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Background: Currently, there is no report on the efficacy evaluation of oliceridine in patient - controlled intravenous analgesia 
(PCIA) for elderly patients after surgery. This study aims to investigate the analgesic effect of oliceridine combined with sufentanil 
under the PCIA treatment mode.
Methods: A total of 112 patients were randomly assigned to the sufentanil group (Group S), the oliceridine group (Group O), and the 
oliceridine + sufentanil group (Group Z). Patients in Group S received 2.0 µg/kg sufentanil; those in Group O received 0.35 mg/kg 
oliceridine; and patients in Group Z received 1.0 µg/kg sufentanil + 0.35 mg/kg oliceridine. The visual analogue scale (VAS) for pain 
at rest and during activity within 48 hours after surgery were used as the primary outcome indicators. The secondary observation 
indicators include the Athens Insomnia Scale (AIS) score for postoperative sleep quality, the number of times the analgesia pump is 
pressed within 48 hours after surgery, the situation of rescue analgesia, and the occurrence of adverse events.
Results: Among the 112 patients analyzed, the combination of oliceridine and sufentanil significantly reduced the VAS scores for pain at 
rest and during activity within 48 hours after surgery (p < 0.01), and had the lowest incidence rates of postoperative nausea and vomiting 
(PONV) and respiratory depression (p < 0.05). Meanwhile, this combination regimen significantly decreased the AIS scores (P < 0.001), the 
times of analgesia pump pressing (p < 0.01), the times of rescue analgesia (p < 0.05), and the rescue analgesia rate (P < 0.001).
Conclusion: In the pain management after laparoscopic radical resection of rectal cancer in elderly patients, oliceridine combined 
with sufentanil provides the best analgesic effect and has the lowest incidence of adverse reactions associated with opioids.
Keywords: oliceridine, patient-controlled intravenous analgesia, laparoscopic surgery, visual analog scale, elderly patient

Introduction
The International Association for the Study of Pain (IASP) defines pain as “an unpleasant sensory and emotional experience 
associated with, or resembling that associated with, actual or potential tissue damage.”1 Despite advancements in predicting 
and managing postoperative pain, many patients continue to endure moderate to severe pain after surgery. Studies from 
various countries indicate that about 50% of patients experience such pain within the first 24 hours post-surgery.2

Laparoscopic surgery, a minimally invasive type of radical resection of the rectum, involves smaller incisions and less 
trauma than traditional surgical methods. Despite its advantages, severe postoperative pain may result, frequently due to 
the abdominal wall and viscera. Furthermore, insufflation of carbon dioxide during the procedure may result in shoulder 
pain, which can be understood on the basis of muscular traction and stretch effects.3 Postoperative pain may lead to 
a wide range of complications such as enhanced anxiety, sleep abnormalities, suppression of the immune system, and 
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limitations in early postoperative activity and food and fluid intake. Complications can compromise comfort and patient 
satisfaction in the perioperative period and prolong hospital stays and medical costs.4 Therefore, it is crucial to 
effectively manage acute pain.

In the context of enhanced recovery after surgery (ERAS), multimodal analgesia is promoted, employing 
a combination of pain management techniques to ensure effective relief while minimizing opioid-related side effects.5 

Patient-Controlled Intravenous Analgesia(PCIA) is becoming increasingly a field of concern in anesthesiology. Patient- 
controlled intravenous analgesia remains a widely accepted element of multimodal analgesia for postoperative pain, 
garnering high satisfaction from both patients and medical staff. Opioids, despite their frequent use due to their efficacy 
in alleviating even severe pain, continue to be the cornerstone of postoperative pain management.6 Sufentanil, with its 
high efficacy and rapid onset but short duration, is most frequently utilized in PCIA regimens.7 Nevertheless, it carries 
notable risks and adverse effects. Activation of μ receptors in the brainstem respiratory center and intestines is linked to 
postoperative nausea and vomiting (PONV), respiratory depression, and constipation due to their distribution in these 
areas.8 A study involving elderly patients undergoing hip replacement with preventive PCIA found higher rates of PONV 
and respiratory depression in the sufentanil group.9 However, its administration in a single form for use as an analgesic is 
limited, in consideration of its side effects including respiratory depression, nausea, emesis, bradycardia, syncope, 
hypotension, and constipation.10 Sufentanil is therefore most frequently blended with a mixture of drugs in an effort 
to maximize its analgesia and minimize its side effects.

