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Balanced opioid‑free anesthesia 
with lidocaine and esketamine 
versus balanced anesthesia 
with sufentanil for gynecological 
endoscopic surgery: a randomized 
controlled trial
Yang Hu 1,2, Qing‑yun Zhang 1,2, Guan‑chao Qin 1, Guo‑hong Zhu 1, Xiang Long 1, Jin‑fei Xu 1 & 
Yuan Gong 1*

In this randomized controlled trial, 74 patients scheduled for gynecological laparoscopic surgery 
(American Society of Anesthesiologists grade I/II) were enrolled and randomly divided into two study 
groups: (i) Group C (control), received sufentanil (0.3 μg/kg) and saline, followed by sufentanil (0.1 μg/
kg∙h) and saline; and (ii) Group F (OFA), received esketamine (0.15 mg/kg) and lidocaine (2 mg/kg), 
followed by esketamine (0.1 mg/kg∙h) and lidocaine (1.5 mg/kg∙h). The primary outcome was the 48‑h 
time‑weighted average (TWA) of postoperative pain scores. Secondary outcomes included time to 
extubation, adverse effects, and postoperative sedation score, pain scores at different time points, 
analgesic consumption at 48 h, and gastrointestinal functional recovery. The 48‑h TWAs of pain scores 
were 1.32 (0.78) (95% CI 1.06–1.58) and 1.09 (0.70) (95% CI 0.87–1.33) for Groups F and C, respectively. 
The estimated difference between Groups F and C was − 0.23 (95% CI − 0.58 − 0.12; P = 0.195). No 
differences were found in any of the secondary outcomes and no severe adverse effects were observed 
in either group. Balanced OFA with lidocaine and esketamine achieved similar effects to balanced 
anesthesia with sufentanil in patients undergoing elective gynecological laparoscopic surgery, without 
severe adverse effects.

Clinical Trial Registration: ChiCTR2300067951, www. chictr. org. cn 01 February, 2023.

Opioid-free anesthesia (OFA) has been proposed based on the concept of multimodal anesthesia combined with 
dexmedetomidine, magnesium sulfate, ketamine, lidocaine, and regional block techniques without the need for 
 opioids1. However, a previous study reported that OFA administration resulted in a greater incidence of serious 
adverse  events2. Thus, there have been great concerns and controversies regarding the safety and benefits of OFA, 
although its use has been supported by several  studies2,3.

Lidocaine is a local anesthetic and has been considered a component of multimodal drugs because of its anal-
gesic, anti-hyperalgesic, anti-inflammatory, and immunomodulatory capabilities related to surgical  stress4–6. Our 
study demonstrated the successful application of OFA with lidocaine in  patients7. Esketamine is the s-enantiomer 
of ketamine and has a higher affinity for N-methyl-D-aspartate receptors than ketamine. Existing evidence 
indicates that esketamine has great analgesic and anesthetic activities and is widely used for pain management 
as well as an adjunct to general  anesthesia8–11.

We hypothesized that OFA with lidocaine and esketamine would exert similar anesthetic effects and provide 
better perioperative analgesia. The 48-h time-weighted average (TWA) of the numeric rating scale (NRS), chosen 
as the primary outcome, was used to evaluate clinical benefits.
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Materials and methods
Study design
This was a single-center, double-blind, parallel-group, randomized controlled trial. Ethical approval was obtained 
from the Institutional Review Board of the Yichang Central People’s Hospital (HEC-KYJJ-2022-077-02). This 
study was conducted in compliance with the tenets of the Declaration of Helsinki and was registered in the 
Chinese Clinical Trials Registry (ChiCTR2300067951).The trail was registered on 1 Feberary, 2023,and were 
conducted from 10 Feberary to April 30, 2023. Written informed consent was obtained from all patients, and 
the study complied with the Consolidated Standards of Reporting Trials checklist.

Patients
The inclusion criteria were as follows: women aged 18–65 years, American Society of Anesthesiologists grade 
I or II, and scheduled for elective laparoscopic gynecological surgery. The exclusion criteria were as follows: an 
untreated underlying disease (e.g., hypertension, epilepsy, and diabetes), body mass index (BMI) ≥ 30 kg/m2, 
hemoglobin concentration ≤ 80 g/l, and severe cardiac arrhythmias (e.g., second-II-II atrioventricular block, atrial 
fibrillation, and heart failure). Patients who refused to participate in the study were also excluded.

