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Background: This investigation aimed to establish the optimal dosing parameters of oliceridine for postoperative pain control in 
laparoscopic cholecystectomy (LC) procedures. Using Dixon and Massey’s up-and-down sequential allocation method, the median 
effective dose (ED50) and the dose required for 95% effective dose (ED95) were determined, alongside an evaluation of the agent’s 
safety profile.
Methods: In this prospective trial, 82 participants scheduled for LC were enrolled and randomly assigned to receive either oliceridine 
or saline (control). Prior to surgical incision, the intervention group received varying doses of intravenous oliceridine, while control 
subjects received equivalent volumes of saline solution. Post-surgical pain management involved standardized multimodal analgesic 
protocols for both cohorts. Baseline demographic data was documented for all participants. Pain evaluations using the 11-point verbal 
numeric rating scale (NRS) at 15 min, 30 min, and 2h post-extubation. Using Dixon’s up-and-down methodology, the ED50 and ED95 
were determined. Hemodynamic variables were tracked and pain levels quantified throughout the procedure. The study protocol 
included monitoring post-anesthetic recovery characteristics and documenting adverse effects.
Results: Probability unit regression analysis indicated that the ED50 of oliceridine for the prevention of early postoperative pain was 
calculated to be 18.45 µg/kg (95% CI: 16.85–19.82 µg/kg), while the ED95 was determined to be 22.39 µg/kg (95% CI: 
20.75–26.98 µg/kg). Statistical analysis showed comparable rates of adverse events between study groups (p > 0.05). Additional 
analyses demonstrated similar outcomes between oliceridine and control cohorts regarding hemodynamic stability, and adverse effect 
profiles. Pain management satisfaction assessment at 24 hours post-LC revealed high approval rates in the oliceridine group, with 90% 
of patients (36/40, p=0.31) and 97.5% of surgeons (39/40, p=0.03) expressing satisfaction, regardless of administered dose.
Conclusion: Our findings establish that for early postoperative pain management, oliceridine demonstrates optimal therapeutic 
efficacy at an ED50 of 18.45 ug/kg, with the ED95 determined to be 22.39 ug/kg.
Keywords: laparoscopic cholecystectomy, postoperative pain, oliceridine, ED50, ED95

Introduction
Laparoscopic cholecystectomy (LC) is the preferred surgical approach for gallbladder disorders, providing the benefits of 
minimal invasiveness and enhanced recovery.1,2 The immediate post-LC pain response includes surgical site discomfort, 
internal organ pain3–7, and increased pain sensitivity after opioid administration.8–13 This complex pain profile may 
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induce physiological instability, impacting metabolic and cardiovascular parameters and potentially prolonging recovery 
periods and hospital stays.14–17 However, managing acute post-surgical discomfort remains a significant challenge.

Despite therapeutic advances, managing acute post-surgical pain effectively remains challenging, with suboptimal 
control potentially leading to adverse outcomes and chronic pain.18–20 While opioids are traditionally the mainstay for 
moderate-to-severe pain management,21 their use often results in undesirable effects such as respiratory suppression, 
drowsiness, gastrointestinal disturbances, and pruritic reactions.20,22,23 Effective post-surgical pain control through 
comprehensive, multifaceted analgesic strategies represents a cornerstone of Enhanced Recovery After Surgery 
(ERAS) protocols.24 Oliceridine offers a novel approach in pain management as a selective mu-opioid receptor 
modulator. Research indicates that G-protein signaling mediates analgesic effects, whereas β-arrestin pathways are 
associated with adverse reactions, suggesting a potential for an improved therapeutic range compared to traditional 
opioids,20,25–28 making it a valuable option in multimodal pain management strategies. Existing clinical evidence29 

suggests that oliceridine is effective in pain control while reducing the incidence of nausea and vomiting—a common 
concern in post-operative care. Research indicates that20,30 initiating oliceridine at a lower dose with the option for 
titration can optimize pain management while minimizing side effects. Despite the promising evidence, there remains 
a notable research gap regarding the optimal dosing of oliceridine specifically in LC. Currently, clinical guidelines do not 
provide specific recommendations for oliceridine usage in this context, and further studies are needed to elucidate the 
most effective dosing strategies and to assess the long-term outcomes associated with oliceridine compared to traditional 
opioids in LC patients.