G protein-biased agonists at opioid receptors are a new class of drugs increasingly appreciated for selectively acting 
through G protein-dependent routes. By selectively acting through G proteins, β-arrestin pathway activation is diminished, and 
effective pain relief with fewer side effects is produced.11 Oliceridine, an innovative G protein-biased agonist, exhibits 
a distinctive safety profile that differentiates it from traditional opioids, demonstrating potential in clinical trials for its 
analgesic effectiveness and minimized side effects.12 Neil K. Singla and colleagues’ findings indicated that the 0.35mg 
oliceridine cohort exhibited superior safety and tolerability regarding adverse gastrointestinal and respiratory responses.13 

Sergio D Bergese and co-authors’ research further validated oliceridine’s overall safety and tolerability for managing acute 
moderate to severe pain.14 Notably, oliceridine does not necessitate dose adjustments in patients with renal impairment, 
although adjustments for frequency may be necessary in those with mild to moderate hepatic impairment.15

There are no existing studies, domestically or internationally, on the safety and efficacy of oliceridine, either 
alone or combined with other analgesics, for postoperative PCIA in elderly patients. The diminished physiological 
functions and high incidence of chronic illnesses in this population, coupled with their reduced pain tolerance, 
complicate the choice of postoperative analgesia regimens. Although most safety data for oliceridine comes from 
preclinical studies or trials where adverse reactions were only secondary considerations, there remains a significant 
gap in clinical evidence regarding its analgesic efficacy and safety.12 Therefore, we explored the analgesic effect of 
oliceridine combined with sufentanil for PCIA in elderly patients after laparoscopic radical resection of rectal 
cancer., comparing it with sufentanil to assess its influence on postoperative adverse reactions and to propose a new 
approach for PCIA.

Materials and Methods
Study Design and Patient Enrollment
This study (EC-2024-010A) was approved by the Ethics Committee of Airport Hospital of Tianjin City Cancer Hospital 
in accordance with the Declaration of Helsinki. Informed consent was obtained from all patients. The study enrolled 
patients who underwent laparoscopic radical resection for rectal cancer at the hospital from January 2025 to March 2025. 
The trial is registered with the China Clinical Research Information Center (ChiCTR2400094171).

Participants
The trial’s eligibility criteria included voluntary participation, individuals aged 60–80 years, BMI between 18.5 and 
24 kg/m2, and ASA classes I–III. Exclusion criteria encompassed uncontrolled or untreated hypertension, severe 
cardiovascular and cerebrovascular conditions, significant respiratory and circulatory disorders, neurological, mental, 
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or psychological disorders, history of chronic pain, notable liver and kidney impairment, lung infection, bleeding 
tendency, and hyperthyroidism. Further exclusion criteria comprised postoperative ICU transfer, intraoperative conver
sion to laparotomy, postoperative bleeding, reoperation within 48 hours post-surgery, severe perioperative complications 
such as anaphylactic shock, myocardial infarction, or stroke, as well as non-cooperation or withdrawal during the study.

Randomization and Blinding
A computer-generated randomization sequence assigned patients in a 1:1:1 ratio to three groups: Sufentanil (group S), 
Oliceridine (group O), and Oliceridine + sufentanil (group Z). Group assignments were concealed using sequentially 
numbered envelopes sealed in opaque covers. Blinding procedures were applied to surgeons, patients, data collectors, and 
analysts to maintain confidentiality. It is important to note that the principal anesthesiologist was not blinded throughout 
the study.Unblinding was allowed only in the event of serious adverse events (eg respiratory depression) requiring clear 
treatment, after which the patient was withdrawn from the study.

Anesthetic Management
One day before surgery, patients were thoroughly instructed on the use of the analgesic pump and the VAS, until they 
became proficient. Patients were also advised to mobilize as soon as postoperative pain became tolerable.

