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Abstract 

Objective  There is a lack of research on epidural esketamine for labor analgesia. The purpose of this research 
is to compare the efficacy of epidural esketamine and sufentanil on labor analgesia and postpartum depression.

Methods  A total of 187 cephalic full-term parturients with single-fetus vaginal delivery were collected in this 
retrospective study from Jan 2022 to Jan 2023. Parturients were categorized into two groups according to anesthet-
ics: the esketamine group (Group KR, n = 97) with patient-controlled epidural analgesia with 0.3 mg/ml esketamine 
and 0.083% ropivacaine in 240 ml of normal saline and the Sufentanil group (Group SR, n = 90) with 0.3 µg/ml sufen-
tanil and 0.083% ropivacaine in 240 ml of normal saline. The Visual Analogue Scale, Ramsay Sedation Scale, and Modi-
fied Bromage Score were recorded before, 5, 10, and 30 min after analgesia, when the uterine orifice was fully opened, 
and after delivery. The Edinburgh Postnatal Depression Scale(EPDS) scores at 3 and 42 days after delivery were 
recorded. The maternal and infant outcomes and occurrence of maternal adverse reactions were recorded.

Results  The VAS scores after analgesia at 5,10,30 min and when the cervix was fully opened were higher in Group KR 
than Group SR (all P < 0.05). RSS scores at 5,10,30 min after analgesia in group KR were lower in Group KR than Group 
SR (all P < 0.05). Compared with group SR, significant decreases were shown in the EPDS and the incidence of postpar-
tum depression at 42 days after delivery in Group KR (all P < 0.05). Group KR has considerably decreased rates of pru-
ritus compared to Group SR (P < 0.05). The other adverse effects showed no significant difference (all P > 0.05). The 
maternal and neonatal outcomes were not significantly different between the two groups (all P > 0.05).

Conclusions  In comparison to sufentanil, epidural esketamine for labor analgesia may exhibit a better sedative 
effect, and a low incidence of pruritus, but a limited analgesic effect. It may be associated with a lower risk of postpar-
tum depression. Further exploration of the optimal regimen and dosage of esketamine for epidural labor analgesia 
would be necessary.
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Background
Epidural labor analgesia is the preferred option to alle-
viate labor pain and improve maternal satisfaction [1, 
2]. The standard anesthetic medications used for epi-
dural labor analgesia are composed of a mixture of low-
dose local anesthetics and adjuvants [3]. Traditionally 
used as adjuvant drugs for epidural analgesia, opioids 
have a quick onset of action and a good analgesic effect. 
They can also reduce motor block and urinary reten-
tion, prolong the duration of action, enhance the block-
ing effect of local anesthetics, lower the dosage of local 
anesthetics, and facilitate vaginal delivery [4]. However, 
their side effects, which involve nausea and vomiting, 
pruritus, and urinary retention, decrease maternal sat-
isfaction [3, 5]. Hence, it is necessary to develop alter-
native epidural anesthetic adjuncts that exhibit potent 
analgesic capabilities while minimizing adverse effects.

Ketamine, a noncompetitive N-methyl-D-aspartate 
(NMDA) receptor antagonist, is prevalently employed 
in obstetric anesthesia as a result of its extensive array 
of pharmacological effects, including sedation, anal-
gesia, antidepressant, and sympathetic stimulation [6, 
7]. Esketamine, the S-enantiomer of ketamine, exhib-
its superior and quicker sedative and analgesic effects 
along with a higher safety profile due to its larger affin-
ity for NMDA receptors [8, 9]. It has been demon-
strated that the absence of preservatives in esketamine 
renders it safe for epidural analgesic administration 
[10, 11]. Esketamine used in epidural analgesia can 
exert local anesthesia and analgesia by directly acting 
on the spinal cord. Epidural esketamine for postopera-
tive analgesia in thoracic surgery and cesarean section 
lowers postoperative VAS scores, reduces the incidence 
of moderate chronic postoperative pain and adverse 
effects, and decreases opioid dosage [12, 13]. It does 
not produce sympathomimetic activity, can shorten 
the motor block time, and has a certain anti-postoper-
ative nociceptive allergy, which may contribute to the 
recovery of patients with epidural analgesia to a certain 
extent [14]. Furthermore, both esketamine and keta-
mine exhibit prompt-acting antidepressant properties 
[15, 16]. Esketamine nasal aerosol has been authorized 
for treatment-resistant depression [17]. Research has 
indicated that perioperative intravenous esketamine 
has a preventive effect on postpartum depression early 
after cesarean section [18–20]. Nevertheless, there is a 
scarcity of research that investigates the safety and effi-
cacy of esketamine for epidural labor analgesia, as well 
as its impact on postpartum depression.

