
C L I N I C A L  T R I A L  R E P O RT

Effect of Esketamine-Based Opioid-Sparing 
Anesthesia Protocol on the Quality of Early 
Recovery After Urological Surgery: 
A Randomized Clinical Trial
Yu Qi 1,2,*, Weihua Li 1,3,*, Ying Ren 1,3,*, Jia Sun1,2, Yangzi Zhu 1,2, Long Wang1,2, 
Meiyan Zhou1,2, Liwei Wang1–3

1The Xuzhou Clinical College of Xuzhou Medical University, Xuzhou, Jiangsu, People’s Republic of China; 2Department of Anesthesiology, Xuzhou 
Central Hospital, Xuzhou, Jiangsu, People’s Republic of China; 3College of Anesthesiology, Xuzhou Medical University, Xuzhou, Jiangsu, People’s 
Republic of China

*These authors contributed equally to this work 

Correspondence: Meiyan Zhou; Liwei Wang, The Xuzhou Clinical College of Xuzhou Medical University, Department of Anesthesiology, Xuzhou Central 
Hospital, No. 199, Jiefang South Road, Xuzhou, Jiangsu, People’s Republic of China, Email zhoumeiyandoctor@126.com ; doctorlww@sina.com

Purpose: The quality of postoperative recovery under enhanced recovery after surgery protocols has always been the focus of 
anesthesiologists. It has been proven that esketamine application during the perioperative period can reduce the use of opioid drugs and 
improve the quality of postoperative recovery. The present study explored the effect of the esketamine-based opioid-sparing anesthesia 
protocol on the quality of postoperative recovery in patients undergoing elective urological surgery.
Patients and Methods: A randomized, double-blind, controlled clinical trial was adopted. Patients aged 18–65 years, with American 
Society of Anesthesiologists physical status grades I–III, scheduled for elective laparoscopic partial nephrectomy or unilateral 
nephrectomy in urological surgery, were randomly divided into the OSA group and the control group. The OSA group received 
0.25 mg/kg of esketamine for anesthesia induction during the operation, and maintenance was carried out at a rate of 0.125 
mg·kg⁻¹·h⁻¹. The primary outcome measure was the Quality of Recovery Scale-15 score 24 hours after the operation.
Results: The total Quality of Recovery Scale-15 score was significantly higher in the OSA than in control groups 24 hours after the 
operation (114 [108, 116] vs 106 [102, 109], p < 0.001). The anesthesia recovery level was better in the OSA than in control groups in 
the post-anesthesia care unit, demonstrated by shorter eye-opening time (19 [17 20] vs 22 [18, 22], p = 0.031) and extubation time (20 
[20, 23] vs 25 [20, 25], p = 0.004). Additionally, the incidence of nausea and vomiting within 0–48 hours after surgery was lower in 
the OSA than in control groups.
Conclusion: The esketamine-based opioid-sparing anesthesia protocol can improve the quality of early postoperative recovery and 
the level of anesthesia recovery, and accelerate rehabilitation in patients undergoing elective urological surgery.
Keywords: esketamine, opioid-sparing anesthesia, quality of recovery, postoperative pain, nephrectomy

Introduction
Laparoscopic partial nephrectomy and unilateral nephrectomy have become the most desirable patient choice in recent 
years due to the notable upward trend in the incidence of kidney tumors.1 However, a series of intraoperative operations, 
such as abdominal wall incisions, tissue damage, the continuous expansion of the abdominal wall and peritoneum caused 
by pneumoperitoneum, intraoperative traction and suture of the kidneys and ureters, and the continuous stimulation of the 
peritoneum by residual carbon dioxide after surgery, seriously affect the postoperative recovery of patients.2

