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Background: Because it has been reported that racemic ketamine had a local anesthetic-sparing effect when used for epidural analgesia this would suggest the likelihood of a potential advantage (less pruritus) over opioid drugs. Esketamine has greater analgesic efficacy than racemic ketamine, but the optimum dosage regimen for epidural use is undetermined. The aim of this study was to determine the ED90 of epidural esketamine when coadministered with 0.075% ropivacaine for labor analgesia.
Methods: A total of 65 laboring nulliparous patients were enrolled in this study from 16 March 2022 to 15 October 2022. The patients were randomly assigned to receive 0, 0.25, 0.5, 0.75 or 1.0 mg/mL esketamine with 0.075% ropivacaine epidurally. An effective response to the epidural loading dose was defined as numerical rating scale pain score ≤3 at 30 min after the end of the epidural loading dose (10 mL of the ropivacaine 0.075% solution with the added esketamine). The ED90 of epidural esketamine coadministered with 0.075% ropivacaine with 95% confidence intervals for labor analgesia was determined using probit regression. Secondary outcomes and side effects were recorded.
Results: The estimated value of ED90 with 95% CIs for epidural esketamine with 0.075% ropivacaine was 0.983 (0.704–2.468) mg/mL. The characteristics of sensory and motor block, consumption of ropivacaine per hour, duration of first or second stage, Apgar scores did not differ among the five groups. The incidence of mild dizziness in Group esketamine 1.0 mg/mL was significantly higher than that in other groups (p < 0.05). No statistical differences were found in other side effects among groups.
Conclusion: The ED90 value of epidural esketamine coadministered with 0.075% ropivacaine for labor analgesia in nulliparous parturients was about 1.0 mg/mL. Furthermore, our results suggested that epidural esketamine would cause dose-dependent mild dizziness especially at doses up to 1.0 mg/mL. As a single epidural additive, esketamine may not be suitable for labor analgesia. Future studies may investigate the appropriate dosage of esketamine at slightly higher concentrations of local anesthetics or larger initial volume of analgesia, or explore other potential advantages of esketamine.
Clinical Trial Registration: (https://www.chictr.org.cn/bin/project/edit?pid=159764), identifier (ChiCTR2200057662).
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INTRODUCTION
Most labor analgesia is performed under neuraxial anaesthesia using epidural technique (Evron et al., 2004; Wilson et al., 2018). The combination use of low-dose local anesthetic and additive is routine for epidural labor analgesia (Owen et al., 2002; Lee et al., 2019). Limiting the local anesthetic dose has been advocated, with aims of reducing the occurrence of motor block, and assisted vaginal delivery (Halliday et al., 2022). Moreover, the addition of opioids reduced the dose of local anesthetics but resulted in an increase in the morbidity of pruritus (Le et al., 2001; Grangier et al., 2020). Therefore, some additives with less side effects will be used to replace opioids, to improve maternal birth experience.
The N-methyl-D-aspartate (NMDA) receptor antagonist racemic ketamine has been reported to reduce consumption of analgesics and provide better postoperative analgesia when epidurally administered (Chia et al., 1998; Choubey et al., 2017). As the S-enantiomer of ketamine, esketamine had a stronger affinity for the NMDA receptors and was twice as potent for analgesia as racemic ketamine (Pfenninger et al., 2002). Because it is likely that epidural esketamine has a local anesthetic-sparing effect this would suggest the likelihood of a potential advantage (less pruritus) over opioid drugs, however the optimum dosage regimen for epidural esketamine is undetermined.
The aim of this prospective, randomized and double-blind study was to use probit regression to determine the ED90 of epidural esketamine when coadministered with 0.075% ropivacaine for labor analgesia.
METHODS
Design and study subjects
This prospective, randomized and double-blind study, Institutional Ethics Board Approval KL2022016, was registered at http://www.chictr.org.cn/edit.aspx?pid=159764&htm=4 (ChiCTR2200057662), and informed written consent was achieved from all participants. During the consent process, the patient were informed that this was an off-label use of esketamine in the neuraxial administration.
