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Background: Patients undergoing total laparoscopic hysterectomy (TLH) commonly experience postoperative pain and are at
relatively high risk of postoperative nausea and vomiting (PONV). Tegileridine is a recently developed biased p-opioid receptor
(MOR) agonist that may preserve analgesic efficacy while being associated with a lower incidence of opioid-related adverse
effects.

Objective: To evaluate whether tegileridine, compared with oxycodone at prespecified study doses, is associated with a lower
incidence of PONV while providing similar early postoperative analgesic efficacy in patients undergoing TLH.

Methods: This randomized, double-blind, single-center trial planned to enroll 66 adult women undergoing TLH. Participants were
randomly assigned to the tegileridine group (group T) or the oxycodone group (group O). According to the study protocol, all patients
received standardized anesthesia and surgery and were given intravenous tegileridine 0.01 mg-kg_1 (group T) or oxycodone
0.06 mg-kg™"' (group O) 20 minutes before the end of surgery. Data collected within 48 hours after surgery included the incidence
and ordinal symptom grade of PONV, postoperative analgesic success rate, mean arterial pressure at predefined time points, the
incidence of other adverse events, use of vasoactive medications, time to first patient-controlled intravenous analgesia (PCIA) demand,
and the total number of PCIA demands within 24 and 48 hours.

Results: A total of 68 patients were enrolled, with comparable baseline characteristics between groups. Compared with oxycodone,
tegileridine was associated with a lower incidence of PONV (27.3% vs 54.3%; RR, 0.50; 95% CI, 0.27-0.95; P = 0.024), a lower
ordinal PONV symptom grade [0 (0-1) vs 1 (0-3); P =0.012], and a lower overall incidence of other adverse events (27.3% vs 60.0%;
P =0.007). Postoperative analgesic success rates were similar between groups (87.9% vs 94.3%; P = 0.615). No significant between-
group differences were observed in mean arterial pressure, vasoactive medication use, time to first PCIA demand, or total PCIA
demands within 24 and 48 hours.

Conclusion: In patients undergoing TLH, tegileridine was associated with a similar postoperative analgesic success rate and a lower
risk of PONV compared with oxycodone.

Trial Registration: This trial was retrospectively registered at ClinicalTrials.gov after patient enrollment had begun
(NCT07326683).
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Introduction
Acute postoperative pain remains inadequately managed worldwide, with up to 75% of patients experiencing moderate to
severe pain following surgery.'” Total laparoscopic hysterectomy (TLH) is a clinically relevant model for this study
because hysterectomy remains a common gynecologic procedure, and laparoscopic hysterectomy is widely used for
symptomatic benign uterine disease such as leiomyomas, abnormal uterine bleeding, endometriosis, and prolapse when
conservative treatment is unsuccessful.’ This population is particularly suitable for evaluating postoperative analgesia
and postoperative nausea and vomiting (PONYV), because gynecologic laparoscopy is a recognized high-risk setting for
PONV and postoperative pain after TLH still requires structured analgesic management.*®

Oxycodone is a p-opioid receptor (MOR) agonist widely used for perioperative analgesia. The equianalgesic dose
ratio (EDR) of intravenous oxycodone relative to morphine is 1.48.” At a morphine-equivalent analgesic dose, oxycodone
has been reported to provide longer-lasting analgesia with fewer adverse effects than morphine.®” In addition, a dose-
finding study in patients undergoing laparoscopic hysterectomy reported that the median effective dose (EDs() of a single
intravenous bolus of oxycodone for postoperative analgesia was 0.060 mg-kg '.'® However, like other MOR agonists,
oxycodone remains associated with opioid-related adverse effects, including nausea, vomiting, and constipation, and
placebo-controlled studies have shown higher rates of nausea and vomiting in oxycodone-treated patients.'''?

Tegileridine is a biased MOR agonist that has been shown to selectively activate G protein-coupled pathways and produce
central analgesic effects. Tegileridine has been reported to have limited propensity to activate B-arrestin-2-related pathways
associated with respiratory depression and gastrointestinal dysfunction, which may reduce opioid-related adverse effects,
including nausea and vomiting."> Published evidence available at the time of trial design suggested that, at a morphine-
equivalent analgesic dose, tegileridine has approximately ninefold the analgesic potency of morphine, whereas oxycodone has
approximately 1.5-fold the analgesic potency of morphine."* On the basis of these indirect morphine-equivalent analgesic
considerations, tegileridine 0.01 mg-kg ' and oxycodone 0.06 mg-kg ' were selected as the prespecified study doses for this trial.
We therefore hypothesized that, in patients undergoing TLH, tegileridine at the prespecified study dose would be associated with
a lower incidence of PONV while providing similar postoperative analgesic efficacy compared with oxycodone.