Upon entering the operating room, patients underwent monitoring for non-invasive blood pressure, blood oxygen 
saturation, electrocardiogram, PETCO2, and bispectral index (BIS) until their exit. The process of anesthesia induction 
involved the administration of Remimazolam at 0.1 mg/kg, alongside sufentanil ranging from 0.3 to 0.5 µg/kg, 
cisatracurium at 0.15 mg/kg, and etomidate within the range of 0.2 to 0.3 mg/kg. Once the BIS value stabilized between 
40 and 50 for one minute, anesthesia was maintained, leading to the initiation of endotracheal intubation and the 
connection of the patient to the anesthesia machine for volume-controlled ventilation. The parameters for ventilation 
were modified to include a tidal volume of 6–8 mL/kg, a respiratory rate ranging from 10 to 15 breaths per minute, PEEP 
set between 4 and 8 mmHg, and an oxygen concentration maintained at 30% to 50%. The parameters were actively 
regulated to sustain PETCO2 within the range of 35–45 mmHg, keep airway pressure under 30 cmH2O, and ensure 
SPO2 remained above 90%. Before the surgical procedure, all groups were administered an intravenous dose of 
sufentanil at 0.1 µg/kg. The administration of total intravenous anesthesia involved the continuous infusion of ciprofol 
at 3–6 mg/(kg·h) alongside remifentanil at 0.1–0.2 μg/(kg·min). Throughout the procedure, blood pressure was carefully 
regulated to remain within 20% of baseline values, while the BIS was maintained between 40 and 60. The procedure 
involved continuous monitoring of body temperature using a nasopharyngeal temperature probe. Thirty minutes prior to 
the completion of the surgical procedure, sufentanil (0.1 µg/kg) was delivered intravenously to serve as an analgesic 
intermediary. Postoperatively, 4 mg of tropisetron was administered to prevent nausea, coupled with a combination of 
neostigmine (0.04 mg/kg) and atropine (0.02 mg/kg) to reverse muscle relaxation. Once BIS exceeded 70, patients were 
encouraged to stay awake until eye opening was observed. Patients eligible for awake extubation had their endotracheal 
tubes removed and were transferred to the recovery room.

Interventions and Postoperative Management
Postoperative pain management was conducted using PCIA (ZB100-II, Jiangsu, China) for all subjects. Participants were 
randomly assigned to three groups: group S received sufentanil 2μg/kg,7 group O received Oliceridine 0.35 mg/kg,16,17 and 
group Z received Oliceridine 0.35 mg/kg combined with sufentanil 1μg/kg. The PCIA settings consisted of a background 
infusion of 2mL/h, a lockout interval of 15 minutes, and a self-administered dose of 0.5 mL. Patients were briefed on the 
PCIA procedure during pre-anesthetic consultations and instructed to activate the system when in pain. PCIA was 
maintained until discharge, depletion of fluids without requesting additional PCIA, or discontinuation due to adverse 
reactions. In instances where a VAS score of 3 persisted despite PCIA activation, intravenous tramadoxin 5 mg was 
administered as a rescue analgesic. Patients with a PONV score of ≥2 received intravenous metoclopramide 10 mg.
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Outcome Measures
The main efficacy endpoints comprised Visual Analogue Scale(VAS)scores measured at rest and during movement at 
intervals of 3, 6, 12, 24, and 48 hours following surgery, aimed at assessing pain levels, with scores spanning from 0 
(indicating no pain) to 10 (representing severe intolerable pain).

Secondary endpoints in the study encompassed the total and effective number of analgesic pump activations within 
48 hours post-surgery (defined as the maximum permissible presses within a 15-minute lockout period), requirement for 
rescue analgesia, Athens Insomnia Scale (AIS) scores on postoperative days 1 and 2, and occurrence of adverse events 
such as PONV, respiratory depression (SPO2 <90%), skin itch and shivering. Sleep quality was assessed using the AIS, 
ranging from (indicating no sleep disturbances) to 24 (reflecting severe insomnia). Each press of the analgesic pump 
dispensed 0.5 mL of medication promptly upon activation, with a maximum frequency of 4 presses per hour. Higher rates 
of effective pump activations signify suboptimal analgesic efficacy and increased demand for pain relief.

