Drug Design, Development and Therapy Dlovepress
Taylor & Francis Group

CLINICAL TRIAL REPORT

Effect of Oliceridine on the Acute Postoperative
Pain Management After Elective Cesarean
Delivery: A Randomized Non-Inferiority Trial

Jing Jiang"*, Guanghua Yuan'*, Yuhui Shi'*, Zhou Zhou', Xinxin Wang', Xiaogiao Sang®',

Xiaobao Zhang®'?

'Department of Anesthesiology, The Affiliated Lianyungang Hospital of Xuzhou Medical University, Lianyungang, Jiangsu, People’s Republic of China;
2The First Affiliated Hospital of Kangda College of Nanjing Medical University, Lianyungang, Jiangsu, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Xiaobao Zhang, Department of Anesthesiology, The Affiliated Lianyungang Hospital of Xuzhou Medical University, No. 6 Zhenhua
East Road, Lianyungang, Jiangsu, People’s Republic of China, Email hotdog!00@163.com

Purpose: Effective postoperative analgesia following cesarean delivery is crucial for maternal recovery. Sufentanil, commonly
administered via patient-controlled intravenous analgesia (PCIA), is associated with dose-dependent adverse effects, particularly
gastrointestinal disturbances. Oliceridine, a novel G protein-biased p-opioid receptor agonist, offers the dual advantage of potent
analgesia and a reduced risk of opioid-related adverse events. This study aimed to compare the analgesic efficacy and the incidence of
side effects between the G protein-biased p-opioid receptor agonist oliceridine and the conventional opioid sufentanil.

Patients and Methods: In this single-center, randomized, double-blind, non-inferiority trial, women undergoing elective cesarean
delivery under combined spinal-epidural anesthesia (CSEA) were randomly assigned to receive either oliceridine or sufentanil via
patient-controlled intravenous analgesia (PCIA) for 48 hours postoperatively. The primary outcome was the sum of pain intensity
differences over 48 hours (SPIDg), calculated from resting Numerical Rating Scale (NRS) scores (0—10) assessed at 0, 12, 24, 36, and
48 hours postoperatively. Secondary outcomes included the sum of pain intensity differences at 12 h, 24 h, and 36 h, total PCIA
demand, rescue analgesia utilization, time to first lactation, maternal satisfaction, and incidence of adverse events.

Results: 160 participants were included in the final analysis. The primary outcome, SPID,g, showed an adjusted mean of 172.50 (95%
CI, 163.37-181.63) in the oliceridine group and 147.90 (95% CI, 137.59—-158.21) in the sufentanil group (mean difference 24.60; 95%
CIL, 10.83-38.37). The lower limit of the 95% CI for the difference exceeded the pre-specified non-inferiority margin of —20,
establishing non-inferiority of oliceridine.

Conclusion: Oliceridine provides non-inferior postoperative analgesic efficacy compared with sufentanil in women undergoing
cesarean delivery. Exploratory observations suggested a lower incidence of nausea and higher patient satisfaction in the oliceridine
group; these findings are hypothesis-generating and require further validation.
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Introduction
Cesarean delivery ranks among the most frequently performed surgical procedures globally.! Effective management of
acute postoperative pain extends beyond patient comfort, constituting a critical element of Enhanced Recovery After
Surgery (ERAS) protocols.” Inadequate pain control can impede early ambulation, hinder mother-infant bonding, disrupt
the establishment of breastfeeding, and potentially contribute to the development of chronic postsurgical pain.’
Neuraxial opioid analgesia, particularly intrathecal morphine, represents the gold standard for post-cesarean analgesia
due to its prolonged duration of action.* However, their application is often supplemented or replaced by intravenous
modalities, especially in settings where neuraxial opioids are unavailable or contraindicated. Sufentanil, a potent p-opioid
receptor agonist, is extensively utilized in PCIA.>*® While effective, its use, like other traditional opioids, is limited by
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a well-documented constellation of dose-dependent adverse effects, including nausea, vomiting, pruritus, respiratory
depression, and sedation, which collectively diminish patient satisfaction and delay recovery.”” The underlying mechan-
ism for these undesirable effects is linked to the non-selective activation of both G protein and B-arrestin-2 signaling
pathways by conventional opioids.®’