By employing the sequential allocation methodology developed by Dixon and Massey,7,31,32 this study evaluated the 
median dose (ED50) and the effective dose at 95% (ED95) of oliceridine for managing postoperative pain during LC 
procedures. Furthermore, the investigation examined the therapeutic safety profile and clinical efficacy of this analgesic 
approach.

Materials and Methods
Recruitment of Patients
This investigation was approved by the Dongguan Tungwah Hospital Ethics Committee (DHKY-2023-071-01) and 
registered with the Chinese Clinical Trial Registry (ChiCTR2400083033) on April 15, 2024. Between May and 
October 2024, 106 participants were enrolled for elective LC at Dongguan Tungwah Hospital. The study protocol 
adhered to the Declaration of Helsinki guidelines and CONSORT 2010 reporting standards.33 A designated anesthesiol-
ogist screened and enrolled eligible participants, obtaining documented informed consent from all subjects or their 
authorized representatives.

Randomization and Blinding
Either an initial dose of oliceridine (30 µg/kg) or an equivalent amount of saline as a control was given to patients 
at random in a 1:1 ratio. Before the trial started, an assistant sequentially numbered the opaque, sealed envelopes 
with the randomization codes, which were created using computerized random number techniques (SPSS 25 Inc., 
Chicago, IL). An impartial researcher who was not involved in the subsequent study protocols managed the 
randomization process.

An anesthesia nurse who had received extensive training on the protocol prepared the study drugs while remaining 
blind to the treatment allocations. As required by the investigation, oliceridine and saline were both diluted in identical 
10 mL syringes. An attending anesthesiologist administered the anesthesia without knowing the prescribed treatment in 
order to preserve blinding. Additionally, patients were not informed of the precise drugs they were prescribed. Another 
independent anesthesiologist, who was oblivious to the group assignments, collected the data. Additionally, throughout 
the study, the treatment assignments for patients, surgeons, and data analyzers were kept secret.
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Subjects
Participants eligible for this study were adults between the ages of 18 and 60, with a Body Mass Index (BMI) less than 
30 kg/m2, an ASA physical status of I–II, and scheduled for LC under general anesthesia at Dongguan Tungwah 
Hospital. Exclusion criteria included known allergies to opioids or local anesthetics, abnormal coagulation profiles, 
recent analgesic use or substance dependency, psychiatric or neurological disorders within the past two weeks, significant 
organ system impairment, or necessity for conversion to an open surgical approach.

Pharmacological Intervention
In the treatment arm, subjects were administered pre-incisional intravenous oliceridine, produced by Jiangsu Nhwa 
Pharmaceutical Co., Ltd. The comparison group received an equivalent volume of saline. Dixon’s up-down method was 
utilized to define the ED50 and ED95 dosages. An initial dose of 30 ug/kg was chosen based on institutional insights and 
literature,20 with doses varying from 10 to 50 ug/kg in 5 ug/kg increments (10–15-20-25-30-35-40-45-50 ug/kg).

Pain levels were assessed using a 11-point verbal numeric rating scale (NRS),34 with 0 indicating no pain and 10 
representing the maximum imaginable pain. The criteria for determining “effective” analgesia: no requirement for rescue 
analgesic drugs and NRS scores ≤3 during the initial 2-hour post-extubation period (measured at 15 min, 30 min, and 
2 h). The criteria for determining “ineffective” analgesia: either requirement for rescue analgesic drugs or NRS scores >3 
during any time point within 2 hours after extubation (measured at 15 min, 30 min, and 2 h).