Primary outcomes
The primary outcome was the 48-h TWA of the  NRS12. The time points of the NRS assessment were as follows: 
within 10 min after tracheal extubation  (T0) and 1 h  (T1), 4 h  (T2), 12 h  (T3), 24 h  (T4), and 48 h  (T5) after surgery.

Secondary outcomes
The secondary outcomes included the time for extubation and sedation scores at 0, 30, and 60 min after extuba-
tion (Richmond Agitation-Sedation Rating Scale, RASS)13. The time of the first bowel sound and time of bowel 
ventilation were recorded. Adverse events (pruritus, insomnia, metallic taste, nausea, vomiting, and psychiatric 
symptoms) were recorded and analyzed. Analgesic consumption over 48 h postoperatively was recorded and 
converted to morphine equivalents, based on previous  studies14,15.

Randomization and interventions
A computer-generated randomized sequence was created by an independent investigator, Jin-fei Xu, who was 
blinded to the study, using SPSS 22.0 (IBM Corporation, Armonk, NY, USA) in a 1:1 allocation. The patients 
were randomly divided into two groups (Group F [OFA] and C [control]), with each patient assigned a rand-
omized number.

Perioperative anesthetic care
Patients fasted for 6 h and were restrained with oral intake of clear fluids for 2 h perioperatively. Non-invasive 
blood pressure (BP), heart rate (HR), electrocardiography, and pulse oxygen saturation were measured using 
a multifunction monitor (GE Healthcare, Helsinki, Finland) when the patients entered the operating room. 
Baseline data were obtained from the average of three measurements obtained 2 min apart. A 20 G intravenous 
catheter was placed in the peripheral vessels of the left forearm.

The balanced opioid-free anesthesia using the lidocaine and esketamine protocol was administered as fol-
lows: lidocaine (1.5 mg/kg) and esketamine (0.15 mg/kg) were infused over 5 min in Group F. Additionally, the 
standard general anesthesia protocol included the infusion of sufentanil (0.3 μg/kg) and saline over 5 min in 
Group C. Following the initial infusion, propofol (2 mg/kg) and rocuronium (0.6 mg/kg) were injected, followed 
by the continuous infusion of lidocaine (2 mg/kg∙h) and esketamine (0.10 mg/kg∙h) in Group F, and sufentanil 
(0.1 µg/kg∙h) and saline at the same rate in Group C.

Thereafter, 500 mL of Ringer’s lactate solution was injected after the catheter setup. The anesthesiologist 
opened a sealed envelope containing the computer-generated randomized assignment number before induction. 
An anesthesia nurse blinded to the study prepared and activated the infusion of study drugs following the study 
protocol. They were instructed to reveal the randomized assignment to the patients or study co-investigators. 
Anesthesia was maintained with sevoflurane (minimum alveolar concentration 0.8–1.2) and 50% oxygen in 
medical air in both groups. Vasopressors were administered to maintain the mean arterial BP within ± 20% of 
baseline measurements. Before extubation, all patients received 4 mg betamethasone, 5 mg tropisetron, and 
50 mg flurbiprofen axetil as postoperative analgesia. An anesthesiologist blinded to the study performed anes-
thesia emergence, assessed, and recorded the time from the end of surgery to extubation, sedation scores, and 
NRS scores.

The patients were monitored for at least 5 min to resume regular spontaneous respiration and subsequently 
transferred to the post-anesthesia care unit (PACU). An anesthesia nurse (Guo-hong Zhu) blinded to the study 
visited the patients and used the RASS to evaluate them at 0, 30, and 60 min after their transfer to the PACU 
until the score returned to 0. Metoclopramide (1 g) and ondansetron (4 mg) were used as rescue medicines for 
postoperative nausea and vomiting (PONV). Postoperative pain assessment was conducted by an anaesthetist 
(Xiang Long), who was blinded to the study, at 10 min after tracheal extubation  (T0) and 1 h  (T1), 4 h  (T2), 12 h 
 (T3), 24 h  (T4), and 48 h  (T5) after surgery using Numeric Rating scale (NRS). The anesthetist, Xiang Long, 
recorded the time to the first bowel sounds after surgery.

