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Purpose: To investigate the efficacy and safety of oliceridine for anesthesia induction, maintenance and analgesia in patients
undergoing thoracoscopic lobectomy.

Patients and Methods: In this single-center, prospective, double-blind, randomized controlled trial, patients scheduled for surgery
between October 2024 and August 2025 were divided into two groups: oliceridine group (Group O) and sufentanil group (Group S).
Study drugs were used for anesthesia induction, maintenance and postoperative analgesia. The primary outcome was the incidence of
postoperative opioid-related adverse events within the first 48 hours, including PONV, respiratory depression, dizziness, pruritus, and
constipation. Secondary outcomes included hemodynamic parameters, NRS and Ramsay Sedation Scale at multiple time points of
post-surgery (2h, 6h, 12h, 24h, and 48h), the usage of postoperative analgesia drugs, rescue treatments, and Quality of Recovery-15
(QoR-15) scores.

Results: A total of 166 patients were enrolled (Group O: n=83, Group S: n=83). Compared to Group S, Group O showed significantly
lower rates of PONV and respiratory depression (P<0.05) and higher QoR-15 scores at 24h and 48h (P<0.05). No significant
differences were found in hemodynamics, NRS scores, or Ramsay scores between the two groups (P > 0.05).

Conclusion: Oliceridine provides safe and effective perioperative analgesia for patients undergoing thoracoscopic lobectomy. It
maintains stable hemodynamics, achieves analgesic efficacy comparable to sufentanil, and demonstrates a superior profile in reducing
opioid-related adverse events while promoting postoperative recovery.

Keywords: oliceridine, sufentanil, thoracoscopic lobectomy, perioperative analgesia, opioid-related adverse events, quality of
recovery-15

Introduction

Lung cancer, attributed to environmental pollution and occupational exposure, ranks among the malignancies with the
highest incidence and mortality in China." Video-assisted thoracoscopic surgery (VATS), an effective treatment for early-
stage lung cancer, achieves a five-year survival rate of up to 90%. Despite being minimally invasive,” VATS frequently
induces moderate-to-severe acute pain due to pleural irritation, muscular and intercostal nerve injury, and chest tube
placement. Inadequate postoperative analgesia can restrict mobility, impair respiratory function, and hinder secretion
clearance,’ predisposing patients to atelectasis, pulmonary infection, and embolism, thereby increasing risks of impaired
recovery and chronic pain. Thus, effective analgesia is essential in lung cancer surgery.
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Opioids form the cornerstone of perioperative analgesia. Opioid-based patient-controlled intravenous analgesia
(PCIA) remains the standard after lung surgery. However, conventional opioids such as morphine cause dose-
dependent adverse effects-including respiratory depression, nausea, vomiting, and constipation-that impede recovery
and limit utility in thoracic procedures. The incidence of opioid-related adverse events (ORAE) reaches 10.6%,*
contributing to prolonged hospitalization, elevated mortality, increased costs, and higher 30-day readmission rates.
Within the Enhanced Recovery After Surgery (ERAS) framework, developing improved opioid analgesics is urgently
needed.

Oliceridine, as the world’s first G protein-biased p-opioid receptor agonist,” selectively activates the G-protein
signaling pathway while significantly reducing activation of the B-arrestin pathway.® This distinctive mechanism offers
potent analgesia with reduced postoperative respiratory adverse events. Previous studies support its safety and tolerability
in high-risk populations, including the elderly, obese, and comorbid patients,”® with low potential for withdrawal
symptoms. Nevertheless, evidence regarding its dosing, efficacy, and safety for anesthesia induction, maintenance, and
postoperative analgesia in thoracoscopic surgery remains scarce. Existing literature has predominantly focused on the use
of oliceridine for PCIA after thoracoscopic surgery,” lacking comprehensive research on its role in overall perioperative
pain management. This highlights the novelty of the present study, which warrants further investigation.

