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Purpose: Postoperative sleep disturbance can hinder recovery after cesarean section. Although either esketamine or dexmedetomidine
alone has been shown to improve sleep quality, their combined use in patient-controlled intravenous analgesia (PCIA) has not been
well studied. This study aimed to evaluate whether adding dexmedetomidine to esketamine in PCIA could further enhance post-
operative sleep quality in women after cesarean delivery.

Patients and Methods: In this randomized trial, 105 women receiving PCIA were assigned to control (C), esketamine (E), or
esketamine-dexmedetomidine (ED) groups. The primary outcome was the Richards-Campbell Sleep Questionnaire (RCSQ) score on
postoperative day 1 (PODI1). Secondary outcomes included pain Numerical Rating Scale (NRS) scores, Ramsay sedation scores,
RCSQ on POD2-3, Hospital Anxiety and Depression Scale (HADS) scores, analgesic demands, and adverse events.

Results: On PODI, the RCSQ scores were significantly higher in both the Group E (43.5 £ 17.2; mean difference = 11.6; 95% CI,
4.8-18.6; P =0.008) and the Group ED (52.6 + 11.5; mean difference = 20.7; 95% CI, 13.9-27.6; P < 0.001) compared with the Group
C (31.9 + 14.2). The Group ED also showed a greater improvement in sleep quality than the Group E (mean difference = 9.1; 95% CI,
2.2-15.9; P = 0.032). Both intervention groups had lower resting NRS scores and fewer PCIA demands than the control group. No
significant differences were found among the three groups regarding adverse events or other secondary outcomes.

Conclusion: Low-dose esketamine combined with dexmedetomidine in PCIA effectively improved postoperative sleep quality and
pain relief after cesarean section, proving to be a safe and effective analgesic adjunct.
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Introduction

Cesarean section is among the most frequently performed surgical procedures.’ However, postoperative pain and stress
often lead to sleep disturbances—an underrecognized yet critical factor that may impair maternal recovery and quality of
life.”

Esketamine, an N-methyl-D-aspartate (NMDA) receptor antagonist, has been shown to improve postoperative sleep
quality and reduce pain when administered via infusion.” '® Emerging evidence indicates that its sleep-promoting effects
may involve enhancement of slow-wave sleep (N3) and modulation of sleep architecture, potentially mediated through
upregulation of brain-derived neurotrophic factor (BDNF), a key regulator of synaptic plasticity also linked to its rapid

antidepressant action.''
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Dexmedetomidine, a highly selective a,-adrenergic receptor agonist, has been shown in electroencephalographic
studies to induce a sleep-like state closely resembling physiological non-rapid eye movement (NREM) sleep.' ' When
administered via patient-controlled intravenous analgesia (PCIA), its stable and continuous delivery enhances sleep
quality and alleviates depressive symptoms in postpartum women, outperforming bolus or intraoperative infusions.'
Moreover, dexmedetomidine may mitigate esketamine-induced agitation and neuronal hyperexcitation. Notably, com-
bined administration of esketamine and dexmedetomidine has been reported to further prolong total sleep time, increase
the proportion of N3 sleep, and improve the continuity of deep sleep.''

However, the combined use of esketamine and dexmedetomidine in PCIA after cesarean delivery has not been
evaluated, despite evidence that each agent independently improves sleep quality. Therefore, this study aimed to assess
whether a low-dose PCIA regimen combining esketamine, dexmedetomidine, and sufentanil could enhance postoperative
sleep quality and analgesia in women undergoing cesarean section.

Materials and Methods

This single-center, randomized, controlled trial was conducted at Nanchong Central Hospital. The study protocol was
approved by the Ethics Committee of Nanchong Central Hospital on December 31, 2024 (Approval No. 2024-192) and
was registered at the Chinese Clinical Trial Registry on February 6, 2025 (Registration No. ChiCTR2500096770). The
trial was conducted in accordance with the ethical principles of the Declaration of Helsinki. Written informed consent
was obtained from all participants prior to enrollment.

Study Population

This study enrolled postpartum women who met the following criteria: full-term singleton pregnancy, planned cesarean
delivery under spinal anesthesia, ASA physical status I-II, and age 2045 years. Exclusion criteria included severe
systemic disease, gestational diabetes, hypertension, relevant drug allergies or contraindications, psychiatric disorders,
communication or cognitive impairment, patient refusal, history of substance abuse (opioids, sedatives, or psychotropic
drugs), preoperative heart rate <50 beats/min, or systolic blood pressure <100 mmHg. Participants were withdrawn in
cases of inadequate intraoperative analgesia, major intraoperative complications, deviation from the planned anesthetic or
surgical procedure, or postoperative loss to follow-up.