Methods
Study Design, Ethics Approval, and Trial Registration

This randomized, double-blind, single-center controlled trial was conducted at the Second Affiliated Hospital of Hainan
Medical University. The study protocol was reviewed and approved by the Ethics Committee of the Second Affiliated
Hospital of Hainan Medical University before patient enrollment (Approval No. 2025-KY82). Written informed consent
was obtained from all participants before enrollment. The trial was conducted in accordance with the Declaration of
Helsinki and current Good Clinical Practice guidelines.

Eligible participants were adult women who underwent TLH at the Second Affiliated Hospital of Hainan Medical
University between December 17, 2025, and January 13, 2026. Patient enrollment began on December 17, 2025. Owing
to an administrative coordination delay in submitting the prepared registration information to the registry, the trial was
retrospectively registered at ClinicalTrials.gov after patient enrollment had begun. The trial was first submitted to
ClinicalTrials.gov on December 24, 2025, and first posted on January 8, 2026 (NCT07326683). The registration was
completed before database lock and final statistical analysis.

Participants
Inclusion Criteria

Patients were eligible for enrollment if they met all of the following criteria:

1. Female patients scheduled to undergo TLH under general anesthesia.

2. Aged 18-65 years, with a body mass index (BMI) ranging from 18 to 28 kg-m ~.

3. American Society of Anesthesiologists (ASA) physical status I to III.

4. Patients who consent to postoperative pain management and sign the informed consent form.
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Exclusion Criteria
Patients were excluded if they met any of the following criteria:

1. Known hypersensitivity to any study-related medication.

2. Severe cardiovascular, respiratory, or neurological disease, including but not limited to acute myocardial infarc-
tion, cerebrovascular accident, or chronic obstructive pulmonary disease.

3. Long-term use of sedatives or analgesics, or a history of opioid use disorder.

4. Altered mental status, impaired communication, or inability to understand the study procedures or provide valid
informed consent.

Withdrawal Criteria
Participants were withdrawn from the study under any of the following conditions:

1. Occurrence of a serious adverse event (AE) requiring discontinuation of the study.
2. Withdrawal of consent or loss to follow-up.
3. Conversion from laparoscopic surgery to open surgery.

Anesthesia and Study Interventions

Anesthesia induction was initiated in accordance with a rapid sequence protocol, involving the intravenous administra-
tion of the following medications in preset doses: propofol at 2 mg-kg ', cisatracurium besylate at 0.2 mg-kg ™', and
remifentanil at 1 pg -kg '. Following the administration of the study drug, all patients were fitted with a size 7.0 ID
endotracheal tube. Anesthesia was sustained using propofol at 4-12 mg'kg '*h™' and remifentanil at 0.02-0.2
ug-kg "“h™'. The study drug was administered 20 minutes before the end of surgery (T;): Group T received
0.01 mg-kg ' of tegileridine (dissolved in 10 mL of 0.9% sodium chloride injection solution and administered via
continuous infusion at a rate of 60 mL-h™' until completion). Group O received 0.06 mg-kg ' of oxycodone (dissolved in
10 mL of 0.9% sodium chloride injection solution and administered via continuous infusion at a rate of 60 mL-h~" until
completion). Vital signs were recorded at 3 minutes (T,) and 5 minutes (T;) following the completion of the drug
infusion. The infusion of maintenance anesthetics was discontinued at the conclusion of surgery (T,). Patients were
subsequently transferred to the Postanesthesia care unit (PACU), and 40 mL of 0.25% ropivacaine was administered
bilaterally into the transversus abdominis plane (TAP). After the patients regained consciousness (Ts), the endotracheal
tube was removed following confirmation of extubation criteria. Within one hour after extubation, if the patients reported
no discomfort, a patient-controlled intravenous analgesia (PCIA) pump was initiated (2 pg-kg ' sufentanil diluted in
100 mL of 0.9% saline, with no background infusion rate, a 2 mL bolus per dose, and a 20-minute lockout period), and
the patients was returned to the ward. Postoperative follow-up was conducted over a period of two days, during which
relevant data were collected.

