95% CI was estimated for continuous outcomes. If p ≥ 0.05 and I2 ≤ 50%, the difference in heterogeneity among studies was considered statistically insignificant, hence the meta-analysis was performed using a fixed-effects model. On the contrary, if p ≤ 0.05 and I2>50%, statistical heterogeneity among studies was considered, and the meta-analysis was performed using a random-effects model. The test level for the meta-analyses was set at α = 0.05. Moreover, the Egger’s and Begg’s tests were applied to quantitatively evaluate the significance of asymmetry. Notably, the umbilical cord blood gas analysis values from some studies were expressed as medians (quartiles) and could not be included in the meta-analysis. Therefore, the Box-Cox (BC) method was adopted to estimate the mean ± standard deviation as suggested by McGrath et al. (2020). Finally, sensitivity analysis was conducted to evaluate the stability of the results, by deleting each study individually.
3 RESULTS
3.1 Literature search and the included studies
The PRISMA flow chart for the literature search is shown in Figure 1. A total of 167 articles were retrieved, out of which 112 duplicates were excluded, leaving 55 articles. After reading the titles and abstracts, 23 articles were excluded, and the remaining 32 were read in full. However, 20 articles were excluded further due to such reasons as low quality, and use of the drugs for therapeutic interventions, leaving 12 articles for inclusion in the study.
[image: Figure 1]FIGURE 1 | PRISMA flow chart of the article filtering process.
3.2 Study characteristics
Table 1 gives a summary of the characteristics of the included trials. A total of 12 studies (Dong et al., 2017; Vallejo et al., 2017; Hasanin et al., 2019; Sharkey et al., 2019; Theodoraki et al., 2020; Berawala et al., 2021; Eskandr et al., 2021; Chen et al., 2022; Du et al., 2022; Guo et al., 2022; Singh et al., 2022; Zhou et al., 2022) were included, all of which were published in the last 5 years. Five (Dong et al., 2017; Chen et al., 2022; Du et al., 2022; Guo et al., 2022; Zhou et al., 2022) of the studies were conducted in China, two (Berawala et al., 2021; Singh et al., 2022) in India, two (Hasanin et al., 2019; Eskandr et al., 2021) in Egypt, and the remaining three (Vallejo et al., 2017; Sharkey et al., 2019; Theodoraki et al., 2020) in Canada, the United States, and Greece, respectively, with participants ranging from 18 to 45 years. One of the studies involved an intervention in which a dose of the study drug was administered intravenously, immediately after spinal anesthesia, while the remaining administered the study drug at a fixed rate. The methodological component of the included studies was also assessed using a modified Jadad scale, and although only one study had a low score, it was still in the high-quality range. The remaining studies had high scores (Table 1).
TABLE 1 | Characteristics of the included studies.
[image: Table 1]3.3 Risk of bias
The risk of bias graphs for the included studies are shown in Figure 2. There was only one study (Guo et al., 2022) where the individual entries were not specified, hence judged as “unclear”, while in the rest of the studies, the entries were “low risk”.
[image: Figure 2]FIGURE 2 | Risk of bias summary.
3.4 Outcomes
3.4.1 The incidence of bradycardia
Pooled analysis of all the included studies showed that the incidence of bradycardia was recorded in all the 12 articles (Dong et al., 2017; Vallejo et al., 2017; Hasanin et al., 2019; Sharkey et al., 2019; Theodoraki et al., 2020; Berawala et al., 2021; Eskandr et al., 2021; Chen et al., 2022; Du et al., 2022; Guo et al., 2022; Singh et al., 2022; Zhou et al., 2022), with no significant heterogeneity between studies (p = 0.44, I2 = 0%). Meta-analysis using a fixed effects model showed that the incidence of bradycardia was significantly lower and statistically different in the prophylactic norepinephrine group compared to the phenylephrine category (RR = 0.37, 95% CI: 0.28 to 0.49, p < 0.00001), Figure 3 A. Bradycardia was defined as having less than 50 beats/min in three studies (Sharkey et al., 2019; Eskandr et al., 2021; Zhou et al., 2022), which were excluded from the analyses. The findings revealed no significant heterogeneity between the two groups (p = 0.29, I2 = 18%). Moreover, pooled data using a fixed effects model showed that the norepinephrine group had a significantly reduced incidence of bradycardia compared to the controls (RR = 0.39, 95% CI: 0.29 to 0.53, p < 0.00001), as shown in Figure 3B.