Dose adjustments for subsequent participants were guided by sequential allocation. The protocol required a dose 
increase for the next participant if their predecessor registered NRS >3 at any assessment point or required tramadol for 
rescue analgesia. Conversely, effective pain control, indicated by NRS ≤3 without the need for rescue analgesia, triggered 
a reduction in dose for the subsequent participant. Participants who did not meet the study criteria were replaced to 
preserve the integrity of the randomization and dose adjustment protocol.

Anesthetic Management
Before surgery, patients underwent IV catheterization in the preoperative area and were then transferred to the 
operating suite. Vital parameters such as SPO2, HR, and NIBP were continuously monitored at five-minute intervals. 
Preoperative preparation included the administration of 40 mg of intravenous paracetamol sodium and supplemental 
oxygen through a mask. Standardized anesthetic protocols were applied across both study groups. Anesthesia induction 
involved midazolam (0.05 mg/kg), propofol (2 mg/kg), sufentanil (0.3 ug/kg), and rocuronium (0.6 mg/kg). After 
placing a double-lumen laryngeal mask, subjects in the intervention group received predetermined doses of oliceridine 
intravenously, while those in the control group were given volume-matched saline. Anesthesia was maintained with 
propofol (3–5 mg/kg/h), sevoflurane (1–1.5%), and remifentanil (0.1ug/kg/min), keeping narcotrend values between 
40–60.

Signs of inadequate anesthesia were identified by patient movements or swallowing, lacrimation or diaphoresis, or 
hemodynamic changes exceeding 20% of baseline for more than one minute, and narcotrend values rising above 60. 
Adjustments in anesthetic depth included stepwise changes in propofol (±1 mg/kg/h), remifentanil (±0.05 ug/kg/min), 
and sevoflurane (±0.5%). Hemodynamic parameters were maintained within ±20% of baseline values. Muscle relaxation 
was discontinued 30 minutes before the end of surgery. At wound closure, administration of remifentanil and propofol 
was stopped, and the area was infiltrated with 0.5% ropivacaine with 20mL. Patients were then transferred to the PACU 
where residual sedation and neuromuscular blockade were reversed using flumazenil and sugammadex. The use of 
flumazenil was included as a precautionary measure to ensure consistent and safe recovery from midazolam-induced 
sedation, and minimize potential delays in awakening.

Outcomes Assessment
Baseline characteristics and operative parameters included documentation of patient characteristics and operative metrics 
such as age, gender, BMI, ASA status (I/II), surgical duration, and doses of intraoperative medications (sufentanil, 
remifentanil, and propofol). The primary endpoint was to establish oliceridine’s ED50 and ED95 for early post-surgical 
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pain prevention. Secondary endpoints included cardiovascular monitoring, parameters assessed during the recovery 
phase, pain evaluations, and adverse events. Cardiovascular monitoring involved measurements of mean arterial pressure 
(MAP) and heart rate (HR) at three crucial time points: T0 (pre-anesthetic baseline), T1 (initial surgical incision), and T2 
(gallbladder dissection phase). Parameters assessed during the recovery phase included the time from surgery completion 
to extubation, and pain evaluations using the NRS at 15 min, 30 min, and 2h post-extubation. This phase also monitored 
the need for rescue analgesia or muscle relaxant reversal, and PACU medication administration, especially opioids, along 
with adverse event monitoring (postoperative nausea and vomiting, pruritus, and surgeon-patient satisfaction).

A research nurse, blinded to treatment allocation, performed standardized assessments of patients at 15 min, 30 min, 
and 2h post-extubation, evaluating pain intensity via NRS (0–10), nausea and vomiting severity (none/light/medium/ 
severe), pruritus intensity (none/light/medium/severe), and overall satisfaction with pain management on a 5-point scale 
(satisfied/slightly satisfied/neutral/slightly unhappy/dissatisfied).