Oliceridine is a first-in-class G protein-biased p-opioid receptor agonist. It was specifically engineered to preferen-
tially activate the G protein signaling pathway, which mediates potent analgesia, while minimizing engagement of the p-
arrestin-2 pathway, believed responsible for many typical opioid-related adverse effects, particularly respiratory depres-
sion and gastrointestinal dysfunction.”'® Phase III clinical trials (APOLLO and ATHENA) demonstrated that oliceridine
provides rapid and effective analgesia for moderate-to-severe acute pain with a lower incidence of nausea, vomiting, and
hypoxia compared to morphine.'' In recent years, multiple clinical studies have confirmed the efficacy and safety of
oliceridine in patient-controlled intravenous analgesia (PCIA) after laparoscopic colorectal cancer radical resection, total
hysterectomy, and thoracoscopic lung resection, demonstrating analgesic effects comparable to those of morphine or
sufentanil, and featuring a more favorable adverse reaction profile.'* '

Despite this promising profile, robust clinical data on oliceridine use in the specific population of postpartum women
undergoing cesarean delivery remains scarce. This population presents unique considerations, including implications of
opioid use on maternal recovery, breastfeeding initiation, and neonatal well-being.'> Therefore, we conducted this
prospective, randomized, double-blind, non-inferiority trial to test the hypothesis that oliceridine is non-inferior to
sufentanil for PCIA after cesarean delivery in terms of analgesic efficacy, with a significantly improved safety and
tolerability profile.

Materials and Methods

Ethics Statement

This was a single-center, prospective, randomized, double-blind, non-inferiority clinical trial conducted at a tertiary care
hospital. The study protocol was approved by the Institutional Review Board of the Affiliated Lianyungang Hospital of
Xuzhou Medical University. (Ethic Approval No: [KY-20240801002-02]) and registered with the Chinese Clinical Trials
Registry (ChiCTR2500100326). Written informed consent was obtained from all participants prior to any study-related
procedures.

Study Design and Randomization

The study flowchart (Figure 1) illustrates the screening, randomization, and analysis procedures. The trial was conducted
in the Department of Anesthesiology, The Affiliated Lianyungang Hospital of Xuzhou Medical University, from
May 2025 and November 2025. Eligible patients were randomly assigned in a 1:1 ratio to either the oliceridine group
or the sufentanil group. A computer-generated block randomization sequence was created by an independent statistician.
The allocation sequence was concealed from investigators, anesthesiologists, nursing staff, and patients. Study medica-
tions were prepared by staff members not directly involved in the study, opaque PCIA bags containing a total volume of
100 mL, ensuring all parties involved in patient care and data collection remained blinded to group assignment.

Inclusion and Exclusion Criteria

Inclusion Criteria Comprised

(1) Age 20-45 years; (2) Preoperative American Society of Anesthesiologists (ASA) Grade II to III; (3) Patients
undergoing elective cesarean delivery under combined spinal-epidural anesthesia; (4) Subjects voluntarily participated
in this study and signed informed consent.

Exclusion Criteria Included

(1) Known allergy to any medication used in the study protocol; (2) History of chronic pain or chronic use of sedative or
analgesic medications; (3) History of psychiatric disorders or long-term use of psychotropic medications; (4) Presence of
significant hepatic or renal dysfunction; (5) Severe obstetric complications, such as preeclampsia, placenta accreta
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Figure |1 The CONSORT flow chart for the recruitment of patients.

spectrum, or HELLP syndrome; (6) Inability to comprehend or accurately express Numeric Rating Scale (NRS) pain
scores; (7) Participation in any other clinical trial within the 3 months preceding this study.

Sample Size Calculation

Sample size calculation was based on SPID4g data from previous literature. Assuming a non-inferiority margin (d) of
—20, standard deviation of 45, 80% power, and one-sided alpha of 0.025, a minimum of 80 patients per group was
required. Accounting for a potential 10% dropout rate, 176 patients were needed.