Inclusion criteria were age 18–40 years, height ≥150 cm, weight ≤100 kg, American Society of Anesthesiologists (ASA) physical status II, gestational age ≥37 weeks, and baseline NRS pain scores >3/10 (scale 0 = no pain, 10 = the worst pain). The baseline NRS pain score was defined as the mean maternal pain score for three consecutive uterine contractions prior to labor analgesia. Exclusion criteria included contraindication to epidural anaesthesia, allergy to ropivacaine or esketamine, bradycardia, pregnancy-induced hypertension or preeclampsia, refusal to participate this study.
Study protocol
Randomization was performed by an assistant who was not further involved in the trial. The random coding sequence was done using MedCalc 18.2.1 (MedCalc Software BV, Ostend, Belgium). Subsequently, the codes were concealed in opaque sealed envelopes and randomly assigned parturients to one of five doses of esketamine with 0.075% ropivacaine: 0, 0.25, 0.5, 0.75 or 1.0 mg/mL esketamine. Another assistant, who was not involved in the follow-up study, was responsible for the preparation of the study solution. 150 mg of ropivacaine (Naropin; AstraZeneca Co., Ltd.; 75 mg/10 mL) and each esketamine dose (Aisi; Jiangsu Hengrui Co., Ltd.; 50 mg/2 mL) were mixed and diluted with normal saline to a total volume of 200 mL of study solution. Then 10 mL of the loading dose was withdrawn into the identical 10-mL syringe, and the rest 190 mL of the study solution was added to a patient-controlled epidural analgesia (PCEA) infusion pump. The attending anesthesiologist, who performed epidural anaesthesia and injected the study solution, was blinded to the dose of esketamine.
After parturients arrived in the delivery room, the pain score, non-invasive blood pressure, heart rate, pulse oximetry, and fetal heart rate were monitored. Baseline blood pressure and heart rate were recorded as the mean of 3 successive measurements after a short rest. Intravenous access was then installed into a forearm vein. Subsequently, epidural anaesthesia was performed by the attending anesthesiologist in the maternal left lateral position. After skin was infiltrated with 5 mL of 2% lidocaine, a 18G Tuohy needle was inserted at L3-4 or L2-3 vertebral interspace using the loss-of-resistance-to-air technique. A wire-reinforced epidural catheter was advanced 3–5 cm into the epidural space and then secured. Parturient were positioned supine, with left lateral uterine displacement. After the epidural catheter was aspirated and checked for blood or cerebrospinal fluid, a test dose of 3 mL of 1% lidocaine was given. And 10 mL study solution was used as a loading dose and then administered after a 3-min assessment of the test dose.
The primary outcome measure was the efficacy assessment at 30 min after the end of the epidural loading dose. An effective response to the epidural loading dose was defined as an NRS pain score ≤3. If an ineffective response was obtained, 10 mL of 1% lidocaine was administered and repeated for 15 min as requested. If the NRS pain score was still >3 after a second rescue bolus, the epidural catheter was declared misplaced and repositioned, and the patient was withdrawn from our study. After effective analgesia was achieved (NRS pain score ≤3), the electronic analgesic pump (REHN11; Jiangsu Renxian Medical Technology Co., Ltd.) was connected to the epidural catheter and initiated. The parameters of the electronic analgesia pump were set as follows: background administration rate was 3 mL/h, 10 mL bolus was administered when NRS pain score >3, and the lockout interval was 20 min. Two hours after delivery, the epidural catheter was removed and the electronic analgesic pump stopped the infusion of study solution.
The following data were recorded every 5 min until 30 min after the end of the epidural loading dose and then continuously measured every 30 min throughout labor: the pain score, non-invasive blood pressure, heart rate, oxygen saturation, and fetal heart rate. The bilateral upper sensory block to pinprick was assessed at the mid-clavicular lines. Motor block was evaluated using the modified Bromage scale: 0 = no motion; 1 = finger movement; 2 = wrist flexion against gravity force; 3 = elbow flexion against gravity force (Sane et al., 2021).