To establish a clinical reference, we propose to com-
pare the efficacy of epidural esketamine and traditional 
adjuvant sufentanil for labor analgesia, in addition to 
their effects on postpartum depression and safety.

Materials and methods
Study design
This retrospective study was performed on single cephalic 
full-term primiparous women who delivered vaginally in 
the Third Affiliated Hospital of Zhengzhou University 
between January 2022 and May 2023. Inclusion criteria: 
singular cephalic full-term primipara; vaginal delivery; 
American Society of Anesthesiologists (ASA) class I or 
II; 18–45 years old. The following are the exclusion crite-
ria: pregnancy complications, severe medical conditions, 
depression or psychiatric diseases, contraindications to 
epidural analgesia, pregnancy with assisted reproduc-
tive technology, contraindications to medication in this 
experiment, poor compliance, cesarean section for nor-
mal delivery, loss of visits, and stillbirth. 250 women were 
initially recruited; however, 21 cases were lost to visit, 
15 cases were transferred to cesarean section, 6 cases 
were poorly adherent, 5 cases were assisted reproductive 
technology pregnancies, 16 cases were pregnancy com-
plications, and a total of 187 cases were finally enrolled. 
Parturients were categorized into two groups accord-
ing to the anesthetic medicines prescribed: the esketa-
mine group (Group KR, n = 97) and the sufentanil group 
(Group SR, n = 90) (Fig. 1). This study was authorized by 
the Ethics Committee of the Third Affiliated Hospital of 
Zhengzhou University (No. 2022-089-01), and all partu-
rients signed an informed consent form.

Anesthesia procedure
After a thorough evaluation by obstetricians and anes-
thesiologists, epidural labor analgesia was implemented 
in accordance with the mother’s individual wishes. The 
epidural puncture was administered in the interverte-
bral space of L2-3 or L3-4, with an epidural catheter 
positioned 4–5 cm from the head end and secured. 5 ml 
of 1.5% chloroprocaine was administered through the 
catheter, and the patient’s self-control epidural anal-
gesia pump was connected and activated. The patient-
controlled epidural analgesia(PCEA) formulas were 
as follows: Group: 0.3  mg/ml esketamine (National 
Drug License: H20193336, specification: 2  ml:50  mg, 
Jiangsu Hengrui Medicine Company) + 0.083% ropi-
vacaine + saline = 240  mL, SR group: 0.3  μg/ml sufen-
tanil + 0.083% ropivacaine + saline = 240  mL. Analgesia 
pump settings: initial volume of 10  ml/time, pulse vol-
ume of 8  ml/h, self-control volume of 2  ml/h, and the 
lock time of 20 min.

Data collection
The maternal age, body mass index (BMI), gestational 
week, years of education, and whether oxytocin was 
used were recorded in each group; Visual Analogue 
Scale(VAS), Ramsay Sedation Scale(RSS), and Modified 
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Bromage Scale(MBS) were recorded in each group 
before analgesia (t0), 5(t1), 10(t2), 30 min after analgesia 
(t3), when the uterine cavity was fully opened (t4), and 
after the end of labor (t5). Edinburgh Postnatal Depres-
sion Scale (EPDS) scores were recorded 3  days (T1) 
and 42 days after delivery (T2). The ratio of postpartum 
depression (PPD) was recorded 42  days after delivery, 
which was diagnosed by an EPDS score of ≥ 13 [21]. The 
first and second stages of labor, instrumental delivery, 
amount of hemorrhage during labor, neonatal weight, 
and Apgar score of the groups were recorded. the prob-
ability of nausea and vomiting, dizziness, pruritus, leth-
argy, fever, respiratory depression, and urinary retention 
in labor.