During the surgical procedure, cisatracurium 0.05 mg-kg™' was administered as needed. If severe bradycardia (heart
rate < 45/min) occurred, or if hypotension (NBP decreased by 20% from baseline) happened, patients received atropine
0.3-0.5 mg or ephedrine 6-10 mg, as appropriate. If surgery was completed but the TOF ratio was <0.9, neostigmine
0.02-0.04 mg-kg ' and atropine 0.01 mg-kg ' were given to reverse the neuromuscular blockade. If a visual analogue
scale (VAS) score of 4 or higher was observed during recovery, 5 mg of oxycodone was administered intravenously. In
cases of vomiting or retching, 4 mg of Ondansetron was administered intravenously.

Outcome Measures and Data Collection

Primary Outcome

The primary outcome was the occurrence of PONYV, assessed using a 4-point ordinal symptom scale (0 = none, 1 =
nausea, 2 = retching, and 3 = vomiting). In the revised protocol and submitted manuscript, PONV was specified as the
primary outcome, replacing the initially registered primary outcome of postoperative analgesic success in the PACU.
Nausea was defined as a subjectively unpleasant sensation associated with awareness of the urge to vomit. Retching was
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defined as labored, spasmodic, rhythmic contraction of the respiratory muscles without expulsion of gastric contents.
Vomiting was defined as the forceful expulsion of gastric contents from the mouth.

Secondary Outcomes

Secondary outcomes included postoperative analgesic success rate, mean arterial pressure (MAP) at Ty, T,, and T3, the
occurrence of other adverse events, use of vasoactive medications during the study-drug period, time to first post-
operative PCIA demand, and the total number of PCIA pump presses within 24 and 48 hours after surgery. Postoperative
analgesic success was defined as a resting VAS score <3 during PACU stay, whereas postoperative analgesic failure was
defined as a resting VAS score >3 during PACU stay. Other adverse events included hypotension, nasal congestion,
dizziness, respiratory depression, delayed awakening, pruritus, muscle stiffness, convulsions, constipation, urinary
retention, and severe agitation during emergence. Respiratory depression was defined as peripheral oxygen saturation
(SpO,) <90% in the absence of supplemental oxygen. Delayed awakening was defined as failure to regain consciousness
within 30 minutes after discontinuation of anesthetic drugs and absence of response or movement to verbal or mild
external stimulation. Severe agitation during emergence was defined as a Richmond Agitation-Sedation Scale (RASS)
score > 3 during recovery. Time to first postoperative PCIA demand was recorded in hours; for patients who did not press
the PCIA pump, the longest observation time was assigned.

Baseline Characteristics
Baseline characteristics collected included age, BMI, ASA classification, Apfel risk score, history of motion sickness,
history of PONV, history of drug allergy, and smoking status.

Randomization and Blinding

Randomization was performed in a 1:1 ratio using a computer-generated block randomization sequence (block size = 4)
prepared by an independent statistician who was not involved in recruitment, perioperative management, outcome
assessment, or data analysis. A total of 120 sequentially numbered, opaque, sealed envelopes were prepared according
to the randomization sequence and stored in a locked cabinet accessible only to a dedicated anesthesia nurse not
otherwise involved in the trial. After enrollment by the principal investigator (Sun), the nurse opened the next envelope
in sequence and prepared the assigned study medication by diluting the investigational drug with 0.9% sodium chloride
solution to a total volume of 10 mL in an identical syringe labeled only with the study identification number.
Intraoperative management and recording were performed by Fu. During PACU stay, Gao assessed PONV, VAS scores,
and perioperative complications, and determined whether rescue analgesia was required according to the study protocol.
Postoperative follow-up during the first 2 days was performed by Liang, who recorded AE, PCIA use, and the manage-
ment of related complications. Participants, surgeons, anesthesiologists, postoperative assessors, and data analysts
remained blinded to treatment allocation throughout the study. The randomization code was not broken until the database
lock and completion of the final statistical analysis. In case of emergencies (eg., severe adverse events requiring
unblinding), the randomization coordinator could disclose the allocation to the principal investigator, and the reason
for unblinding was documented in the case report form.