The postoperative pain management protocol consisted of 30 mg/8 h ketochromic acid injections and patient-
controlled intravenous analgesia (PCIA). The protocol of PCIA was as follows: sufentanil 100 µg, nalbuphine 
40 mg, with saline to 225 ml (the infusion rate was set up at a bolus dose of 3 ml/h, and lockout period of 15 min, 
max 3 dose/h, with no background infusion). Nalbuphine is considered a rescue analgesic in the PACU. Patients 
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were assessed for discharge from the PACU to the ward according to the institution’s standards, where they 
remained overnight. An experienced investigator, Jin-fei Xu, who was blinded to the study, initiated the process 
of recording the need for analgesics within 48 h after surgery and the incidence of PONV during the 48 h post-
operative period. Perioperative care followed the practices of local clinicians. Patient satisfaction was assessed 
using a 5-point scale, with 0 indicating "unsatisfactory" and 5 indicating "very satisfied", and was recorded 48 h 
after surgery.

Statistical analysis
Based on the preliminary experimental results, the sample size calculations achieved a power of 90% with α = 0.05 
to reject the null hypothesis. Considering that approximately 10% of patients were lost to follow-up, 74 were 
scheduled for the study. Age, height, weight, BMI, time of surgery, time to provide anesthesia, time to extubate, 
NRS score, consumption of analgesics, and time for recovery of intestinal function is expressed as mean ± standard 
deviation and were analyzed using Student’s t-test. RASS scores and patient satisfaction were analyzed using the 
Mann–Whitney U-test. Inter-group comparison was conducted using the T-test of two independent samples. 
T-tests for independent samples were used to compare post-operative analgesic consumption between the 
groups. Moreover, the pain scores (NRS values) at 0, 1, 4, 12, 24, and 48 h postoperatively were analyzed using 
an independent Student’s t-test for two independent samples. The incidence of PONV and adverse effects were 
analyzed using the χ2 test. Statistical significance was set at P < 0.05. SPSS version 22 (SPSS, Chicago, IL, USA) 
was used to perform the statistical analyses.

Results
Patient characteristics
Overall, 74 patients were enrolled in the study, of whom 72 were included in the analysis. One patient in each 
group was excluded from the study. No statistically significant differences were observed in the baseline data 
between the groups, except for age (Group F (40.83 [9.03]) vs. Group C (45.64 [10.13]), P = 0.037). There were no 
statistical differences in surgery duration (Group C [91.86 (39.5) min] vs. Group F [99.47 (47.8) min, (P = 0.422)]) 
and time of anesthesia (Group C [119.81 (40.78) min] vs. Group F [126.78 (48.84) min) (P = 0.551)]). However, 
there was a statistically significant difference in the time to extubation (8.50 [2.51] min in Group C vs. 10.39 
[2.16] min in Group F, P = 0.013) (Table 1).

Forty‑eight‑hour TWAs of postoperative NRS scores
The mean (SD) values of the NRS scores at different time points during the 48-h postoperatively were set as 
line plots, and the area under the curve was calculated and expressed as the TWA. The results were 1.32 (0.78) 
and 1.09 (0.70) for Groups F and C, respectively. The estimated difference between Groups F and C was − 0.23 
(97.5% CI − 0.58 − 0.12; P = 0.195). However, we believe that this difference was clinically insignificant. Table 2 
summarizes these results (Fig. 1).

Pain score at 48‑h postoperatively
There were no differences in pain scores between the groups at T0, T1, T2, T3, T4, and T5 (Supplementary 
Figure S1). No statistical differences were observed between Groups C and F at the different time points (Table 2).

Postoperative analgesic consumption at 48‑h
The postoperative analgesic consumption was 0.832 (0.455) mg/kg in Group C and 0.788 (0.267) mg/kg in Group 
F. There was less analgesic consumption in Group F, which was not statistically different from that in Group C.

PONV
Twelve patients in Group C and 10 patients in Group F experienced nausea and vomiting 48 h postoperatively 
(33.3% in Group C vs. 27.8% in Group F, P = 0.609). No significant differences were observed among the study 
groups. We did not observe any other adverse effects.

Table 1.  Baseline characteristics of the participants. Continuous variables are expressed as means and 
standard deviations, and categorical variables are expressed as (+ /−). P-values < 0.05 indicate significant 
differences. ASA American Society of Anesthesiologists, BMI Body mass index.