This study addresses the critical research gap of limited evidence regarding the integrated perioperative application of
oliceridine in thoracoscopic lobectomy. We aim to evaluate the efficacy and safety for the rational use of this drug by
systematically evaluating its appropriate dosing regimen, analgesic efficacy, and safety profile across the entire perio-
perative period, including anesthesia induction, maintenance, and postoperative analgesia. To our knowledge, this is the
first investigation to comprehensively assess perioperative oliceridine administration, with the goal of formulating safer
analgesic strategies that maintain hemodynamic stability and optimize postoperative recovery in patients undergoing
thoracoscopic lobectomy.

Materials and Methods
Study Design and Ethical Declaration

This single-center, prospective, randomized, double-blind clinical trial was conducted in strict accordance with ethical
standards. This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics
Committee of the Affiliated Hospital of Jiangnan University (Approval No.: LS2024050). The trial protocol was
prospectively registered with the National Medical Products Administration’s Clinical Trial Registry (Registration No.:
ChiCTR2400084600; Principal Investigator: Na Hu; Registration Date: May 21, 2024) before participant enrollment. All
participants provided written informed consent prior to any study procedures. The study adhered to the Consolidated
Standards of Reporting Trials (CONSORT) guidelines'® to ensure complete and transparent reporting of all trial methods
and results.

Inclusion and Exclusion Criteria

Eligible patients were ASA physical status I-111, aged 18—80 years, scheduled for elective thoracoscopic lobectomy, with
a BMI of 18-28 kg/m?, and having provided written informed consent. Exclusion criteria included: (1) severe diabetes,
cardiac disease, or hypertension; (2) significant hepatic or renal dysfunction; (3) central nervous system, psychiatric,
immune, or coagulation disorders, or chronic pain conditions; (4) history of long-term analgesic/sedative use, substance
abuse, or drug allergies; (5) severe preoperative anemia; (6) neurocognitive impairment; (7) moderate-to-severe sleep
apnea. Patients meeting any of the following criteria were excluded from analysis: (1) significant intraoperative
hemorrhage; (2) conversion to open thoracotomy; (3) postoperative ICU admission; (4) refusal of follow-up; (5) other
conditions deemed to preclude continued trial participation.

Randomization and Blinding
Patients were randomized 1:1 to either the Oliceridine group (Group O) or the Sufentanil group (Group S) using
a computer-generated sequence (IBM SPSS Statistics, Version 26.0). An independent staff member managed the
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concealed allocation sequence. Opaque, sequentially numbered envelopes containing group assignments were prepared.
A designated anesthesia nurse, uninvolved in subsequent care or assessment, opened the envelope before anesthesia
induction and prepared the study drugs. Both oliceridine and sufentanil were prepared identically in appearance and
syringes. Anesthesiologists, outcome assessors, and patients were blinded to group assignment throughout the study.
Statisticians involved in data analysis were also kept blinded to group assignments throughout the entire statistical

analysis process to minimizepotential bias.

Preoperative Education

A separate anesthesiologist, blinded to randomization, conducted preoperative visits 24 hours before surgery to explain
the protocol and train patients in using the Numerical Rating Scale (NRS, 0=no pain to 10=worst pain) to quantify pain
intensity standards and Quality of Recovery-15 (QoR-15) scores.

Standardized Anesthesia Protocol

No preoperative medication was administered. Patients were fasted for 8—12 hours and prohibited from drinking for at
least 2 hours. After entering the operating room, both groups of patients were closely monitored for blood oxygen
saturation (SpO,), electrocardiogram (ECG), electroencephalogram bispectral index (BIS), and non-invasive cuff blood
pressure (NIBP), and underwent internal jugular vein and radial artery puncture under B-ultrasound guidance.