Statistical analysis
The data description, analysis and graph were conducted 
using SPSS 27.0 statistical software and Graphpad Prism 
9.3.1 software. The mean ± SD or median with quartiles 
was used to describe continuous variables. The inde-
pendent samples t-test or non-parametric tests would be 
employed to compare groups. Categorical variables were 
reported as n(%), and group comparisons were made 

using the chi-square test or Fisher’s exact test. The gen-
eralized estimating equations were used to compare VAS, 
RSS, and MSS scores at various time points. P < 0.05 was 
considered statistically significant.

Results
There was no statistically significant difference in the 
comparison of maternal age, BMI, gestational week, years 
of education, and use of oxytocin in the two groups (all 
P > 0.05) (Table 1).

Time and group were found to interact in the compari-
son of VAS scores. (χ2 group*time = 12.503, P = 0.014). 
Consequently, separate analyses were conducted.

Separate effects analyses for time revealed that varia-
tions in VAS scores at various time points were statisti-
cally significant (P < 0.001) in both Group SR and KR. The 
results of the separate effects analysis between the two 
groups indicated that the differences in VAS scores at 
t1-4 were statistically significant (P < 0.001). VAS scores 
at t0 and t5 in both groups did not show statistically sig-
nificant differences(P > 0.05). Group SR exhibited lower 
VAS scores than Group KR at t1-4 (all P < 0.05) (Fig.  2, 
Table S1). To conclude, the SR group exhibited a superior 

Fig. 1  Flow diagram for enrollment

Table 1  Baseline characteristics of the two groups

BMI Body mass index

Group Age (years) BMI (kg/m2) Gestational age (days) Years of Schooling 
(years)

Use of 
oxytocin 
(n, %)

Group SR (n = 90) 28.46 ± 2.79 27.05 ± 2.65 279.24 ± 6.28 16.06 ± 1.17 18(20.0)

Group KR (n = 97) 28.54 ± 3.32 26.39 ± 2.69 278.07 ± 7.06 16.39 ± 1.59 30(30.9)

t / χ2 -0.179 1.692 1.196 -1.643 2.922

P-Value 0.858 0.092 0.233 0.102 0.087
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analgesic effect and a lower VAS score in comparison to 
the KR group.

Time and group were also found to interact in the 
comparison of RSS scores. (χ2 group*time = 10.822, 
P = 0.029). Consequently, separate analyses were 
conducted.

Separate effects analyses for time revealed that varia-
tions in RSS at various time points were statistically sig-
nificant (P < 0.001) in both Group SR and KR. The results 
of the separate effects analysis between the two groups 
indicated that the differences in RSS at t1-3 were statis-
tically significant (P < 0.001). The difference in maternal 
RSS between the two groups before analgesia (t0), when 
the cervix was fully opened (t4) and at the end of labor 
(t5) was not statistically significant (P > 0.05). Group SR 
showed lower RSS scores than Group at t1-3 (all P < 0.05) 
(Fig. 3, Table S1). To conclude, the SR group exhibited a 
superior analgesic effect and a lower VAS score in com-
parison to the KR group. In summary, the KR group 
exhibited a superior sedation effect and a lower RSS score 
in comparison to the SR group.

EPDS scores at 3  days postpartum (T1) between the 
two groups did not show significant differences(all 
P > 0.05); the difference in EPDS scores at 42  days post-
partum and incidence of PPD between the two groups 
was statistically significant (both P < 0.05) (Table  2, 
Fig. 4).

The difference in the duration of the second stage 
of labor time between the SR and KR groups was 

statistically significant (P < 0.05). The difference in the 
first stage of labor, rate of instrumental delivery, Intra-
partum blood loss, neonatal weight, 1 min Apgar score, 
5 min Apgar score, and 10 min Apgar score did not differ 
significantly between the two groups (P > 0.05) (Table 3).

Group KR has considerably decreased rates of pruri-
tus compared to group SR (P < 0.05). The other adverse 
effects showed no significant difference (all P > 0.05) 
(Table 4).