Group C (n = 36) Group F (n = 36) P-value

Age (years) 45.64(10.13) 40.83(9.03) 0.037

Height (cm) 158.67(4.02) 159.97(3.86) 0.164

Weight (kg) 57.63(9.99) 60.33(8.96) 0.230

BMI (kg/m2) 23.40(2.78) 23.53(2.89) 0.853

ASA (I/II) 23/13 19/17 0.339

Surgery duration (min) 91.86(39.5) 99.47(47.8) 0.422

Anesthesia duration (min) 119.81(40.78) 126.78(48.84) 0.551

Time to extubation (min) 8.50(2.51) 10.39(2.16) 0.013
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Richmond agitation–sedation scale scores
The sedation score at 0 min after transfer to the PACU was − 2 (− 2, − 1) in Group C and − 2 (-2, − 1) in Group 
F (P = 0.219). At 30 min after transfer to the PACU, it was 0 (− 0.75, 0) in Group C and 0 (0.75, 0) in Group F 
(P = 1.0), and at 60 min after transfer to the PACU, it was 0 (0,0) in Group C and 0 (0,0) in Group F (P = 0.317) 
(Fig. 2).

Postoperative gastrointestinal recovery
There were no significant differences in the time to first bowel sounds (13.027 [5.893] h in Group C vs. 14.536 
[4.768] h in Group F, P = 0.237) between the groups and time to first intestinal exhaust (20.306 [4.780] h in Group 
C vs. 20.556 [5.127] h in Group F, P = 0.831).

Patient satisfaction score
There was no statistical difference between the two groups in patient satisfaction score, with a median of 5 (4–5) 
(“very satisfied”) and 4 (4–5) (“satisfied”) in Groups F and C, respectively (P = 0.29).

Discussion
In our trial, balanced OFA with lidocaine and esketamine resulted in similar effects as balanced opioid anesthesia 
in peri-and post-operative analgesia consumption within 48 h. No statistical differences were observed between 
the groups in terms of NRS scores and gastrointestinal recovery. Patients in Group F had lower RASS scores, 
time for extubation and similar patient satisfaction scores. More importantly, no severe adverse events were 
observed during the trial.

Appropriate perioperative pain control is essential to facilitate postoperative patient recovery. Perioperative 
pain control remains over-reliant on opioids due to their fast onset time and strong analgesic effect, even though 
they have significant adverse effects, and there is great controversy regarding the effectiveness and safety of 
 OFA16–19. Our study found that the 48-h TWA NRS scores and postoperative NRS scores at different time points 
were consistently lower in both groups (Supplementary Table S1). We also found that OFA with lidocaine and 
esketamine in patients achieved similar peri- and postoperative analgesia consumption as balanced anesthesia 

Table 2.  NRS scores at each time-point and the 48-h time-weighted pain score. Continuous variables are 
expressed as means and standard deviations. NRS Numeric rating scale (1–10), PACU  Post-anesthesia care 
unit, TWA  Time-weighted average during 48 h postoperatively; P-values < 0.05 indicate significant differences.

Group C (n = 36) Group F (n = 36)

P-valueMean/SD 95% CI Mean/SD 95% CI

NRS-PACU 2.333 (0.252) (1.830, 2.836) 2.222 (0.252) (1.719, 2.725) 0.756

NRS-1 h 2.306 (0.212) (1.882, 2.729) 2.333 (0.212) (1.910, 2.757) 0.927

NRS-4 h 1.667 (0.198) (1.271, 2.062) 1.833 (0.198) (1.438, 2.229) 0.554

NRS-12 h 1.194 (0.188) (0.820, 1.569) 1.722 (0.188) (1.348, 2.097) 0.051

NRS-24 h 1.056 (0.153) (0.751, 1.360) 1.083 (0.153) (0.779, 1.338) 0.898

NRS-48 h 0.528 (0.158) (0.214, 0.842) 0.889 (0.158) (0.575,1.203) 0.110

TWA-48 h 1.09 (0.70) (0.87,1.33) 1.32 (0.78) (1.06,1.58) 0.195

Figure 1.  Time-weighted average of NRS scores. NRS: numeric rating scale (1–10), TWA : time-weighted 
average during 48 h postoperatively, variables are expressed as means ± SD (standard deviations).
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with sufentanil, which was similar to previous  studies3,16. The reason may be attributed to the following: (i) 
multimodal analgesia was used; (ii) lidocaine could reduce postoperative  pain20; and (iii) esketamine has a better 
analgesic effect, which was used as an adjuvant for perioperative analgesia.