Sample Size Calculation

The sample size was determined based on the revised primary outcome, PONV. After the primary outcome was revised
from postoperative analgesic success in the PACU to PONV, the planned sample size was recalculated and adjusted from
96 to 66 participants. Because TLH-specific PONV data for tegileridine were not available at the time of protocol
revision, the assumed event rate for the tegileridine group was set at approximately 13%, informed by the reported
incidence of nausea/vomiting-related events in a published Phase 3 trial of tegileridine for postoperative pain following
abdominal surgery. The assumed event rate for the oxycodone group was set at 44% based on data from patients
undergoing laparoscopic hysterectomy.'*'> In PASS version 15.0, P; was set at 0.44 and P, at 0.13. Using a Z test for
two independent proportions, with a one-sided a level of 0.05, 90% power, and a 1:1 allocation ratio, the required sample
size was determined to be 66 participants.
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Statistical Analysis

Statistical analysis was performed using GraphPad Prism version 10. Normally distributed continuous variables are
presented as mean =+ standard deviation (SD), whereas non-normally distributed continuous or ordinal variables are
presented as median with interquartile range (IQR). Categorical variables are presented as number (%). Normality was
assessed using the Shapiro—Wilk test. Between-group comparisons were performed using Welch’s ¢ test for normally
distributed continuous variables, the Mann—Whitney U-test for non-normally distributed continuous or ordinal variables,
and the chi-square test or Fisher’s exact test for categorical variables, as appropriate. For key dichotomous outcomes, risk
ratios (RRs) were calculated as the proportion of patients with the event in the tegileridine group divided by the
corresponding proportion in the oxycodone group, and 95% confidence intervals (Cls) were estimated using the log-
transformation method. A two-sided P value <0.05 was considered statistically significant. The statistical methods used
for outcome analysis were not changed after trial registration, and all statistical analyses were performed only after

completion of patient enrollment, data collection, and database lock.

Results
The study was reported in accordance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines
(Supplementary Material 1)."° A total of 72 patients were screened for eligibility, and 68 were finally enrolled and

randomized in this trial (Figure 1). Baseline characteristics were comparable between the two groups, with no statistically
significant differences in age, body weight, BMI, ASA classification, or Apfel risk score (Table 1).

The incidence of PONV was significantly lower in the tegileridine group than in the oxycodone group (27.3% vs
54.3%; RR, 0.50; 95% CI, 0.27-0.95; P = 0.024) (Figure 2). In addition, the median PONV grade was lower in the
tegileridine group than in the oxycodone group [0 (0-1) vs 1 (0-3); P = 0.012] (Figure 3).

Postoperative analgesic success was similar between the tegileridine and oxycodone groups (87.9% vs 94.3%; P = 0.615)
(Figure 4).

Patients Screened (N=72)

» Rejected (N=0)

A

Patient Randomized (N=72)

T (N=34) O (N=38)

y

1.Conversion to laparotomy (N=4)
2.Withdraw consent (N=0)
completed follow-up 3.Adverse event (N=0)

T (N=33) O(N=35)

4

Analyzed(N=68) [+

Figure | The flowchart of the participants in the study.
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Table |1 General Baseline Characteristics of the Subjects

Characteristics T(N=33) O(N=35) P
Age, years (IQR) 48(46-53) 49(46-55) 0.369
Weight, kg (IQR) 58(55-62) 58(55-60) 0.644
BMI,kg/m?(IQR) 22.6(21.7-24.9) | 23.2(22.6-24.6) | 0.508
Surgery duration, min (IQR) 107(95-124) 107(89-118) 0.447
ASA grade, n (%) 0.964

| 31(93.9) 33(94.2)

I 2(6.0) 2(5.7)
Apfel risk score, n (%) 0.173

| 0(0) 0(0)

2 1(3) 0(0)

3 30(90.9) 30(85.7)

4 2(6) 5(14.2)

Abbreviations: T, tegileridine group; O, oxycodone group; P, P-value calculation; IQR,
interquartile range.

The overall incidence of adverse events, defined as the proportion of patients experiencing at least one adverse event
during the observation period, was lower in the tegileridine group than in the oxycodone group (27.3% vs 60.0%; P =
0.007). The detailed distribution of adverse events is presented in Table 2.

Hemodynamic changes before and after administration of the study drug are summarized in Table 3. No statistically
significant differences in MAP were observed between the tegileridine and oxycodone groups at any predefined time
point. Use of vasoactive drugs during the study-drug period was also similar between the tegileridine and oxycodone
groups (6.0% vs 5.7%; P = 1.000). Total intraoperative remifentanil consumption was comparable between the
tegileridine and oxycodone groups [989 (957-1006) vs 986 (948—1004); P = 0.585] (Table 3).