[image: Figure 3]FIGURE 3 | Forest plot of the incidence of bradycardia comparing norepinephrine with phenylephrine. (A) Analysis before exclusion. (B) Analysis after exclusion.
3.4.2 The incidence of hypotension
In this analysis, data related to the incidence of hypotension was recorded in only six studies (Sharkey et al., 2019; Theodoraki et al., 2020; Chen et al., 2022; Guo et al., 2022; Singh et al., 2022; Zhou et al., 2022), with little heterogeneity between them (p = 0.34, I2 = 12%). Additionally, analysis using a fixed effects model showed that the incidence of hypotension between the experimental and control groups was comparable and not statistically different (RR = 1.29, 95% CI 0.93–1.79), Figure 4.
[image: Figure 4]FIGURE 4 | A Forest plot of the incidence of hypotension following treatment with either norepinephrine or phenylephrine.
3.4.3 The incidence of reactive hypertension
Reactive hypertension may occur after prophylactic use of vasopressors, and in this analysis, eight studies (Hasanin et al., 2019; Sharkey et al., 2019; Theodoraki et al., 2020; Chen et al., 2022; Du et al., 2022; Guo et al., 2022; Singh et al., 2022; Zhou et al., 2022) documented the occurrence of hypertension in both groups, with no significant heterogeneity between the included reports (p = 0.62, I2 = 0%). Analysis using a fixed effects model showed that the incidence of hypertension was significantly lower in the norepinephrine group than in the control category (RR = 0.58, 95% CI 0.40 to 0.83, p = 0.003), as shown in Figure 5.
[image: Figure 5]FIGURE 5 | Forest plot of the incidence of reactive hypertension comparing norepinephrine with phenylephrine.
3.4.4 The incidence of nausea
Data related to the incidence of nausea were pooled and recorded in nine studies (Dong et al., 2017; Vallejo et al., 2017; Hasanin et al., 2019; Sharkey et al., 2019; Berawala et al., 2021; Eskandr et al., 2021; Guo et al., 2022; Singh et al., 2022; Zhou et al., 2022) with minimal heterogeneity between the included articles (p = 0.21, I2 = 26%). The fixed effects model (Figure 6) showed no statistical difference in the incidence of nausea between the two groups (RR = 0.79, 95% CI 0.60 to 1.06, p = 0.11).
[image: Figure 6]FIGURE 6 | Forest plot of the incidence of nausea comparing norepinephrine with phenylephrine.
3.4.5 The incidence of vomiting
Six studies reported on the occurrence of vomiting (Vallejo et al., 2017; Hasanin et al., 2019; Sharkey et al., 2019; Berawala et al., 2021; Eskandr et al., 2021; Guo et al., 2022) with no significant heterogeneity between them (p = 0.70, I2 = 0%). In addition, analysis using a fixed effects model showed that the occurrence of vomiting was not statistically different between the two groups (RR = 0.69, 95% CI 0.37 to 1.27, p = 0.23) (Figure 7).
[image: Figure 7]FIGURE 7 | Forest plot of the incidence of vomiting comparing norepinephrine with phenylephrine.
3.4.6 Umbilical arterial and vein blood gas analyses
The blood gas analysis pH values of the included studies was extracted and 8 (Dong et al., 2017; Hasanin et al., 2019; Sharkey et al., 2019; Eskandr et al., 2021; Chen et al., 2022; Guo et al., 2022; Singh et al., 2022; Zhou et al., 2022) recorded the umbilical artery blood gas pH. Further analysis revealed minimal heterogeneity between the included studies (p = 0.16, I2 = 34%), and the fixed effects model showed that there was no statistical difference in umbilical artery blood gas pH values between the two groups (MD = 0.00, 95% CI −0.00 to 0.01,p = 0.22). Eight studies (Dong et al., 2017; Vallejo et al., 2017; Sharkey et al., 2019; Theodoraki et al., 2020; Chen et al., 2022; Du et al., 2022; Singh et al., 2022; Zhou et al., 2022) recorded the umbilical vein blood gas pH values, with great heterogeneity among the included reports (p = 0.005, I2 = 65%). Moreover, the random effects model showed that there was no significant difference in umbilical vein blood gas pH values between the two groups (MD = 0.01, 95% CI −0.00 to 0.02, p = 0.06), Figure 8.
[image: Figure 8]FIGURE 8 | (A): Umbilical arterial blood gas analyses; (B): Umbilical vein blood gas analyses.
3.5 Sensitivity analysis