Postoperatively, gastrointestinal dysfunction resulted in a longer hospital stay and poorer hospital experience. 
As previously mentioned, better perioperative analgesia, including that for gastrointestinal function, can 
promote postoperative recovery. However, opioids can disturb gastrointestinal function via their receptors in 
the gastrointestinal  tract21. Thus, OFA can be used to treat postoperative gastrointestinal dysfunction. Our study 
found that the time to the first bowel sound in Group F was nearly 1.5 h earlier than that in Group C, despite no 
significant differences between the groups. The reduction in the time to first bowel sounds showed the positive 
effects of OFA. However, this may be because gastrointestinal function recovery was not chosen as the primary 
outcome, which may have affected the calculation of the sample size.

The administration of opioids is a risk factor for PONV, which is known to have a high incidence after 
 surgery22. The mechanism is multifactorial, involving (a) enhanced vestibular sensitivity (symptoms may include 
vertigo and worsening with motion), (b) direct effects on the chemoreceptor trigger zone, and (c) delayed gastric 
emptying (symptoms of early satiety and bloating, worsening postprandially)22, where the distribution of opioid 
receptors in gastrointestinal tracts is not confined to the colon, but also higher  segments23. However, we found 
no statistical difference between the groups, even with a lower incidence of PONV in Group F, which is similar 
to the results of a previous  study24. Moreover, the 48-h TWA of pain scores served as the primary outcome and 
resulted in a small sample size when other analyses were performed.

Delay in extubation is commonly associated with increased adverse  outcomes25.Anesthetic drugs are one 
element affecting the time of extubation, and a study demonstrated that the time for extubation was prolonged 
with opioid  administration26. Our trail yielded a similar result, with extubation time being 2 min longer in group 
F. The reasons maybe be: (1) opioid resulted in respiratory depression; (2) the analgesic effect of opioids reduced 
pain caused by endotracheal catheters.

Another side-effect of opioid administration is  sedation27. A previous study showed that balanced OFA 
resulted in prolonged sedation than balanced opioid  anesthesia2. We used RASS scores to assess post-anesthesia 
sedation at 0, 30, and 60 min after entering the PACU during our trial. No differences were observed at each time 
point between groups, and most patients demonstrated a better sedation state (RASS scores = 0) at 30 min in the 
PACU. There was no difference between groups in patient satisfaction scores at 24 h postoperatively. We believe 
this is because OFA with lidocaine achieves a better quality of recovery during general  anesthesia7; esketamine 
has hypnotic, analgesic, and sympathomimetic effects that reduce the requirement of individual drugs and 
minimize sedation  effects28,29.

Considering the side effects of lidocaine (toxicity and allergic reaction) and ketamine (itching, mental 
confusion, and nightmares)30,31, we did not observe such severe side effects during our trial, which is different 
from a previous study that was terminated for severe adverse events (bradycardia) during the  trial2. This 
may have occurred due to the different combinations of drugs for OFA, especially with the administration 
of dexmedetomidine, which causes bradycardia as one of its main side-effects. Regarding the side effects of 
dexmedetomidine, we did not choose it as an adjunct, and no severe bradycardia was found during the study. 
Another reason maybe that we administrated lidocaine and esketamine within a safe range.

Figure 2.  The Richmond Sedation Scores. Variables are expressed as means ± SD (standard deviations).



6

Vol:.(1234567890)

Scientific Reports |        (2024) 14:11759  | https://doi.org/10.1038/s41598-024-62824-3

www.nature.com/scientificreports/

Our study had some limitations. First, it was a single-center study, which may have limited its efficacy. 
Second, the surgery type was gynecological endoscopic surgery; more studies need to be performed on other 
surgical types. Third, we chose opioids for postoperative analgesia, which may have affected the assessment of 
postoperative analgesia.

In conclusion, balanced OFA with lidocaine and esketamine achieved similar effects to balanced opioid 
anesthesia without severe side effects. Further studies are needed to determine the effects and safety of OFA.

Data availability
Individual de-identified participant data (including data dictionaries) will be shared; All of the individual par-
ticipant data collected during the trail, after deidentification; Study protocol,stastical analysis plan, informed 
consent form, clinical study report, analytic code will be available; the data will become available immediately 
following publication and for no end date; Access criteria data will be shared (including with anyone who wishes 
to access the data for any purpose, and proposal should be directed to gy-yc@163.com.