Randomization and Masking

An independent physician generated the random allocation sequence via SPSS 25.0 using block randomization with
a block size of 6 and a 1:1:1 allocation ratio. Participants were randomly assigned to one of three groups: control (Group
C), esketamine (Group E), or esketamine—dexmedetomidine (Group ED). No stratification was applied. Allocation
concealment was ensured using sequentially numbered, opaque envelopes prepared by an independent staff member.
On the day of surgery, an anesthesiologist opened the envelopes sequentially to prepare the assigned interventions. All
study medications were identical in appearance and volume and were uniformly labeled as “intervention drug” to
maintain blinding. This anesthesiologist took no part in data collection or postoperative assessments. Patients, surgeons,
and outcome assessors remained blinded throughout the study.

Study Intervention

All participants were instructed to fast for 8 hours preoperatively. Upon entering the operating room, they underwent
standard electrocardiographic monitoring and received supplemental oxygen via nasal cannula, while an upper limb
intravenous line was established. Spinal anesthesia was performed with the patient in the left lateral position. A spinal
puncture was conducted at the L2—-L3 or L3-L4 intervertebral space, and upon confirmation of cerebrospinal fluid flow,
2 mL of 0.5% bupivacaine was slowly administered. Following drug administration, the patient was placed in the supine
position with a 15°-30° leftward tilt of the operating table Surgery commenced once the anesthetic level reached the T6—
T8 dermatome. Vasoactive agents, including phenylephrine or ephedrine, were administered as needed to maintain
hemodynamic stability.

9790 https: Drug Design, Development and Therapy 2025:19



Zhang et al

Following fetal delivery and umbilical cord clamping, PCIA was initiated using the following group-specific regi-
mens, each diluted to 100 mL with normal saline: Group C received sufentanil (2 pg/kg) and ramosetron (0.9 mg); Group
E received esketamine (0.5 mg/kg), sufentanil (2 pg/kg), and ramosetron (0.9 mg); and Group ED received esketamine
(0.5 mg/kg), dexmedetomidine (1 pg/kg), sufentanil (2 pg/kg), and ramosetron (0.9 mg). The PCIA pump delivered
a continuous background infusion at 2 mL/h, with a patient-controlled bolus of 2 mL and a 15-minute lockout interval.
Based on this infusion rate and total volume, the continuous dosage approximated 0.01 mg/kg/h of esketamine and
0.02 pg/kg/h of dexmedetomidine in Group ED.

Rescue analgesia (50 mg diclofenac sodium suppository) was administered rectally if participants reported a resting
NRS score >4 or a movement/coughing NRS score >6 with inadequate pain control via PCIA. Repeat administration was
permitted at minimum 12-hour intervals. No intraoperative sedatives or analgesics were administered before surgery
completion. Requirement for additional sedation or analgesia during the procedure resulted in study exclusion.

Outcomes

Baseline demographic and clinical characteristics were collected, including maternal age, gestational age, height, weight,
body mass index (BMI), surgical duration, education level, parity, and neonatal parameters. Preoperative assessment
included the Pittsburgh Sleep Quality Index (PSQI) for sleep quality over the preceding month and the Hospital Anxiety
and Depression Scale (HADS) for anxiety and depression levels.

The primary outcome was the Richards-Campbell Sleep Questionnaire (RCSQ) score on postoperative day 1 (PODI).
Secondary outcomes comprised RCSQ scores on POD2 and POD3; Numerical Rating Scale (NRS) scores for pain at rest
and during movement; and Ramsay sedation scores at 6, 12, 24, 48, and 72 hours postoperatively. Additional measures
included HADS scores on POD2, counts of effective and total PCIA pump presses, frequency of rescue analgesia, and
incidence of adverse events. Prespecified adverse events were nausea, vomiting, dizziness, pruritus, drowsiness,
respiratory depression (respiratory rate <8 breaths/min), hypotension (systolic blood pressure <90 mmHg or diastolic
blood pressure <60 mmHg), and bradycardia (heart rate <60 beats/min).

Sample Size and Power

The sample size was calculated using PASS 21.0 software. The primary outcome measure was the RCSQ score on PODI.
Based on preliminary pilot study results, the expected RCSQ scores were 46.1+5.8 for the Group E, 50.6+10.8 for the
Group E, and 40.2+5.0 for the Group C. With a two-sided a = 0.05 and a power of 1-f = 0.9, the sample size ratio was set
at 1:1:1. Taking into account a 20% loss to follow-up, 40 participants per group were required, with a total of 120
participants across the three groups.

Statistical Analysis

Data were analyzed using SPSS 25.0. Normally distributed continuous variables are presented as mean + standard
deviation (SD), and non-normally distributed variables as median (interquartile range, IQR). Homogeneity of variance
was assessed using Levene’s test. For homogeneous data, one-way analysis of variance (ANOVA) with Bonferroni post-
hoc testing was applied; for heterogeneous data, the Kruskal-Wallis H-test was used. Categorical variables are expressed
as percentages and compared using the y*-test or Fisher’s exact test, as appropriate.