With the continuous development of the concept of enhanced recovery after surgery (ERAS) protocols, improving the 
quality of postoperative recovery of patients has increasingly become the focus of anesthesiologists.3 In the past few 
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decades, opioid-drug-based general anesthesia (GA) has become the mainstay of anesthesia. Although opioid drugs can 
produce a strong analgesic effect, their use is associated with manifold adverse events,4,5 such as immunosuppression, 
postoperative nausea and vomiting (PONV), hyperalgesia, respiratory depression, gastrointestinal paralysis, chronic pain, 
and opioid dependence. In recent years, opioid-free anesthesia (OFA) has gradually become an alternative option for 
clinical anesthesia and has received considerable attention and popularity.6 Although opioid-free anesthesia has now been 
applied in various surgeries, such as gynecological surgeries, general surgeries, spinal and joint surgeries, and major open 
surgeries,7–9 the effectiveness and safety of opioid-free anesthesia protocols remain controversial.10,11 Some studies 
found no clinically significant benefits with opioid-free anesthesia.12 Thus, opioid-sparing anesthesia (OSA) seems to be 
accepted by more anesthesiologists. Opioid-sparing anesthesia is defined as the complex anesthesia model established by 
the combined application of non-opioid analgesic drugs or regional anesthesia and other techniques to reduce the use of 
opioid drugs during the perioperative period, thus, decrease the risk of opioid-related adverse reactions.13

Esketamine is a non-competitive N-methyl-D-aspartate (NMDA) receptor antagonist with a high affinity for NMDA 
and opioid receptors.14,15 It also has mild respiratory depression, mild circulatory excitation, and relaxation effects on 
bronchial smooth muscle.16 Studies have shown that the use of esketamine during the perioperative period can reduce the 
consumption of opioid drugs and improve the postoperative recovery quality of patients.17,18

Currently, only a handful of studies have assessed the effect of esketamine-based opioid-sparing anesthesia protocol 
on the quality of postoperative recovery in urological surgery. We hypothesized that the esketamine-based opioid-sparing 
anesthesia protocol could improve the quality of postoperative recovery in patients. Therefore, the present randomized, 
double-blind, controlled study sought to explore the effect of the esketamine-based opioid-sparing anesthesia protocol on 
the quality of early postoperative recovery in patients undergoing elective laparoscopic partial nephrectomy or unilateral 
nephrectomy, to verify the safety and efficacy of opioid-sparing anesthesia in urology.

Methods
Study Design and Participants
This randomized, double-blind, controlled clinical trial included patients scheduled for elective urological surgery, who 
were randomly assigned to receive the OSA protocol (the OSA group) or the standard anesthesia protocol (the control 
group). The study adhered to the principles of the Declaration of Helsinki. The study was approved by the Institutional 
Ethics Committee of Xuzhou Central Hospital (No. XZXY-LK-20230427-059) on April 27, 2023. The trial was 
registered with the Chinese Clinical Trial Registry (ChiCTR2300071295) before patient enrollment. All subjects signed 
an informed consent form before participating in the study. This study followed the Consolidated Standards of Reporting 
Trials (CONSORT) guidelines.19 The trial protocol is presented in Supplementary information 1.

This randomized controlled trial was conducted from June 2023 to September 2024. The trial ended after the follow- 
up of the last participant was completed. Inclusion criteria: (1) Patients aged 18–65 years old; (2) with American Society 
of Anesthesiologists (ASA) physical status grades I–III; (3) those undergoing elective laparoscopic partial nephrectomy 
or unilateral total nephrectomy under general anesthesia with tracheal intubation; and (4) those with an operation duration 
of 1–3 hours and willing to use patient-controlled intravenous analgesia (PCIA). Exclusion criteria: (1) Patients refusing 
to participate; (2) those with severe hypertension, pulmonary hypertension, or excessively high intracranial or intraocular 
pressure; (3) those with diseases of vital organs such as heart, liver, lung, and kidney and unable to tolerate the surgery; 
(4) those with a history of central nervous system diseases; (5) those allergic to esketamine or other anesthetic drugs; and 
(6) those with cognitive impairment or inability to communicate. A total of 172 participants were included in the final 
analysis.