Received: 5 October 2023; Accepted: 21 May 2024

References
 1. Beloeil, H. Opioid-free anesthesia. Best Pract. Res. Clin. Anaesthesiol. 33, 353–360. https:// doi. org/ 10. 1016/j. bpa. 2019. 09. 002 (2019).
 2. Beloeil, H. et al. Balanced opioid-free anesthesia with dexmedetomidine versus balanced anesthesia with remifentanil for major 

or intermediate noncardiac surgery. Anesthesiology. 134, 541–551. https:// doi. org/ 10. 1097/ ALN. 00000 00000 003725 (2021).
 3. Bakan, M. et al. Opioid-free total intravenous anesthesia with propofol, dexmedetomidine and lidocaine infusions for laparoscopic 

cholecystectomy: A prospective, randomized, double-blinded study. Braz J Anesthesiol. 65, 191–199. https:// doi. org/ 10. 1016/j. 
bjane. 2014. 05. 001 (2015).

 4. Hermanns, H. et al. Molecular mechanisms of action of systemic lidocaine in acute and chronic pain: A narrative review. Br J 
Anaesth. 123, 335–349. https:// doi. org/ 10. 1016/j. bja. 2019. 06. 014 (2019).

 5. Beaussier, M., Delbos, A., Maurice-Szamburski, A., Ecoffey, C. & Mercadal, L. Perioperative use of intravenous lidocaine. Drugs. 
78, 1229–1246. https:// doi. org/ 10. 1007/ s40265- 018- 0955-x (2018).

 6. Foo, I. et al. The use of intravenous lidocaine for postoperative pain and recovery: International consensus statement on efficacy 
and safety. Anaesthesia. 76, 238–250. https:// doi. org/ 10. 1007/ s40265- 018- 0955-x (2021).

 7. Cha, N. H. et al. Opioid-free anesthesia with lidocaine for improved postoperative recovery in hysteroscopy: A randomized con-
trolled trial. BMC Anesthesiol. 23, 192. https:// doi. org/ 10. 1186/ s12871- 023- 02152-7 (2023).

 8. Li, X., Xiang, P., Liang, J., Deng, Y. & Du, J. Global trends and hotspots in esketamine research: A bibliometric analysis of past and 
estimation of future trends. Drug Des. Devel. Ther. 16, 1131–1142. https:// doi. org/ 10. 2147/ DDDT. S3562 84 (2022).

 9. Wang, X., Lin, C., Lan, L. & Liu, J. Perioperative intravenous S-ketamine for acute postoperative pain in adults: A systematic review 
and meta-analysis. J. Clin. Anesth. 68, 110071. https:// doi. org/ 10. 1136/ bmjop en- 2021- 054681 (2021).

 10. Zanos, P. et al. Ketamine and ketamine metabolite pharmacology: Insights into therapeutic mechanisms. Pharmacol. Rev. 70, 
621–660. https:// doi. org/ 10. 1124/ pr. 117. 015198 (2018).

 11. Eberl, S. et al. The effectiveness of a low-dose esketamine versus an alfentanil adjunct to propofol sedation during endoscopic 
retrograde cholangiopancreatography: A randomised controlled multicentre trial. Eur. J. Anaesthesiol. 37, 394–401. https:// doi. 
org/ 10. 1097/ EJA. 00000 00000 001134 (2020).

 12. Kumbhakar, R. et al. Using time-weighted average change from baseline of SARS-CoV-2 viral load to assess impact of hydroxy-
chloroquine as postexposure prophylaxis and early treatment for COVID-19. J. Med. Virol. 94, 6091–6096. https:// doi. org/ 10. 
1002/ jmv. 28054 (2022).

 13. Sessler, C. N. et al. The richmond agitation–sedation scale: Validity and reliability in adult intensive care unit patients. Am. J. Respir. 
Crit. Care Med. 166, 1338–1344. https:// doi. org/ 10. 1164/ rccm. 21071 38 (2002).

 14. Pereira, J., Lawlor, P., Vigano, A., Dorgan, M. & Bruera, E. Equianalgesic dose ratios for opioids. A critical review and proposals 
for long-term dosing. J. Pain Symptom Manag. 22, 672–687. https:// doi. org/ 10. 1016/ S0885- 3924(01) 00294-9 (2001).