There was great heterogeneity in the cord blood gas pH values among the included studies. Sensitivity analysis was then conducted by excluding the studies one by one, and there was still great heterogeneity among the reports. The source of heterogeneity was further investigated and it was discovered that some studies reported the pH values as medians (quartiles) (Dong et al., 2017; Vallejo et al., 2017; Hasanin et al., 2019; Theodoraki et al., 2020; Du et al., 2022) yet the present analysis used a Box-Cox (BC) formula for estimating the mean ± standard deviation, followed by meta-analysis. This difference in the estimation method was thought to be possible source of heterogeneity.
3.6 Publication bias detection
The Egger’s and Begg’s tests in Stata 16.0 were used to evaluate publication bias for the incidence of bradycardia. Both tests [Egger’s test (p = 0.1618) and Begg’s test (p = 1.8074)] revealed that there was no publication bias. We also generated a funnel plot (Figure 9), which was not uniformly distributed, highlighting potential bias.
[image: Figure 9]FIGURE 9 | Funnel plot of the incidence of bradycardia.
3.7 Trial sequential analysis
We performed a TSA of the incidence of bradycardia, and the analysis showed that the cumulative Z-curve had crossed the TSA boundary as well as the RIS (required information size), confirming the ability of NE to reduce the incidence of bradycardia (Figure 10).
[image: Figure 10]FIGURE 10 | Trial sequential analysis of the incidence of bradycardia. We calculated a spending-adjusted required information size (RIS) using a = 0.05 (two-sided), and power = 80%. Blue—the cumulative Z-curve; Deep red—the conventional boundary; red—the TSA boundary.
3.8 GRADE assessment
Some of the studies (Guo et al., 2022) had no details on randomization, and there was some degree of heterogeneity in both the incidence of nausea and umbilical artery blood gas pH, although within acceptable limits. There was however greater heterogeneity in umbilical vein blood gas pH values, exceeding 50%, so we reduced the quality of the associated evidence in accordance with the GRADE recommendations (Table 2).
TABLE 2 | Levels of evidence for outcome indicators.
[image: Table 2]4 DISCUSSION
This study found that prophylactic use of norepinephrine significantly reduces the incidence of bradycardia and reactive hypertension compared to treatment with phenylephrine. However, the incidence of hypotension, nausea and vomiting was similar between the two treatments (hypotension: 23% vs. 18%; nausea: 14% vs. 18%; vomiting: 5% vs. 7%, respectively). These findings provide evidence supporting the use of norepinephrine as an alternative to phenylephrine.
Advancement in medicine has enabled a better understanding of the mechanism underlying the occurrence of hypotension caused by spinal anesthesia. This has led to improvements in prevention and treatment strategies. After spinal anesthesia, sympathetic nerves are blocked, microscopic arteries are dilated, and blood is pooled in the lower extremities, causing a decrease in cardiac output. These events eventually lead to hypotension, with an incidence of up to 75% (Wang et al., 2018; Sklebar et al., 2019). As such, it is reasonable to consider the contractile properties of vasopressors. According to existing reports, the incidence of hypotension is so common that routine prophylactic use is recommended (Kinsella et al., 2018). The present study chose bradycardia as the primary indicator because it is more common in clinical practice. Our findings suggest that prophylactic use of norepinephrine results in a lower incidence of bradycardia and reactive hypertension. Reactive hypertension may be a problem and is associated with prophylactic infusions of vasopressors, which in theory should be avoided, but in practice cannot be predicted. Moreover, some studies have shown that even single injections of drugs can cause reactive hypertension in a dose-dependent fashion (Allen et al., 2010). Consistent with findings from numerous previous studies, this meta-analysis showed that prophylactic use of norepinephrine is beneficial in maintaining maternal and fetal hemodynamic stability, reducing the incidence of adverse events, and providing stronger protection for fetal delivery.