Randomization and Blinding
A researcher who was not involved in patient recruitment, coordination, data collection, or outcome assessment 
generated the random sequence in a 1:1 ratio (block randomization with a block size of 4) using the SPSS 26.0 software. 
The random results were concealed in sequentially numbered and sealed opaque envelopes. Before anesthesia induction, 
a researcher who was unaware of the randomization procedure opened the envelopes and assigned patients to the opioid- 
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sparing (OSA) group or the control group according to the random sequence. The responsible anesthesiologists were 
informed about the study medications but received no information identifying individual patients’ group assignments. 
Except for the different medications, all patients received standardized intraoperative management and monitoring. 
Subjects, clinicians except for anesthesiologists, and the researchers responsible for patient recruitment and outcome 
assessment were completely blinded to the group allocation. The outcome assessors did not access the anesthesia records 
and were not involved in the treatment of patients. The PCIA pump was placed in an opaque bag with all identifying 
labels removed to ensure blinding.

Anesthesia and Postoperative Analgesia Management
Neither group of patients received preoperative medications. Routine intraoperative monitoring was established, includ
ing pulse oximetry, electrocardiogram, invasive blood pressure monitoring, body temperature, and bispectral index (BIS). 
The BIS value was maintained at around 50. Furthermore, the surgical pleth index (SPI) was utilized to monitor 
intraoperative injury perception to assess the patient’s intraoperative analgesia level. A value of 20–50 indicates an 
appropriate analgesia level under GA. A value >50 indicates insufficient analgesia and requires an increase in the dose of 
analgesic drugs. A value <20 indicates excessive analgesia and requires a reduction in the infusion rate of analgesic 
drugs. Anesthesia was induced with esketamine 0.25 mg/kg, propofol 2 mg/kg, sufentanil 0.3 μg/kg, and cisatracurium 
besylate 0.15 mg/kg in the OSA group and propofol 2 mg/kg, sufentanil 0.4 mg./kg, and cisatracurium besylate 0.15 mg/ 
kg in the control group. Preoxygenation was performed for 5 minutes after anesthesia induction, followed by tracheal 
intubation and mechanical ventilation using a lung protective ventilation strategy. Anesthesia maintenance in both groups 
was achieved with propofol 4–12 mg·kg⁻¹·h⁻¹ and remifentanil 0.1–1.0 μg·kg⁻¹·min⁻¹, with intermittent supplementa
tion of cisatracurium besylate. The OSA group was continuously infused with esketamine at a rate of 0.125 mg·kg⁻¹·h⁻¹, 
whereas the control group received an equal dose of normal saline. During the operation, drugs were adjusted according 
to the hemodynamic changes of the patients to maintain the fluctuation of intraoperative mean arterial pressure (MAP) 
within 20% of the baseline blood pressure. A small dose of norepinephrine or ephedrine was given intravenously when 
MAP was lower than 20% of the baseline blood pressure, and intravenous nicardipine 0.5 mg was given intravenously or 
the anesthetic dose was adjusted when MAP was higher than 20% of the baseline blood pressure. Meanwhile, atropine 
0.3–0.5 mg was given intravenously when the heart rate (HR) was less than 40 beats/minute, and anesthesia was 
deepened or a β-blocker was used when the HR was greater than 100 beats/minute. Esketamine infusion was stopped 20 
minutes before the end of surgery in the OSA group. Propofol infusion was stopped in both groups when the skin was 
sutured and remifentanil infusion was stopped at the end of surgery.

All patients received postoperative analgesia with a PCIA device. PCIA with sufentanil (0.015 μg·kg⁻¹·h⁻¹), 
esketamine (0.015 mg·kg⁻¹·h⁻¹), and tropisetron (10 mg) was used for the OSA group, and that with sufentanil (0.03 
μg·kg⁻¹·h⁻¹) and tropisetron (10 mg) in the control group. PCIA parameters were as follows: total volume, 100 mL; 
continuous infusion rate, 2 mL/h for 48 hours; patient-controlled volume, 1.5 mL; and lockout time, 15 minutes. If the 
Numerical Rating Scale (NRS) score was ≥4, an additional 50 mg of flurbiprofen was administered intravenously for 
rescue analgesia. PCIA infusion was suspended if the score was always <1 and symptoms such as respiratory depression, 
confusion, or unstable blood pressure occurred. PCIA was resumed once these symptoms improved.