The primary endpoint—postoperative sleep quality measured by RCSQ over the first three postoperative days—was
analyzed with Bonferroni correction for multiple comparisons. The significance level was set at a = 0.05, and a two-
tailed p-value < 0.05 was considered statistically significant. All analyses followed a per-protocol approach, excluding
participants who were eliminated after randomization.

Results
Study Participants

The CONSORT flow diagram provides a detailed account of the number of individuals who were contacted, recruited,
and randomly assigned (Figure 1). Between February and April 2025, 205 postpartum women were screened for
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Figure | The flow diagram of the study.

eligibility. Of these, 25 declined to participate and 80 met exclusion criteria. The remaining 120 participants were
enrolled and equally allocated to the three groups (n=40 per group). During the study period, 15 participants were
excluded: 11 due to inadequate intraoperative analgesia (2 in Group C, 4 in Group E, 5 in Group ED), 1 in Group E due
to massive intraoperative bleeding, and 3 in Group C due to surgical plan changes. Consequently, 105 participants
completed the study and were included in the final per-protocol analysis.

No significant differences were observed among the three groups in baseline demographic characteristics, preopera-
tive anxiety and depression (HADS scores), sleep quality (PSQI scores), or neonatal parameters and outcomes
(Supplementary Table S1).

Maternal Sleep Quality (RCSQ Scores)

On POD1, RCSQ scores were significantly higher in both Group E (43.5 + 17.2) and Group ED (52.6 £ 11.5) compared
to Group C (31.9 + 14.2), with mean differences of 11.6 (95% CI 4.8-18.6, P = 0.008) and 20.7 (95% CI 13.9-27.6, P <
0.001), respectively. Furthermore, the Group ED demonstrated significantly better outcomes on POD1 relative to Group
E, with a mean difference of 9.1 (95% CI 2.2-15.9, P = 0.032). (Figure 2). On POD2, maternal sleep quality showed
further improvement in both Group E (61.1 £ 11.6; 95% CI 57.1-65.1; P = 0.02) and Group ED (62.9 + 13.8; 95% CI
58.1-67.6; P = 0.001) compared to Group C (50.6 £ 16.2). However, no statistically significant difference was observed
between Group E and Group ED (Figure 2). By POD3, both intervention groups continued to show numerically higher
RCSQ scores than Group C (Group E: 63.8 + 13.8; Group ED: 66.1 = 13.9 vs 58.7 £ 11.4). However, these differences no
longer reached statistical significance (Figure 2).

Component Analysis of RCSQ

On PODI, Group E showed significant improvements versus Group C in sleep latency (P = 0.013), number of
awakenings (P = 0.028), and perceived sleep quality (p = 0.005). Group ED demonstrated significant enhancements
across all five RCSQ domains compared to Group C (all P < 0.001). On POD2, both intervention groups exhibited
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Figure 2 RCSQ score three days after operation. The X-axis represents postoperative days (POD|-POD3). The Y-axis represents RCSQ scores (0 = very poor sleep, 100
= excellent sleep). The boxplots display the median (center line), interquartile range (box), and minimum/maximum values (whiskers). The blue triangles represent the mean
value for each group. The individual points represent values outside the range of the whiskers. *P < 0.05, **P < 0.01, **P < 0.001.

significantly better sleep latency and perceived sleep quality relative to Group C. Group ED also showed a greater ability
to return to sleep than Group E. By POD3, sleep latency remained shorter in both Group E and Group ED compared to
Group C. The sole significant difference between Group E and Group ED was observed in sleep depth on PODI,
favoring Group ED (P < 0.001) (Supplementary Table S2).

Postoperative Pain (NRS Scores)
Compared to Group C, both Group E and Group ED demonstrated significantly lower median NRS pain scores at rest at

12, 24, and 48 hours postoperatively compared to Group C(P <0.05). No significant differences were observed among
the groups at the remaining time points (Figure 3a). For NRS scores during movement, no significant differences were

observed among the three groups (P >0.05) (Figure 3b).
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Figure 3 Postoperative pain intensity at rest and during movement over the first three days. (a) Resting pain scores. (b) Movement-evoked pain scores. The X-axis
represents postoperative time points (6 h, 12 h, 24 h, 48 h, and 72 h). The Y-axis represents pain intensity assessed using the Numerical Rating Scale (NRS, 0 = no pain, 10 =
worst imaginable pain). The boxplots display the median (center line), interquartile range (box), and minimum/maximum values (whiskers). *P < 0.05, **P < 0.0, ***P <
0.001.