Discussion
This retrospective study evaluated the efficacy of epidural 
esketamine and the conventional adjuvant sufentanil 
for labor analgesia, as well as the impact on postpartum 
depression, maternal and neonatal outcomes, and asso-
ciated adverse effects. Our study found that epidural 
0.3 mg/ml esketamine for labor analgesia might be asso-
ciated with more effective sedation, shorter duration of 
second-stage labor, lower PPD incidence, lower pruritus 
rate, and no significant effect on the motor block and 
maternal and infant outcomes compared with epidural 
0.3  µg/ml sufentanil. Nevertheless, its analgesic efficacy 
was marginally inferior to that of sufentanil; however, this 
minor discrepancy was not clinically important.

Esketamine is a rotary isomer of ketamine that has an 
affinity for NMDA receptors whose analgesic effect is 
approximately 1.5 to 2 times that of ketamine [7–9]. The 
analgesic, sedative, and anesthetic actions of esketamine 
are thought to be derived from its blocking action on 

Fig. 2  Comparison of visual analogue score in the two groups
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NMDA receptors [7, 9, 14]. Esketamine antagonizes the 
NMDA receptor and inhibits its activation by glutamate. 
It also binds to central opioid μ- and δ-receptors, acti-
vating the downstream anti-injury sensory system and 
exerting analgesic effects [7, 9, 14, 22].

Epidural esketamine combined with 0.075% ropiv-
acaine induced dose-dependent dizziness, which was 
notably common when the esketamine dose was 1  mg/
ml, according to a dose exploration study [23]. Under the 
results of the pre-test, the present investigation employed 

Fig. 3  Comparison of Ramsay sedation score in the two groups

Table 2  Comparison of the EPDS score and incidence of PPD at 
42 days after delivery in the two groups

EPDS Edinburgh Postnatal Depression Scale, PPD postpartum depression

Group EPDS score PPD (n,%)

T1 T2

Group SR(n = 90) 5.81 ± 1.15 7.73 ± 2.04 8(8.9)

Group KR (n = 97) 5.75 ± 1.10 6.64 ± 1.10 1(1.0)

t / χ2 0.356 4.613 -

P-Value 0.722  < 0.001 0.015

Fig. 4  Comparison of incidence of postpartum depression 42 days after delivery in the two groups
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a small dose of 0.3 mg/ml of esketamine in conjunction 
with 0.083% ropivacaine based on the results of pre-test. 
In this trial, the sufentanil group received the usual epi-
dural anesthetic medication combination of 0.083% ropi-
vacaine and 0.3 µg/ml sufentanil, which is the traditional 
protocol in our hospital.

In comparison to the sufentanil group, the esketamine 
group’s VAS scores were marginally higher at t1-4, which 
means the analgesic effect was marginally less effective. 
However, the difference in the actual maternal percep-
tion of pain between the two groups was not apparent 
after analgesia, indicating that the VAS scores of the two 
groups, despite being statistically distinct, may not have 
clinical significance.

This could be due to the favorable sedative effect, but 
it also suggests that the amount of esketamine employed 
in this experiment might not be the ideal dose for epi-
dural labor analgesia, and future prospective studies are 
needed. Research has demonstrated that esketamine 
might be more appropriate to combine with opioids 
rather than be employed as a single epidural adjuvant 
[24]. The Ramsay sedation scores of Group ER in this trial 
were higher at t1-3 after analgesia, which may suggest 
there is a faster onset of sedation when epidural esketa-
mine is administered for labor analgesia.