 15. Anderson, R., Saiers, J. H., Abram, S. & Schlicht, C. Accuracy in equianalgesic dosing. Conversion dilemmas. J. Pain Symptom 
Manag. 21, 397–406. https:// doi. org/ 10. 1016/ S0885- 3924(01) 00271-8 (2001).

 16. Carcamo-Cavazos, V. & Cannesson, M. Opioid-free anesthesia: The pros and cons. Adv. Anesth. 40, 149–166. https:// doi. org/ 10. 
1016/j. aan. 2022. 07. 003 (2022).

 17. Baboli, K. M., Liu, H. & Poggio, J. L. Opioid-free postoperative analgesia: Is it feasible?. Curr. Probl. Surg. 57, 100794. https:// doi. 
org/ 10. 1016/j. cpsurg. 2020. 100794 (2020).

 18. Shanthanna, H., Ladha, K. S., Kehlet, H. & Joshi, G. P. Perioperative opioid administration. Anesthesiology. 134, 645–659. https:// 
doi. org/ 10. 1097/ ALN. 00000 00000 003572 (2021).

 19. Macintyre, P. E., Quinlan, J., Levy, N. & Lobo, D. N. Current issues in the use of opioids for the management of postoperative pain: 
A review. JAMA Surg. 157, 158–166. https:// doi. org/ 10. 1001/ jamas urg. 2021. 6210 (2022).

 20. Wang, J. et al. Use of various doses of s-ketamine in treatment of depression and pain in cervical carcinoma patients with mild/
moderate depression after laparoscopic total hysterectomy. Med. Sci. Monit. 26, e922028. https:// doi. org/ 10. 12659/ MSM. 922028 
(2020).

 21. Farmer, A. D. et al. Pathophysiology, diagnosis, and management of opioid-induced constipation. Lancet Gastroenterol. Hepatol. 
3, 203–212. https:// doi. org/ 10. 1016/ S2468- 1253(18) 30008-6 (2018).

 22. Mallick-Searle, T. & Fillman, M. The pathophysiology, incidence, impact, and treatment of opioid-induced nausea and vomiting. 
J. Am. Assoc. Nurse Pract. 29, 704–710. https:// doi. org/ 10. 1002/ 2327- 6924. 12532 (2017).

 23. Müller-Lissner, S. et al. Opioid-induced constipation and bowel dysfunction: A clinical guideline. Pain Med. 18, 1837–1863. https:// 
doi. org/ 10. 1093/ pm/ pnw255 (2017).

 24. Massoth, C. et al. Impact of opioid-free anaesthesia on postoperative nausea, vomiting and pain after gynaecological laparoscopy: 
A randomised controlled trial. J. Clin. Anesth. 75, 110437. https:// doi. org/ 10. 1016/j. jclin ane. 2021. 110437 (2021).

 25. Tong, C., Miao, Q., Zheng, J. & Wu, J. A novel nomogram for predicting the decision to delayed extubation after thoracoscopic 
lung cancer surgery. Ann. Med. 55, 800–807. https:// doi. org/ 10. 1080/ 07853 890. 2022. 21604 90. PMID: 36869 647; PMCID: PMC99 
87746 (2023).

 26. Shajar, M. A., Thompson, J. P., Hall, A. P., Leslie, N. A. & Fox, A. J. Effect of a remifentanil bolus dose on the cardiovascular response 
to emergence from anaesthesia and tracheal extubation. Br. J. Anaesth. 83, 654–656. https:// doi. org/ 10. 1093/ bja/ 83.4. 654 (1999) 
(PMID: 10673886).