Sample Size
Based on the sample size termination criteria associated with the sequential allocation method, previous literature and 
initial experimental studies suggest that involving 20 to 40 patients can provide stable estimates for the ED50 and ED90 
parameters.7,35–37 The aim of this study is to explore the ED50 and ED95 doses of oliceridine for alleviating immediate 
postoperative pain after LC before skin incision. To account for an anticipated dropout rate of 10% due to participants not 
completing the study, we enrolled a total of 106 patients, ultimately including 79 in our analysis.

Statistical Analyses
Statistical analyses were conducted using multiple platforms: SPSS 25.0, Free Statistics (v1.9), and GraphPad Prism 10. 
For continuous variables with a normal distribution, means ± SD were reported, and Student’s t-tests were employed. For 
non-normally distributed data, medians with interquartile ranges were presented, and Mann–Whitney U-tests were 
utilized. Categorical data were expressed as frequencies and percentages, with either Chi-square or Fisher’s exact tests 
applied as needed. Probit analysis via probability unit regression was used to determine oliceridine’s ED50 and ED95, 
along with 95% confidence intervals, by evaluating the binary outcomes (‘effective’ vs ‘ineffective’) obtained through 
sequential up-and-down allocation.7,36,38,39

Results
During the study period (May-October 2024), 106 eligible patients underwent LC. After randomization, 41 
participants were allocated to each study arm—oliceridine intervention and saline control. Recruitment was halted 
upon reaching the predetermined sample size, with the final analysis including 79 subjects (40 in the oliceridine arm, 
39 in the control arm; Figure 1). Comparative analysis showed no statistically significant differences in baseline 
characteristics between the groups (p > 0.05), including demographic factors (age, gender, BMI), ASA classification, 
procedural duration, and anesthetic requirements (sufentanil, remifentanil, propofol), with details presented in 
Table 1 and Table 2.

The up-and-down sequential analysis, shown in Figure 2, identified the distribution of effective and ineffective 
responses. Probability unit regression analysis, illustrated in Figure 3, established that oliceridine had a ED50 of 18.45 
ug/kg (95% CI: 16.85–19.82 ug/kg) for early postoperative pain prevention. The ED95 was calculated to be 22.39 ug/kg 
(95% CI: 20.75–26.98 ug/kg).

Analysis of hemodynamic parameters indicated stability between the groups, with no significant differences in MAP 
at measurement intervals T1 and T2 (p > 0.05). Similarly, HR measurements were statistically equivalent across both 
groups at these times (p > 0.05) (Figure 4).

Table 2 details the post-anesthetic recovery metrics for all participants, showing comparable awakening intervals 
between the intervention and control groups, with no statistically significant differences. Twenty-four hours after LC, 
supplemental tramadol for breakthrough pain was required by 53.8% (21/39) of patients in the control group and 40% 
(16/40) of patients in the intervention group (p=0.22, Table 3). Table 3 displays the analysis of post-surgical complica-
tions, revealing minimal adverse effects in both cohorts. There were no instances of respiratory depression observed in 

https://doi.org/10.2147/DDDT.S505079                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 2740

Cao et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



either group. The oliceridine-treated cohort reported one case of mild pruritus and the control group three cases of mild 
nausea and vomiting, none of which required supplementary medication. No serious adverse reactions were recorded 
during the study.

Patients schedued for
laparoscopic cholecystectomy

(n= 106 )

Enrolled and randomized(n= 82 )

Excluded (n= 24)
-Did not meet the
inclusion criteria (n= 23 )
-Declined to participate
(n=1)

Oliceridine group
(n= 41 )

-Received allocated
intervention(n= 40 )
-Failed to receive
allocated
intervention(n= 1 )

Enrollment

Control group
(n= 41 )

-Received allocated
intervention(n= 39 )
-Failed to receive
allocated
intervention(n= 2 )

Allocation

Lost to follow-up
(n= 0 )

Lost to follow-up
(n= 0 )

Follow-up

Analyzed (n= 40 )
-Excluded from
analysis (n=0)

Analyzed (n= 39 )
-Excluded from
analysis (n=0)

Analysis

Figure 1 The consort flowchart.