Apgar scores, onset of analgesia (defined as the duration from the end of the epidural loading dose to NRS ≤3), duration of stage of labor, total consumption dose of ropivacaine, number of patients using oxytocin augmentation and side effects (hypotension, nausea and vomiting, pruritus, bradycardia, maternal fever, respiratory depression, dizziness) were recorded. Hypotension, was defined as a 20% reduction in baseline systolic blood pressure. Bradycardia was defined as a maternal heart rate of less than 60 beats per minute. Fever was defined as maternal body temperature ≥38 °C. Respiratory depression was defined as maternal SpO2 < 95%. Excessive sedation was defined as Ramsay Sedation Scale value >4. Sedation was assessed using Ramsay Sedation Scale: 1 = Patient is anxious and agitated or restless, or both; 2 = Patient is co-operative, oriented, and tranquil; 3 = Patient responds to commands only; 4 = Patient exhibits brisk response to light tactile stimuli or loud auditory stimulus; 5 = Patient exhibits sluggish response to light tactile stimuli or loud auditory stimulus; 6 = Patient exhibits no response (Rasheed et al., 2019). Dizziness was assessed using grading criteria for dizziness degree: 1 = Daily life is not affected during and after dizziness attack; 2 = Daily life is forced to stop during dizziness attack, and it is recovered completely soon after dizziness attack; 3 = Patient is able to take care of most daily life after dizziness attack; 4 = Patient is not able to take care of most daily life after dizziness attack; 5 = Patient is not able to take care of all daily life after dizziness attack, and need help from others. (Mild: grade 1; Moderate: grade 2 and 3; Severe: grade 4 and 5.)
Statistical analysis
Statistical analyses were performed with SPSS 25.0 for Windows (IBM Corp, Armonk, NY). All data were assessed for normal distribution using the Shapiro-Wilk test and presented as mean ± SD or median with quartiles. Normally distributed data were analyzed using one-way ANOVA. Non-normally distributed data were analyzed using the Mann-Whitney U test. Frequency data were analyzed using χ2 test or Fisher’s exact test. A p-value <0.05 was considered statistically significant.
Based on data from our pre-experiment (Institutional Ethics Board Approval number: KL2022016Pre-trial), the percentages of patients with effective labor analgesia were 0.3, 0.4, 0.5, 0.7, and 0.9 in patients (10 per subgroup) who received epidural esketamine at doses of 0, 0.25, 0.5, 0.75, and 1.0 mg/mL with 0.075% ropivacaine respectively. A sample of 11 patients per group was required, which would provide a power of 0.90 with a significance level of 0.05 (PASS 11, NSCC, LCC, Kaysville, UT: Cochran-Armitage test for trend in proportions). To account for dropouts, we increased the sample size to 13 for each dose group.
The primary endpoint was the efficacy assessment at 30 min after the end of the epidural loading dose. An effective response to the epidural loading dose was defined as an NRS pain score ≤3. The value for ED90 of epidural esketamine when coadministered with 0.075% ropivacaine for labor analgesia was determined using probit regression. The Kaplan-Meier survival curve or Cox proportional hazard regression model was used to analyze the onset of analgesia of each group. In this study, equivalent dose conversion was performed to convert the lidocaine dose, including the trial dose and the subsequent additional dose, to the ropivacaine dose, the potency of ropivacaine to lidocaine is approximately 3:1 (Polley LS et al., 1999; Miller, R.D., 2014). Then, the difference in local anesthetic-sparing effect among groups was assessed by calculating consumption of ropivacaine per hour (duration from the end of the epidural loading dose to 2 h after delivery).
RESULTS
Of the 79 nulliparous patients available for the study, 14 patients were excluded. Consequently, a total of 65 laboring nulliparous parturients with singleton pregnancy were included in the final statistical analysis (Figure 1). Demographic data are summarized in Table 1. There were no statistically differences in age, height, weight, gestational age, cervical dilation and NRS before epidural among five groups. Secondary outcomes are shown in Table 2. No differences were found in the characteristics of sensory and motor block, duration of first stage, duration of second stage, consumption of ropivacaine per hour, proportion of spontaneous labor, induced labor, cesarean delivery and using oxytocin augmentation, 1 min Apgar score and 5 min Apgar score among groups. Number of lidocaine use differed among groups.