Sample Size Estimation
The study assessed rest pain scores as the primary outcome and categorized participants into three groups. Sample size 
calculation utilized PASS 15 software (NCSS, Caseville, Utah, USA). Based on preliminary findings, post-treatment 
mean pain scores for groups S, O, and Z were 0.84±0.66, 1.25±0.72, and 1.54±0.85, respectively. Employing a two-sided 
α of 0.05 and power of 0.80, the “One-Way Analysis of Variation F-Tests” function in PASS 15 determined a minimum 
of 35 subjects per group. Accounting for a 10% dropout rate, 128 patients were initially enrolled, with 112 included in the 
final analysis.

Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS, Inc., USA). The normality 
of continuous variables was assessed with the Shapiro–Wilk test. Normally distributed data were presented as mean ± 
standard deviation (SD) and analyzed using one-way analysis of variance (ANOVA) with Bonferroni post-hoc correc
tions. Non-normally distributed data were expressed as mean ± SD and compared using the Kruskal–Wallis H-test, with 
pairwise comparisons adjusted using the Dunn-Bonferroni method. Fisher’s exact test was utilized to compare the 
incidence of postoperative adverse events.

Results
Comparison of Demographic Information
A total of 128 patients underwent initial assessment for eligibility, with 8 patients subsequently excluded: 5 for failing to 
meet inclusion criteria and 3 for declining participation. The remaining 120 patients were evenly randomized into three 
groups (S, O, and Z). During the allocation phase, 3 patients in group S and 3 in group O did not receive the designated 
intervention due to changes in surgical plans. Throughout the follow-up period, 1 patient in group S was lost due to 
postoperative bleeding, and 1 patient in group Z was lost due to an extended stay in the ICU. Ultimately, 112 patients 
were included in the final analysis: 36 in group S, 37 in group O, and 39 in group Z. The progression of patient 
enrollment, allocation, follow-up, and analysis is delineated in the CONSORT flowchart (Figure 1).

The demographic characteristics of the 112 patients distributed in the three treatment groups were similar (Table 1) 
and no differences were noted between males and females (P =0. 579), age (P=0. 978), BMI (P=0. 847), Surgery 
Duration (P=0. 869), Sufentanil (P =0. 984), Remifentanil (P =0. 628),and ASA classification (P=0. 760). These data 
indicate that the baseline differences between the groups were not significant, verifying the appropriateness of further 
comparisons.

General Condition of Postoperative Recovery
Statistical analysis revealed no significant differences among the three groups concerning extubation time, awakening 
time, and Post Anesthesia Care Unit.(PACU)duration (P>0.05) (Table 2).
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General Condition of Postoperative Pain
Figure 2 illustrates the comparison of VAS scores at various postoperative time points during rest and activity. The VAS 
scores for all three patient groups exhibited a decreasing trend from 3 to 48 hours postoperatively. Group Z demonstrated 
significantly lower VAS scores during both rest and activity at 3, 6, 12, 24, and 48 hours post-surgery compared to Group 
O (P < 0.001). Moreover, within the initial 48 hours post-surgery, Group Z exhibited a significant reduction in both the 
total number of presses and effective presses of the analgesia pump compared to Group O (P <0.001). Additionally, 
Group Z showed a decrease in the frequency of rescue analgesia and the number of required rescue analgesia 
interventions compared to Group O (P <0.001) (refer to Tables 3 and 4). There were no significant disparities in VAS 
scores, total number of presses and effective presses of the analgesia pump, and frequency of rescue analgesia between 
Group S and Group Z within the first 48 hours post-surgery.

Figure 1 CONSORT flow diagram. 
Abbreviation: CONSORT, Consolidated Standards of Reporting Trials; S group, Sufentanil group; O group-Oliceridine group; Z group, Sufentanil +Oliceridine group.
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Sleep Quality
The detailed information regarding the postoperative AIS scores is presented in Figure 3. There was no statistically 
significant difference in the AIS scores among the three groups of patients in the first month (P > 0.05). The AIS scores 
of all three groups of patients increased significantly on the first day after surgery, with a remarkable increase in the 
O group (P < 0.001). The AIS scores of all three groups of patients showed a downward trend on the second day after 
surgery compared to the first day before surgery. The AIS scores of the S and Z groups decreased significantly on 
the second day after surgery compared with the O group (P < 0.001).