Research has demonstrated that the novel antidepres-
sant drug esketamine achieves its rapid and potent anti-
depressant effects by combining a variety of mechanisms, 

such as antagonizing NMDA receptors, increasing brain-
derived neurotrophic factor (BDNF) release, inhibit-
ing neuronal apoptosis, and inducing synaptic plasticity 
[25]. Studies have proven that perioperative esketamine 
administered intravenously or utilized for postoperative 
intravenous self-controlled analgesia (PCIA) reduces 
the incidence of postoperative EPDS scores and PPD in 
women after cesarean section or delivery and improves 
the analgesic effect [6, 26, 27]. Our study observed that 
the EPDS score and PPD prevalence on the 42nd day 
postpartum were significantly reduced in women receiv-
ing epidural esketamine, which may suggest that esketa-
mine used for epidural labor analgesia seems to be 
related to a lower incidence of postpartum depression in 
women with vaginal delivery. It has been proposed that 
the sensory-motor blocking effect caused by epidural 
local anesthetics has some effect on uterine contraction 
[28]. The KR group exhibited a significantly shorter sec-
ond stage of labor than the SR group in this experiment. 
It was postulated that this may be attributed to the KR 
group’s reduced dosage of local anesthetic ropivacaine, 
which decreased the effect on uterine contraction, short-
ened the second stage of labor, and improved the delivery 
outcome. Esketamine inhibits opioid-induced nocicep-
tive hypersensitivity by antagonizing the NMDA recep-
tor, allowing for lower opioid dosages with less impact on 
mother and infant and fewer neurological adverse effects 
[7, 9, 14]. Group KR showed a decreased rate compared 
to Group SR in our study without other adverse reactions.

Table 3  Comparison of the maternal and neonatal outcomes in the two groups

Group Group SR (n = 90) Group KR (n = 97) t/χ2 P-Value

The first stage of labor duration (min) 636.39 ± 111.52 637.47 ± 107.05 -0.068 0.946

The second stage of labor duration (min) 95.49 ± 13.38 87.07 ± 14.71 5.191  < 0.001

Instrumental delivery(n,%) 4(4.4) 2(2.5) - 0.430

Intrapartum blood loss(ml) 265.58 ± 83.02 273.92 ± 83.64 -0.684 0.495

Neonatal body mass (kg) 3.39 ± 0.35 3.28 ± 0.41 1.968 0.051

1 min Apgar score < 10 (n,%) 11(12.2) 6(6.2) 2.058 0.151

5 min Apgar score < 10 (n,%) 6(6.7) 3(3.1) - 0.317

10 min Apgar score < 10 (n,%) 3(3.3) 3(3.1) - 1.000

Table 4  Comparison of the incidence of adverse reactions in the two groups (n, %)

Group Nausea and 
vomiting

dizziness Pruritus Lethargy Fever Respiratory 
depression

Urinary retention

Group SR (n = 90) 7(7.8) 8(8.9) 9(10.0) 2(2.2) 10(10.0) 1(1.1) 3(3.3)

Group KR (n = 97) 6(6.2) 5(5.2) 1(1.0) 4(4.1) 6(6.2) 2(2.1) 2(2.1)

χ2 0.183 1.006 - - 1.448 - -

P-Value 0.669 0.316 0.008 0.684 0.229 1.000 0.673
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This study’s limitations include the following: Firstly, 
the absence of a blank control group using a purely local 
anesthetic agent. Due to the poor analgesic effects, cases 
of labor analgesia with epidural ropivacaine alone were 
few, and beyond our certain period, which hindered us 
from drawing some of the conclusions. Further research 
including cases of labor analgesia with epidural ropiv-
acaine alone is still necessary. Secondly, it is difficult to 
determine the equivalent dose of esketamine and sufen-
tanil for epidural analgesia, which may affect the results 
of the study. Thirdly, the retrospective nature of the study 
prevented the collection of the amount of epidural labor 
analgesia medication consumed. Last is the failure to 
establish different dosages of esketamine to analyze the 
optimal dosage of esketamine PCEA for labor analgesia. 
Prospective clinical trials with larger samples will be con-
ducted in the future to investigate the optimal ratios and 
doses of esketamine.

Conclusions
Epidural esketamine for labor analgesia has exhibited 
certain effects on analgesia and sedation. Compared 
with sufentanil, esketamine used for epidural labor 
analgesia, may exhibit some connection with a lower 
incidence of postpartum depression, the shorter second 
stage of labor with fewer adverse reactions, and high 
safety for mothers and infants.

Although the analgesic efficacy may be marginally 
insufficient, it is anticipated that it will become the 
next generation of labor analgesia adjuvants as future 
research advances.
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