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Purpose: Gastrointestinal (GI) endoscopic sedation employs a range of medication regimens; however, safer and more effective 
sedation protocols must be identified. Oliceridine, a novel biased µ-opioid receptor agonist, can reduce opioid-related adverse events. 
However, compared to traditional opioids, data on its use in GI endoscopic sedation remain limited.
Patients and Methods: This single-center, randomized controlled clinical trial was conducted between April and July 2024. In total, 
628 patients scheduled for GI endoscopy were randomly assigned to receive either remimazolam-etomidate-oliceridine or remimazo
lam-etomidate-sufentanil for sedation. The primary outcome was the incidence of respiratory depression, and the secondary outcomes 
included the incidence of hypoxemia, need for airway intervention, procedure- and sedation-related metrics, sedation success rate, and 
adverse events.
Results: Among the 628 patients, 305 and 307 were randomized in the oliceridine and sufentanil groups, respectively, and completed 
the trial. Respiratory depression occurred in 43 patients (14.1%) in the oliceridine group compared to 67 patients (21.8%) in the 
sufentanil group (odds ratio, 0.59; 95% CI, 0.39–0.90; p=0.013). No significant differences were observed in the incidence of 
hypoxemia between the groups; however, the need for airway intervention was significantly higher in the sufentanil group 
(p<0.001). The sedation success rates were 99.7% and 100% in the oliceridine and sufentanil groups, respectively. Additionally, the 
oliceridine group demonstrated lower incidence of hypotension (11.8% vs 18.2%, p=0.026), postoperative nausea and vomiting (4.6% 
vs 10.1%, p=0.009), and higher patient satisfaction scores (9 [9,9] vs 9 [8,9], p=0.003).
Conclusion: The sedation success rate for GI endoscopy using remimazolam and etomidate in combination with either oliceridine or 
sufentanil approaches 100%, with oliceridine demonstrating superior safety and enhanced patient satisfaction.
Keywords: oliceridine, sufentanil, procedural sedation, gastrointestinal endoscopy

Introduction
Gastrointestinal (GI) endoscopic procedures are widely used to diagnose and treat gastrointestinal diseases.1 Sedation 
during GI endoscopy can enhance the patient experience and typically involves the use of sedative hypnotics and opioid 
analgesics.2 Previous research evidence supports the effectiveness of propofol in GI endoscopy despite frequent adverse 
events.3 Compared with propofol, remimazolam, an ultrashort-acting sedative, demonstrates a superior safety profile. 
However, the sedation success rate of remimazolam was lower than that of propofol.4,5 Therefore, some researchers have 
started exploring the use of remimazolam in combination with propofol.6 They found that co-administration resulted in 
fewer adverse events than propofol monotherapy, and had a better sedative effect and higher endoscopist satisfaction than 
remimazolam monotherapy.6 Similarly, our previous study demonstrated that remimazolam combined with etomidate has 
a lower risk of respiratory depression (odds ratio 0.52; 95% CI 0.29–0.93) and more stable hemodynamics compared to 
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its combination with propofol (Unpublished data, ChiCTR2400085904). Therefore, a combination of remimazolam and 
etomidate appears to be a suitable choice.