Anesthesia induction included midazolam (2-3 mg, #TMZ24L.07, Jiangsu Nhwa Pharmaceutical Co., Ltd)., etomidate
(0.2-0.4 mg/kg, #TYT25C21, Jiangsu Nhwa Pharmaceutical Co., Ltd)., and rocuronium (0.8-1.0 mg/kg, #H20213778,
Guangdong Sunho Pharmaceutical Co Ltd). Group S received sufentanil (0.3-0.5 pg/kg, #AB41001111, Yichang
Humanwell Pharmaceutical Co Ltd.) and Group O received oliceridine (0.06-0.10 mg/kg, #TAA25C04, Jiangsu Nhwa
Pharmaceutical Co., Ltd). After patient’s bispectral index (BIS) reached 45-55, double-lumen endotracheal intubation
was performed. Ventilation parameters were adjusted for one-lung ventilation. Two minutes before skin incision, Group
S received an additional 5 pg sufentanil and Group O received 1 mg oliceridine.

Anesthesia was maintained with propofol (2-6 mg-kg '-h™"), dexmedetomidine (0.2-0.4 pg-kg '-h™"), and sevoflur-
ane (1-2%). Group S received continuous sufentanil (0.25-1.0 pg-kg '-h™') and Group O received oliceridine
(0.05-0.2 mg-kg "-h™"). The BIS was maintained between 40-60. Hemodynamic management included ephedrine for
hypotension, urapidil for hypertension, and atropine for bradycardia. Ondansetron (4 mg) and parecoxib sodium (40 mg)
were administered at the end of surgery. Patients were extubated upon meeting standard criteria in the Post-Anesthesia
Care Unit (PACU).

Postoperative Analgesia

PCIA was initiated with: Group O — oliceridine 0.6 mg/kg; Group S — sufentanil 3 pg/kg; both with azasetron in 150 mL
normal saline. The PCIA settings were: background infusion 3 mL/h, bolus dose 3 mL, lockout interval 15 min,
maximum hourly dose 15 mL. Rescue analgesia (parecoxib sodium 40 mg) was given for NRS >4. Rescue antiemetic
(ondansetron 4 mg) was administered for severe nausea/vomiting.

Outcome Measures

Primary outcomes were the incidence of adverse events within 48 hours (nausea/vomiting, dizziness, respiratory
depression [Sp0,<90% or respiratory rate (RR)<8 bpm], pruritus, constipation). Detection of respiratory depression
involved continuous pulse oximetry monitoring in PACU and ward. Additionally, nurse-verified spot checks were
performed every 2 hours during the first 24h, followed by every 4 hours thereafter. All events were recorded by blinded
nurses and subsequently confirmed by an independent outcome assessor. Secondary outcomes included: (1) QoR-15
scores at 24 and 48 hours postoperatively; (2) Intraoperative hemodynamic parameters, including heart rate (HR),
systolic blood pressure (SBP), and diastolic blood pressure (DBP); (3) NRS and Ramsay Sedation Scale scores at 2,
6, 12, 24, and 48 hours postoperatively.
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Sample Size Calculation

Based on preliminary data (adverse event rates: 19% in Group O vs. 43% in Group S), with 0=0.05 and 90% power
(PASS 15 statistical software, NCSS company), 73 patients per group were required. Considering a 20% dropout rate
(including follow-up loss, withdrawal of informed consent, and missing data), the final sample size was adjusted to 92
cases per group, with a total of 184 patients included.

Statistical Analysis

Statistical analyses were conducted utilizing SPSS version 27.0. The normality of data was evaluated through the
Shapiro—Wilk test. Continuous variables exhibiting a normal distribution were expressed as mean + standard deviation
and analyzed via independent ¢-tests; non-normally distributed data were reported as median [interquartile range] and
assessed using Mann—Whitney U-tests. Categorical variables were presented as frequencies (percentages) and compared
using Chi-square or Fisher’s exact tests. Ordinal data underwent evaluation with rank-sum tests. NRS scores were
analyzed using Generalized Estimating Equations (GEE) to model longitudinal data, with adjustment for key baseline
covariates. Effects were tested with Wald y°-tests, and post-hoc comparisons of estimated marginal means were adjusted

using the Bonferroni-corrected method. A p-value of less than 0.05 was deemed statistically significant.