[image: Figure 1]FIGURE 1 | Flowchart of participants.
TABLE 1 | Demographic data.
[image: Table 1]TABLE 2 | Secondary outcomes.
[image: Table 2]There were 8, 9, 6, 2 and 1 patients with ineffective analgesia in the 0-, 0.25-, 0.5-, 0.75- and 1.0- mg/mL groups according to the definition, and there was no statistically difference in survival curve distribution of onset of analgesia among groups (p = 0.388) (Figure 2). Labor analgesia was effective in 38, 31, 54, 85% and 92% of the 0-, 0.25-, 0.5-, 0.75- and 1.0- mg/mL groups, respectively. Using probit regression the ED90 of epidural esketamine coadministered with ropivacaine for labor analgesia were determined. The estimated value of ED90 with 95% CIs for epidural esketamine with 0.075% ropivacaine was 0.983 (0.704–2.468) mg/mL (Figure 3).
[image: Figure 2]FIGURE 2 | Kaplan–Meier survival curves showing the percentage of patients with NRS pain score >3. An ineffective response to epidural loading dose was defined as an NRS pain score >3 at 30 min after the end of epidural loading dose.
[image: Figure 3]FIGURE 3 | Probit regression curve for effective epidural labor analgesia. An effective response to the epidural loading dose was defined as an NRS pain score ≤3 at 30 min after the end of the epidural loading dose.
No side effects such as hypotension, nausea and vomiting, pruritus, bradycardia, maternal fever, respiratory depression and excessive sedation occurred in each subgroup, and there were no significant differences in these side effects among groups. The incidence of mild dizziness in Group esketamine 1.0 mg/mL was significantly higher than that in other groups (p < 0.001) (Table 3).
TABLE 3 | The occurrence of dizziness.
[image: Table 3]DISCUSSION
Our study suggested the value for ED90 of epidural esketamine with 0.075% ropivacaine for labor analgesia in nulliparous parturients was approximately 1.0 mg/mL. Additionally, our results suggested that epidural esketamine would cause dose-dependent mild dizziness, especially when the dose reached 1.0 mg/mL.
In present study, for the cases with ineffective analgesia in each group, the addition of lidocaine would certainly have an impact on the consumption of ropivacaine. Therefore, the lidocaine dose, including the trial dose and the subsequent additional dose, was converted to the ropivacaine dose. Ultimately, we did not find a statistical difference in the consumption of ropivacaine per hour among groups.
We did not find epidural esketamine to have an anesthetic-sparing effect, which is similar to previous work reported that epidural ketamine did not reduce analgesic consumption (Gottschalk et al., 2008; Joseph et al., 2012). However, Chia YY et al. demonstrated that adding ketamine to morphine and bupivacaine reduced the hourly consumption of local anesthetic (Chia et al., 1998). The difference between these studies is uncertain but may be related to the synergistic analgesic effect provided by epidural morphine. Additionally, the lack of difference in ropivacaine use per hour in our study might have something to do with this PCEA protocol. The background rate of only 3 mL/h (2 mg ropivacaine) was so low that almost all patients needed 1–2 patient-controlled boluses of this dilute solution every hour, but it seemed that a recipe more like 6–8 mL/h, with 5–6 mL PCEA boluses, would be more likely to demonstrate a difference (Stratmann et al., 2005; Gupta et al., 2016).
Our study results suggested the effective rate of epidural labor analgesia increased with the increasement of esketamine dose, this may be due to the powerful analgesic effect of esketamine itself and the blockade of NMDA receptors in the spinal cord. But epidural esketamine resulted in dose-dependent mild dizziness, especially at doses up to 1.0 mg/mL. Therefore, esketamine may be unsuitable as a single additive to local anesthetics for epidural labor analgesia. Nevertheless, low-dose esketamine was still recommended as one of the combined additives for epidural analgesia because of its potential to prevent opioid tolerance and block central hypersensitive states (Dickenson et al., 1997; Kido et al., 2019).
