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Purpose: High rate of cesarean section (CS) bring challenges to analgesic management after CS. Previous studies state that adjuvant 
treatment with a low dose of esketamine intraoperatively could reduce postoperative pain and opioid consumption, and even prevent 
postpartum depression. However, few researches involve in patient-controlled intravenous analgesia (PCIA) with esketamine after CS. 
In this trial, we explored a new combination of esketamine with tramadol for PCIA after CS with the aim to provide a better analgesic 
regimen for use in the clinic.
Patients and Methods: 170 puerperae undergoing CS were recruited for this trial and randomly assigned into 2 groups (1:1): The 
control group received a formula of PCIA with butorphanol 0.1mg/kg and tramadol 400mg postoperatively, while the intervention 
group received a formula of PCIA with esketamine 1mg/kg and tramadol 400mg. The primary outcome was the mean numerical rating 
scale (NRS) scores at rest, sitting, and uterine contraction at 6 hours postoperatively. The second outcomes included the mean NRS 
scores at rest, sitting, and uterine contraction at 12, 24, and 48 hours postoperatively. The incidence of adverse events, postoperative 
sedation, postoperative sleep quality, maternal satisfaction regarding postoperative analgesia and the Edinburgh postnatal depression 
scale (EPDS) score were also be evaluated.
Results: The mean (SD) of the mean NRS scores at rest, sitting, and during uterine contraction at 6 hours postoperatively were 4.8 
(0.7) points in the intervention group and 5.3 (0.5) points in the control group. The estimated mean difference between the two groups 
at 6 hours postoperatively was −0.5 points (95% confidence interval [CI], −0.7 to −0.3; P < 0.001). Compared with the control group, 
the patients in the intervention group had a significantly lower mean pain intensity at 12 and 24 hours postoperatively (−0.5 points 
[95% CI, −0.6 to −0.3]; P < 0.001 and −0.2 points [95% CI, −0.4 to 0]; P = 0.019 respectively). Otherwise, differences at 48 hours 
after surgery between the two groups were nonsignificant (0 points [95% CI, −0.2 to 0.2]; P = 0.802). The incidence of adverse events 
in the intervention group (11.8%) was significantly lower than in the control group (24.7%) (ratio difference −12.9, [95% CI, −24.3 to 
−1.5]; P = 0.029). No difference was found in postoperative sleep quality (P = 0.765), analgesic satisfaction (P= 0.818) and EPDS 
scores (P = 0.154) between the two groups.
Conclusion: In this trial, among patients undergoing CS, esketamine combined with tramadol by PCIA improved pain intensity 6 
hours postoperatively compared with butorphanol combined with tramadol.

Plain Language Summary: Pain management after cesarean section is a clinical issue worthy of concern. Good postoperative pain 
management can reduce maternal fear of surgery and promote early postoperative breastfeeding and getting out of bed. Strong opioids 
are widely used for postoperative analgesia, but their many intolerable side effects plague mothers and medical staff. 

Esketamine, an anesthetic with powerful analgesic effects, has also been approved in recent years for treatment-resistant depression. 
In this current study, we used esketamine with weak opioid tramadol for patient-controlled intravenous analgesia after cesarean 
section. We found that, compared to traditional analgesic formulations (butorphanol combined with tramadol), esketamine combined 
with tramadol significantly improved early postoperative pain and reduced opioid-related adverse events. At the same time, esketamine 
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used in patient-controlled intravenous analgesia after cesarean section did not increase central nervous system adverse reactions such 
as hallucinations. 

Our findings provide a new strategy for post-operative analgesia after cesarean section and we believe that this strategy will be 
beneficial for cesarean patients. 