The non-inferiority margin () of —20 for the primary endpoint SPID,g was determined based on both clinical and
statistical considerations. Clinically, preserving at least 80% of the analgesic effect of the active control (sufentanil) was
considered the minimum acceptable standard for postoperative pain management after cesarean delivery. Statistically,
a previous study reported a mean SPID,g of 105 for sufentanil via PCIA.'® Retaining 80% of this effect yields a value of
84, corresponding to a permissible mean difference of —21 (84—105 = —21). For practical convenience and to adopt
a conservative integer threshold, the margin was rounded to —20. This rounded value actually requires preserving
approximately 81% of the sufentanil effect, which is slightly more stringent than the original 80% criterion. This margin
was pre-specified in the protocol and used for sample size calculation and non-inferiority testing.

Anesthetic and Analgesic Management
To ensure high controllability of research variables and data comparability, a standardized perioperative anesthesia and
analgesia management protocol was implemented for all participants, designed to minimize the impact of intraoperative
variations on postoperative pain assessment.

Upon arrival in the operating room, intravenous access was established, followed by routine monitoring. CSEA was
performed at the L3-L4 interspace using 2-2.5 mL of 0.5% bupivacaine to achieve a T4-T5 sensory block. The
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anesthesiologist provided 1.5% lidocaine 3—5 mL through the epidural catheter for women with inadequate sensory
block. During the operation, a uterine contraction agent was administered as needed.

After the surgery, the NRS score was performed at 60 + 5 min intervals. When the patient’s NRS score at rest was >4
points, a loading dose of the study medications was administered, with the initiation time of the loading dose recorded as
0 hours. The PCIA infusion was started after the loading dose. PCIA solutions were prepared by an independent
pharmacist. Oliceridine group: 25 mg oliceridine diluted to 100 mL with 0.9% normal saline. Parameters: loading dose
1.5 mg (6 mL), bolus dose 0.35 mg (1.4 mL), lockout interval 6 minutes, no background infusion. Sufentanil Group:
100 pg sufentanil diluted to 100 mL with 0.9% normal saline. Parameters: loading dose 6 pg (6 mL), bolus dose 1.4 pg
(1.4 mL), lockout interval 6 minutes, no background infusion. The dose selection was determined based on previous
clinical studies and pharmacological equivalence analysis. According to the literature, the analgesic potency of olicer-
idine is approximately four times that of morphine,'” whereas sufentanil is approximately 1000 times as potent as
morphine.'® Consequently, sufentanil is estimated to be about 250 times more potent than oliceridine. Based on
equianalgesic dose conversion: 25 mg of oliceridine is equivalent to 100 mg of morphine (a 4-fold potency ratio), and
the calculated equivalent dose of sufentanil is 100 ug (a 1000-fold potency ratio). Thus, the analgesic strength of 25 mg
of oliceridine is comparable to that of 100 pg of sufentanil.

A standardized rescue analgesia protocol was established: after initiating PCA treatment, subjects may self-administer
PCA pump pressure if experiencing pain. If the patient’s NRS score reaches or exceeds 4 at any time during treatment,
rescue analgesia must be administered promptly—ideally within 15 minutes of pain assessment. The recommended
rescue medication is acetaminophen, administered orally at a single dose of 500 mg. If the patient experiences severe
nausea and vomiting after the operation, palonosetron is selected for rescue antiemesis. All adverse reactions were
meticulously recorded.

Data Collection

Patient characteristics and medical history were recorded, including age, body mass index (BMI), gestational age, history
of pain, surgical history, nausea/vomiting during pregnancy, surgery duration, supine hypotensive syndrome, and ASA
classification. Professional anesthesia assessors conducted follow-up visits for all patients 12, 24, 36, and 48 hours after
the analgesic pump was put into use. Their postoperative pain after cesarean delivery was assessed using the NRS scale.