The administration of sedatives can lead to a state of unconsciousness in patients during GI endoscopy; however, their 
bodies may still react to painful stimuli. Consequently, the use of analgesics during the diagnostic procedures is imperative 
to ensure patient comfort. The use of opioid analgesics during GI endoscopy improves patient tolerance; however, it 
increases adverse events, including respiratory depression, postoperative nausea, and vomiting. Oliceridine is a novel μ- 
opioid receptor agonist with a unique mechanism of action as a G protein-biased ligand.7 Unlike traditional opioids (eg, 
morphine, sufentanil), which activate both G protein-coupled signaling and β-arrestins pathways, oliceridine preferentially 
engages G protein signaling while minimizing β-arrestins recruitment. This biased agonism is hypothesized to preserve 
analgesic efficacy while reducing β-arrestins-mediated adverse effects, such as respiratory depression, gastrointestinal 
dysfunction, and tolerance development.8,9 Pharmacokinetically, oliceridine exhibits rapid onset (2–5 minutes) and short 
duration of action (half-life: 1.3–3.7 hours), making it well-suited for procedural sedation requiring rapid titration and 
recovery.10,11 Currently, several studies have highlighted the potential of remimazolam and oliceridine in the field of 
procedural sedation.12–14 However, no existing research has compared the safety and efficacy of oliceridine with those of 
traditional opioids for procedural sedation. Therefore, we designed a randomized controlled trial to compare the sedation 
efficacy and safety of remimazolam combined with etomidate, along with either oliceridine or sufentanil.

Materials and Methods
This trial was conducted at the Endoscopic Center between April 2024 and July 2024 and conformed with the principles 
of the Declaration of Helsinki. Patients scheduled to undergo elective GI endoscopy received either a remimazolam- 
etomidate-oliceridine or a remimazolam-etomidate-sufentanil regimen of sedation regimen. Written informed consent 
was obtained from all participants. The study was approved by the Medical Ethics Committee of Qingdao Central 
Medical Group on March 22, 2024, and was registered in the Chinese Clinical Trial Registry (ChiCTR2400082452).

Participants
The inclusion criterion for the trial was as follows: American Society of Anesthesiologists (ASA) physical status 
classification of I–III for adults undergoing elective gastroscopy combined with colonoscopy examination under procedural 
sedation. The exclusion criteria were severe respiratory depression; acute or severe bronchial asthma; known or suspected 
gastrointestinal obstruction; known allergy to the medications used in this study; severe hepatic, renal, or adrenal 
insufficiency; long-term use of opioids or benzodiazepines; abnormal QT interval; and anticipation of a difficult airway. 
Patients who initially underwent colonoscopy were excluded to maintain consistency in our outcome assessments.

Randomization and Blinding
The research staff generated a block randomization scheme. For sedation, the participants were randomly assigned to receive 
either oliceridine or sufentanil in a 1:1 ratio. Group allocation was kept secret from the participants and staff who administered 
procedural sedation, and the outcomes were evaluated. The unblinded staff members were the nursing staff who prepared 
oliceridine (Nhwa Pharma. Corporation, Jiangsu, China) and sufentanil (Humanwell Healthcare, Wuhan, China).

Intervention
Upon admission to the outpatient operating room, monitoring equipment was connected to detect vital signs, including 
blood oxygen saturation (SPO2), automated non-invasive blood pressure (NIBP), electrocardiography (ECG), and partial 
pressure of end-tidal carbon dioxide (PETCO2). Adequate oxygenation was provided with an endoscopic mask under 
spontaneous respiration (8–10 L/min for 3–5 min). Oxygen (6 L/min) was administered during the endoscopic procedure 
until the patient was fully awake.

Equal volumes of either oliceridine (1 or 1.5 mg, 1 mg/mL) or sufentanil (5 or 7.5 µg, 5 µg/mL) were prepared by 
nursing staff. Oliceridine or sufentanil was administered 3 min prior to remimazolam administration. Remimazolam was 
administered intravenously using a microinjection pump (0.15 mg/kg over 1 min), followed by slow injections of 
etomidate (0.1 mg/kg) and lidocaine (1 mg/kg). Subsequently, GI endoscopy was initiated when the patient was 
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adequately sedated (Modified Observer’s Assessment of Alertness/Sedation [MOAA/S] ≤3). The GI endoscopies were 
performed by experienced attending physicians or higher. Supplemental doses of remimazolam (2.5 mg bolus) were 
administered after a 1-min interval of the etomidate dose if sedation was not considered adequate or gastroscopic entry 
failed. A maximum of five supplemental doses were administered within 15 min of sedation maintenance; otherwise, 
sedation was judged to have failed. If the initial and supplemental doses were insufficient to achieve adequate sedation 
during endoscopy, a remedial dose of etomidate (0.075 mg/kg) was administered. GI endoscopy may be performed under 
general anesthesia with tracheal intubation if the use of a remedial dose raises safety concerns. Anesthesiologists who 
had completed at least one training course were responsible for assessing the sedation levels. Sedation levels were 
assessed at 3-min intervals throughout the procedure, maintaining MOAA/S ≤3. Flumazenil (0.2–0.5 mg) was adminis
tered after withdrawal from the colonoscopy, after which the level of sedation was assessed at 1-min intervals until the 
patients were fully awakened (three consecutive MOAA/S scores of 5).