Keywords: esketamine, postoperative pain, cesarean section, patient-controlled intravenous analgesia, postpartum depression, 
butorphanol

Introduction
Cesarean section (CS) is one of the most common surgical operations.1 In 2012, 23 million CSs were performed 
worldwide.2 High rate of CS is a concern globally and creates a significant challenge for postpartum pain management.3,4 

Opioids are effective for acute postoperative pain but have numerous adverse effects such as postoperative nausea and 
vomiting (PONV) or respiratory depression.5,6 In recent years, since opioid-sparing pain management strategies have 
been advocated,7 multimodal analgesic therapies are increasingly used in clinical practice and are designed to alleviate 
postoperative pain and analgesic consumption.5,8

Ketamine inhibits N-methyl-D-aspartate (NMDA) receptor activation and attenuates wind-up and central sensitization 
associated with hyperalgesia, opioid tolerance, and chronic pain.5,9 Emerging researches show that adjuvant ketamine 
reduces pain and opioid consumption postoperatively.6,10–12 Esketamine is an S+ isomer of ketamine that is twice as 
potent as ketamine.13 It produces sedation, analgesia, and sympathetic activation with a relatively low risk of side effects 
to the mothers and infants,14,15 making it an excellent choice as an adjuvant for spinal anesthesia during CS.16 In 
addition, because of its powerful antidepressant effects, esketamine is approved for the treatment of treatment-resistant 
depression.17,18 Furthermore, perioperative use of esketamine has been documented to prevent postpartum 
depression.19,20

There are few studies on esketamine for postoperative analgesia and most studies have focused on combining low- 
dose esketamine as an adjunct with strong opioids, with the aim of reducing opioid consumption.20–23 In the current 
study, we explored a new combination of higher doses of esketamine with weak opioid tramadol for patient-controlled 
intravenous analgesia (PCIA) after CS. We hypothesized that it might further reduce opioid induced adverse effects and 
prevent postpartum depression while providing an excellent analgesic effect.

Subjects and Methods
Study Design
This single-center, prospective, randomized controlled trial was approved by the Medical Ethics Committee of Pizhou 
People’s Hospital of Jiangsu Province (20,220,727–01) and registered before patient enrollment at the Chinese Clinical 
Trial Registry (ChiCTR2200062848) on August 20, 2022. Study participants were recruited in the Department of 
Anesthesiology at the People’s Hospital of Pizhou from September 2022 to January 2023. The trial fulfilled the 
Helsinki Declarations and the reporting of this trial complied with the Consolidated Standards of Reporting Clinical 
Trials statement (CONSORT).24,25 All patients gave written informed consent before participating in the trial.

Inclusion and Exclusion Criteria
The following pregnant women would be included in this study: 1. Older than 18 years, 2. Had an American Society of 
Anesthesiologists class II- III, 3. A body mass index (BMI) between 18 to 40 kg/m2, 4. Would receive spinal anesthesia, 
5. Would undergo an elective or emergency CS, and 6. Would receive PCIA.

The following pregnant women would be excluded in this study: 1. Were allergic to or addicted to any drug in this 
study, 2. Diagnosed with pregnancy-induced hypertension, preeclampsia, eclampsia, or prenatal depression (Edinburgh 
postnatal depression scale [EPDS] scores ≥10)26,27 diagnosed by a psychiatrist before enrollment and other pregnancy 
complications or other underlying diseases, 3. Could not accurately understand the numerical rating scale (NRS) pain and 
EPDS scores, and 4. Had been involved with other investigators before the start of the trial.
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Randomization and Blinding
An anesthesia nurse who was not involved in this trial randomly assigned the subjects to either the control (group C) or 
the intervention group (group E) (1: 1) using a computer-generated random sequence via SPSS version 25.0. The 
maternal allocation was concealed in sealed, opaque envelopes marked with consecutive numbers. The anesthesia nurse 
who was not involved in this trial prepared the study medication in a postoperative analgesia pump according to the 
group allocation and labelled it with the study identification number. All the parturients, anesthesiologists, surgeons, 
nurses providing postoperative care, treatment physicians, and the investigators assessing the clinical outcomes were 
blinded to the group assignment. In the event of acute complications postoperatively, the anesthesiologist would unblind 
and manage them appropriately.

Procedures
Spinal anesthesia was administered to all parturients at the L3-L4 or L2-L3 lumbar regions using 7.5–9 mg of 
bupivacaine. At the end of surgery, the subjects received PCIA with different drug combinations according to the 
group allocation. PCIA included either butorphanol 0.1mg/kg + tramadol 400mg in group C or esketamine 1mg/kg + 
tramadol 400mg in group E, both were diluted to 100 mL with normal saline. All patients received continuous infusion 
(basal rate of 2 mL/h) and a 0.5mL on-demand bolus with a lockout interval of 15 min. The infusion started immediately 
after suturing the skin incision and lasted for 48 h. If the patient was in severe pain after the CS, flurbiprofen axetil 50 mg 
was administered at the discretion of the anesthesiologist. Postoperative nausea and vomiting (PONV) were treated using 
tropisetron 4 mg.