Outcome Measures

The primary outcome was the Sum of Pain Intensity Differences over 48 hours (SPID,g), calculated from resting NRS
scores (0—10) assessed at 0, 12, 24, 36, and 48 hours postoperatively. Pain intensity difference (PID) at each time point
was defined as the baseline NRS score at 0 hours minus the NRS score at the corresponding postoperative time point (ie,
PID = NRS(—NRS)). Time-weighted SPID is the cumulative sum of the product of the PID at each time point multiplied
by the time difference (the time difference is the current time point minus the previous time point). The following
formula is used to calculate SPID: SPID, = PID *(t1 - 0) + PID,*(t2-t1) +...+ PIDy,*(tn - tn-1); SPID, represents the
time-weighted cumulative pain intensity difference of resting pain from the first postoperative medication to time point t,
tis 12, 24, 36, 48 h, PIDy, represents the pain intensity difference at rest at the nth time, and tn is the actual time of the
NRS measurement of resting pain score. SPID is an outcome that measures treatment effect over a specific time period.
Higher values indicate greater pain relief.'®

Secondary Outcomes Included
(1) The sum of pain intensity differences at 12 h, 24 h, and 36 h.
(2) Total PCIA demands, valid boluses delivered, total opioid consumption over 48 hours.
(3) Number of patients requiring rescue medication, time to first rescue request, number of rescue doses, total
acetaminophen consumption.
(4) Time to first lactation, overall analgesia satisfaction at 48 h.
(5) Incidence of adverse events including nausea, vomiting, dizziness, constipation, pruritus, chest tightness, fever.
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Statistical Analysis

Statistical analyses were performed using SPSS version 27.0. For continuous data, normality was assessed using the
Shapiro—Wilk test, and homogeneity of variances was assessed using Levene’s test. For independent samples, normally
distributed continuous data are presented as mean + standard deviation, with between-group comparisons performed
using Student’s #-test; non-normally distributed continuous data are presented as median (interquartile range) and
analyzed using the Mann—Whitney U-test (Wilcoxon rank-sum test). For repeated-measures continuous data, repeated-
measures analysis of variance (RM-ANOVA) was used if the data met the assumptions of normality, homogeneity of
variance, and sphericity (where applicable); generalized estimating equations (GEE) were applied when these assump-
tions were not satisfied. Categorical data are presented as frequency (percentage), with between-group comparisons
performed using the chi-square test or Fisher’s exact test.

The primary analysis was based on the full analysis set (FAS), defined as all randomized subjects who received at
least one dose of study drug and provided at least one post-baseline pain Numerical Rating Scale (NRS) assessment.
We screened for outliers using boxplots and the Z-score method (|Z[>3 considered an outlier). Missing data for the
primary and secondary outcomes were handled using multiple imputation. All available data were retained in the
analyses.

The non-inferiority conclusion was based on the full analysis set. For the summed pain intensity difference (SPID) at
each time point, generalized estimating equations (GEE) were used, assuming an AR(1) working correlation matrix and
adjusting for baseline NRS. Oliceridine was considered non-inferior to sufentanil if the lower limit of the two-sided 95%
confidence interval (CI) for the GEE-adjusted mean difference in SPID4g was greater than the pre-specified non-
inferiority margin of —20. The one-sided o was set at 0.025, corresponding to a two-sided 95% CI.

For comparisons of NRS at multiple time points among secondary endpoints, exploratory analyses using Bonferroni
correction were performed; for the remaining secondary endpoints, only nominal P values are reported without multi-
plicity adjustment, and all results are considered exploratory.

This study was designed as a non-inferiority trial. If the lower limit of the 95% CI for the primary outcome exceeded
the non-inferiority margin (—20) and the entire CI lay above zero, this would suggest a possible superiority signal;
however, such an interpretation is hypothesis-generating only, because the study was not powered for superiority. Any
conclusion of superiority must be confirmed in a dedicated superiority trial.

Unless otherwise specified for multiplicity adjustment, a P value <0.05 was considered statistically significant. All
tests were two-sided.