The high incidence of nausea and vomiting during spinal anesthesia is mainly due to acute hypotension, which decreases cerebral perfusion, induces temporary brainstem ischemia and activates the vomiting center (Borgeat et al., 2003), potentially leading to transient cerebral hypoxia. Existing studies show that among the previously used vasopressors, phenylephrine is associated with a lower incidence of nausea and vomiting when used in cesarean delivery. Our study mainly compared the incidence of nausea and vomiting in the experimental and control groups, and showed no statistical difference between the two, suggesting that norepinephrine does not increase the associated adverse events. The analysis also compared the cord blood gas pH values, since some vasopressors have been reported to affect the fetal acid-base environment, e.g., ephedrine which may potentially cause fetal acidosis (Massoth et al., 2020). Additionally, a network meta-analysis confirmed that use of phenylephrine in cesarean delivery poses a lower risk of fetal acidosis (Singh et al., 2020). Similarly, our analysis confirmed that norepinephrine does not increase the risk of fetal acidosis, based on the cord blood gas PH values. In addition, existing literature indicates that norepinephrine indeed causes no change in the incidence of fetal acidosis (Massoth et al., 2020), further confirming its safety and effectiveness for use in cesarean delivery. It is recommended that an ideal vasopressor and its regimen should minimize maternal symptoms such as nausea, vomiting and fetal acidosis. Our analysis confirms that norepinephrine fits this recommendation, hence suitable for preventing hypotension in cesarean delivery.
While similar meta-analyses exist, they are not entirely identical to the present study. For instance, several meta-analyses have been published on either the efficacy of multiple antihypertensive agents in spinal anesthesia (Ryu et al., 2019; Singh et al., 2020), on the comparison of phenylephrine and ephedrine (Veeser et al., 2012; Heesen et al., 2019), or on the treatment of hypotension induced by spinal anesthesia a (Kumari et al., 2022). In contrast, the present study mainly focused on the use of norepinephrine prophylactically, immediately after spinal anesthesia and directly compared the efficacy of the two drugs. This therefore provides strong evidence to support the choice of norepinephrine in caesarian delivery, a finding that is not reported in existing meta-analyses.
Despite the insightful findings, this study had some drawbacks. First, the existing literature is limited and number of patients fairly low, highlighting the need for more clinical trials to confirm these findings. Second, the outcome indicators largely focused on mothers, and those related to newborns were not analyzed. Such include the apgar scores, which were all expressed as medians (quartiles) and could not be estimated. However, all the included studies revealed no significant differences between the apgar scores at 1 min and 5 min. We intended to conduct further confirmatory analyses in future studies. Third, there was some variation in the criteria for judging bradycardia, leading to potential bias, and the results should therefore be interpreted with caution. Fourth, some literature suggests that continuous infusion of norepinephrine affects fetal lactate levels, which may also cause some degree of potential difference. Finally, the analysis did not identify the optimal dose and mode of administration for norepinephrine for prophylactic use because of inconsistencies in the doses used across studies. Nonetheless, a previous study suggests that continuous intravenous infusion with fluids may be the optimal mode of demonstration (Allen et al., 2010).
In conclusion, the prophylactic use of norepinephrine during spinal anesthesia can be safely and effectively applied to pregnant women, significantly reducing hemodynamic fluctuations without increasing the risk of adverse events in both the mother and fetus.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
Conceptualization: B-HD. Data curation: PL and HH. Analysis: S-SZ and YL. Methodology: Z-JG and HY. Writing—original draft: PL. Writing—review and editing: B-HD.
ACKNOWLEDGMENTS
We are very grateful to the editors and reviewers who participated in ironing out the wrinkles in this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Allen, T. K., George, R. B., White, W. D., Muir, H. A., and Habib, A. S. (2010). A double-blind, placebo-controlled trial of four fixed rate infusion regimens of phenylephrine for hemodynamic support during spinal anesthesia for cesarean delivery. Anesth. Analg. 111 (5), 1221–1229. doi:10.1213/ANE.0b013e3181e1db21
 Berawala, P. K., Mehta, S. H., Chaudhari, M. S., and Shinde, M. K. (2021). A randomized, double-blinded comparative study of phenylephrine infusion and norepinephrine infusion for the prevention and treatment of spinal anesthesia-induced hypotension in elective and emergency cesarean deliveries. Indian Anaesth. Forum 22, 136–142. doi:10.4103/TheIAForum