Outcomes
Primary Outcome
The primary outcome was the incidence of respiratory depression, defined as a respiratory rate of <8 breaths/min or SPO2 

<90%.15 The respiratory rate was determined by testing PETCO2. In case of a decrease in the respiratory rate or SPO2, the 
anesthesiologist must assess the accuracy of the values to ensure that the readings are normal. If a patient’s ineffective 
breathing due to airway obstruction is relieved by intervention, a respiratory rate above the threshold is not considered 
respiratory depression. The type and frequency of interventions must be documented. Specific interventions include 
repositioning, jaw thrust, and mask ventilation.

Other Outcomes
Other outcomes included the incidence of hypoxemia (SPO2 <90%, >10 s), number of airway interventions (eg, jaw lift 
and mask ventilation), number of endoscopes removed due to hypoxemia, and success rate of sedation (I. completion of 
the entire GI endoscopy procedure; II. no need for remedial sedation; and III. up to five supplemental doses of 
remimazolam were administered within 15 min of the initial dose). The procedure time (placement of gastroscope to 
withdrawal of colonoscopy), sedation time (administration of analgesics to complete awakening), and awakening time 
(administration of flumazenil to complete awakening) were recorded. The doses of administered sedatives and analgesics 
were recorded. The vital signs (mean arterial pressure [MAP], heart rate [HR], and SPO2) were recorded at different time 
points. Postoperative nausea and vomiting (PONV) were recorded in the post-anesthesia care unit (PACU). Endoscopist 
satisfaction was recorded (a score of 0–10 was assigned, with 0–3 categorized as unsatisfactory, 4–7 categorized as 
relatively satisfactory, and 8–10 categorized as satisfactory). On the first postoperative day (POD1), patient satisfaction 
(based on a score of 10 points, 0–3 was unsatisfactory, 4–7 was relatively satisfactory, and 8–10 was satisfactory), 
nausea, and vomiting was recorded.

Finally, adverse events were noted during the procedure, including hypotension (20% decrease in SBP from baseline 
or MAP < 60 mmHg), hypotension requiring treatment (hypotension and use of vasoactive agents), bradycardia (HR < 60 
beats/min, >10 s), painful injections, and muscular tremors.

Sample Size
Incorporating the findings from our previous study and other published studies,6,16 the incidence of respiratory depression 
when using a combination of hypnotic drugs and opioids for GI endoscopy ranged from 10% to 20%. Based on 
a reference respiratory depression incidence of 15%, we anticipated that oliceridine would reduce the incidence of 
depression by 50%. We estimated a sample size of 278 patients, which had an 80% power to detect a significant 
difference level of 0.05. Considering a dropout rate of 10%, 306 patients were recruited in each group.