Results

Participant Flow
After screening 184 patients (3 ineligible, 4 declined), 177 were included. Six patients were excluded due to protocol
deviations (eg., anesthetic plan change), and 5 were lost to follow-up after discontinuing the intervention. Consequently,
a total of 166 patients (83 patients per group) were included in the final analysis. The participant flow is detailed in the
CONSORT diagram (Figure 1).

Baseline characteristics, including age, sex, BMI, ASA classification, comorbidities (hypertension, diabetes), and
smoking history, were balanced between the Group O and Group S. No significant differences were observed in operative
duration, anesthesia duration, or emergence time (P > 0.05), indicating good comparability (Table 1).

Primary Outcome: Incidence of Postoperative Adverse Events

The overall incidence of adverse events was significantly higher in Group S compared to Group O (77.11% vs. 57.83%;
x> = 7.027, P = 0.008). Specifically, Group S had significantly higher rates of nausea/vomiting (43.37% vs. 26.51%; y* =
5.194, P = 0.023) and respiratory depression (18.07% vs. 7.23%:; y* = 4.416, P = 0.036). No significant differences were
found in dizziness, pruritus, constipation, hypotension, or somnolence between the groups (Table 2).

Secondary Outcomes

Postoperative NRS and Ramsay Sedation Scale

Postoperative NRS scores were analyzed using generalized estimating equations (GEE). The analysis showed
a marginally significant group effect (Wald ¥* = 3.820, P = 0.051), a highly significant time effect (Wald y* =
760.909, P < 0.001), and no significant group-by-time interaction (Wald %> = 2.325, P = 0.676). While the between-
group difference approached statistical significance, the time effect indicated significant pain reduction over the
postoperative period in both groups, with similar temporal trends observed between treatments (Table 3). Wilcoxon
rank-sum tests revealed no significant differences in Ramsay Sedation Scale between groups at any postoperative
time point (P > 0.05) (Table 4).

Intraoperative Hemodynamics
Intraoperative hemodynamics (including HR, SBP, DBP) exhibited no significant between-group differences at any of the

assessed time points (Figure 2).
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Assessed for eligibility
Enrollment (n=184)

Excluded(n=7)
- Not meeting inclusion criteria(n=3)
- Declined to participate(n=4)

\J

Randomized (n=177)

Allocation
B Allocated to group S (n=89)
{\flklgcc:il\ig‘ll:sgg:go?ni('/';ls?:FSS) - Received as randomized (n=86)
Modi ¥ i - Modified the anesthesia protocol (n=1)
- Modified the anesthesia protocol(n=2) - Converted to open-chest surgery (n=1)
- Transferred to ICU after surgery(n=1) - Severe allergic reaction (n=1)
Follow-up
4 A
Lost to follow-up (n=2) Lost to follow-up (n=3)
Discontinued intervention (n=2) Discontinued intervention (n=3)
Y A
Analysis Analysed (n=83) Analysed (n=83)

Figure | Consolidated standards of reporting trials flow diagram.
Abbreviations: Group O, Oliceridine group; Group S, Sufentanil group.

QoR-15 Scores

Group O demonstrated significantly higher total QoR-15 scores than Group S at both 24h (113 [109, 119] vs. 104 [101, 110],
P < 0.001) and 48h (134 [132, 138] vs. 132 [128, 135], P < 0.001) postoperatively. Subgroup analysis showed Group
O scored significantly higher in specific domains: “feeling comfortable and in control,” “having a general sense of well-

Table | Baseline Data of Research Subjects

Group O (n=83) | Group S (n=83) t/x? P

Age (years) 58.82+9.10 56.40+10.76 1.566 | 0.119
Sex (n,%) 0.097 | 0.756
Male 39(46.99) 41(49.40)
Female 44(53.01) 42(50.60)
BMI (kg/m?) 23.83£2.41 23.23%2.53 1.557 | 0.121
ASA level (n,%) 5.227 | 0.073
| 7(8.43) 17(20.48)
Il 65(78.31) 54(65.06)
1] 11(13.25) 12(14.46)

(Continued)
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Table | (Continued).