A predictable finding was that the incidence of maternal motor block was 0% when 0.075% ropivacaine was used for epidural labor analgesia. 0.075% ropivacaine concentration might be very low, as many studies suggest that ropivacaine is 20%–40% less potent than bupivacaine, and 0.075% ropivacaine is as effective as 0.05%–0.0625% bupivacaine in labor analgesia (Ngan Kee et al., 2010; Wang et al., 2010). Ultra-low (≤0.08%) concentrations of local anesthetics were associated with an incremental likelihood of spontaneous labor, reduced motor block, and shorter the duration of second stage (Halliday et al., 2022).
Previous studies have shown that low concentration and high volume of local anesthetic with additives have better analgesic effects than high concentration local anesthetic (Owen et al., 2002; Halliday et al., 2022). With the advantages of good analgesic effect potency, and extended effective analgesia time, opioids have been widely used in labor analgesia (Dostbil et al., 2014; Wen et al., 2021). However, the incidence of opioids-associated side effects (e.g., pruritus) will increase (Le et al., 2001; Grangier et al., 2020). Alpha 2 agonists clonidine or dexmedetomidine can provide excellent labor analgesia, but they may prolong the second stage of labor (Kabi et al., 2021; Ni et al., 2022). In this study the addition of single esketamine to ropivacaine caused maternal dizziness, low-dose esketamine in combination with other additives such as morphine may produce a more ideal analgesic effect in labor.
Our study has several limitations. First of all, this study used 10 mL of 0.075% ropivacaine as a loading dose, and the ED90 of esketamine would certainly have been different if 10 mL of 0.1% ropivacaine or 15 mL of 0.075% ropivacaine had been used. Therefore, our results may not apply to different concentrations or volumes of ropivacaine used as loading doses for epidural labor analgesia. A follow-up study was conducted to explore this question. Secondly, in contrast to patient controlled epidural analgesia (PCEA) technique we used, programmed intermittent epidural bolus (PIEB) had superior analgesic quality (Roofthooft et al., 2020). It is not clear whether our results can be applied to the PIEB technique. Thirdly, NRS≤3 is not a particularly “high bar” for labor analgesia - most studies seem to use ≤1 to show efficacy. This would likely have required more ropivacaine, since the loading dose was only 7.5 mg, well below the expected ED50 of 18 mg in two classic up-down sequential allocation studies (Benhamou et al., 2003; Polley et al., 2003). Fourthly, it was probably not a great choice to include this test dose (3 mL 1% lidocaine) in the protocol. It is a small, but not completely insignificant amount of local anesthetic, so would provide some degree of analgesia, would tend to decrease any differences between the study groups. It is also not a particularly effective test dose anyway, containing no epinephrine to elicit a tachycardia, although probably would suggest a intrathecal catheter (Pratt et al., 2013). Fifthly, our study was underpowered for almost all of the secondary outcomes because of the small number in each subgroup (n = 13). Sixthly, our study was in the absence of control group in which low dose of opioid would be added to the solution of local anesthetic for labor epidural analgesia, as well as group in which low dose of opioid would be combined with esketamine (both added to local anesthetic solution). We will conduct a comparative study on the efficacy of these drugs for epidural labor analgesia. Lastly, as we only enrolled nulliparous parturients, we do not know whether our results apply to multiparae.
In conclusion, the ED90 value of epidural esketamine coadministered with 0.075% ropivacaine for labor analgesia in nulliparous parturients was about 1.0 mg/mL. Furthermore, our results suggested that epidural esketamine would cause dose-dependent mild dizziness especially at doses up to 1.0 mg/mL. As a single epidural additive, esketamine may not be suitable for labor analgesia. Future studies may investigate the appropriate dosage of esketamine at slightly higher concentrations of local anesthetics or larger initial volume of analgesia, or explore other potential advantages of esketamine.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by Ethics Committee of Zhejiang Xiaoshan hospital: KL2022016. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
Study design: SL, QD, ZM. Study planning: ZM. Writing up: SL, QD, ZM. Data collection: LY, QW. Data analysis: SL, ZM. Interpretation of data: JY, ZM. All authors have read and approved the final version of the manuscript.
FUNDING
Supported by Zhejiang Medical and Health Science and Technology Plan Project: 2023RC253.