Table 1 Basic Characteristics, Surgical Information of the Patients and Total 
Perioperative Opioid Consumption

Group S 
(n=36)

Group O 
(n=37)

Group Z 
(n=39)

P-value

Sex (Mal/Female) 22/14 25/12 25/14 0.579

Age (Years) 65.6±3.7 65.3±4.4 65.6±4.2 0.978
BMI (kg/m2) 22.4±2.5 22.3±2.3 22.4±2.3 0.847

ASA (II/III) 32/4 33/4 33/6 0.760

Surgery Duration (min) 181.9±10.1 182.9±11.1 182.9±11.1 0.869
Sufentanil (μg) 45.4±3.7 45.6±4.4 45.3±4.2 0.984

Remifentanil (μg) 1365.36±513.6 1332.63±519.4 1410.63±614.2 0.628

Notes: There were no significant differences in the baseline characteristics. 
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiology; S group- Sufentanil 
group, O group-Oliceridine group, Z group, Sufentanil +Oliceridine group.

Table 2 Postoperative Recovery General Condition

Group S 
(n=36)

Group O 
(n=37)

Group Z 
(n=39)

P-value

Time of recovery (min) 12.9±1.8 12.8±1.7 12.9±1.7 0.913

Time to extubation (min) 16.6±2.0 16.4±2.1 16.5±2.1 0.462

Length of PACU stay (min) 56.8±4.2 56.9±4.3 56.6±4.2 0.583

Notes: There were no significant differences in the general condition of postoperative 
recovery. 
Abbreviations: PACU, Post Anesthesia Care Unit; S group, Sufentanil group; O group- 
Oliceridine group; Z group, Sufentanil +Oliceridine group.

Figure 2 Comparison of VAS scores at rest and activity at 3h, 6h, 12h, 24h and 48h after operation among three groups. (A) Comparison of VAS scores at rest at different 
time points after operation among three groups; (B) Comparison of VAS pain scores during activity at different time points after surgery among the three groups of patients; 
**: P<0.01 versus Group O; #: P<0.05 versus Group S. 
Abbreviations: VAS, Visual Analogue Scale; S group, Sufentanil group; O group, Oliceridine group; Z group, Sufentanil +Oliceridine group.
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Adverse Reactions
The information related to adverse events within 48 hours after surgery in the three groups of patients is detailed in 
(Table 5). The incidence of postoperative PONV in the S group was significantly higher than that in the O group and the 
Z group (P < 0.05). The incidence of postoperative shivering in the O group was significantly higher than that in the 
S group and the Z group (P < 0.01). However, there were no significant differences in the incidences of respiratory 
depression, skin itch, and dizziness among the three groups.

Discussion
The results demonstrated that the combination of 1.0 µg/kg sufentanil with 0.35 mg/kg oliceridine for postoperative 
analgesia after laparoscopic rectal cancer resection yielded superior analgesic effects compared to the use of either 
sufentanil or oliceridine alone. VAS scores at rest and during activity at 3, 6, 12, 24, and 48 hours post-surgery were 
significantly lower, AIS scores were significantly decreased, the total number and effective presses of the analgesic pump 
within 48 hours post-surgery were significantly reduced, and both the number of rescue analgesia interventions and the 
incidence of postoperative adverse reactions were significantly decreased.