Results

Baseline Characteristics of Participants

A total of 613 patients were assessed for eligibility, Among them, 437 were excluded (19 did not meet the inclusion
criteria, 409 declined to participate, and 9 were excluded due to other reasons). The remaining 176 patients were
randomized at a 1:1 ratio to receive either oliceridine (n = 88) or sufentanil (n = 88). Prior to the initiation of the study
intervention, 8 patients in each group withdrew their informed consent and did not receive any study medication. No
patients were lost during the follow - up in either group.160 participants were included in the final analysis, with 80
participants in both the oliceridine group and the sufentanil group (Figure 1). The robust standardized mean difference
(Robust SMD) was computed using the median and the normalized median absolute deviation (MADN = 1.4826 x
MAD), providing a distribution-free effect size estimate suitable for non-normally distributed covariates. Balance was
interpreted as follows: Robust SMD < 0.1 indicates excellent balance; 0.1 < Robust SMD < 0.2 indicates acceptable
balance; and Robust SMD > 0.2 indicates substantial imbalance.

Baseline characteristics, including age, BMI, ASA classification, gestational age, history of pain, surgical history,
supine hypotensive syndrome, and duration of surgery, were well balanced between the two groups (Robust SMD < 0.2 for
all variables). Baseline resting pain scores (NRSy) showed no meaningful between-group difference (Robust SMD < 0.2)
(Table 1).
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Table | Comparison of Baseline Characteristics Between the Two Groups

Variable Oliceridine Group | Sufentanil Group | Robust SMD
Age (years) 30.0 (27.0, 32.0) 30.0 (27.5, 37.5) —0.085
BMI (kg/m?) 28.0 (25.6, 30.2) 28.7 (25.9, 31.8) —0.049
ASA class, n (%) 0.043
I 72.0 (90.0) 73.0 (91.2)

1] 8.0 (10.0) 7.0 (8.8)

Gestational age (weeks) 38.5 (37.5, 39.4) 38.8 (38.0, 39.7) —0.109
Operation time (min) 55.0 (46.0, 61.5) 56.5 (48.0, 64.0) —0.123
Baseline pain

NRSp (rest pain) 6.0 (5.0, 7.0) 6.5 (6.0, 7.0) —0.194
History of pain, n (%) 48.0 (60.0) 46.0 (57.5) 0.067
Surgical history, n (%) 18.0 (22.5) 20.0 (25.0) —0.076
Supine hypotensive syndrome, n (%) 9.0 (11.3) 10.0 (12.5) —0.039
Nausea/vomiting during pregnancy n (%) 56.0 (70.0) 54.0 (67.5) 0.096

Notes: Continuous variables are presented as median (interquartile range) based on distribution; categorical variables are
presented as number (percentage). The Mann—Whitney U-test was used for continuous variables, and the chi-square test was
used for categorical variables as appropriate. ASA: American Society of Anesthesiologists. Robust SMD:The robust standar-
dized mean difference.

Primary Outcome
The primary outcome measure was the Sum of Pain Intensity Differences over 48 hours (SPID4g). Based on GEE
analysis, the adjusted mean SPID4g was 172.50 (95% CI, 163.37-181.63) in the oliceridine group and 147.90 (95% CI,
137.59-158.21) in the sufentanil group, with a mean difference of 24.60 (95% CI, 10.83-38.37). The lower limit of the
95% CI for the difference exceeded the pre-specified non-inferiority margin of —20, confirming the non-inferiority of
oliceridine (Table 2).

For SPID,s, the overall treatment effect was significant (Wald x> = 19.780, df = 1, P < 0.001), as were the time effect
(Wald y* = 1945.929, df = 3, P < 0.001) and the treatment x time interaction effect (Wald x> = 14.659, df = 3, P = 0.002)
(Table 2).

Secondary Outcomes
Pain Scores at Each Time Point and Sum of Pain Intensity Differences
EE model analysis showed that after adjusting for baseline NRS, the average resting NRS scores at 12, 24, and 36 hours
postoperatively were all significantly lower in the oliceridine group than in the sufentanil group (all P < 0.001) (Table 3). The
overall treatment effect was significant (Wald x> = 125.694, df = 1, P <0.001), as were the time effect (Wald x> = 616.828, df =3,
P < 0.001) and the treatment x time interaction effect (Wald x> = 7.506, df = 3, P = 0.057) (Table 3).