Outcome Measurements
The primary outcome measure was the early postoperative quality of recovery, which was assessed by the Quality of 
Recovery Scale-15 (QoR-15)20 24 hours after surgery. QoR-15 consists of 15 items, each scored on a 10-point scale. It 
comprises five subscales: pain (n = 2), physical comfort (n = 5), physical independence (n = 2), psychological support (n 
= 2), and emotional state (n = 4). The total score ranges from 0 to 150, with 0 indicating poor recovery and 150 indicating 
excellent recovery. The Chinese version of the QoR-15 scale used in this study was translated and developed by West 
China Hospital of Sichuan University based on the English version of the QoR-15 scale, and the authorization for its use 
was obtained21(The QoR-15 questionnaire can be found in Supplementary figure 1). The QoR-15 questionnaire was 
completed by the patient when feasible or with the assistance of a surgical ward nurse who is blinded to the treatment 
group allocation.
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Secondary outcome measures included the QoR-15 scores at 48 and 72 hours after surgery, the anesthesia recovery 
level in the post-anesthesia care unit (PACU), intraoperative hemodynamics, the total consumption of opioids during 
surgery and within 48 hours after surgery, the incidence of moderate-to-severe postoperative pain within 0–24 hours and 
24–48 hours after surgery, the incidence of nausea and vomiting within 0–24 hours and 24–48 hours after surgery, and 
other postoperative adverse events. The anesthesia recovery level in the PACU included the time to respiratory recovery, 
time to eye-opening, time to extubation, Ramsay sedation score (RSS), Sedation-Agitation Scale (SAS) score, and NRS 
score. Moderate-to-severe postoperative pain was defined as an NRS score of ≥4. To evaluate intraoperative hemody
namics, blood pressure and heart rate were recorded before anesthesia induction (T0), after induction (T1), immediately 
after intubation (T2), at the time of skin incision (T3), 30 minutes after the start of surgery (T4), 60 minutes after the start 
of surgery (T5), 90 minutes after the start of surgery (T6), and at the end of surgery (T7).

Safety
Safety-related data were collected during the study follow-up by both the anesthesia team and investigators involved in 
the research. Safety was evaluated during the anesthesia by assessing intra-operative hemodynamic status, heart rhythm, 
and the incidence of anaphylactic reactions. Additional adverse effects potentially attributable to the study interventions 
were recorded during subsequent follow-up visits, with serious adverse events being documented at any point during the 
follow-up period.

Sample Size and Statistical Analysis
According to our pilot study, the postoperative QoR-15 score was 106.4 ± 10.2 for patients undergoing elective 
laparoscopic partial nephrectomy or unilateral total nephrectomy. Referring to the literature, the minimum clinically 
important difference (MCID) of QoR-15 was 6.22 PASS 20.0.6 software was used to calculate the sample size, with the 
test power defined as 80% and the test level as 0.05, and 47 cases were needed in each group. Considering a 10% dropout 
rate, 53 cases were finally included in each group, with a total of 106 cases.

The Shapiro–Wilk test was used to assess normality. Normally distributed continuous variables were expressed as 
mean ± standard deviation (SD), and homogeneity of variance was evaluated using Levene’s test. Independent samples 
t-test or Welch’s t-test was selected based on the homogeneity of variances. Non-normally distributed continuous 
variables were expressed as median (25th-75th percentiles) and compared using the Mann–Whitney U-test. 
Categorical variables were expressed as frequency (percentage, %) and analyzed using the χ2 test or Fisher’s exact 
test. For repeated measures data, repeated measures analysis of variance (RM-ANOVA) was employed if the data met the 
assumptions of normality (verified at each time point) and sphericity (assessed via Mauchly’s test), with Greenhouse- 
Geisser corrections applied when sphericity was violated. Post hoc pairwise comparisons were adjusted using the 
Bonferroni method to control Type I error. If the data violated RM-ANOVA assumptions (eg, non-normality or missing 
values), generalized estimating equations (GEE) were used with an exchangeable working correlation matrix to account 
for within-subject correlations, robust standard errors (Huber-White estimator) for valid inference, and fixed effects for 
time, group, and their interaction. All analyses were performed using SPSS 26.0 (IBM Corp., Armonk, NY, USA), and a 
two-tailed p < 0.05 was considered statistically significant. GraphPad Prism version 10.1((GraphPad Software, San 
Diego, CA, USA)) for Windows was utilized to generate graphs.