ACKNOWLEDGMENTS
The authors thank colleagues from Department of Anesthesiology and Obstetrics, Affiliated Xiaoshan Hospital, Hangzhou Normal University, Hangzhou, China.
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.
ABBREVIATIONS
NRS pain scores, numerical rating scale pain scores; ED90, the 90% effective dose; CIs, confidence intervals; N-methyl-D-aspartate receptor antagonist, NMDA receptor antagonist; ASA, American Society of Anesthesiologists; PCEA, patient controlled epidural analgesia; ANOVA, analysis of variance; PIEB, programmed intermittent epidural bolus.
REFERENCES
 Benhamou, D., Ghosh, C., and Mercier, F. J. (2003). A randomized sequential allocation study to determine the minimum effective analgesic concentration of levobupivacaine and ropivacaine in patients receiving epidural analgesia for labor. Anesthesiology 99 (6), 1383–1386. doi:10.1097/00000542-200312000-00022
 Chia, Y. Y., Liu, K., Liu, Y. C., Chang, H. C., and Wong, C. S. (1998). Adding ketamine in a multimodal patient-controlled epidural regimen reduces postoperative pain and analgesic consumption. Anesth. Analg. 86 (6), 1245–1249. doi:10.1097/00000539-199806000-00021
 Choubey, S., and Singh, R. B. (2017). Preemptive epidural analgesia for postoperative pain relief revisited: Comparison of combination of buprenorphine and neostigmine with combination of buprenorphine and ketamine in lower abdominal surgeries, A double-blind randomized trial. Anesth. Essays Res. 11 (4), 821–827. doi:10.4103/aer.AER_64_17
 Dickenson, A. H. (1997). NMDA receptor antagonists: Interactions with opioids. Acta Anaesthesiol. Scand. 41 (1-2), 112–115. doi:10.1111/j.1399-6576.1997.tb04624.x
 Dostbil, A., Celik, M., Alici, H. A., Erdem, A. F., Aksoy, M., and Ahiskalioglu, A. (2014). Maternal and neonatal effects of adding morphine to low-dose bupivacaine for epidural labor analgesia. Niger. J. Clin. Pract. 17 (2), 205–211. doi:10.4103/1119-3077.127559
 Evron, S., Glezerman, M., Sadan, O., Boaz, M., and Ezri, T. (2004). Patient-controlled epidural analgesia for labor pain: Effect on labor, delivery and neonatal outcome of 0.125% bupivacaine vs 0.2% ropivacaine. Int. J. Obstet. Anesth. 13 (1), 5–10. doi:10.1016/S0959-289X(03)00092-X
 Gottschalk, A., Freitag, M., Steinacker, E., Kreissl, S., Rempf, C., Staude, H. J., et al. (2008). Pre-incisional epidural ropivacaine, sufentanil, clonidine, and (S)+-ketamine does not provide pre-emptive analgesia in patients undergoing major pancreatic surgery. Br. J. Anaesth. 100 (1), 36–41. doi:10.1093/bja/aem338
 Grangier, L., Martinez de Tejada, B., Savoldelli, G. L., Irion, O., and Haller, G. (2020). Adverse side effects and route of administration of opioids in combined spinal-epidural analgesia for labour: A meta-analysis of randomised trials. Int. J. Obstet. Anesth. 41, 83–103. doi:10.1016/j.ijoa.2019.09.004
 Gupta, K., Mitra, S., Kazal, S., Saroa, R., Ahuja, V., and Goel, P. I. V. (2016). I.V. Paracetamol as an adjunct to patient-controlled epidural analgesia with levobupivacaine and fentanyl in labour: A randomized controlled study. Br. J. Anaesth. 117 (5), 617–622. doi:10.1093/bja/aew311
 Halliday, L., Kinsella, M., Shaw, M., Cheyne, J., Nelson, S. M., and Kearns, R. J. (2022). Comparison of ultra-low, low and high concentration local anaesthetic for labour epidural analgesia: A systematic review and network meta-analysis. Anaesthesia 77 (8), 910–918. doi:10.1111/anae.15756
 Joseph, C., Gaillat, F., Duponq, R., Lieven, R., Baumstarck, K., Thomas, P., et al. (2012). Is there any benefit to adding intravenous ketamine to patient-controlled epidural analgesia after thoracic surgery? A randomized double-blind study. Eur. J. Cardiothorac. Surg. 42 (4), e58–e65. doi:10.1093/ejcts/ezs398
 Kabi, S., Verma, R., Singh, D., Singh, P., Agarwal, J., Kushwaha, B. B., et al. (2021). A comparison between dexmedetomidine and clonidine as adjuvants to levobupivacaine in labour analgesia. Cureus 13 (12), e20237. doi:10.7759/cureus.20237
 Kido, K., Toda, S., Shindo, Y., Miyashita, H., Sugino, S., and Masaki, E. (2019). Effects of low-dose ketamine infusion on remifentanil-induced acute opioid tolerance and the inflammatory response in patients undergoing orthognathic surgery. J. Pain Res. 17 (12), 377–385. doi:10.2147/JPR.S177098
 Le Guen, H., Roy, D., Branger, B., and Ecoffey, C. (2001). Comparison of fentanyl and sufentanil in combination with bupivacaine for patient-controlled epidural analgesia during labor. J. Clin. Anesth. 13 (2), 98–102. doi:10.1016/s0952-8180(01)00221-5