Group O (n=83) | Group S (n=83) t/x? P
Hypertension (n,%) 17(20.48) 21(25.30) 0.546 | 0.460
Diabetes (n,%) 13(15.66) 15(18.07) 0.172 | 0.678
Smoking history (n,%) 20(24.10) 18(21.69) 0.137 | 0.712
Surgical duration (min) 132.71£30.57 129.40+28.27 0.725 | 0.470
Anesthesia duration (min) 158.04+33.21 154.99+32.34 0.599 | 0.550
Emergence time (min) 44.16+4.92 45.17+7.58 —1.020 | 0.309

Note: The data is expressed as mean * standard deviation and quantity (percentage).
Abbreviations: Group O, oliceridine group; Group S, sufentanil group; BMI, body mass index; ASA,
American Society of Anesthesiologists.

Table 2 Comparison of Two Groups of Adverse Reactions

Adverse Reactions (n,%) Group O (n=83) | Group S (n=83) | OR (95% CI) x? P

Adverse Reactions Occurred 48(57.83) 64(77.11) 0.41(0.21-0.80) | 7.027 | 0.008
Nausea and Vomiting 22(26.51) 36(43.37) 0.41(0.25-0.90) | 5.194 | 0.023
Dizziness 19(22.89) 25(30.12) 0.69(0.34-1.38) | 1.113 | 0.291
Respiratory Depression 6(7.23) 15(18.07) 0.35(0.13-0.96) | 4.416 | 0.036
Pruritus 2(2.41) 4(4.82) 0.49(0.09-2.74) - 0.682
Constipation 5(6.02) 6(7.23) 0.82(0.24-2.81) | 0.097 | 0.755
Hypotension 4(4.82) 6(7.23) 0.65(0.18-2.39) | 0.426 | 0.514
Drowsiness 6(7.23) 9(10.84) 0.64(0.22—-1.89) | 0.660 | 0.417

Notes: Data is expressed in terms of quantity (percentage). “-” Using Fisher’s exact test.

Abbreviations: Group O, oliceridine group; Group S, sufentanil group.

Table 3 Comparison of NRS at Different Postoperative Time Points Between Two Groups

Time points | Group O(n=83) | Group S(n=83) Group O Group S Effect Wald > P
(EMM % SE) | (EMM % SE)

2h 4(3,5) 3(2,5) 3.82%0.16 3.5120.19 Group 3.820 0.051

6h 2(2,3)° 22,3 2.55+0.14 2.29+0.10 Time 760.909 | <0.001

12h 2(2,3)° 22,3 2.25+0.06 2.130.07 Group x Time 2.325 0.676

24h 2(1,2)%¢ 1(1,2)% 1.63+0.07 1.48+0.08

48h 1(0, 1)< I(1,1)%<d 0.92£0.10 0.89£0.06

Notes: Data are presented as median (interquartile range) for raw scores or estimated marginal mean # standard error (EMM % SE) from the GEE model. EMM =
estimated marginal mean; SE = standard error. Marginal means were estimated from the GEE model, adjusted for age, sex, BMI, and ASA classification. 2Within-
group comparison with 2h, P < 0.05; "Within-group comparison with 6h, P < 0.05; “Within-group comparison with 12h, P < 0.05; “Within-group comparison with
24h, P < 0.05 (Bonferroni-corrected).