Statistical Analyses
All statistical analyses were performed using R software (version 4.2.2, R Foundation for Statistical Computing, Vienna, 
Austria), and MSTATA software (https://www.mstata.com/). For normally distributed data, continuous variables were 
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analyzed using the Welch’s two-sample t-test and are presented as mean ± standard deviation. Non-normally distributed 
data were compared using the Wilcoxon rank-sum test, wherever appropriate, and the data are presented as the median 
and interquartile range. Categorical variables are expressed as numbers and frequencies and were analyzed using the χ2 

test or Fisher’s exact test. Statistical significance was set at p<0.05. Furthermore, a subgroup analysis was performed to 
identify differences in the primary outcome according to age, sex, body mass index, ASA, Mallampati score, comorbid
ities, and PRODIGY score.15

Results
Figure 1 depicts an overview of the study schedule following the Consolidated Standards of Reporting Trials 
(CONSORT) guidelines.17 We screened 640 patients who scheduled to undergo elective GI endoscopy between 

Figure 1 The flowchart of the participants in the study.
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April 2024 and July 2024. Among them, 12 patients were excluded for the following reasons: eight patients were on 
long-term benzodiazepines for insomnia, one patient had an abnormal QT interval on ECG, and three patients had poor 
communication. In total, 628 eligible patients were randomized to receive oliceridine (n=314) or sufentanil analgesia 
(n=314). In the oliceridine group, nine patients were unable to complete the trial: one patient opted for a gastroscopy only 
because of inadequate bowel preparation, one patient was found to have refluxed food in the esophagus, and for seven 
patients, their endoscopists decided to perform a colonoscopy first. In the sufentanil group, the endoscopists of five 
patients chose to perform colonoscopy first, and two patients chose to perform gastroscopy only because of poor 
intestinal preparation. Finally, 305 and 307 patients in the oliceridine and sufentanil groups, respectively, completed 
the study and follow-up.

The patients in both groups were comparable in terms of sex, age, body mass index, ASA, smoking, drinking, surgery 
history, PRODIGY score, STOP-Bang score, comorbiditie (Table 1).

Procedure and Sedation-Related Outcomes
No statistically significant differences were observed in the procedure (31.5 ± 4.9 vs 32.1 ± 5.2), sedation (41.2 ± 5.2 vs 
41.7 ± 5.3), and awake times (4[4,4] vs 4[4,4]) between the two groups (Table 2). In the oliceridine group, an increase in 
the use of remimazolam ([27.7 ± 3.5 vs 24.6 ± 4.5], p<0.001) was observed; conversely, in the sufentanil group, the 
infusion of crystalloid fluid was higher (500 [500,500] vs 500[500, 750], p=0.008). No statistical differences were 

Table 1 Patient Demographics and Baseline Characteristics

Variable Sufentanil Group 
n=307

Oliceridine Group 
n=305

P-value

Sex (Male/Female) 163/144 157/148 0.688

Age (years) 54±13 53±12 0.437
BMI (kg/m2) 24.6±3.4 24.7±3.3 0.588

PRODIGY Score 11 (5, 12) 11 (3, 13) 0.365

STOP-Bang Score 2 (1, 3) 1 (1, 2) 0.606
ASA Classification (I/II/III) 42/252/13 45/252/8 0.525

Mallampati Classification (I/II/III) 21/259/27 24/267/14 0.109

Smoking (No/Yes) 197/110 206/99 0.379
Drinking (No/Yes) 200/107 203/102 0.713

Surgery History (No/Yes) 224/83 243/62 0.051

Comorbidities (No/Yes) 231/76 248/57 0.069

Note: Variables presented as mean±SD, median (P25, P75) or number of patients n. 
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiology.

Table 2 Procedure and Sedation-Related Outcomes

Variable Oliceridine Group 
n=305

Sufentanil Group 
n=307

P-value

Operation time (min) 31.5±4.9 32.1±5.2 0.125

Sedation time (min) 41.2±5.2 41.7±5.3 0.217

Intraoperative fluids (mL) 500 (500, 500) 500 (500, 750) 0.008
Awake time (min) 4 (4, 4) 4 (4, 4) 0.532

Remimazolam (mg) 27.7±3.5 24.6±4.5 <0.001

Etomidate (mg) 6.99±1.21 6.90±1.27 0.391
Lidocaine (mg) 70±13 69±13 0.791

Sufentanil (µg) – 5 (5, 5) –

Oliceridine (mg) 1 (1, 1) – –
Flumazenil (mg) 0.3 (0.3, 0.3) 0.3 (0.3, 0.3) 0.858