 Lee, A., Landau, R., Lavin, T., Goodman, S., Menon, P., and Smiley, R. (2020). Comparative efficacy of epidural clonidine versus epidural fentanyl for treating breakthrough pain during labor: A randomized double-blind clinical trial. Int. J. Obstet. Anesth. 42, 26–33. doi:10.1016/j.ijoa.2019.11.003
 Miller, R. D. (2014). Miller’s anesthesia8th ed. Philadelphia: Churchill Livingstone/Elsevier Press. 
 Ngan Kee, W. D., Ng, F. F., Khaw, K. S., Lee, A., and Gin, T. (2010). Determination and comparison of graded dose-response curves for epidural bupivacaine and ropivacaine for analgesia in laboring nulliparous women. Anesthesiology 113 (2), 445–453. doi:10.1097/ALN.0b013e3181bdf9da
 Ni, J. X., Feng, J. L., Yao, S. J., Ni, L. F., Song, S. B., Song, C. Z., et al. (2022). Determination of the dose-response relationship of epidural dexmedetomidine combined with ropivacaine for labor analgesia. Drug Des. Devel Ther. 16, 609–618. doi:10.2147/DDDT.S346842
 Owen, M. D., Thomas, J. A., Smith, T., Harris, L. C., and D'Angelo, R. (2002). Ropivacaine 0.075% and bupivacaine 0.075% with fentanyl 2 microg/mL are equivalent for labor epidural analgesia. Anesth. Analg. 94 (1), 179–183. doi:10.1097/00000539-200201000-00034
 Pfenninger, E. G., Durieux, M. E., and Himmelseher, S. (2002). Cognitive impairment after small-dose ketamine isomers in comparison to equianalgesic racemic ketamine in human volunteers. Anesthesiology 96 (2), 357–366. doi:10.1097/00000542-200202000-00022
 Polley, L. S., Columb, M. O., Naughton, N. N., Wagner, D. S., van de Ven, C. J., and Goralski, K. H. (2003). Relative analgesic potencies of levobupivacaine and ropivacaine for epidural analgesia in labor. Anesthesiology 99 (6), 1354–1358. doi:10.1097/00000542-200312000-00017
 Polley, L. S., Columb, M. O., Naughton, N. N., Wagner, D. S., and van de Ven, C. J. (1999). Relative analgesic potencies of ropivacaine and bupivacaine for epidural analgesia in labor: Implications for therapeutic indexes. Anesthesiology 90 (4), 944–950. doi:10.1097/00000542-199904000-00003
 Pratt, S., Vasudevan, A., and Hess, P. (2013). A prospective randomized trial of lidocaine 30 mg versus 45 mg for epidural test dose for intrathecal injection in the obstetric population. Anesth. Analg. 116 (1), 125–132. doi:10.1213/ANE.0b013e31826c7ebe
 Rasheed, A. M., Amirah, M. F., Abdallah, M., Issa, M., and Alharthy, A. (2019). Ramsay sedation scale and richmond agitation sedation scale: A cross-sectional study. Dimens. Crit. Care Nurs. 38 (2), 90–95. doi:10.1097/DCC.0000000000000346
 Roofthooft, E., Barbé, A., Schildermans, J., Cromheecke, S., Devroe, S., Fieuws, S., et al. (2020). Programmed intermittent epidural bolus vs. patient-controlled epidural analgesia for maintenance of labour analgesia: A two-centre, double-blind, randomised study†. Anaesthesia 75 (12), 1635–1642. doi:10.1111/anae.15149
 Sane, S., Shokouhi, S., Golabi, P., Rezaeian, M., and Kazemi Haki, B. (2021). The effect of dexmedetomidine in combination with bupivacaine on sensory and motor block time and pain score in supraclavicular block. Pain Res. Manag. 2021, 8858312. doi:10.1155/2021/8858312
 Stratmann, G., Gambling, D. R., Moeller-Bertram, T., Stackpole, J., Pue, A. F., and Berkowitz, J. (2005). A randomized comparison of a five-minute versus fifteen-minute lockout interval for PCEA during labor. Int. J. Obstet. Anesth. 14 (3), 200–207. doi:10.1016/j.ijoa.2004.12.008
 Wang, L. Z., Chang, X. Y., Liu, X., Hu, X. X., and Tang, B. L. (2010). Comparison of bupivacaine, ropivacaine and levobupivacaine with sufentanil for patient-controlled epidural analgesia during labor: A randomized clinical trial. Chin. Med. J. Engl. 123(2):178–183.
 Wen, X., Huang, B., and Liang, X. (2021). Effect of ropivacaine and sufentanil in epidural labor analgesia. Am. J. Transl. Res. 13 (6), 7001–7007.
 Wilson, S. H., Wolf, B. J., Bingham, K., Scotland, Q. S., Fox, J. M., Woltz, E. M., et al. (2018). Labor analgesia onset with dural puncture epidural versus traditional epidural using a 26-gauge whitacre needle and 0.125% bupivacaine bolus: A randomized clinical trial. Anesth. Analg. 126 (2), 545–551. doi:10.1213/ANE.0000000000002129
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 © 2023 Lou, Du, Yu, Wang, Yu and Mei. 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-14-1169415-t002.jpg
Esketamine Esketamine Esketamine Esketamine Esketamine