Abbreviation: NRS, Numerical Rating Scale.
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Table | Comparison of Postoperative Anxiety and Depression Scores and the Number of Pressing Times of
Analges Ic Pump Among the Three Groups

Variable C Group E Group ED Group E vs ED vs E vs ED
(n=35) (n=35) (n=35) C P Value | C P Value P Value
HADS-A score 3(2-5) 2(1-5) 2(1-4) =0.334 =0.251 =0.948
HADS-D score 4(1-6) 2(2-5) 2(1-4) =0.619 =0.151 =0.320
Total PCIA compressions 8(6-8) 7(4-8) 5(3-8) =0.039* =0.010% >0.999
Effective PCIA compressions | 7(5-7) 6(4-7) 5(3-6) =0.041* =0.010% >0.999

Note: *P < 0.05.

Analgesic Consumption and Other Outcomes

Compared to Group C, both Group E and Group ED demonstrated a decrease in the total number of PCIA demands and
effective presses. However, the difference between Group E and Group ED did not reach statistical significance (Table 1).
On POD2, no significant intergroup differences were observed in HADS-A scores, HADS-D scores, Ramsay sedation
scores (Supplementary Table S4 and Table 1), or the incidence of adverse events, including nausea and vomiting,

pruritus, dizziness, somnolence, respiratory depression, hypotension, and bradycardia (Supplementary Table S3).

Discussion

This study demonstrates that both Group E and Group ED significantly improved maternal RCSQ scores on POD1 and
POD2 compared with Group C, with Group ED showing greater improvement on POD1. These results indicate that low-
dose esketamine enhances postoperative sleep quality after cesarean section, and co-administration with dexmedetomi-
dine may further augment this effect. Both regimens also reduced resting pain scores.

16.17 previous studies have shown that esketamine and

Postoperative sleep disturbance is common after cesarean section.
dexmedetomidine individually improve sleep quality, but evidence on their combined use in PCIA has been limited.'*'*!'* We
employed a low-dose esketamine regimen (0.5 mg/kg total; continuous infusion, 0.01 mg/kg/h), previously established as safe for

2022

mothers and neonates, combined with a low-dose dexmedetomidine infusion (0.02 pg/kg/h) to enhance analgesia and sleep

quality without excessive sedation.”*** The observed synergy may stem from complementary mechanisms. Esketamine’s NMDA

receptor antagonism provides foundational analgesia and anti-inflammatory effects,”> 2’

potentially mitigating postoperative
sleep disruption. While preclinical studies suggest esketamine can influence circadian regulators like CLOCK and BMAL1,%*%*
we acknowledge this remains a hypothesis in our clinical context. Dexmedetomidine likely contributes through its a2-adrenergic
agonist effects, enhancing analgesia and inducing natural sleep states.'®'**° This pharmacodynamic profile may also counter
esketamine-related neuropsychiatric side effects, supporting the safety of the combination.'

Although no significant difference in movement-evoked pain was observed versus controls, both esketamine and
dexmedetomidine demonstrate dose-dependent analgesia. The relatively low doses used here may have been adequate for
resting pain but suboptimal for movement-related pain.*”>> Nevertheless, both Group E and Group ED demonstrated
a reduction in the number of presses on the analgesia pump, suggesting that these interventions were effective in
managing postoperative pain in parturients.

We observed no significant changes in anxiety and depression scores, likely due to low preoperative baselines and the brief
observation period.'®*° Future studies with extended follow-up are needed to evaluate long-term psychological outcomes.

From a clinical perspective, these findings suggest that incorporating low-dose esketamine, either alone or in
combination with dexmedetomidine, into routine PCIA protocols may represent a feasible strategy to enhance post-
operative sleep quality and improve maternal recovery after cesarean section. In particular, the addition of dexmedeto-
midine appears to further optimize the balance between analgesia, sleep promotion, and safety, while potentially reducing
esketamine-related adverse effects. Therefore, adapting current PCIA regimens to include these agents could provide
a practical and evidence-based approach to support enhanced recovery after surgery pathways in obstetric anesthesia.

This study has limitations. First, no validated minimal clinically important difference (MCID) exists for RCSQ, so the
clinical relevance of our findings should be interpreted cautiously. Second, we did not include a dexmedetomidine-only group,
although its sleep benefits are well established; further studies are needed to clarify whether combined therapy offers a true
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advantage over monotherapy. Third, objective sleep monitoring was not performed, limiting precision. Finally, the follow-up
was restricted to the first three postoperative days, and long-term outcomes remain to be determined.

Conclusion

In conclusion, adding low-dose esketamine and dexmedetomidine to PCIA improved postoperative sleep quality and
reduced resting pain after cesarean section, with a favorable safety profile. Future studies should optimize dosing
strategies and assess dexmedetomidine monotherapy to further refine PCIA protocols in obstetric anesthesia.
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