Abbreviations: Group O, oliceridine group; Group S, sufentanil group; NRS, Numerical Rating Scale (0 = no pain, 10 = worst pain).
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Table 4 Comparison of Ramsay Sedation Scale at Different
Postoperative Time Points Between Two Groups

Time Points | Group O(n=83) | Group S(n=83) z P

2h 2(2,2) 2(2,2) —0.257 | 0.798
6h 2(2,2) 2(2,2) 0.572 | 0.567
12h 2(2,2) 2(2,2) —0.582 | 0.56l
24h 2(2,2) 2(2,2) —0.447 | 0.655
48h 2(2,2) 2(2,2) 0.225 | 0.822

Notes: The data is represented by the median (interquartile range). Ramsay Sedation
Scale (I=Awake; agitated or restless or both; 2=Awake; cooperative, oriented, and
tranquil; 3=Awake but responds to commands only; 4=Asleep; brisk response to light
glabellar tap or loud auditory stimulus; 5=Asleep; sluggish response to light glabellar tap
or loud auditory stimulus; 6=Asleep; no response to glabellar tap or loud auditory
stimulus).

Abbreviations: Group O, oliceridine group; Group S, sufentanil group.

being,” and “experiencing nausea or vomiting” at both 24h and 48h (all P < 0.001). Other domains showed no significant
differences (Table 5).

PCIA Pump and Rescue Medication Usage

No significant differences were found between groups regarding the number of effective PCIA presses and total PCIA
presses, total opioid consumption (morphine equivalent), or rescue analgesic use (all P > 0.05). However, Group
O required significantly fewer rescue antiemetic administrations than Group S (0.38 £ 0.69 vs. 0.65 + 0.96, t =
—2.427, P = 0.016) (Table 6).

Discussion

Postoperative acute pain is highly prevalent following lung surgery.'' Incisional and drain-related pain can restrict
mobility, impair respiration, and hinder secretion clearance, predisposing patients to hypoxemia, atelectasis, pulmonary
infection, and thromboembolism. Severe pain may progress to chronic pain, delay recovery, and prolong
hospitalization.'? Thus, effective analgesia is crucial. While regional techniques like paravertebral or intercostal nerve
blocks are used, they carry risks of failure, infection, and hemorrhage. Consequently, opioid-based PCIA remains the
primary analgesic method.

Opioids primarily exert their effects via central p-opioid receptors (MOR). MOR activation signals through
G proteins and B-arrestin pathways. The G-protein pathway mediates analgesia, while B-arrestin recruitment is linked
to adverse effects like nausea, respiratory depression, dizziness, and constipation.'? Oliceridine, the first G protein-biased
MOR agonist, preferentially activates G-protein signaling with minimal B-arrestin engagement.” This mechanism
provides potent analgesia with a reduced incidence of traditional opioid-related adverse events (ORAEs), making it
suitable for acute pain management.'*'> It also offers a wider therapeutic window, benefiting high-risk patients.
Oliceridine has no significant active metabolites,'® contributing to its favorable pharmacokinetics. It is more potent
than morphine with a superior neurocognitive side effect profile. Its rapid onset, short context-sensitive half-life, lack of
active metabolites, and minimal neurocognitive impact facilitate early recovery, aligning with ERAS principles.'’

This is the first study to investigate the comprehensive perioperative application of oliceridine in patients undergoing
thoracoscopic lobectomy. At present, no standardized dosing protocol is available for this clinical scenario, and the
package insert specifies a maximum single intravenous dose of 3 mg. However, our pilot study demonstrated that a single
3-mg dose of oliceridine during anesthesia induction was inadequate to effectively attenuate the hemodynamic response
to tracheal intubation. Furthermore, the relative analgesic potency ratios of oliceridine and sufentanil relative to morphine
are as follows: oliceridine:morphine = 5:1; sufentanil:morphine = 1000:1. Consequently, we selected an induction dose of
oliceridine at 0.06-0.1 mg/kg. Hemodynamics remained stable at T1 and T2 in Group O. Advantages observed included
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Figure 2 Trends in intraoperative Hemodynamics of patients in Group O and Group § at different time points.
Abbreviations: HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; Baseline, preoperative baseline time point; T1-T7, Tl, Before tracheal
intubation; T2, Immediately after tracheal intubation; T3, Immediately after skin incision; T4, During skin suture; T5, On admission to the PACU; Té, At tracheal extubation;

T7, On discharge from the PACU.

rapid induction without opioid-induced cough or rocuronium-induced injection pain in all 83 patients. Administering an
initial 3 mg bolus followed by the remainder for induction provided effective analgesia while adhering to the recom-
mended single-dose limit.