0 mg/ml 0.25 mg/ml 0.5 mg/ml 0.75 mg/ml 1 mg/ml

(n=13) (n=13) (n=13) (n=13) (n=13)
Effective rate 5 (38%) 4(31%) 7 (54%) 11 (85%) 12 (92%) 0,003
Receiving lidocaine 8 (62%) 9 (69%) 6 (46%) 2(15%) 1(8%) 0,003
administration
Number of lidocaine use 1(0-1) 1(0-1) 0. (0-1) 0(0-0) 0(0-0) 0.005
Sensory block level (pinprick) | T9 (9-10) T9 (8-10) T10 (9-10) TI0 (8-10) T9 (8-10) 0253
Bromage score >0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) >0.999
Duration of first stage 6132 £ 1527 5862 £ 1862 547.7 £ 1265 4988 £ 2022 535.4 £ 1849 0490
(minutes)
Duration of second stage 619+ 549 415355 4322254 632370 782 % 416 0121
(minutes)
Consumption of ropivacaine  13.9 + 5.4 133447 13236 120 41 13255 0.881
per hour (mL)
Using oxytocin augmentation 1 (8%) 3 (23%) 1(8%) 2(15%) 3 (23%) 0.676
Spontaneous labor 12 (92%) 9 (69%) 11 (85%) 8 (62%) 8 (62%) 0215
Induced labor 1(8%) 2 (15%) 2 (15%) 3 (23%) 5 (38%) 0366
Cesarean delivery rate 0/(0%) 2(15%) 0.(0%) 2(15%) 0.(0%) 0.101
Apgar score, 1 min 10 (10-10) 10 (10-10) 10 (10-10) 10 (10-10) 10 (10-10) 50999
Apgar score, 5 min 10 (10-10) 10 (10-10) 10 (10-10) 10 (10-10) 10 (10-10) 50999

Data are mean + SD (standard deviation), or median (interquartile range) or number (%).






OPS/images/fphar-14-1169415-t003.jpg
Esketamine 0 mg/  Esketamine Esketamine 0.5 mg/ Esketamine Esketamine 1.0 mg/

mL (n = 13) 025mg/mL(n=13) mL (n=13) 0.75mg/mL(n=13) mL (n=13)
Dizziness
‘ Mild ‘ 0 0 0 s ‘ 12 <0.001%
‘ Moderate ‘ 0 | 0 0 ‘ 0 50999
‘VSevere 1 0 ‘o 0 0 ‘ 0 50999

Data are numbers.
a5 08 o eyt it L sl vodiih: sing Fibars ARct Ht:





OPS/images/fphar-14-1169415-g003.gif
Epidurat Eabotamins Doss (mobad





OPS/images/fphar-14-1169415-t001.jpg
Esketamine 0mg/  Esketamine Esketamine Esketamine Esketamine 1 mg/
mL (n = 13) 0.25 mg/mL 0.5 mg/mL (n=13) 0.75 mg/mL mL (n = 13)
(n=13) (n=13)
Age (years) 28.1%25 272429 27318 ‘ 27521 27625 0.908
Height (cm) 1629 £ 39 158.8 £ 47 1620 £ 38 ‘ 1630 £ 54 161.0 £ 44 0.124
Weight (kg) 71357 653+9.1 69.0 7.9 707 £103 656+ 65 0.200
\
Gestational age  39.2 + 12 392408 39208 389 £ 1.0 39110 0.809
(weeks)
Cervical 28406 29£06 29405 25405 28404 0311
dilation (cm)
\
NRS before 7(67) 7078) 7 (68) 7(67) 6(68) 0240
epidural

Data are mean + SD (standard deviation), or median (interquartile range) or number (%).






OPS/xhtml/nav.xhtml
Contents

		Cover

		ED90 of epidural esketamine with 0.075% ropivacaine for labor analgesia in nulliparous parturients: a prospective, randomized and dose-finding study		Introduction

		Methods		Design and study subjects

		Study protocol

		Statistical analysis





		Results

		Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher's note

		Abbreviations

		References









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

EDgo of epidural esketamine
with 0.075% ropivacaine for
labor analgesia in nulliparous
parturients: a prospective,
randomized and dose-finding
study





OPS/images/fphar-14-1169415-g001.gif
=i e





OPS/images/fphar-14-1169415-g002.gif









OPS/images/crossmark.jpg
©

|





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