Results
A total of 172 patients were screened between June 2023 and September 2024, of whom 66 patients were excluded. The 
remaining 106 patients were randomly assigned to the OSA group and the control group. All randomized patients 
underwent their surgical procedures with designated anesthesia regimens. During the postoperative follow-up period, 2 
patients in the OSA group and 3 patients in the control group were lost to follow-up. Finally, 51 patients in the OSA 
group and 50 in the control group were included in the analysis (Figure 1). Clinical characteristics were comparable 
between the two groups, with no differences observed in the baseline data (Table 1).
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Primary Outcome
The total score of QoR-15 was significantly higher in the OSA group than in the control group 24 hours after surgery 
(114 [108, 116] vs 106 [102, 109], p <0.001) and 48 hours after surgery (123 [119, 125] vs.117 [113, 121], p<0.001) 
(Figure 2). No significant difference in the total score of QoR-15 was found between the two groups 72 hours after 

Figure 1 Flow diagram.

Table 1 Characteristics at Baseline

Characteristics OSA Group (n=51) Control Group (n=50) P value

Age(yr) 58[53,61] 58.5[50,62] 0.477

Sex(male) 28(54.9%) 26(52%) 0.770

Height(cm) 166.9±7.1 164.9±6.8 0.149
Weight(kg) 64.6±8.7 64.4±7.8 0.890

ASA physical status 0.425

I 11 13
II 36 35

III 4 2

(Continued)
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surgery. Moreover, we performed a generalized estimating equations (GEE) analysis, which revealed that the OSA group 
demonstrated significantly higher postoperative QoR-15 scores compared to the control group (B = 0.068, p < 0.001). 
Furthermore, scores exhibited significant improvement over time (48h vs 24h: B = 4.749, p < 0.001; 72h vs 24h: B = 
4.807, p < 0.001). Specifically,“Physical comfort” and “Emotional state” scores were significantly higher in the OSA than 
in control groups 24 hours and 48 hours after surgery (Table 2, Supplementary Tables 1-3).

Figure 2 The distribution of QoR-15 based on allocation group at 24 hours, 48 hours and 72 hours after surgery. The box plots show the median value of total QoR-15 
score (blue box plots for the Control group and red box plots for the OSA group). The line represents the median, the box edges indicate the first and third quartiles, the 
whiskers represent the most extreme values up to 1.5 × interquartile range, and the dots represent the more extreme values. ****P<0.001.

Table 1 (Continued). 

Characteristics OSA Group (n=51) Control Group (n=50) P value

Medical history

Diabetes mellitus 32(62.7%) 30(60%) 0.839
Hypertension 34(66.7%) 37(74%) 0.420

Coronary heart disease 11(21.6%) 14(28%) 0.454

Cerebral infarction 6(11.8%) 5(10%) 0.776
Chronic renal failure 2(3.9%) 1(2%) 0.570

Anaemia 1(2%) 0(0%) 0.320

Smoker 19(37.3%) 23(46%) 0.373
Alcoholism 4(7.8%) 2(4%) 0.414

Chronic pain syndrome 1(2%) 1(2%) 0.989

Type of surgery 0.617
Partial nephrectomy 37(72.5%) 34(68%)

Radical nephrectomy 14(27.5%) 16(32%)

Duration of surgery (min) 160[120,175] 155[110,175] 0.591
Duration of anesthesia (min) 175[130,200] 175[130,186.25] 0.590

Duration of hospital stay (d) 9[8,11] 9[8,12] 0.771

Notes: Data are presented as mean±SD, median (25th-75th percentiles), or n (%). 
Abbreviation: ASA, American Society of Anesthesiologists.
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Secondary Outcome
Compared with the control group, the OSA group reduced the dosage of sufentanil (60 [60, 70] vs 110 [110,130], 
p<0.001) and remifentanil (1944 [1576, 2173] vs 2520 [1948, 2941], p<0.001) during the perioperative period (Figure 3A 
and B). This indicates that the OSA group significantly reduced the dosage of perioperative opioid drugs. Additionally, 
no disparity was found between the two groups in the dosage of propofol utilized during the operation (Supplementary 
figure 2).