In current the enhanced recovery after surgery (ERAS) clinical practice, multimodal analgesia management is an 
important aspect of ERAS,18 which can significantly reduce postoperative complications and promote functional recovery. 
Recent international studies have compared oliceridine with traditional opioids such as morphine,13,19 However, currently, 
sufentanil is mainly used as the core drug for clinical postoperative pain management. Therefore, this study focused on 
observing the analgesic effect of oliceridine combined with sufentanil. The study by Manman Yao et al17 found that that 

Table 3 Comparison of the Total Number of Presses and Effective Number of 
Presses of the Analgesia Pump at Different Time Points Among the Three Groups 
of Patients

Group S 
(n=36)

Group O 
(n=37)

Group Z 
(n=39)

P-value

Total number of compressions
3h 1.13±0.6 2.8±0.7 0.8±0.4 0.002**

6h 3.2±0.8 3.5±0.9 2.5±0.6 <0.001***

12h 4.4±0.8 5.9±1.1 3.0±0.9 <0.001***
24h 10.2±1.4 12.2±1.0 9.1±0.9 <0.001***

48h 14.1±2.1 16.8±1.6 13.1±1.8 <0.001***
Effective number of compressions

3h 0.7±0.5 0.9±0.8 0.5±0.2 0.02*

6h 1.5±0.5 1.9±0.7 1.3±0.7 0.03*
12h 3.4±0.8 5.0±0.8 2.1±0.8 <0.001***

24h 8.7±1.1 11.2±1.0 7.6±1.1 <0.001***

48h 13.6±1.2 14.1±1.3 11.7±1.1 <0.001***

Notes: Data are presented as the mean ± SD. *p<0.05 versus Group O. ***p<0.001 versus Group O. 
Abbreviation: S group, Sufentanil group; O group, Oliceridine group; Z group, Sufentanil +Oliceridine group.

Table 4 Comparison of Rescue Analgesia Within 48 Hours After Surgery Among 
the Three Groups of Patients

Group S 
(n=36)

Group O 
(n=37)

Group Z 
(n=39)

P-value

Number of rescue analgesia (times) 1.6±0.8 4.1±0.7 1.3±0.7 0.02*

Rescue analgesia [Case (%)] 8(22.2) 18(48.6) 6(15.4) <0.001***

Notes: The Fisher’s exact test was used to compare the incidence of postoperative rescue analgesia. 
Values are presented as numbers (percentage, %).*p<0.05 versus Group O, ***p<0.001 versus Group O. 
Abbreviation: S group, Sufentanil group; O group, Oliceridine group; Z group, Sufentanil +Oliceridine group.
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sufentanil might be associated with an increased occurrence of respiratory depression, skin itch, and PONV, potentially 
impeding swift postoperative recovery.20 Our observations correspond with these reports, revealing a heightened occur
rence of postoperative complications, including PONV and skin itch, in the sufentanil-alone cohort within 48 hours 
following surgery. Oliceridine demonstrates enhanced pain relief while minimizing side effects through the selective 
activation of G-protein signaling pathways and the reduction of β-arrestin activation,11 as reported by Markham A et al. In 
alignment with the observations made by Singla et al21 our research indicates that oliceridine, whether administered alone 
or in conjunction with sufentanil, markedly reduces the occurrence of adverse reactions within the 48-hour postoperative 
period. Additionally, oliceridine has demonstrated good tolerance and safety in elderly patients and those with comorbid
ities, significantly lowering the risk of respiratory depression in high-risk groups.

Effective management of postoperative pain is crucial within the first 48 hours after surgery. Due to the scheduling 
requirements of postoperative follow - up, patients who needed to be evaluated late at night or early in the morning were 
excluded. Notably, within 48 hours after surgery, compared with the S group, the O group had significantly higher VAS 
scores at rest and during movement, a significantly increased AIS score on the first postoperative day, an increased total 
number of analgesic pump presses, an increased rate of postoperative rescue analgesia, and a significantly increased 
incidence of postoperative shivering. Currently, multiple hypotheses have been proposed to explain the occurrence of 

Figure 3 The Arthritis Impact Measurement Scales (AIS) scores were compared across three patient groups at different time points. Comparison of AIS scores at three different 
time points. aP = 0.756, bP < 0.001, cP < 0.001, compared with Group O; ▽P < 0.001, compared with 1 month before surgery; ★P < 0.001, compared with 1 day before surgery. 
Abbreviations: AIS, Athens Insomnia Scale; S group, Sufentanil group; O group, Oliceridine group; Z group, Sufentanil +Oliceridine group.