Primary Outcome
The primary outcome of this trial was the mean numerical rating scale (NRS) scores at rest, sitting, and uterine 
contraction at 6 hours postoperatively (NRS; 0 = no pain, 10 = pain as bad as you can imagine28). Pain is evaluated 
at 6, 12, 24, and 48 hours postoperatively.

Second Outcomes
The second outcomes were the mean NRS scores at rest, sitting, and uterine contraction at 12, 24, and 48 hours 
postoperatively, the incidence of adverse events, postoperative sedation, postoperative sleep quality, maternal satisfaction 
regarding postoperative analgesia and the EPDS score.

The adverse effects included PONV, constipation, urinary retention, skin pruritus, respiratory depression, and central 
nervous system (CNS) adverse reactions such as hallucinations, confusion and disorientation, dizziness, and diplopia. The 
incidence of adverse effects was recorded as dichotomous data (yes/no) using an investigators’ inquiry up to 48 hours.

Postoperative sedation was evaluated using the Richmond Agitation Sedation Scale (RASS). RASS is a 10-point scale 
with four levels of anxiety or agitation from −5 to +4.29 −5 devotes a state of no response to voice or physical stimulation, 0 
means a calm and alert state and +4 indicates a patient who is overtly combative or violent and endangers medical staff.29 

Maternal sleep quality was rated on a scale of 1–4 (1 - slept well; 2 - slept uneasy; 3 - nightmare; 4 - sleepless).5 Puerpera’s 
satisfaction with postoperative analgesic effect was assessed using a scale of 0–3 (0 - dissatisfied; 1 - somewhat satisfied; 2 - 
moderately satisfied; 3 - highly satisfied).4 The EPDS score (ranging from 0 to 30) was used to screen perinatal depression 
and a threshold of 10 or more is defined as perinatal depression.30 Postoperative sedation, maternal sleep quality, and 
puerpera’s satisfaction with postoperative analgesic effect was recorded during the investigators’ inquiry up to 48 hours. 
The EPDS scores were recorded on postoperative day 5 during the investigators’ bedside inquiry and on postoperative day 
42 by telephone follow-up call.

Sample Size Calculation
Based on previous observations, the standard deviation of the mean NRS scores at rest, sitting, and uterine contraction at 
6 hours postoperatively was 2. The authors hypothesized that esketamine could reduce the mean NRS scores by 1 point 
compared with butorphanol. Eighty-five patients in each group were required using a two-tailed α of 0.05 and a power of 
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90%. To allow a 10% dropout, 188 patients were enrolled in this trial (94 patients in each group). We used PASS 15.0 
software (NCSS, LLC) to perform sample size calculation.

Statistical Analysis
All endpoints in this trial were assessed in the intention-to-treat population of patients who were randomized and no interim 
analyses were undertaken. We did not use the multiple imputation method to account for the missing data (The EPDS scores 
on postoperative day 42) because they were few (account for 8%). The Kolmogorov–Smirnov test was performed to assess the 
normality of the data’s distribution. For numerical data with a normal distribution (weight, duration of operation and 
preoperative EPDS score), we used mean (standard deviation, SD) for description and an independent sample t-test for 
analysis. For numerical data with skewed distribution (age, height, BMI, intraoperative blood loss, and RASS score) which 
were shown as median (interquartile range, IQR), we used the Mann–Whitney U-test for analysis. Categorical data (ASA 
classification, preoperative and postoperative sleep quality, the incidence of adverse events, level of maternal satisfaction 
regarding postoperative analgesia) which were presented as numbers and percentages were analyzed by χ2 test or Fisher’s 
exact test (at least one cell in a four-fold table has a frequency less than five). For the repeated measurement data (NRS score 
and EPDS score), we used the linear mixed models, which incorporated group, time and the treatment × time interaction term. 
Considering that the secondary outcomes in this trial are exploratory, we did not adjust for multiple comparisons while 
analyzing the secondary outcomes. IBM SPSS Statistics Version 25.0 was used to perform all statistical analyses. The P-value 
was two-sided and P < 0.05 was considered statistically significant.