 Borgeat, A., Ekatodramis, G., and Schenker, C. A. (2003). Postoperative nausea and vomiting in regional anesthesia: a review. Anesthesiology 98 (2), 530–547. doi:10.1097/00000542-200302000-00036
 Chen, Z., Zhou, J., Wan, L., and Huang, H. (2022). Norepinephrine versus phenylephrine infusion for preventing postspinal hypotension during cesarean section for twin pregnancy: a double-blinded randomized controlled clinical trial. BMC Anesthesiol. 22 (1), 17. doi:10.1186/s12871-022-01562-3
 Cho, W. J., Cho, S. Y., and Lee, A. R. (2020). Systemic hemodynamic effects of norepinephrine versus phenylephrine in intermittent bolus doses during spinal anesthesia for cesarean delivery. Anesth. Pain Med. 15 (1), 53–60. doi:10.17085/apm.2020.15.1.53
 Dong, L., Dong, Q., Song, X. M., Liu, Y., and Wang, Y. L. (2017). Comparison of prophylactic bolus norepinephrine and phenylephrine on hypotension during spinal anesthesia for cesarean section. Int. J. Clin. Exp. Med. 10 (8), 12315–12321. 
 Du, W., Song, Y., Li, J., Zhou, X., Xu, Z., and Liu, Z. (2022). Comparison of prophylactic norepinephrine and phenylephrine infusions during spinal anaesthesia for primary caesarean delivery in twin pregnancies: A randomized double-blinded clinical study. Drug Des. Devel. Ther. 16, 789–798. doi:10.2147/DDDT.S357507
 Eskandr, A. M., Ahmed, A. M., and Bahgat, N. M. E. (2021). Comparative study among ephedrine, norepinephrine and phenylephrine infusions to prevent spinal hypotension during cesarean section. A randomized controlled double-blind study. Egypt. J. Anaesth. 37 (1), 295–301. doi:10.1080/11101849.2021.1936841
 Fitzgerald, J. P., Fedoruk, K. A., Jadin, S. M., Carvalho, B., and Halpern, S. H. (2020). Prevention of hypotension after spinal anaesthesia for caesarean section: a systematic review and network meta-analysis of randomised controlled trials. Anaesthesia 75 (1), 109–121. doi:10.1111/anae.14841
 Guo, L., Qin, R., Ren, X., Han, C., Xue, W., He, L., et al. (2022). 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. 128 (5), e305–e307. doi:10.1016/j.bja.2022.01.027
 Guyatt, G. H., Oxman, A. D., Kunz, R., Vist, G. E., Falck-Ytter, Y., Schunemann, H. J., et al. (2008). What is "quality of evidence" and why is it important to clinicians?BMJ 336 (7651), 995–998. doi:10.1136/bmj.39490.551019.BE
 Hasanin, A., Amin, S., Refaat, S., Habib, S., Zayed, M., Abdelwahab, Y., et al. (2019). Norepinephrine versus phenylephrine infusion for prophylaxis against post-spinal anaesthesia hypotension during elective caesarean delivery: A randomised controlled trial. Anaesth. Crit. Care Pain Med. 38 (6), 601–607. doi:10.1016/j.accpm.2019.03.005
 Heesen, M., Rijs, K., Hilber, N., Ngan Kee, W. D., Rossaint, R., van der Marel, C., et al. (2019). 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. 37, 16–28. doi:10.1016/j.ijoa.2018.10.006
 Higgins, J. P., Altman, D. G., Gotzsche, P. C., Juni, P., Moher, D., Oxman, A. D., et al. (2011). The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ 343, d5928. doi:10.1136/bmj.d5928
 Kinsella, S. M., Carvalho, B., Dyer, R. A., Fernando, R., McDonnell, N., Mercier, F. J., et al. (2018). International consensus statement on the management of hypotension with vasopressors during caesarean section under spinal anaesthesia. Anaesthesia 73 (1), 71–92. doi:10.1111/anae.14080
 Kulkarni, K. R., Naik, A. G., and Deshpande, S. G. (2016). Evaluation of antihypotensive techniques for cesarean section under spinal anesthesia: Rapid crystalloid hydration versus intravenous ephedrine. Anesth. Essays Res. 10 (3), 637–642. doi:10.4103/0259-1162.191118
 Kumari, K., Chaudhary, K., Sethi, P., Rathod, D., Meshram, T., Kothari, N., et al. (2022). Norepinephrine versus phenylephrine for post-spinal hypotension in parturients undergoing caesarean section: a systematic review and meta-analysis. Minerva Anestesiol . doi:10.23736/S0375-9393.22.16654-X
 Massoth, C., Topel, L., and Wenk, M. (2020). Hypotension after spinal anesthesia for cesarean section: how to approach the iatrogenic sympathectomy. Curr. Opin. Anaesthesiol. 33 (3), 291–298. doi:10.1097/ACO.0000000000000848
 McGrath, S., Zhao, X., Steele, R., Thombs, B. D., Benedetti, A., and Collaboration, D. E. S. D. (2020). Estimating the sample mean and standard deviation from commonly reported quantiles in meta-analysis. Stat. Methods Med. Res. 29, 2520–2537. doi:10.1177/0962280219889080
 Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., and Group, P. (2009). Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. BMJ 339, b2535. doi:10.1136/bmj.b2535
 Ngan Kee, W. D., Lee, S. W., Ng, F. F., Tan, P. E., and Khaw, K. S. (2015). Randomized double-blinded comparison of norepinephrine and phenylephrine for maintenance of blood pressure during spinal anesthesia for cesarean delivery. Anesthesiology 122 (4), 736–745. doi:10.1097/ALN.0000000000000601
 Ryu, C., Choi, G. J., Park, Y. H., and Kang, H. (2019). Vasopressors for the management of maternal hypotension during cesarean section under spinal anesthesia: A systematic review and network meta-analysis protocol. Med. Baltim. 98 (1), e13947. doi:10.1097/MD.0000000000013947
 Sharkey, A. M., Siddiqui, N., Downey, K., Ye, X. Y., Guevara, J., and Carvalho, J. C. A. (2019). Comparison of intermittent intravenous boluses of phenylephrine and norepinephrine to prevent and treat spinal-induced hypotension in cesarean deliveries: Randomized controlled trial. Anesth. Analg. 129 (5), 1312–1318. doi:10.1213/ANE.0000000000003704
 Singh, P. M., Singh, N. P., Reschke, M., Ngan Kee, W. D., Palanisamy, A., and Monks, D. T. (2020). Vasopressor drugs for the prevention and treatment of hypotension during neuraxial anaesthesia for caesarean delivery: a bayesian network meta-analysis of fetal and maternal outcomes. Br. J. Anaesth. 124 (3), e95–e107. doi:10.1016/j.bja.2019.09.045
 Singh, J., Singh, J., Mitra, S., Anand, L. K., Goel, B., and Kaur, M. (2022). Comparison of prophylactic phenylephrine and norepinephrine infusion on umbilical arterial pH and maternal blood pressure during spinal anaesthesia for caesarean delivery. Indian J. Anaesth. 66, S115–S121. doi:10.4103/ija.ija_345_21
 Sklebar, I., Bujas, T., and Habek, D. (2019). Spinal anaesthesia-induced hypotension in obstetrics: Prevention and therapy. Acta Clin. Croat. 58, 90–95. doi:10.20471/acc.2019.58.s1.13
 Sterne, J. A., Sutton, A. J., Ioannidis, J. P., Terrin, N., Jones, D. R., Lau, J., et al. (2011). Recommendations for examining and interpreting funnel plot asymmetry in meta-analyses of randomised controlled trials. BMJ 343, d4002. doi:10.1136/bmj.d4002
 Stewart, A., Fernando, R., McDonald, S., Hignett, R., Jones, T., and Columb, M. (2010). The dose-dependent effects of phenylephrine for elective cesarean delivery under spinal anesthesia. Anesth. Analg. 111 (5), 1230–1237. doi:10.1213/ANE.0b013e3181f2eae1
 Theodoraki, K., Hadzilia, S., Valsamidis, D., and Stamatakis, E. (2020). Prevention of hypotension during elective cesarean section with a fixed-rate norepinephrine infusion versus a fixed-rate phenylephrine infusion. Alpha double-blinded randomized controlled trial. Int. J. Surg. 84, 41–49. doi:10.1016/j.ijsu.2020.10.006
 Vallejo, M. C., Attaallah, A. F., Elzamzamy, O. M., Cifarelli, D. T., Phelps, A. L., Hobbs, G. R., et al. (2017). 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. 29, 18–25. doi:10.1016/j.ijoa.2016.08.005
 Veeser, M., Hofmann, T., Roth, R., Klohr, S., Rossaint, R., and Heesen, M. (2012). Vasopressors for the management of hypotension after spinal anesthesia for elective caesarean section. Systematic review and cumulative meta-analysis. Acta Anaesthesiol. Scand. 56 (7), 810–816. doi:10.1111/j.1399-6576.2011.02646.x
 Wang, X., Shen, X., Liu, S., Yang, J., and Xu, S. (2018). The efficacy and safety of norepinephrine and its feasibility as a replacement for phenylephrine to manage maternal hypotension during elective cesarean delivery under spinal anesthesia. Biomed. Res. Int. 2018, 1869189. doi:10.1155/2018/1869189
 Xu, C., Liu, S., Huang, Y., Guo, X., Xiao, H., and Qi, D. (2018). Phenylephrine vs ephedrine in cesarean delivery under spinal anesthesia: A systematic literature review and meta-analysis. Int. J. Surg. 60, 48–59. doi:10.1016/j.ijsu.2018.10.039
 Zhou, Y., Yu, Y., Chu, M., Zhang, Y., Yu, X., and Chen, G. (2022). Comparison of metaraminol, phenylephrine, and norepinephrine infusion for prevention of hypotension during combined spinal-epidural anaesthesia for elective caesarean section: A three-arm, randomized, double-blind, non-inferiority trial. Drug Des. Devel. Ther. 16, 117–127. doi:10.2147/DDDT.S331177
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Liu, He, Zhang, Liang, Gao, Yuan and Dong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-1015325-g005.gif
I i e et ity gt mi o by
s e 54 P e
N BN sseaid o
== i £ iR —=
S - R A
Wepo DL2022 H 3 mm s ion —
T 3R R {
== PR EER —