No significant statistical difference in the incidence of moderate-to-severe pain was found between the two groups 
0–24 and 24–48 hours after the operation (21.6% vs 26%, 9.8% vs 14%) (Figure 3C). Furthermore, no significant 
difference in the NRS scores at rest was found between the two groups 24 and 48 hours after the operation. However, 
NRS scores while coughing were significantly lower in the OSA than in control groups 24 hours (3 [2, 3] vs 3 [3, 4], p = 
0.003) and 48 hours (1 [1, 2] vs 2 [1, 2], p = 0.023) after the operation (Supplementary figure 3).

The total incidence of PONV was significantly lower in the OSA group than in the control group (13.7% vs 32%). No 
statistically significant disparity was found between the two groups regarding the incidence of PONV in the PACU. 
Nevertheless, the incidence of PONV was lower in the OSA than in control groups 0–24 hours (11.8% vs 28%, p = 
0.048) and 24–48 hours (3.9% vs 20%, p = 0.029) after the operation (Figure 3D).

Moreover, the eye-opening time (19 [17, 20] vs 22 [18, 22], p = 0.031) and extubation time (20 [20, 23] vs.25 [20, 
25], p = 0.004) were significantly shortened in the PACU of the OSA group compared with the control group, indicating 
that the anesthesia recovery level in the OSA group was superior to that in the control group. In addition, no difference 

Table 2 QoR-15 Scores Between Two Groups at Different Time Points

OSA Group 
(n=51)

Control Group 
(n=50)

Median Difference  
(95% CI)

P value

Total QoR-15 score

T24 114[108,116] 106[102,109] 8(5,10) <0.001a

T48 123[119,125] 117[113,121] 6(3,8) # <0.001a

T72 123[121,127] 123[118.75,127] 0(−1,4) # 0.312

Pain

T24 15[13,19] 13[13,16.25] 2(0,2) 0.052
T48 17[16,18] 16.5[14,18] 0.5(0,2) 0.159

T72 18[16,19] 18[16,19] 0(−1,1) 0.992
Physical comfort

T24 36[34,39] 34[32,36] 2(1,4) 0.001a

T48 42[41,43] 39.5[38,43] 2.5(1,3) <0.001a

T72 44[42,45] 44[41,45.25] 0(−1,1) 0.645

Physical independence

T24 7[5,9] 7[5,8] 0(−1,1) 0.905
T48 10[8,12] 9[7,11] 1(−1,1) 0.500

T72 11[9,12] 10[9,12] 1(−1,1) 0.533

Psychological support
T24 19[18,20] 19[17.75,19.25] 0(0,1) 0.065

T48 20[19,20] 19.5[19,20] 0.5(0,0) 0.438

T72 19[18,20] 19[18,20] 0(−1,0) 0.389
Emotional state

T24 33[31,35] 32[30,33] 1(0,3) 0.005a

T48 34[33,36] 33[32,35] 1(0,2) 0.023a

T72 33[31,35] 33[31,34] 0(−1,1) 0.719

Notes: Data are presented as the median (25th-75th percentiles), or n (%). #Generalized estimating equation analysis 
indicated that the postoperative score of the OSA group was significantly higher than that of the control group, and the 
score improved significantly over time. aP<0.05. 
Abbreviation: CI, confidence interval.
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was found between the two groups regarding the respiratory recovery time, RSS score, NRS score, and incidence of 
agitation in the PACU (Table 3).