Results
A total of 170 subjects were randomly assigned to this study and all participants received treatment regimens according 
to their randomization. Figure 1 is a flow chart that illustrates the patients’ path through the trial. Eight patients in the 

Figure 1 CONSORT flow diagram.
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control group and six patients in the intervention group were lost to follow-up 42 days after surgery; therefore, their last 
EPDS scores were not provided.

Table 1 shows the baseline characteristics of all participants. The p-value indicated an imbalance of the duration of 
operation between the two groups (P = 0.045). The operation time of the control group was slightly longer than that of 
the intervention group.

After the analysis of linear mixed effects model, the differences in the NRS scores postoperatively between the 
intervention and the control groups were statistically significant (P < 0.001). There were also statistical differences in 
NRS scores at different time points after the operation (P < 0.001). The interaction effects between time and group in the 
NRS scores were statistically different (P < 0.001).

Primary Outcome
The mean (SD) of the mean NRS scores at rest, sitting, and uterine contraction at 6 hours postoperatively were 4.8 (0.7) 
points in the intervention group and 5.3 (0.5) points in the control group. The mean difference between the two groups at 
6 hours postoperatively was −0.5 points (95% confidence interval [CI], −0.7 to −0.3; P < 0.001) (Table 2). There were 
significant differences between the two groups.

Second Outcomes
Compared with the control group, the patients in the intervention group had a significantly lower mean pain intensity at 
12 and 24 hours postoperatively (−0.5 points [95% CI, −0.6 to −0.3]; P < 0.001 and −0.2 points [95% CI, −0.4 to 0]; P = 
0.019 respectively). Otherwise, differences at 48 hours after surgery between the two groups were nonsignificant (0 
points [95% CI, −0.2 to 0.2]; P = 0.802) (Table 2).

In terms of adverse events, the incidence of adverse events in the intervention group (11.8%) was significantly lower 
than in the control group (24.7%) (ratio difference −12.9, [95% CI, −24.3 to -1.5]; P = 0.029). Thirteen patients 
experienced postoperative nausea and vomiting in the control group. Three patients had constipation, four patients had 
urinary retention, one patient felt dizziness and three patients had skin pruritus in the control group. In the intervention 

Table 1 Participants Baseline Characteristics

Characteristics Control (n=85) Intervention (n=85) P values

Age, median (IQR), y 30 (9) 28 (7) 0.068

Weight, mean (SD), kg 75.3 (10.4) 74.9 (9.3) 0.792

Height, median (IQR), cm 161 (6) 161 (5) 0.694

BMI, median (IQR), kg/m2 28.4 (6.0) 29.0 (4.9) 0.833

ASA classification, no. (%) 0.808

II 76 (89.4) 75 (88.2)
III 9 (10.6) 10 (11.8)

Duration of operation, mean (SD), min 54.8 (8.1) 52.5 (6.6) 0.045

Intraoperative blood loss, median (IQR), mL 360 (100) 350 (115) 0.490

Preoperative sleep quality, no. (%) 0.077

Well 62 (72.9) 46 (54.1)
Uneasy 18 (21.2) 28 (32.9)

Nightmare 2 (2.4) 5 (5.9)

Sleepless 3 (3.5) 6 (7.1)

Preoperative EPDS, mean (SD) 2.2 (1.3) 2.0 (1.1) 0.238

Notes: Data are presented as mean (SD), median (IQR), or number (%). Significant differences are at P ˂ 0.05. 
Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, body mass index; ASA, American society of Anesthesiologists; EPDS, 
Edinburgh postnatal depression scale.
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group, five patients experienced postoperative nausea and vomiting, two patients had constipation, two patients had 
urinary retention, three patients felt dizziness, one patient had skin pruritus and one patient reported confusion and 
disorientation (Table 3).

No difference was found in postoperative sleep quality (P = 0.765) and analgesic satisfaction (P= 0.818). Most 
patients in this trial had good sleep quality after surgery and were highly satisfied with the analgesic effect (Table 3). All 
patients remained calm and alert postoperatively and all patients had a RASS score of 0.