Note: Variables presented as mean±SD, median (P25, P75).
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observed in the amount of etomidate (6.99 ± 1.21 vs. 6.90 ± 1.27), lidocaine (70 ± 13 vs 69 ± 13), and flumazenil (0.3 
[0.3,0.3] vs 0.3[0.3,0.3]) used between the two groups. Figure 2 shows the documented changes in vital signs with 
respect to the elapsed sedation time.

Primary and Secondary Outcomes
The primary outcome, respiratory depression, occurred in 43 patients (14.1%) in the oliceridine group and 67 patients 
(21.8%) in the sufentanil group (odds ratio, 0.59; 95% CI, 0.39–0.90; p=0.013) (Table 3). For respiratory depression, 
subgroup analyses were performed for predefined subgroups. Age, sex, body mass index, ASA, Mallampati score, 
comorbidities, and PRODIGY score were among the predetermined stratification factors (Figure S1). Oliceridine showed 
no benefits compared with sufentanil in an exploratory analysis of patients aged 18–45 years. A possible reason for this 
could be that younger individuals have a higher tolerance to low-dose opioids than older individuals. Conversely, the 
primary outcome demonstrated robustness in the analyses of other subgroups.

Regarding secondary outcomes, hypoxemia occurred in six patients (2.0%) in the oliceridine group and in 13 patients 
(4.2%) in the sufentanil group, whereas endoscopes were removed due to hypoxemia in six patients (2.0%) in the 
oliceridine group and in 13 patients (4.2%) in the sufentanil group. Airway intervention was performed in 172 patients 
(56.4%) in the oliceridine group and 231 patients (75.2%) in the sufentanil group, with a statistically significant 
difference (p<0.001). A statistically significant difference was observed in the distribution of the number of airway 
interventions between the two groups (p<0.001), with 93 patients (30.3%) in the sufentanil group requiring 2–3 airway 
interventions and only 43 patients (14.1%) in the oliceridine group requiring airway interventions. One patient in the 
oliceridine group underwent remedial sedation, with a sedation success rate of 99.7%, whereas the patients in the 
sufentanil group did not undergo remedial sedation, with a sedation success rate of 100%.

Figure 2 Changes in vital signs against elapsed sedation time. (A) HR, Heart rate; (B) MAP, Mean arterial pressure; (C) MOAA/S, Modified observer’s assessment of 
alertness/sedation scale. 
Notes: T-1: On entry to the examination room; T0: When placing the gastroscope; T1: Three minutes after placement of the gastroscope; T2: When placing the 
colonoscope; T3: Three minutes after colonoscopy placement; T4: On exit from the examination room.

Table 3 Primary and Secondary Outcomes

Variable Oliceridine Group 
n= 305

Sufentanil Group 
n= 307

P-value

Respiratory Depression, n (%) 43 (14.1%) 67 (21.8%) 0.013

Hypoxemia, n (%) 6 (2.0%) 13 (4.2%) 0.106
Airway intervention, n (%) 172 (56.4%) 231 (75.2%) <0.001

Number of Airway intervention (1/2/3), n (%) 129/37/6 138/80/13 <0.001

Remove endoscope due to hypoxemia, n (%) 6 (2.0%) 13 (4.2%) 0.106
Sedation success, n (%) 304 (99.7%) 307 (100.0%) 0.498

Note: Variables presented as number of patients n (%).
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Adverse Events and Postoperative Follow up
Table 4 lists the other adverse events during the GI endoscopy besides respiratory depression. Hypotension was observed 
in 11.8% of patients sedated with oliceridine versus 18.2% of patients sedated with sufentanil (p=0.026). Among those 
who developed hypotension, four patients (1.3%) in the oliceridine group and six patients (2.0%) in the sufentanil group 
required treatment, a difference that was not statistically significant (p=0.752). Bradycardia occurred in 40 patients 
(13.1%) in the oliceridine group and 45 patients (14.7%) in the sufentanil group. Bradycardia was treated aggressively in 
11 patients (3.6%) in the oliceridine group and 18 patients (5.9%) in the sufentanil group. No patients experienced 
injection pain; however, muscle tremor was recorded in three patients, with one (0.3%) in the oliceridine group and two 
(0.7%) in the sufentanil group.