Studies support oliceridine’s utility in various settings: hysteroscopy,'® gastroscopy,'® burn care,”® and ICU
sedation,?' confirming its efficacy and hemodynamic stability, consistent with our findings. Hemodynamic parameters
at T3-T7 were comparable between groups, indicating stable intraoperative conditions with oliceridine. Similar emer-
gence times further support its safety and controllability for perioperative use.

For PCIA, oliceridine resulted in a significantly lower overall incidence of adverse events (P<0.05), particularly
nausea/vomiting and respiratory depression, compared to sufentanil. PCA usage, rescue analgesia demands, and
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Table 5 Comparison of Postoperative QoR-15 Scores Between Two Groups

Item 24h P 48h P
Group O Group S Group O Group S
(n=83) (n=83) (n=83) (n=83)

I. Do you feel breathing smoothly? 8(6,9) 7(6,9) 0.175 8(8,10) 8(8,10) 0.635
2. Is your appetite good? 7(6,9) 7(6,8) 0.605 8(8,10) 8(8,10) 0.881
3. Do you feel energetic after resting? 7(6,9) 7(5,9) 0.293 9(8,10) 9(8,10) 0.506
4. How is your sleep quality? 8(6,10) 7(6,8) 0.196 10(8,10) 8(8,10) 0.106
5. Can you manage personal hygiene! 7(6,9) 7(5,8) 0414 8(8,10) 8(8,10) 0.470
6. Can you converse normally with family/friends? 7(6,9) 7(6,8) 0.192 8(8,10) 8(8,10) 0.654
7. Do you receive support from medical staff? 7(5,9) 7(6,8) 0.360 9(8,10) 8(8,10) 0.775
8. Can you engage in work or household activities? 6(5,8) 6(5,8) 0.337 8(8,10) 8(8,10) 0.493
9. Do you feel comfortable and in control? 9(8,10) 7(5,8) <0.001 10(8,10) 8(8,10) 0.001
10. Do you have an overall sense of well-being? 9(8,10) 7(6,8) <0.001 10(9,10) 8(8,10) <0.001
I'l. Do you have moderate pain? (Affects sleep) 8(7,9) 8(6,9) 0.131 10(8,10) 9(8,10) 0.141
12. Do you have severe pain? (Unbearable) 8(6,10) 8(7,9) 0.263 10(8,10) 10(8,10) 0.759
13. Do you have nausea or vomiting? 9(8,10) 7(6,8) <0.001 10(8,10) 9(8,10) 0.005
14. Do you feel nervous or anxious? 8(6,10) 7(6,9) 0.492 10(8,10) 9(8,10) 0.665
15. Do you feel sad or depressed? 8(6,9) 7(6,9) 0.062 9(8,10) 10(8,10) 0.347
Total Score 113(109,119) | 104(101,110) | <0.001 | 134(132,138) | 132(128,135) | <0.001

Note: The data is represented by the median (interquartile range).
Abbreviations: Group O, oliceridine group; Group S, sufentanil group; QoR-15, 15-item Quality of Recovery scale (overall score ranges from 0 to 150, with a higher score

indicating better postoperative recovery).

Table 6 Comparison of the Usage and Remedial Measures of Two Groups of

Analgesic Pumps

Group O(n=83) | Group S(n=83) t P
Effective PCIA Presses (times) 11.88+1.68 12.01+1.48 —0.539 | 0.501
Total PCIA Presses (times) 15.88+1.79 16.161.69 —1.027 | 0.306
Total Opioid Consumption (mg) 240.91+41.27 235.59+41.18 0.831 | 0.407
Rescue Analgesic Use (times) 0.28+0.53 0.31£0.56 —0.428 | 0.669
Antiemetic Use (times) 0.28+0.53 0.65+0.96 —2.427 | 0.016