After the analysis of linear mixed effects models, we found no difference of EPDS scores postoperatively between the 
intervention and the control group (P = 0.154). There were statistical differences in EPDS scores at different time points 
after the CS (P = 0.009). The interaction effect between time and group regarding EPDS scores was statistically different 

Table 2 NRS Scores of the Two Groups at Different Time Points Postoperatively

NRS Score Control (n=85) Intervention (n=85) Mean Difference (95% CI) P value

6hra 5.3 (0.5) 4.8 (0.7) −0.5 (−0.7 to −0.3) < 0.001

12hr 4.5 (0.5) 4.0 (0.6) −0.5 (−0.6 to −0.3) < 0.001

24hr 3.4 (0.6) 3.2 (0.7) −0.2 (−0.4 to 0) 0.019

48hr 1.8 (0.4) 1.8 (0.6) 0 (−0.2 to 0.2) 0.802

F value 732.9 300.3

P value < 0.001 < 0.001

Notes: Data are presented as mean (SD). NRS scores were analyzed by linear mixed effects model that controlled the 
duration of operation. aPrimary outcome. Significant differences are at P ˂ 0.05. 
Abbreviations: SD, standard deviation; NRS, numerical rating scale; CI, confidence interval.

Table 3 Adverse Events, Postoperative Sleep Quality and Analgesic Satisfaction of the Two Groups

Outcomes Control 
(n=85)

Intervention 
(n=85)

Ratio Difference 
(95% CI)

P value

Adverse events, no. (%) 21 (24.7) 10 (11.8) −12.9 (−24.3 to −1.5) 0.029a

Nausea, vomiting 13 5

Constipation 3 2

Urinary retention 4 2
Dizziness 1 3

Skin pruritus 3 1

Respiratory depression 0 0
Hallucinations 0 0

Confusion and disorientation 0 1

Diplopia 0 0

Postoperative sleep quality, no. (%) 0.765b

Well 58 (68.2) 51 (60.0)
Uneasy 23 (27.1) 29 (34.1)

Nightmare 3 (3.5) 4 (4.7)

Sleepless 1 (1.2) 1 (1.2)

Analgesic satisfaction, no. (%) 0.818b

Dissatisfied 0 (0) 1 (1.2)

Somewhat satisfied 4 (4.7) 6 (7.1)

Moderately satisfied 27 (31.8) 25 (29.4)
Highly satisfied 54 (63.5) 53 (62.3)

Notes: Data are presented as number (%). aP value is from χ2 test. bP value is from Fisher’s exact test. Significant differences are at P ˂ 0.05. 
Abbreviation: CI, confidence interval.
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(P = 0.003). The EPDS scores of patients in the intervention group were significantly lower than those in the control 
group at 5 days after surgery (−0.6 points [95% CI, −1.0 to −0.2]; P = 0.004). There was no significant difference in 
EPDS scores at 42 days after surgery between the two groups (−0.1 points [95% CI, -0.5 to 0.3]; P = 0.704) (Table 4).

Discussion
In this current trial, we found that esketamine at 1 mg/kg combined with tramadol for PCIA in patients undergoing CS 
significantly reduced the NRS scores by 0.5 points at 6 hours postoperatively compared to butorphanol combined with 
tramadol. Although the difference of 0.5 points is low, the control group in our study is butorphanol combined with 
tramadol, which is widely used in China for postoperative analgesia and has a better analgesic effect and lower adverse 
effects compared to traditional strong opioids.31 Therefore, the lower the NRS scores obtained in the esketamine group at 
6 hours postoperatively compared to butorphanol is evidence of its strong analgesic effect.

Previous studies have shown that severe pain early after CS is associated with chronic postoperative pain and 
postpartum depression.32 In our clinical trial, we found that there were significant differences in NRS scores between the 
two groups at 6, 12 and 24 hours postoperatively while no difference at 48 hours after CS was observed. These results 
revealed that 1mg/kg esketamine combined with tramadol in PCIA significantly reduced early postoperative pain 
after CS.

Furthermore, the incidence of adverse events was significantly lower in the esketamine group compared to butor-
phanol. Although the incidence of adverse reactions was lower with butorphanol and tramadol compared to traditional 
strong opioids,31 we observed from this trial that a significant number of subjects in the butorphanol group (24.7%) still 
had adverse events such as nausea, vomiting, and skin pruritus. The administration of esketamine in postoperative PCIA 
reduced the incidence of adverse effects by approximately 10%. Among them, the worrying adverse effects associated 
with esketamine such as hallucinations and diplopia did not occur, except for three subjects who felt mild vertigo and one 
who reported temporary disorientation.