In the PACU, PONV occurred in 14 patients (4.6%) in the oliceridine group and in 31 patients (10.1%) in the 
sufentanil group (p=0.009). Among them, six patients (2.0%) within the oliceridine group underwent the treatment, 
whereas 12 patients (3.9%) in the sufentanil group were treated accordingly. On the first postoperative day, PONV 
manifested in four patients (1.3%) in the sufentanil group and none in the oliceridine group. No significant differences 
were observed in endoscopist satisfaction between the two sedation regimens (9[9,9] vs 9[9,9.5]). Conversely, patients 
were more satisfied with the oliceridine group (9[9,9] vs 9[8,9], p=0.003).

Discussion
This randomized controlled trial compared the efficacy and safety of oliceridine and sufentanil in combination with 
remimazolam and etomidate during gastrointestinal endoscopy. The results showed that oliceridine provided comparable 
efficacy with a superior safety profile than sufentanil.

A survey found that outside operating theatres and intensive care units, endoscopy was the most frequent location 
where procedural sedation was used.18 The purpose of procedural sedation is to facilitate a diagnostic or therapeutic 
procedure with a target state in which airway patency, spontaneous respiration, protective airway reflexes, and hemody
namic stability are preserved, while alleviating anxiety and pain.19 The efficacy of sedation has garnered widespread 
recognition, and the ongoing pursuit of safety enhancement remains a focal point of current research efforts.12 

Optimizing medication regimens and standardizing vital sign monitoring have been recognized as rational 
approaches.12 Researchers have made significant efforts to optimize medications for procedural sedation, leading to 
the continuous emergence of new drugs offering a wider range of options. Remimazolam and oliceridine are viewed as 
having significant potential for future applications due to their safety profiles.10–12 The safety of remimazolam for 
gastrointestinal endoscopy has been previously established.4–6 The integration of oliceridine into sedation protocols for 
GI endoscopy has yielded encouraging results. In this study, we observed a reduction in respiratory depression (14.1% vs 
21.8%, p=0.013), hypotension (11.8% vs 18.2%, p=0.026), need for airway intervention (56.4% vs 75.2%, p<0.001), and 

Table 4 Adverse Events and Post-Operative Follow up

Variable Oliceridine Group 
n= 305

Sufentanil Group 
n= 307

P-value

Hypotension, n (%) 36 (11.8%) 56 (18.2%) 0.026

Hypotension requiring treatment, n (%) 4 (1.3%) 6 (2.0%) 0.752

Bradycardia, n (%) 40 (13.1%) 45 (14.7%) 0.581
Bradycardia requiring treatment, n (%) 11 (3.6%) 18 (5.9%) 0.189

Muscular tremor, n (%) 1 (0.3%) 2 (0.7%) >0.999

PONV in PACU, n (%) 14 (4.6%) 31 (10.1%) 0.009
PONV requiring Treatment, n (%) 6 (2.0%) 12 (3.9%) 0.155

PONV on POD1, n (%) 0 (0.0%) 4 (1.3%) 0.124
Endoscopist satisfaction 9 (9, 9) 9 (9, 9.5) 0.533