Notes: The data is expressed as mean * standard deviation, and the total amount of opioid use is converted
to morphine equivalent based on the potency ratio.
Abbreviations: Group O, Oliceridine group; Group S, Sufentanil group; PCIA, patient intravenous controlled

analgesia.

postoperative NRS and Ramsay scores were equivalent, demonstrating non-inferior analgesia. This aligns with Meng

et al” who reported improved recovery and sleep quality with oliceridine PCIA. Using QoR-15,%?

a tool sensitive to the

MCID of 6 points,>* Group O showed significantly higher scores at 24h and 48h. Subgroup analysis confirmed superior

scores in comfort, well-being, and nausea/vomiting domains, indicating enhanced early recovery.
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PONYV, a common adverse event (30-80%), delays recovery and increases complications. Opioids like sufentanil are
key risk factors. Consistent with studies in orthopedic** and hysteroscopic surgery,? oliceridine significantly reduced
PONV incidence and antiemetic requirements. Opioid-induced respiratory depression (OIRD) is a serious concern.”® Up
to 46% of patients receiving traditional opioids experience OIRD.?” The lower incidence of respiratory depression with
oliceridine is consistent with its mechanism of biased activation of G protein signaling pathway, while the higher
incidence rate of sufentanil may be related to P-arrestin activation and required analgesic.

Opioid-free anesthesia (OFA) has emerged as an attractive strategy to avoid opioid-related adverse events by using
multimodal non-opioid analgesic combinations.”® However, complete elimination of opioids may not always be feasible
or optimal, especially in patients undergoing thoracoscopic lobectomy,”” where adequate analgesia, intraoperative
hemodynamic stability, and high-quality postoperative recovery remain essential. In this context, opioid-sparing anesthe-
sia (OSA) represents a more balanced and practical perioperative approach,*® focusing on minimizing rather than
completely avoiding opioid use. Oliceridine functions as an optimized opioid agent that preserves potent analgesic
efficacy while significantly reducing the incidence of typical opioid-related adverse events (ORAEs). Therefore,
oliceridine serves as a valuable pharmacological option within an opioid-sparing regimen, particularly for patients in
whom full OFA is impractical or contraindicated.

Future research should focus on integrating oliceridine with opioid-sparing anesthesia components within “Opioid-
Optimized Anesthesia” strategies, developing personalized dosing models based on genomics and BMI, investigating
long-term impacts on chronic pain and quality of life, exploring its application in special populations (eg., OSA, COPD,
chronic cancer pain), and conducting cost-effectiveness analyses within enhanced recovery after surgery pathways.

Study Limitations

This study has several limitations. First, the single-center design and small sample size limit the generalizability of the
findings. Second, the dosing regimen was primarily based on extrapolation, and the appropriate dosage may vary
depending on the type of surgery and individual patient characteristics. Furthermore, the drug’s half-life of 1-3 hours
necessitates further evaluation of its safety for intraoperative use. Fourth, the study lacks long-term follow-up data on
chronic pain outcomes. In addition, the composite safety endpoint used in this study includes adverse events of varying
clinical significance and is underpowered for the analysis of individual serious adverse events, which may restrict the
precise interpretation of between-group safety differences. As a clinical efficacy trial, we prioritized patient-centered
outcomes. Future studies should include multidimensional objective biomarkers to further explore the underlying
mechanisms.

Conclusion

When used for induction and maintenance of general anesthesia, as well as postoperative analgesia in patients undergoing
thoracoscopic lobectomy, oliceridine provides analgesic efficacy comparable to that of sufentanil while maintaining
hemodynamic stability. It demonstrates particularly prominent advantages in reducing the incidence of postoperative
nausea and vomiting (PONV) and respiratory depression, which facilitates early postoperative recovery and offers
a novel opioid regimen for the perioperative management of thoracoscopic surgery. Given its promising clinical
prospects, further studies involving a wider range of surgical types and high-risk populations are warranted to promote
the standardized and individualized application of oliceridine in perioperative analgesia.
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