Postoperative PCIA-related outcomes are shown in Table 4. Time to first PCIA use was similar between the
tegileridine and oxycodone groups [5 (4-6.5) vs 5 (4-6); P = 0.936]. The total number of PCIA pump presses within
24 hours [3 (2-4) vs 3 (2-5); P = 0.291] and within 48 hours [4 (3-6) vs 6 (4-8); P = 0.082] also did not differ
significantly between the tegileridine and oxycodone groups.

*

100% —

mm PONV
..g 80% — e=a NO PONV
Q
s
o 600/0-
S
s 40% - Chi-square=5.117
£
8 P=0.024
g 20% -
0% -
o T

Treatment group

Figure 2 Incidence of PONV.
Note: *p<0.05.
Abbreviations: PONV postoperative nausea and vomiting; T, tegileridine group; O, oxycodone group.
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Figure 3 Distribution of PONV grades in the two groups.

Notes: PONV was graded as 0 = none, | = nausea, 2 = retching, and 3 = vomiting. Nausea was defined as a subjectively unpleasant sensation associated with awareness of
the urge to vomit. Retching was defined as labored, spasmodic, rhythmic contraction of the respiratory muscles without expulsion of gastric contents. Vomiting was defined
as the forceful expulsion of gastric contents from the mouth.

Abbreviations: T, tegileridine group; O, oxycodone group; PONV postoperative nausea and vomiting.

40
. = S
g B
g 301 M F
) -
£ Chi-square=0.253
2 20+ P=0.615
S ]
3
£ 10
g 197
z ]
o]

Treatment group

Figure 4 Postoperative analgesic success and failure in the two groups.
Abbreviations: T, tegileridine group; O, oxycodone group; S, postoperative analgesic success; F, postoperative analgesic failure.

Discussion
This randomized, double-blind, controlled trial compared tegileridine and oxycodone at prespecified study doses for
postoperative analgesia and PONV after TLH.

PONV remains one of the most important early postoperative outcomes in gynecologic laparoscopy.'’ A substantial
correlation has been established between the administration of opioids during anesthesia and the occurrence of PONV.'®
The evaluation of PONV risk in study participants utilizing the APFEL scoring system demonstrated no notable
difference between the two groups in this investigation. Apfel et al previously proposed the hypothesis that the use of
volatile anesthetics during surgical procedures is the primary cause of early postoperative nausea and vomiting (ePONV).
Total intravenous anesthesia (TIVA) has been postulated to reduce the incidence of PONV by curbing the use of inhaled
anesthetics in comparison to combined intravenous-inhalation anesthesia (CIVIA)."

In this study, the incidence rate within the O group (57.6%), achieved through TIVA, was comparable to that observed
in Dr. Comelon’s TIVA trial (44%)."> However, when contrasted with the findings reported by Dr. Wu’s group, which
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Table 2 Number of AE in the Two Groups

Characteristics T(N=33) | O(N=35) P
PONV 0.024*
0 24 16
| 6 5
2 0 5
3 3 9
PONV grade (IQR) 0(0-1) 1(0-3) 0.012*
Hypotension 2 2
Respiratory depression | 0
Delayed emergence 0 2
Pruritus 0 0
Muscle rigidity 0 2
Convulsions 0 0
Dizziness 2 3
Nasal congestion 0 3
Constipation 2 7
Urinary retention 0 0
Severe emergence agitation 0 0
Total AE, n (%) 9(27.3) 21(60) 0.007*

Note: *p<0.05.
Abbreviations: T, tegileridine group; O, oxycodone group; P, P-value calcu-
lation; IQR, interquartile range; AE, adverse event.

Table 3 Other Perioperative Variables in the Two Groups

Characteristics T o P
Blood pressure (mmHg)
To 93.70+5.43 96.00+6.64 0.121
T 84.60+7.52 82.32+9.57 0.450
T, 80.31+11.98 75.58%11.51 0.247
T3 79.06+9.50 75.21%13.05 0.323
Remifentanil consumption (ug) | 989(957-1006) | 986(948—-1004) | 0.585
Application of vasopressors (%) 2(6.0) 2(5.7) 1.000

Abbreviations: T, tegileridine group; O, oxycodone group; P, P-value calculation; Ty, base-
line measurement upon entry into the examination room; T, immediately before study drug
administration; T,, three minutes post-administration; T3, five minutes post-administration.