The summed pain intensity differences (SPID) at 12, 24, and 36 hours, analyzed by GEE, were all significantly
greater in the oliceridine group compared to the sufentanil group (all P < 0.001).

Table 2 Comparison of Summed Pain Intensity Difference (SPID) at 12, 24, 36, and 48
Hours Between the Two Groups Using GEE

Time (h) Oliceridine Sufentanil Diff P value
12 28.50 (26.10, 30.90) 20.70 (18.07, 23.33) 7.80 (4.24, 11.36) <0.001
24 68.55 (63.92, 73.18) 51.15 (46.13, 56.17) 17.40 (10.57, 24.23) | <0.001
36 117.00 (110.06, 123.94) | 93.75 (85.97, 101.53) | 23.25 (12.83, 33.67) | <0.001
48 172.50 (163.37, 181.63) | 147.90 (137.59, 158.21) | 24.60 (10.83, 38.37) | <0.001l

Notes: GEE was used. Overall results: treatment effect Wald x2 =19.780, df = |, P < 0.001; time effect Wald XZ =
1945.929, df = 3, P < 0.001; the treatment X time interaction Wald x> = 14.659, df = 3, P = 0.002. All pairwise
comparisons were Bonferroni corrected. The working correlation matrix in the GEE was AR (I). Values in parenth-
eses are means with 95% confidence intervals; differences are similarly shown as mean (95% ClI).

Diff: Difference (Oliceridine-Sufentanil).
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Table 3 Comparison of NRS Pain Scores at 12, 24, 36, and 48 Hours Between
the Two Groups Using GEE

Time (h) Oliceridine Sufentanil Diff P value
12 3.98 (3.67, 4.28) | 5.55 (5.29, 5.81) | —1.58 (-1.98, —1.17) | <0.001
24 2.99 (2.66, 3.32) | 4.74 (4.49,4.98) | —1.75 (-2.16, —1.34) | <0.001
36 2.30 (2.04, 2.56) | 3.74 (3.53,3.95) | —1.44 (—1.77,-1.10) | <0.001
48 1.69 (1.48, 1.89) | 2.89 (2.70, 3.08) | —1.20 (—1.48, —0.92) | <0.00I

Notes: Generalized estimating equations (GEE) were used with adjustment for baseline NRS, assuming an
AR(I) working correlation matrix. Overall results: drug effect Wald XZ =125.694,df= 1, P < 0.001; time
effect Wald y* = 616.828, df = 3, P < 0.001; drug X time interaction Wald x* = 7.506, df = 3, P = 0.057. All
pairwise comparisons were Bonferroni corrected. Values in parentheses are means with 95% confidence
intervals; differences are likewise shown as mean (95% ClI).

Abbreviation: Diff, Difference (Oliceridine-Sufentanil).

The trends of resting NRS scores over time in both groups are illustrated in Figure 2.

PCIA Usage

During the 48-hour postoperative period, the oliceridine group had significantly fewer median total PCIA demands (34.0
vs 56.0, P < 0.001), fewer valid boluses delivered (32.0 vs 44.5, P < 0.001), and a lower total analgesic pump dose
(62.5 mL vs 69.0 mL, P = 0.034) compared with the sufentanil group (Table 4).

Rescue Analgesia

The proportion of patients requiring rescue analgesia was identical in both groups (32.5%). Among those who received
rescue analgesia, the median time to first rescue request was significantly longer in the oliceridine group (12.0 hours)
than in the sufentanil group (10.0 hours, P = 0.010). No statistically significant differences were found between groups in
the number of rescue doses or total rescue medication dose (P > 0.05) (Table 4).

Time to First Lactation and Satisfaction

The median time to first lactation was 47.0 hours in the oliceridine group, which was significantly earlier than the
52.0 hours in the sufentanil group (P < 0.001). The median overall analgesia satisfaction score at 48 hours was higher in
the oliceridine group (7.0 vs 6.0, P < 0.001) (Table 4).