Table 1 Demographic Data of Patients

Variables Total 
(n = 79)

Control Group 
(n = 39)

Oliceridine Group 
(n = 40)

p

Sex, n (%) 0.918

Male 43 (54.4) 21 (53.8) 22 (55)

Female 36 (45.6) 18 (46.2) 18 (45)

Age (y), Mean ± SD 44.5 ± 9.0 43.0 ± 9.2 46.0 ± 8.6 0.132

Height (cm), Mean ± SD 163.2 ± 8.3 162.8 ± 8.9 163.6 ± 7.8 0.689

Weight (kg), Mean ± SD 65.3 ± 9.5 65.4 ± 10.4 65.2 ± 8.6 0.925

(Continued)
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Patient satisfaction assessments conducted 24 hours post-LC showed comparable satisfaction rates between groups, 
with 82.1% (32/39) in the control group and 90% (36/40) in the oliceridine group reporting satisfactory pain management 
(p=0.31, Table 3). Surgeon evaluations indicated a statistically significant higher satisfaction rate in the oliceridine group 
(97.5%; 39/40) compared to the control group (82.1%; 32/39) (p=0.03, Table 3).

Table 1 (Continued). 

Variables Total 
(n = 79)

Control Group 
(n = 39)

Oliceridine Group 
(n = 40)

p

BMI (kgm −2), Mean ± SD 24.5 ± 2.4 24.6 ± 2.5 24.4 ± 2.4 0.746

ASA, n (%)* 0.288

I 16 (20.3) 6 (15.4) 10 (25)

II 63 (79.7) 33 (84.6) 30 (75)

Notes: Data are expressed as number, the mean ± standard deviation or medians (quartiles). Measurement data is treated 
with the t-test, or Mann-Whitney U-test, enumeration data is treated with the chi- square test. *Data are numbers (%). 
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index.

Table 2 Intraoperative Information

Variables Total 
(n = 79)

Control Group 
(n = 39)

Oliceridine Group 
(n = 40)

p

Duration of surgery, min 60.0 (50.0, 77.0) 62.0 (48.0, 77.0) 60.0 (50.0, 76.2) 0.879

Duration of anesthesia, min 90.0 (75.0, 110.0) 90.0 (75.0, 115.0) 90.0 (75.0, 110.0) 0.918

Patient awake time, min 20.0 (15.0, 28.0) 20.0 (15.0, 26.0) 23.0 (15.0, 28.5) 0.411

Propofol doses, mg 360.0 (300.0, 430.0) 360.0 (310.0, 405.0) 370.0 (300.0, 442.5) 0.894

Sufentanil doses, μg 20.0 (16.5, 22.0) 20.0 (17.0, 23.0) 20.0 (15.8, 21.0) 0.113

Remifentanil doses, μg 526.5 (417.0, 670.0) 526.5 (411.8, 641.0) 522.0 (431.6, 675.0) 0.961

Notes: Propofol doses, and Remifentanil doses, intraoperative maintenance doses. Data are expressed as number, the mean ± 
standard deviation or medians (quartiles). Measurement data is treated with the t-test, or Mann-Whitney U-test.
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Figure 2 Dixon and Massey up-and-down plot line chart. The sequence of patients receiving oliceridine. The quality of analgesia was measured using NRS (from 0 to 10) and 
was defined as ineffective (NRS score ≥ 3) or effective (NRS score<3).
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Figure 4 Heart rate (HR) and mean arterial pressure (MAP) at different time points during surgery. Data are expressed as mean (standard deviation) or median 
(interquartile range). T0: BL, baseline; pre-operation. T1: at the time of skin incision. T2: the gallbladder dissection off the liver bed by the electric knife. White box: The 
control group; Gray box: The oliceridine group.