i s ol






OPS/images/fphar-13-1015325-g006.gif
gt gyt oy
S o i
ERT— T
2 %5 oo aw
P orr i
Fa Epkliy
s & i
A i)
FEE smnime
P preer)
F A frteast)
w o oo

foors o it iy






OPS/images/fphar-13-1015325-g003.gif
Norepinepheine Phenylephvine byt Riok Ratio.
s sans o el sl s
Py T e e o
B poR TR R ERR —
by oo u &k Sapma —
el e hoaouth ———
S PR S Boam tmhuom —
S22 Boo% W em owpmim ﬁ—1
frudery A ol b —
ey FE R A =
e R s Ram SERh —~1
Vehpae PO T i e

e TR Baw kR —
e - o e soamam .

Yoy o e oo o

|

s o Tot o o i e
I T Dz =
- i 1
Pk oaoa e =
R mpiran —
R e =T
[ T SRpran -
pon 3R i ies]

PoE e s et —
o o anpmas
atepsomrsin B Y






OPS/images/fphar-13-1015325-g004.gif
i B by

st s i o4 P 35
e o e o

S Bo%hm okbmis

v ER iy o]

e FRI i s

o2 P b lepaim

ey HIE A e )

Tomosen I s o

ey o 300820305 1 B +
e e p Lo






OPS/images/fphar-13-1015325-g009.gif





OPS/images/fphar-13-1015325-g007.gif
T D

E;

e LS
Fr FE p——
B L e ==
B LR i =
vawzor? T e om0 i il
s -

gy 300,82 070 -

fr Ay ey





OPS/images/fphar-13-1015325-g008.gif
ot MNopiashne | Phanyiephne. fypprargy
T e m om s b aetomany
T om woom 0w & ye swemes
tm m o e @ I cwismen —
TG @ Tmoom o an sommon F—
S 5 0moom @ m embomen  ———]
oom BN m DI tnlwmon —F
DGmnE rm e b o B am smisoien —
oo a PR —
el ov e o0 a1 s dtar s T T T
T P -
. Hommerene e s o
R S
R soviemon
s i %o s o0
e 7% se & 7% S e
s - R oo o
e R saiso oo
TG o o e om0 wen omlomon
s ™ s e ottamomn






OPS/xhtml/nav.xhtml
Contents

		Cover

		Comparative efficacy and safety of prophylactic norepinephrine and phenylephrine in spinal anesthesia for cesarean section: A systematic review and meta-analysis with trial sequential analysis		1 Introduction

		2 Methods		2.1 Literature search

		2.2 Study selection

		2.3 Outcomes

		2.4 Data extraction

		2.5 Quality assessment

		2.6 Evidence grade

		2.7 Trial sequential analysis

		2.8 Methodological quality

		2.9 Statistical analysis





		3 Results		3.1 Literature search and the included studies

		3.2 Study characteristics

		3.3 Risk of bias

		3.4 Outcomes

		3.5 Sensitivity analysis

		3.6 Publication bias detection

		3.7 Trial sequential analysis

		3.8 GRADE assessment





		4 Discussion

		Data availability statement

		Author contributions

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Pharmacology

Comparative efficacy and safety
of prophylactic norepinephrine
and phenylephrine in spinal
anesthesia for cesarean section:
A systematic review and meta-
analysis with trial sequential
analysis