NRS score, mean = SE

0 12 24 3 48
Time after surgery (h)

Figure 2 Trends in NRS scores within 48 hours postoperatively in the two groups.

Note: Data are presented as meanSE values. The vertical axis represents the pain Numerical Rating Scale (NRS, 0-10), with lower scores indicating less pain. From 0 to
48 h postoperatively, pain scores in both groups showed a continuous downward trend, and the oliceridine group had lower scores than the sufentanil group at all time
points. The red line represents sufentanil, and the blue line represents oliceridine.
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Table 4 Comparison of Analgesic Pump Use, Rescue Analgesia, Time to Lactation, and
Satisfaction

Variable Oliceridine group Sufentanil group P value
Total PCIA demands 34.0 (19.0, 52.0) 56.0 (46.0, 68.0) <0.001
Valid boluses delivered 32.0 (17.5, 44.0) 44.5 (38.0, 52.0) <0.001
Total analgesic pump dose (mL) 62.5 (385, 82.5) 69.0 (60.0, 80.0) 0.034
Rescue analgesia, n (%) 26 (32.5) 26 (32.5) 1.000
Time to first rescue request (h) 12.0 (10.0, 24.0) 10.0 (8.0, 12.0) 0.010
Number of rescue doses 2.0 (1.0, 2.0) 2.0 (1.0, 2.0) 0.741
Total rescue medication dose (mg) | 1000.0 (500.0, 1000.0) | 1000.0 (500.0, 1000.0) | 0.976
Time to first lactation (h) 47.0 (44.0, 51.0) 52.0 (49.0, 54.0) <0.001
Analgesia satisfaction score 7.0 (6.0, 8.0) 6.0 (5.0, 7.0) <0.001

Note: Continuous variables related to rescue analgesia included only those who received rescue analgesia. With the
exception of rescue analgesia, for which the Chi-square test was used, all other variables were analyzed using the
Mann-Whitney U-test.

Table 5 Comparison of the Incidence of Adverse Events Between the Two

Groups
Variable Oliceridine Group | Sufentanil Group | P value
Any adverse event n (%) | 15 (18.8) 29 (36.2) 0.013
Nausea n (%) 6 (7.5) 16 (20.0) 0.022
Vomiting n (%) 338 5(6.3) 0.468
Dizziness n (%) 6 (7.5) 8 (10.0) 0.576
Constipation n (%) 2 (2.5) 5(6.2) 0.443
Pruritus n (%) 0 (0.0) 1(1.2) 1.000
Chest tightness n (%) 1 (1.3) 6 (7.5) 0.053
Fever n (%) 4 (5.0) 2 (2.5) 0.681

Notes: The same participant could experience multiple individual adverse events. The Chi-square
test was used for any adverse event, nausea, and dizziness; Fisher’s exact test was used for all other
individual adverse events.

Safety and Adverse Events

The overall incidence of adverse events was 18.8% (15/80) in the oliceridine group, which was significantly lower than the
36.2% (29/80) in the sufentanil group (P =0.013). Regarding specific adverse events, the incidence of nausea was significantly
lower in the oliceridine group (7.5% vs 20.0%, P = 0.022). For nausea, the absolute risk reduction was 12.5% (95% CI: 2.0%
t0 23.0%), and the relative risk was 0.38 (95% CI: 0.15 to 0.91). No statistically significant differences were found between the
groups in the incidences of vomiting, dizziness, constipation, pruritus, chest tightness, or fever (P > 0.05) (Table 5).

Discussion

Our study results showed that oliceridine provided comparable postoperative analgesic effects to sufentanil within
48 hours. These results indicate that this method has potential application prospects in the clinical environment.
Several clinical studies have explored the analgesic potential of oliceridine in various surgical environments, demonstrat-
ing its effectiveness.'® %> Another multicenter study showed that in patients with moderate to severe postoperative pain
after abdominal surgery, the response rate to oliceridine within 24 hours after the loading dose was not different from that
to traditional opioids, suggesting that oliceridine can provide comparable analgesic effects to traditional opioids in this
comprehensive analgesic regimen.*?