Figure 3 Dose-response curve of oliceridine for preventing early postoperative pain in patients undergoing laparoscopic cholecystectomy.
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Discussion
Utilizing a prospective, double-blinded, randomized sequential allocation design with up-down methodology, it was 
determined that the ED50 of oliceridine for preventing post-surgical pain in LC cases is 18.45 ug/kg (95% CI: 
16.85–19.82 ug/kg). The ED95 was calculated as 22.39 ug/kg (95% CI: 20.75–26.98 ug/kg). Comparative analyses 
between the treatment and control groups revealed no statistically significant differences in opioid consumption patterns, 
patient’s satisfaction metrics, hemodynamic responses during critical surgical phases (skin incision and gallbladder bed 
dissection), or adverse event profiles in both frequency and intensity. Surgeon-patient’s evaluation indicated a statistically 
significant higher satisfaction rate in the oliceridine group.

LC is recognized as the preferred intervention for symptomatic gallstone disease, particularly in cases presenting with acute 
abdominal pain.40 Post-surgical pain management is challenging due to factors such as complex neural innervation patterns, 
thermal injury from electrocautery, trauma from surgical incision, and paradoxical pain sensitization induced by opioid 
medications.7,36,40 Contemporary pain management strategies emphasize a multimodal approach, targeting various pain path-
ways with complementary analgesic combinations to optimize pain control while minimizing the doses of individual drugs and 
their associated adverse effects.24,41–43 Currently, opioid and non-opioid analgesics are the main drugs used to prevent pain 
during and after surgery. Even while opioids have undeniable therapeutic benefits in the treatment of pain, their usage can 
occasionally be limited by a number of unfavorable side effects, including opioid dependence, tolerance, constipation, itching, or 
respiratory depression.7 Clinicians have highlighted the need for the development of effective opioid’s analgesics with improved 
safety profiles and reduced adverse reactions, as a critical unmet need in acute surgical pain management.44

Oliceridine introduces a novel approach to opioid receptor targeting through biased agonism, selectively enhancing 
G-protein signaling while minimizing β-arrestin pathway activation.20,26,45–47 This mechanism could potentially offer 
a broader therapeutic range than traditional opioids and reduce opioid-related adverse events while maintaining analgesic 
efficacy. Soergel and colleagues48,49 conducted a randomized crossover trial involving 30 healthy participants to compare 
three oliceridine doses (1.5, 3, and 4.5 mg IV) against 10 mg IV morphine and placebo. The higher doses of oliceridine 
demonstrated a superior analgesic onset with a 75-second latency compared to morphine. Viscusi’s50 team assessed 
oliceridine in patients undergoing bunionectomy with a popliteal sciatic nerve block, revealing that peak pain relief 
occurred within 5 minutes for 2 mg and 3 mg doses, markedly quicker than morphine’s onset of over 20 minutes. Singla 
et al51 study explored postoperative pain management in 200 abdominoplasty patients using PCA, which allowed for 
individualized analgesic titration while monitoring adverse effects. Our research builds on these methods by determining 
oliceridine’s ED50 for post-LC pain using a sequential allocation methodology. This novel finding is clinically significant, 
providing anesthesiologists with evidence-based guidance for integrating oliceridine into multimodal analgesic protocols.

Oliceridine acts at the µ (MOP) receptor and signals via G-protein and arrestin pathways, with the former believed to 
underlie its analgesic effects and the latter its side effects.20 Viscusi et al50 found that oliceridine doses of 0.1 and 
0.35 mg present a lower risk of respiratory depression compared to morphine, as demonstrated in a placebo-controlled 
randomized trial. Singla et al51 observed no difference in safety and tolerability between 1 mg oliceridine and placebo in 

Table 3 Adverse Events and Surgeon-Patient Satisfaction

Variables Total 
(n = 79)

Control Group 
(n = 39)

Oliceridine Group 
(n = 40)

p

Nausea &Vomiting, n (%) 3 (3.8) 3 (7.7) 0 (0) 0.116

Pruritus, n (%) 1 (1.3) 0 (0) 1 (2.5)