Further repeated-measures analysis of variance was conducted on the hemodynamics at various intraoperative time 
points. The results showed that the overall intraoperative heart rate (HR) and mean arterial pressure (MAP) in the OSA 
group were higher than those in the control group, presenting a non-linear change trend of rapid decline followed by a 
gradual stabilization. Bonferroni post - hoc tests indicated that the MAP and HR in the OSA group were significantly 

Figure 3 Comparison of perioperative sufentanil (A) and remifentanil (B) use between the control and OSA groups. Incidence of moderate-to-severe pain (C) and PONV 
(D) 0–24 and 24–48 hours after surgery. ****P<0.001. **P<0.01.

Table 3 Comparison of Anesthesia Recovery Level Between the Two Groups in PACU

OSA Group 
(n=51)

Control Group  
(n=50)

Odds Ratio or  
Median Difference (95% CI)

P value

Respiratory recovery time (min) 17[16,18] 18[16,19] −1(−1,0) 0.157

Eye-opening time (min) 19[17,20] 22[18,22] −3(−2,0) 0.031a

Extubation time (min) 20[20,23] 25[20,25] −5(−3, −1) 0.004a

Length of PACU stay (min) 65[60,70] 70[57.5,70] −5(−5,0) 0.554

Ramsay sedation score 2[2,2] 2[2,2.25] 0(0,0) 0.552
Sedation-Agitation Scale score 4[4,4] 4[3.75,4] 0(0,0) 0.605

Incidence of agitation 7(13.7%) 5(10%) 1.43(−0.10,0.17) 0.563

NRS score 3[2,3] 3[2.75,3] 0(−1,0) 0.097

Notes: Data are presented as median (25th-75th percentiles), or n (%). aP<0.05. 
Abbreviations: CI, confidence interval; PACU, post-anesthesia care unit; NRS, Numerical Rating Scale.
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higher than those in the control group immediately after induction, immediately after intubation, and at the time of skin 
incision (p < 0.05) (Supplementary figure 4). A follow-up was conducted to assess postoperative adverse reactions and 
complications in patients. No statistically significant difference in postoperative adverse reactions was found between the 
two groups (Table 4).

Discussion
The current study confirmed that compared to the conventional opioid anesthesia protocol, the esketamine-based opioid- 
sparing anesthesia protocol can improve the quality of early postoperative recovery in patients undergoing urological 
surgery, although it fails to reduce the occurrence of moderate to severe pain after surgery in patients.

The analysis of the five dimensions of the QoR-15 scale showed that the OSA group was significantly superior to the 
control group in “Physical comfort” and “Emotional state” dimensions 24 and 48 hours after the operation, consistent 
with the findings of a previous study on the quality of postoperative recovery after laparoscopic rectal cancer surgery 
with low-dose intravenous esketamine administration during the operation.23 Previous studies have demonstrated that 
esketamine has anti-anxiety and anti-depressant effects.24 The level of glutamate in the brain may increase in an anxious 
state, overly activating the NMDA receptor, leading to excessive excitation of neurons and impaired neural plasticity. 
Esketamine restores the normal function of neurons by antagonizing the NMDA receptor and reducing the excitatory 
toxicity of glutamate.25 Moreover, esketamine can increase the levels of neurotransmitters such as dopamine in the 
ventral striatum and caudate nucleus, which stimulates the limbic system structure, thereby improving the emotional state 
and alleviating anxiety symptoms. This may also be the reason for the improvement in the “Emotional state” dimension 
in the OSA group in our study.24,26 In the specific questions of QoR-15, we observed that the sleep quality was 
significantly better in the OSA group than in the control group 24 hours after the operation, consistent with previous 
clinical studies.27,28 Studies have shown that esketamine can regulate the circadian rhythm, which may be associated with 
the improvement in sleep quality after the operation.29

Notably, while there was no difference between the two groups in the total amount of propofol used during the 
perioperative period, the anesthesia recovery level was significantly better in the OSA group than in the control group in 
the PACU, especially in terms of eye-opening time and extubation time. A previous animal study found that esketamine 
promoted awakening in mice after isoflurane inhalation anesthesia.30 The study suggested that esketamine may promote 
the excitation of glutamatergic neurons in the paraventricular nucleus of the thalamus, thereby accelerating awakening 
after anesthesia. Furthermore, previous studies have shown that consciousness recovery after general anesthesia is 
associated with enhanced connectivity in the high gamma band, and administration of sub-anesthetic doses of ketamine 
can enhance gamma-band brain electrical power.31,32 These reasons may cause the eye-opening time and extubation time 
of the OSA group in the PACU to be shorter than those of the control group, thereby showing the difference in the 
anesthesia recovery level. However, a recent clinical study reported that a single dose of esketamine given to 