Studies have investigated ketamine’s role during cesarean delivery.10,12,33 A systematic review and meta-analysis in 
2020 by Wang et al evaluated ketamine for pain control after CS and found that adding ketamine during the perioperative 
CS period reduced the degree of pain after CS as well as opioid consumption.33 However, few studies have been 
conducted on the role of esketamine, the S-enantiomer of ketamine,17 in pain management after CS. The majority of 
these studies focused on low doses (0.2–0.5 mg/kg) of esketamine in combination with strong opioids.19,20,34,35 In this 
current study, we tried using a higher dose of esketamine (1 mg/kg) in combination with the weak opioid analgesic 
tramadol in PCIA after CS, instead of using a strong opioid. Our results showed that the higher dose of esketamine 
(1 mg/kg) significantly reduced pain intensity and the incidence of opioid-related adverse reactions after CS compared to 
the positive control group. Additionally, the combination did not increase esketamine-related adverse reactions, suggest-
ing that the higher dose of esketamine (1 mg/kg) can be safely used in opioid-sparing pain management strategies 
after CS.

Table 4 EPDS Scores of the Two Groups at Different Time Points Preoperatively or Postoperatively

EPDS Scores Control (n=85) Intervention (n=85) Mean Differencea (95% CI) P value

Baseline 2.2 (1.3) 2.0 (1.1)

5 day 6.0 (1.6) 5.3 (1.4) −0.6 (−1.0 to −0.2) 0.004

42 day 5.4 (1.3) 5.3 (1.8) −0.1 (−0.5 to 0.3) 0.704

F 16.3 0.1

P value < 0.001 0.767

Notes: Data are presented as mean (SD). aThe mean difference is from linear mixed effects model that controlled the baseline of EPDS 
scores and duration of operation. 
Abbreviations: EPDS, Edinburgh postnatal depression scale; CI, confidence interval.
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Clinical trials in recent years have shown that esketamine has a rapid antidepressant effect.17,18 Due to changes in 
hormone levels, women who have had a CS are more likely to experience depression or depression-like symptoms after 
surgery compared to the average postoperative patients. Low dose esketamine combined with sufentanil in PCIA after CS 
has been shown to reduce the incidence of postpartum depression.19 Our trial confirmed significantly lower EPDS scores 
in the esketamine group compared to the control group at 5 days postoperatively. However, because none of the 
participants met the diagnostic criteria for postpartum depression36,37 confirmed via the postoperative follow-up EPDS 
scores, we cannot yet conclude that esketamine used for postoperative PCIA improved the occurrence of postpartum 
depression in this study. There was no significant difference in EPDS scores between the two groups at 42 days 
postoperatively, which may be related to the short-term administration of esketamine.

For all secondary outcomes present in this study, our conclusions should be considered exploratory due to the sample 
size calculations being based on the primary outcome. Therefore, there was insufficient power to detect differences in the 
secondary outcomes.

This study has some limitations. In our clinic trial, sixty-two of the 170 participants underwent an emergency 
cesarean section, accounting for 36.5% of all participants. In order to make this study more applicable to real-world 
clinical situations, we did not restrict the type of cesarean delivery. However, some studies have confirmed that 
emergency cesarean section patients are more likely to have postpartum depression and pain,38,39 which may have 
affected the outcomes. In addition, a portion of the EPDS score follow-up at 42 days postoperatively were missing, which 
may have an impact on the conclusions regarding postpartum depression. Furthermore, all outcomes in this study were 
self-reported by the participants and may lead to recall bias or be vulnerable to investigator interpretation.

Conclusion
In summary, our study demonstrates that esketamine combined with tramadol for PCIA after CS significantly improved 
pain intensity at 6 hours postoperatively compared to butorphanol combined with tramadol. Future research should focus 
on exploring more rational doses of esketamine in combination with opioids or other non-opioid medications to reduce 
pain after CS and evaluating the exact effect of esketamine on reducing the incidence of postpartum depression.

Data Sharing Statement
Six months after the main results are published, the individual participant data of this study can be accessed with the 
permission of the corresponding author.
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