Table 4 Comparison of Postoperative Analgesia Between the Two
Groups

Characteristics T o P

Success rate of postoperative analgesia (%) | 29(87.9) | 33(94.3) | 0.615
PCIA utilization

Initial application (H, IQR) 5(4-6.5) | 5(4-6) 0.936
24-hour total press (t, IQR) 3(2-4) | 3(2-5) 0.291
48-hour total press (t, IQR) 4(3-6) | 6(4-8) 0.082

Abbreviations: T, tegileridine group; O, oxycodone group; P, P-value calculation; IQR,
interquartile range; H, in hours; t, number of PCIA demands.
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documented a PONV incidence rate of approximately 20% in the O group, our group exhibited a higher rate.'® This
difference may be attributable to the administration of 8§ mg of dexamethasone during surgery in Dr. Wu’s group. The
disparity in outcomes between the two groups, as evidenced by the contrasting results observed in Dr. Comelon’s and
Dr. Wu’s studies, indicates a divergence in the effects of TIVA and IIA on PONYV, which contradicts earlier clinical
research results.'®'>'® The discrepancy observed between the groups receiving TIVA and those receiving CIVIA
suggests that the influence of these anesthesia techniques on PONV may not be consistent with previous findings.
Therefore, the present results should be interpreted within the specific anesthetic and antiemetic context of this trial, in
which CIVIA and intraoperative dexamethasone may be considered protective factors against PONV.

A plausible reason for the lower incidence of PONV in the tegileridine group is its unique pharmacologic profile
compared to traditional MOR agonists. Opioid-induced recruitment of B-arrestin-2 has been associated with several
adverse effects, including nausea, vomiting, constipation, and respiratory depression.?’ In contrast, B-arrestin-2 knockout
models have shown enhanced and prolonged morphine analgesia with attenuation of some opioid-related adverse
effects.”’ Against this background, the development of biased ligands at G protein-coupled receptors has attracted
considerable attention over the past decade.”? Tegileridine has been reported to show limited p-arrestin-2 recruitment,
which may partly account for the lower rate of PONV observed in the present study. Nevertheless, this mechanistic
interpretation should remain cautious, because the present trial was designed to evaluate clinical outcomes rather than
directly test signaling pathways.

The analgesic findings of the present trial should also be interpreted within the context of the multimodal analgesic
strategy employed. Previous dose-finding work has shown that 0.06 mgkg ' intravenous oxycodone can provide
satisfactory postoperative analgesia after laparoscopic hysterectomy.'® A similar outcome was observed in this trial.
The single intravenous opioid drug dose utilized in this trial was minimal. However, as demonstrated in the trial
conducted by Dr. Wang, pain resulting from surgical incision is principally alleviated through local anesthetic wound
infiltration. Ropivacaine was administered following TAP, covering the site of laparoscopic perforation, and maintained
a sensory blockade effect of 87% over a duration of six hours.”> The analgesic duration provided by a nerve block is
comparable to that of opioid medications. It is confirmed that a combined TAP nerve block reduces opioid consumption
and enhances the potential benefits for the trial participant.'> Therefore, the present study should not be interpreted as
evaluating single-agent analgesia in isolation, but rather as comparing two systemic opioid strategies on top of an
established multimodal analgesic background.

The similar early postoperative analgesic success observed between groups suggests that both study regimens were
able to maintain adequate analgesia during PACU stay. This study employed remifentanil as the agent for anesthesia
induction, thereby ensuring that the opioids present in the patient during their stay in the PACU were exclusively the
administered intervention drugs. This methodological approach facilitated a more precise distinction of the effects
attributable to each intervention. The preliminary trial results demonstrate no statistically significant difference in
postoperative analgesia success rates between the two groups, indicating that the analgesic effects at prespecified
study doses were consistent with expectations. The occurrence of postoperative analgesic failure was attributed to
inadequate analgesic medication. At the study dose used in this trial, oxycodone did not ensure maintenance of
a resting VAS score <3 in all patients during PACU stay. This discrepancy can be attributed to the fact that the trial
designed by Professor Wu employed an UP-DOWN Dose-Finding protocol, whereas the current trial utilizes the median
dose provided by him.'® The research team contemplated the potential for postoperative hyperalgesia resulting from the
utilization of high-dose short-acting opioids for the induction and maintenance of anesthesia. Subsequent postoperative
follow-up results demonstrated an absence of this phenomenon. This discrepancy may partly reflect the observed
variation in the recommended dosage of remifentanil for the induction of hyperalgesia, which has been reported as 0.4
ng-kg 'min~', a level significantly exceeding that used in this study.**