Table 4 Occurrence of Postoperative Adverse Reactions in Patients

AE Type OSA Group (n=51) Control Group (n=50) P value

Nightmares 1(1.96%) 2(4%) 0.986
Somnolence 2(3.92%) 2(4%) 1.000

Hallucination 2(3.92%) 0 0.484

Dysphoria 3(5.88%) 3(6%) 1.000
Salivation 2(3.92%) 1(2%) 1.000

Chill 0 4(8%) 0.121

Dizziness 9(17.65%) 11(22%) 0.583
Headache 2(3.92%) 2(4%) 1.000

Nystagmus 0 0 NS
Pruritus 0 1(2%) 0.992

Notes: Data are presented as n (%). 
Abbreviation: AE, adverse event.
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gynecological surgery patients under sevoflurane anesthesia showed no significant awakening-promoting result.33 Our 
study found that continuous infusion of a small dose of esketamine during the operation accelerated the awakening of 
patients from anesthesia. One of the reasons for the discrepancy in the results is that a small dose of esketamine was 
continuously used during the induction of anesthesia and intraoperative maintenance stage, that is, the administration 
method of esketamine is different from previous studies. Another reason may be the difference in anesthesia methods, 
that is, the difference in the mechanisms of total intravenous anesthesia and total inhalation anesthesia. This provides a 
reference value for investigating whether different esketamine-assisted anesthesia regimens can accelerate patient 
awakening.

Additionally, no difference was found between the two groups in the incidence of moderate-to-severe pain after the 
operation, indicating that the esketamine-based opioid-sparing anesthesia protocol can provide adequate perioperative 
analgesia while reducing the use of opioid drugs during the perioperative period, consistent with a previous study. Our 
data also demonstrated that the opioid-sparing anesthesia protocol can maintain a relatively stable perioperative 
hemodynamic level and effectively reduce the incidence of postoperative adverse reactions, especially PONV. This 
aligns with previous reports, which may be explained by the sympathomimetic effect of esketamine and the reduction in 
the dosage of opioid drugs.34–36

During the postoperative follow-up in this study, no serious adverse events were found. We consider that on the one 
hand, this is because the dose of esketamine used in this study was less than the maximum dose in the drug instructions, 
and the dose we used has been proved to be safe and effective in previous studies.37 On the other hand, in the study 
design stage, we described in detail the treatment measures for various possible adverse events during the perioperative 
period to ensure the clinical safety of patients.

Nonetheless, this study still has some limitations. Firstly, the sample size calculated based on the total score of QoR- 
15 may not accurately distinguish the differences in each dimension of QoR-15. Further studies with larger sample sizes 
are needed to validate our findings. Secondly, the opioid-sparing anesthesia protocol in this study is based on esketamine, 
a single non-opioid analgesic drug. Future studies should combine multiple non-opioid drugs and regional block 
techniques to further explore the safety and feasibility of the opioid-sparing anesthesia protocol. Finally, this study 
explored the quality of early postoperative recovery in patients undergoing elective urological surgeries with the opioid- 
sparing anesthesia protocol, with surgical types being limited to laparoscopic partial nephrectomy and unilateral 
nephrectomy, therefore lacking diversity. Thus, surgical types should be expanded for further exploration in the future.

Conclusion
In summary, the esketamine-based OSA protocol can be safely and effectively used in urological surgeries. Compared 
with a conventional opioid-based general anesthesia protocol, the esketamine-based OSA protocol can improve the 
quality of early postoperative recovery in patients undergoing urological surgeries and accelerate their rehabilitation, 
although it fails to reduce the occurrence of moderate to severe pain after surgery in patients.
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