Patient satisfaction 9 (9, 9) 9(8, 9) 0.003

Note: Variables presented as median (P25, P75) or number of patients n (%). 
Abbreviations: PONV, postoperative nausea and vomiting; PACU, post-anesthesia care unit; POD1, first 
postoperative day.
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PONV (4.6% vs 10.1%, p=0.009) when remimazolam and etomidate were combined with oliceridine than with 
sufentanil. These findings are noteworthy, as they demonstrate that oliceridine exhibits superior safety in GI endoscopic 
sedation relative to sufentanil, a benefit likely attributable to its unique pharmacological properties as a G protein-biased 
µ-opioid receptor agonist. However, other factors influencing outcome assessment must also be considered, including 
patients’ baseline physical condition and the generalizability of the outcome measures. Given the evidence obtained from 
this trial, a comprehensive evaluation and cautious interpretation are essential to effectively translate these findings into 
clinical practice.

The purpose of using analgesics in procedural sedation is to reduce noxious stimuli, requiring strong analgesic effects 
and rapid onset. Opioids are one of the best choices, despite their significant side effects. Both the analgesic and adverse 
effects of conventional opioids are mediated by the µ-opioid receptor.20,21 Activation of µ-opioid receptors engages 
analgesic signaling through G protein coupling to inhibit nociception by neuronal hyperpolarization but also engages β- 
arrestins to the same receptor, which promotes hypoventilation and gastrointestinal dysfunction.22 Oliceridine engages 
G protein coupling but with less β-arrestins recruitment, thus showing equivalent analgesic effects and fewer adverse 
events than morphine.8,9 Associated with lower side effects, oliceridine generates lower postoperative care costs 
compared to morphine when used for postoperative pain relief.23 And, pharmacological experiments have shown that 
dose adjustment is not required when oliceridine is used in patients with end-stage renal disease or mild to moderate 
hepatic impairment.24 A bibliometric analysis of oliceridine research from 2013 to 2024 reveals that scholars have shown 
significant interest in whether oliceridine could serve as a candidate to address the current challenges associated with 
opioid outcomes.25 For instance, researchers are investigating the optimal analgesic comparison between oliceridine and 
remifentanil for mechanically ventilated patients (NCT06454292), with the hope of obtaining noteworthy results.26

These studies, alongside our own, suggest promising application prospects; however, each drug has its limitations. 
The limitation of oliceridine lies in the ongoing controversy among scholars regarding its biased agonism capability. 
A recent study suggested that oliceridine does not display biased agonism, but rather weak intrinsic efficacy for G protein 
and β-arrestins activation.27 Consistent with these findings, our study demonstrated a higher remimazolam requirement in 
the oliceridine group compared to the sufentanil group, potentially attributable to oliceridine’s weaker intrinsic efficacy in 
providing adjunctive sedation. Irrespective of whether the low adverse event profile of oliceridine is attributed to biased 
agonism or weak intrinsic efficacy, as demonstrated in this study, compared with sufentanil, the use of oliceridine in GI 
endoscopy is advantageous for patients. Although clinical data indicate that higher doses of oliceridine and morphine can 
lead to respiratory depression,22 the duration of adverse events with oliceridine is significantly shorter than that with 
morphine,22,28 supporting the suitability of oliceridine for use in endoscopic procedures.