OPS/images/fphar-13-1015325-t002.jpg
Outcome

The incidence of
bradycardia

The incidence of
hypotension

The incidence of
reactive
hypertension

The incidence of
nausea

The incidence of
vomiting
Umbilical arteri
blood gas analyses

Umbilical vein
blood gas analyses

Limitations

Serious
limitations*

Serious
limitations"

Serious
limitations*

Serious
limitations*

serious
limitations"
Serious

limitations*

Serious
limitations®

Inconsistency

No serious
inconsistency

No serious
inconsistency

No serious

No major
inconsistency”

No serious
inconsistency
No major

inconsistency”

Serious
inconsistency®

‘Some studies had no details on randomization.

"Some studies had some heterogeneity, but within acceptable limits.

Some studies I > 50%.

Indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

Imprecision

No serious
imprecision

No serious
imprecision

No serious
imprecision

No serious
imprecision

No serious
imprecision
No serious

imprecision

No serious
imprecision

Publication
bias

No publication
bias

No publication
bias

No publication
bias

No publication
bias

No publication
bias
No publication
bias
No publication
bias

Conclusion

Reduced the incidence
of bradycardia

No significant
difference

Reduced the incidence

of reactive
hypertension

No significant
difference

No significant
difference

No significant
difference

No significant
difference

Quality
of evidence
(GRADE)

Moderate quality
Moderate quality

Moderate quality

Moderate quality
Moderate quality

Moderate qua

Low quality





OPS/images/fphar-13-1015325-g001.gif
[—

[
saingr 16

I |

===

[E——
el esv-20
o s
ey
e
Somgreenive
et 0112
Loty il

|






OPS/images/fphar-13-1015325-g002.gif
a0

[ETRISNTRR——

T ———

(soquo0ep) woussasss owono o s

(e ) snond s seconed o oy

[ t———

[T P —






OPS/images/fphar-13-1015325-t001.jpg
Study

Beravala et al. (2021)
Eskandr et al. (2021)
Hasanin et al. (2019)
Guo et a. 2022)

Dong et al. (2017)
Sharkey et al. (2019)
Singh et al. (2022)
Theodoraki et al. (2020)
Vallgo et al. (2017)

Du et al. 2022)

Zhou et al. (2022)
Chen et al. (2022)

PNE: Immediatly afer spinal anesthesia, norepinephrine (NE) is pumped at a fixed rate PPE: Immediately afr spnal ancsthe
IPE: 50 naof intravencus norepineyheins knmediutely stiir spinl anssthosin: Age s cxyressed o0 Monst (S0 or medien (quartiive)s MR, 5ot reported.

Region

India
Egt

Byt

China

China
Canada
India

Greece
United States
China
China

China

Age
mean (SD)

E

231 293)
27.40 (371)
29253
1845

315 (35)
349 (47)
2757 (451)
306 (70)
302 (68)
32(9-835)
2@

316 (43)

PE

2558 (3.46)
276 (400)
28 (431
1845

305 (49)
353 (39)
2620 (408)
52 (51)
2.1 (56)
32.(295-35)
26

315 (42)

‘Weight (kg)

E

6342 952)
7736 (6:92)
76 (6190)
NR

726 (8.1)
782(11.7)
5972 (5.60)
774(11.2)
NR

7548 (997)
NR

726 (80)

PE

5934 (7 27)
77.16 (639)
77 (6091)
NR

753 (83)
793 (106)
.96 (12:12)
72018
NR

7362 (7.23)
NR
70(11.2)

Sample size

NE

35
3
@
@
&
56
0
@
s
3
s
50

Interventions

NE PE
PNE PPE
PNE PPE
PNE PPE
PNE PPE
INE IPE
PNE PPE
PNE PPE
PNE PPE
PNE PPE
PNE PPE
PNE PPE
PNE PPE

Jadad score

Phenylephrine (PE)is pumped atafixed rats INE: 10 g of intraverous norepinephrine immediatelyafer spinal anesthesi





OPS/images/fphar-13-1015325-g010.gif
i









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