Respiratory depression, n (%) 0 (0) 0 (0) 0 (0)

Satisfactory analgesic effect, n (%) 68 (86.1) 32 (82.1) 36 (90) 0.308

Surgeon’s satisfaction, n (%) 71 (89.9) 32 (82.1) 39 (97.5) 0.034

Tramadol remediation, n (%) 37 (46.8) 21 (53.8) 16 (40) 0.218

Note: Date are presented as n(%).
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401 abdominoplasty patients. Bergese et al52 reported that with cumulative oliceridine doses stratified into >4-8, >8-16, 
>16-36, >36 mg, the occurrence rates were 31% for nausea, 15% for constipation, 10% for vomiting, and 3% for serious 
events. Our study corroborates these findings, showing no difference in the incidence of nausea, vomiting, or pruritus 
between groups at the 50% effective dose, with no increase in respiratory depression.

None of the participants in this study developed severe hypotension requiring intervention with inotropic agents or 
vasopressors. The most significant reduction in systolic blood pressure (SBP) was observed 5 minutes after the propofol 
bolus injection. This investigation confirms that administering a single intravenous dose of oliceridine prior to surgical 
incision does not lead to clinically significant hemodynamic instability. We have further funded that the ED50 (18.45 µg/ 
kg) and ED95 (22.39 µg/kg) of oliceridine for early postoperative pain management in LC. These dose-response 
parameters provide anesthesiologists with evidence-based guidance for integrating oliceridine into multimodal analgesic 
regimens. Specifically, the ED50 value can be used as a starting point for dose titration, while the ED95 offers a target 
dose for achieving effective pain control in 95% of patients based on the background of multimodal analgesia and 
enhanced recovery after surgery. The narrow therapeutic window between the ED50 and ED95 suggests that oliceridine 
has a predictable dose-response relationship, which may reduce the risk of under- or over-dosing in clinical practice. This 
is particularly relevant in day-case surgeries or ERAS pathways, where rapid and effective pain relief is essential for 
early mobilization and discharge. Our findings are consistent with those of Bergese et al52 who reported that oliceridine 
provided effective analgesia with a favorable safety profile in patients undergoing various surgical procedures.

This study’s strength resides in its comprehensive evaluation of the dose-response relationship of intravenous 
oliceridine for managing early postoperative pain in patients undergoing LC. By incorporating a detailed dose- 
response curve, this research offers valuable insights that can assist healthcare providers in clinical decision-making. 
Our findings introduce new evidence that supports the application of oliceridine within LC populations, specifically when 
used in a multimodal analgesia protocol. Several limitations warrant consideration when interpreting our findings. The 
study design employed an up-down allocation methodology to determine sample size instead of traditional power 
calculations. Additionally, comparisons of pain assessment between groups were challenging due to the variable dosing 
protocol used in the oliceridine cohort. The investigation was limited to immediate post-surgical pain management 
(2 hours after extubation), excluding the evaluation of oliceridine’s long-term analgesic efficacy. Since this center used 
a single-dose of oliceridine before skin incision to observe the pain within 2 hours after surgery, and did not observe the 
patients’ pain for a long time or the pain in the shoulder area, we look forward to conducting a prospective cohort study 
in the future to observe the analgesic effect and duration of oliceridine.

Conclusion
This investigation established the optimal dosing parameters for oliceridine in managing early postoperative pain, with an 
ED50 of 18.45 µg/kg and an ED95 of 22.39 µg/kg. Administered during surgery, oliceridine effectively attenuated 
nociceptive responses while ensuring normal emergence from anesthesia and maintaining a robust safety profile. These 
findings provide anesthesiologists with evidence-based guidance for integrating oliceridine into multimodal analgesic 
protocols, particularly in the context of LC and ERAS pathways. Further research will help to fully elucidate its potential 
benefits and optimize its use in a broader range of surgical contexts.
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