Among the myriad factors that influence research outcomes, the general physical condition of the patients and the 
criteria for outcome assessment are of paramount significance. In our subgroup analysis data, it appears that oliceridine 
may offer greater advantages in patients who are older and have higher PRODIGY scores. This phenomenon warrants 
further exploration in subsequent studies. Compared with previous study, our findings revealed a higher incidence of 
respiratory depression, likely because of the differing criteria for the duration of respiratory depression.15,29 However, our 
study demonstrated a significantly lower occurrence of hypoxemia (sufentanil group, 4.2% vs oliceridine group, 2.0%) 
than in previous studies (propofol group, 14.7% vs remimazolam group, 9.3%),30 which may be attributed to the use of 
endoscopy masks (enhancing oxygen concentration and providing mild positive pressure). This suggests that endoscopy- 
specific masks should be recommended during endoscopic procedures, when feasible. Another significant factor 
contributing to a lower incidence of hypoxemia was proactive airway intervention. The rate of airway intervention 
was 75.2% in the sufentanil group and 56.4% in the oliceridine group. This suggests that proactive airway interventions 
should be performed before hypoxemia occurs. Additionally, the rate and frequency of airway interventions were lower 
in the oliceridine group than those in the sufentanil group, further underscoring the safety of oliceridine. Another 
concern, prevalent in almost 40% of cases,4,5 is hypotension. Prolonged fasting and bowel preparation lead to insufficient 
fluid volume, and the use of sedatives and analgesics can suppress the vascular tone, especially in older individuals and 
patients with hypertension, where the decrease in blood pressure is more pronounced. Remimazolam and etomidate cause 
less cardiovascular depression than propofol.4,5,31 In our study, the incidence of hypotension in the oliceridine group was 
11.8% compared to 18.2% in the sufentanil group, which is generally in line with previous studies.32,33 The 
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hemodynamic stability demonstrated by these results is likely to encourage healthcare providers to prefer a combination 
of remimazolam, etomidate, and oliceridine. Our study revealed a higher incidence of bradycardia (13.1% in the 
oliceridine group vs 14.7% in the sufentanil group), especially during colonoscopy, during which prolonged intestinal 
stimulation triggers a strong vagal reflex. Proactive management, including the use of cardiovascular medications and 
fluid infusions, is essential. During etomidate administration, anesthesiologists primarily focus on two issues: muscle 
tremors and the suppression of adrenal cortical function. In this study, muscle tremors occurred in three patients (0.5%), 
with two in the sufentanil group and one in the oliceridine group; such a low incidence did not appear to be clinically 
significant. Regarding adrenal cortical function suppression, the etomidate dosage used in this study was minimal, and 
previous studies have indicated that total intravenous anesthesia with etomidate only temporarily suppresses adrenal 
cortical function.34 Beyond safety, the primary tenets of sedation during endoscopic procedures include patient comfort 
and satisfaction. Our study found that patients in the oliceridine group exhibited higher satisfaction scores, which were 
likely associated with a lower incidence of PONV. Patient satisfaction is predominantly derived from reduced anxiety and 
expedited postoperative recovery, with PONV significantly impairing comfort during medical care. Oliceridine has been 
previously demonstrated to have fewer gastrointestinal side effects than morphine,22 and the findings of this study 
corroborate this observation.

Overall, the focus of research on oliceridine has primarily centered on its potential to reduce adverse effects. Our 
study demonstrated that oliceridine, when used for sedation during gastrointestinal endoscopy, is associated with fewer 
side effects compared to sufentanil, thereby providing positive evidence for its efficacy. Based on these findings, we 
recommend the use of oliceridine, a novel opioid, in sedation protocols for gastrointestinal endoscopy. Additionally, our 
study advocates the use of specialized endoscopic masks during sedation and emphasizes proactive management of 
adverse reactions, including airway interventions, aggressive fluid resuscitation, and the administration of cardiovascular 
medications.

However, our findings should be interpreted in light of several limitations. First, as the trial was a single-center study, 
further multi-center prospective studies are necessary. Second, when assessing respiratory depression and postoperative 
nausea and vomiting, the assessment metrics could be more refined and improved, such as changes in ventilation and 
nausea and vomiting scores. Third, the trial was not able to properly assess the comparative sedation effects, such as 
somatic movements and choking responses that affect endoscopist manipulation. Future studies should include multi- 
center, large-sample studies to clarify the efficacy and safety of oliceridine for endoscopy, which needs to be evaluated in 
different populations, including older individuals and high-risk groups. Moreover, the risks of possible complications 
must be further explored.

Conclusion
In conclusion, our study found that oliceridine demonstrated superior safety compared with sufentanil in gastrointestinal 
endoscopic procedures, offering an additional analgesic option for gastrointestinal endoscopy.
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