The postoperative analgesic trajectory beyond PACU was further supported by the PCIA-related findings. Our team
set the PCIA pump parameters based on experimental reports from the southeastern region of China.?® Preliminary trials
in Tegileridine demonstrated that the duration of analgesia was comparable to that observed in the main trial (5,4 to
6.5 hours). Additionally, no statistically significant differences were observed between Tegileridine group and the
Oxycodone group with respect to the timing of the initial PCIA dose or the total postoperative PCIA dosage. This
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finding indicates that prespecified study doses of the two interventions provide consistent analgesic benefits to patients
during the first two days postoperatively.

The overall incidence of adverse events differed significantly between the two groups. However, this difference was
driven predominantly by PONV. Therefore, the clinical interpretation of several isolated postoperative events should
remain cautious. A comparative analysis of blood pressure variations prior to and following the administration of
intervention drugs between the two groups indicates the presence of potential statistical differences; however, the clinical
significance of these differences is negligible. Consequently, an additional comparison concerning the utilization of
vasoactive agents was conducted, which revealed no statistically significant differences in their use between the two
groups.

Constipation is related to gastric emptying and intestinal peristalsis; activation of MOR receptors by opioid drugs
leads to disruption of the intestinal barrier, increased intestinal permeability, reduced water and electrolyte secretion in
the intestinal lumen, which in turn causes constipation.”” However, there is no clear evidence of a relationship between p-
arrestin recruitment and constipation.

Delayed awakening was observed in a small number of patients in this trial. Although high intraoperative opioid
exposure has been reported to increase the risk of delayed awakening, the remifentanil dose used in the present study was
approximately 0.16 pg-kg '-min~', which was lower than the dose commonly discussed in relation to opioid-induced
postoperative hyperalgesia.”® In addition, total intraoperative remifentanil consumption was comparable between the two
groups. Therefore, the delayed awakening events observed in this trial are unlikely to be explained by between-group
differences in remifentanil exposure alone.

Two patients developed transient postoperative muscle rigidity after recovery of consciousness in the PACU, which
was considered more likely attributable to postoperative shivering. Respiratory depression constitutes one of the most
grave complications associated with anesthesia and it is a primary cause of mortality in patients receiving opioid
medications. Research has shown that opioid-induced respiratory depression results from MOR activation; B-arrestin-2
recruitment may not be involved in respiratory depression.””>* Agents with slower MOR binding, such as morphine,
may be safer than those with faster binding, like alfentanil and remifentanil, despite having similar pain-relief effects.”® It
has also been demonstrated that rapid increases in opioid receptor occupancy following intravenous bolus can trigger
apnea. Conversely, slower receptor binding is less prone to respiratory depression. As demonstrated in the extant
research, Tegileridine exhibits a significantly higher affinity for MOR than oxycodone.®'* However, receptor affinity
alone may not fully explain respiratory safety in clinical practice, and other factors, including binding kinetics,
administration profile, and perioperative context, may also contribute.

This study has several limitations. It was a single-center trial with a small sample size and a 48-hour follow-up period,
which may limit generalizability and preclude assessment of longer-term outcomes. In addition, only patients undergoing
TLH were included, and the single-dose study-drug design was applied within a multimodal analgesic framework
including TAPB and postoperative PCIA. Therefore, the findings should be interpreted cautiously, and larger multicenter
studies are needed to further clarify the role of tegileridine in postoperative analgesic strategies.

Conclusion
In patients undergoing TLH, tegileridine was associated with a similar postoperative analgesic success rate and a lower
risk of PONV compared with oxycodone.

Trial Registration

This trial was retrospectively registered at ClinicalTrials.gov after patient enrollment had begun because of an admin-
istrative coordination delay in submitting the prepared registration information to the registry. The trial was first
submitted on December 24, 2025, and first posted on January 8, 2026 (NCT07326683). The registration was completed
before database lock and final statistical analysis.

Data Sharing Statement

Deidentified data are available from the corresponding author on reasonable request.
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