Table 5 Comparison of Adverse Reactions Within 48 Hours After 
Operation Among Three Groups

Group S 
(n=36)

Group O 
(n=37)

Group Z 
(n=39)

P-value

14(n=38.8%) 9(n=24.3%) 5(n=12.8%)

PONV 9(n=25.0%) 2(n=5.4%) 2(n=5.1%) 0.045*
Respiratory depression 1(n=2.7%) 0 0 0.441

Postoperative shivering 1(n=2.7%) 7(n=18.9%) 1(n=2.6%) 0.002**

Skin itch 1(n=2.7%) 0 0 0.441
Dizzy 0 0 0 NA

Notes: Fisher’s exact test was applied to compare the incidence of postoperative adverse 
events. Values are expressed as number (percentage, %). *p<0.05 versus Group S, **p<0.01 
versus Group O. 
Abbreviations: PONV, postoperative nausea and vomiting; S group, Sufentanil group; O group, 
Oliceridine group; Z group, Sufentanil +Oliceridine group.
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post - anesthesia shivering. These hypotheses include perioperative hypothermia, postoperative pain, etc.22–24 Notably, 
numerous studies have confirmed that μ receptor agonists can inhibit post - anesthesia shivering, and in the postoperative 
stage, the threshold temperature of post - anesthesia shivering is linearly correlated with the plasma sufentanil 
concentration.25 However, the incidence of adverse reactions such as postoperative respiratory depression and PONV 
was significantly reduced. This indicates that although the sole use of oliceridine may reduce the occurrence of adverse 
reactions associated with opioids, it may not provide effective analgesia. In contrast, in the Z group, the postoperative 
VAS scores, AIS scores, number of analgesic pump presses, number of rescue analgesia events, and incidence of 
postoperative shivering were significantly reduced. This suggests that the combined use of oliceridine and sufentanil can 
improve the insufficient analgesic effect of oliceridine used alone, without a significant increase in adverse reactions. 
Timothy et al26 found that by selectively targeting the G-protein pathway following activation of μ-opioid receptors, 
these drugs could reduce many adverse reactions associated with traditional opioids like morphine and fentanyl. This 
finding aligns with international research, which suggests that oliceridine, especially at lower doses, can enhance the 
safety of opioid drugs by targeting the G-protein pathway. However, this selectivity may diminish at higher doses.27 

Oliceridine can also cause side effects such as headache, which are dose-dependent.28 No significant occurrence of these 
adverse events was observed in our study.

This study has several limitations. First, it is a single - center study with a relatively small sample size, including only 
elderly patients from one hospital. This limitation may affect the generalizability of our study results. Whether oliceridine 
combined with sufentanil can ensure the same analgesic effect and lower adverse reactions in other special groups such 
as the obese needs to be further verified in multi - center studies. Second, the assessment of pain intensity and sleep 
quality is subjective, relying on the perceptions of patients and medical staff, which may introduce bias. In addition, the 
optimal dose of oliceridine has not been determined and requires further research. The observation period is limited to 
48 hours, which restricts the understanding of the long - term clinical significance of the study results. Currently, few 
clinical studies have explored the analgesic effect of oliceridine or oliceridine combined with other analgesics for PCIA 
in postoperative patients. Most existing studies are narrative evaluations or are based on retrospective and post hoc 
analyses conducted in specific surgical settings like abdominoplasty and bunionectomy, often treating adverse reactions 
as secondary outcomes.29–31 Comprehensive investigations employing larger sample sizes and varied methodologies are 
essential to confirm the efficacy and safety of oliceridine in the context of postoperative pain management.

Conclusion
Compared with the use of oliceridine or sufentanil alone, the combination of oliceridine and sufentanil for PCIA after 
laparoscopic radical resection of rectal cancer in elderly patients shows significant efficacy. Meanwhile, it can minimize 
the risks of postoperative PONV, postoperative shivering, and respiratory depression.

Abbreviations
PCIA, Patient-Controlled Intravenous Analgesia; VAS, Visual Analogue Scale; AIS, Athens Insomnia Scale; BIS, 
Bispectral Index; BMI, Body Mass Index; ICU, Intensive Care Unit; ASA, American Society of Anesthesiologists; 
PACU, Post Anesthesia Care Unit; ERAS, enhanced recovery after surgery.
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