The early postoperative analgesic response rate of oliceridine was higher, indicating that oliceridine takes effect
faster, which may be related to its pharmacokinetic characteristics. According to a pharmacokinetic review, oliceridine
has a fast onset of analgesia (1-2 minutes) and reaches peak effect within 6—12 minutes after intravenous administration.
Furthermore, oliceridine has a short elimination half-life (approximately 1.3—-3 hours), allowing for rapid offset of its
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analgesic effect. This pharmacokinetic profile not only facilitates prompt postoperative pain control but also enables
clinicians to titrate the dose dynamically in response to changes in the patient’s pain intensity.**

The VOLITION prospective cohort study sought to assess the efficacy of oliceridine for managing postoperative pain
and to analyze its opioid-related adverse effects. Utilizing a self-administered analgesic system containing oliceridine, the
research involved 204 patients aged 18 or older who had received general anesthesia for major non-cardiac surgeries.
Findings revealed that over the 48-hour postoperative period, patients experienced both improved pain scores and
enhanced Myles Quality of Recovery outcomes.?” This is consistent with our research findings.

The most clinically significant finding was the comparison of adverse reactions. Compared with sufentanil, oliceridine
showed a lower incidence of postoperative nausea, vomiting, dizziness, chest tightness, and itching, demonstrating better
safety, consistent with previous study results. Another retrospective study showed that compared with traditional opioids,
the use of oliceridine in PCIA was associated with a lower incidence of opioid-related adverse reactions.'* These findings
suggest that oliceridine may be a safer alternative for postoperative pain treatment. This benefit may be attributed to its
unique pharmacological properties as a G protein-biased p-opioid receptor agonist. The analgesic effects and adverse
reactions of traditional opioids are mediated by the p-opioid receptor (MOR). Upon activation, the MOR primarily
couples to inhibitory G proteins (Gai/o), leading to inhibition of adenylyl cyclase, activation of G protein-coupled
inwardly rectifying potassium (GIRK) channels, and reduced opening of voltage-gated calcium channels. These events
result in neuronal hyperpolarization, suppression of pain signal transmission, and consequently, analgesia. However,
conventional opioids such as morphine and fentanyl also potently recruit B-arrestin-2, a pathway closely associated with
opioid-related adverse events, including respiratory depression and constipation.****’ Oliceridine is a novel G protein-
biased p-opioid receptor agonist that, upon binding to the MOR, preferentially activates G protein signaling while
exhibiting markedly reduced efficacy in recruiting p-arrestin-2 (approximately 14% of that of morphine).** > Therefore,
oliceridine provides analgesic efficacy comparable to that of sufentanil while being associated with fewer opioid-related
adverse events.>*°

Breast milk, as the ideal natural food for newborns, provides essential immune components that support healthy
growth and also promotes postpartum uterine contraction, thereby reducing the risk of bleeding.”® Delayed or impaired
milk secretion can lead to breast engorgement and milk stasis, which adversely affect both maternal health and successful
breastfeeding.?® In this study, time to first lactation in the oliceridine group was shorter than in the sufentanil group.
However, this result is exploratory, and future research should consider it as the primary outcome for further validation.

Limitations

This study has limitations. Its single-center design may affect generalizability. The sample size, while adequate for
primary efficacy, was underpowered for rare adverse events. The 48-hour observation period precluded assessment of
long-term outcomes like persistent pain or breastfeeding continuation. Finally, the absence of breast milk oliceridine
concentration data necessitates future pharmacokinetic studies to fully establish neonatal safety during breastfeeding.

Conclusion

In conclusion, oliceridine exhibited non-inferior analgesic efficacy relative to sufentanil when applied for PCIA after
cesarean delivery, and provided effective postoperative pain relief for parturients. Oliceridine can be recommended as
a viable alternative for postoperative analgesia in patients undergoing cesarean delivery.
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