 27. Benyamin, R. et al. Opioid complications and side effects. Pain Phys. 11, S105-120 (2008).

https://doi.org/10.1016/j.bpa.2019.09.002
https://doi.org/10.1097/ALN.0000000000003725
https://doi.org/10.1016/j.bjane.2014.05.001
https://doi.org/10.1016/j.bjane.2014.05.001
https://doi.org/10.1016/j.bja.2019.06.014
https://doi.org/10.1007/s40265-018-0955-x
https://doi.org/10.1007/s40265-018-0955-x
https://doi.org/10.1186/s12871-023-02152-7
https://doi.org/10.2147/DDDT.S356284
https://doi.org/10.1136/bmjopen-2021-054681
https://doi.org/10.1124/pr.117.015198
https://doi.org/10.1097/EJA.0000000000001134
https://doi.org/10.1097/EJA.0000000000001134
https://doi.org/10.1002/jmv.28054
https://doi.org/10.1002/jmv.28054
https://doi.org/10.1164/rccm.2107138
https://doi.org/10.1016/S0885-3924(01)00294-9
https://doi.org/10.1016/S0885-3924(01)00271-8
https://doi.org/10.1016/j.aan.2022.07.003
https://doi.org/10.1016/j.aan.2022.07.003
https://doi.org/10.1016/j.cpsurg.2020.100794
https://doi.org/10.1016/j.cpsurg.2020.100794
https://doi.org/10.1097/ALN.0000000000003572
https://doi.org/10.1097/ALN.0000000000003572
https://doi.org/10.1001/jamasurg.2021.6210
https://doi.org/10.12659/MSM.922028
https://doi.org/10.1016/S2468-1253(18)30008-6
https://doi.org/10.1002/2327-6924.12532
https://doi.org/10.1093/pm/pnw255
https://doi.org/10.1093/pm/pnw255
https://doi.org/10.1016/j.jclinane.2021.110437
https://doi.org/10.1080/07853890.2022.2160490.PMID:36869647;PMCID:PMC9987746
https://doi.org/10.1080/07853890.2022.2160490.PMID:36869647;PMCID:PMC9987746
https://doi.org/10.1093/bja/83.4.654


7

Vol.:(0123456789)

Scientific Reports |        (2024) 14:11759  | https://doi.org/10.1038/s41598-024-62824-3

www.nature.com/scientificreports/

 28. Eberl, S. et al. Sedation with propofol during ERCP: Is the combination with esketamine more effective and safer than with alfen-
tanil? Study protocol for a randomized controlled trial. Trials. 18, 472. https:// doi. org/ 10. 1186/ s13063- 017- 2197-8 (2017).

 29. Untergehrer, G., Jordan, D., Eyl, S. & Schneider, G. Effects of propofol, sevoflurane, remifentanil, and (S)-ketamine in subanesthetic 
concentrations on visceral and somatosensory pain-evoked potentials. Anesthesiology. 118, 308–317. https:// doi. org/ 10. 1097/ ALN. 
0b013 e3182 79fb21 (2013).

 30. Apfel, C. C., Läärä, E., Koivuranta, M., Greim, C. A. & Roewer, N. A simplified risk score for predicting postoperative nausea and 
vomiting. Anesthesiology. 91, 693–700. https:// doi. org/ 10. 1097/ 00000 542- 19990 9000- 00022 (1999).

 31. Bahar, E. & Yoon, H. Lidocaine: A local anesthetic, its adverse effects and management. Medicina. 57, 782. https:// doi. org/ 10. 3390/ 
medic ina57 080782 (2021).

Author contributions
Data curation, YH and QZ; Software and formal analysis, YH; Resources and investigation, JX , GQ and GZ; 
Project administration, XL and JX; Methodology, supervision, and validation, YG.

Funding
Support was provided solely from institutional sources.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 62824-3.

Correspondence and requests for materials should be addressed to Y.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.1186/s13063-017-2197-8
https://doi.org/10.1097/ALN.0b013e318279fb21
https://doi.org/10.1097/ALN.0b013e318279fb21
https://doi.org/10.1097/00000542-199909000-00022
https://doi.org/10.3390/medicina57080782
https://doi.org/10.3390/medicina57080782
https://doi.org/10.1038/s41598-024-62824-3
https://doi.org/10.1038/s41598-024-62824-3
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Balanced opioid-free anesthesia with lidocaine and esketamine versus balanced anesthesia with sufentanil for gynecological endoscopic surgery: a randomized controlled trial
	Materials and methods
	Study design
	Patients
	Primary outcomes
	Secondary outcomes
	Randomization and interventions
	Perioperative anesthetic care
	Statistical analysis

	Results
	Patient characteristics
	Forty-eight-hour TWAs of postoperative NRS scores
	Pain score at 48-h postoperatively
	Postoperative analgesic consumption at 48-h
	PONV
	Richmond agitation–sedation scale scores
	Postoperative gastrointestinal recovery
	Patient satisfaction score

	Discussion
	References


