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Objective: To determine the 50% effective dose (ED50) and 95% effective dose (ED95) of oliceridine in suppressing gastroscope
insertion responses during painless gastroscopy when combined with 0.3 mg/kg remimazolam.

Methods: This prospective study enrolled 52 patients scheduled for elective painless gastroscopy. The initial dose of oliceridine was
15 ug/kg, with sequential 1.5 ug/kg adjustments based on response. ED50 and ED95 were calculated using the modified Dixon’s up-
and-down method and Probit regression analysis. Vital signs, adverse events, anesthesia induction time, recovery time, and satisfaction
scores (patients, anesthesiologists, and endoscopists) were recorded.

Results: When combined with 0.3 mg/kg remimazolam, the ED50 and ED95 of oliceridine for suppressing insertion responses were
12.717 ug/kg and 18.818 ug/kg, respectively. The time from drug administration to successful scope insertion was 2 (2, 3) minutes, and
the recovery-to-discharge time was 21 (16.5, 22.5) minutes. Vital signs remained stable throughout the procedure, with no hypoxemia,
hypotension, or arrhythmias. No anesthesia-related adverse events (eg, nausea, vomiting and dizziness) occurred. Satisfaction scores
were high: 10 (10, 10) for patients, 10 (9, 10) for anesthesiologists, and 9 (8, 10) for endoscopists.

Conclusion: Oliceridine combined with 0.3 mg/kg remimazolam effectively suppresses gastroscope insertion response at ED50 and
ED95 doses of 12.717 ug/kg and 18.818 ug/kg, respectively. This optimized regimen provides hemodynamic stability, rapid recovery
and high procedural satisfaction, with no observed adverse events. These findings support its clinical utility as a safe and efficient
anesthetic protocol for painless gastroscopy.

Trial Registration: Chinese Clinical Trial Registry (ChiCTR2400093416).

Keywords: painless gastroscopy, gastroscope insertion response, oliceridine, remimazolam, ED50, ED95, modified Dixon’s
sequential method

Introduction

Digestive endoscopy can facilitate early detection of digestive tract cancer.! Sedation-based digestive endoscopy
significantly improves the comfort of patients while ensuring the successful completion of diagnosis and treatment
procedures, thereby enhancing lesion detection rates.” In the implementation of painless procedures, respiratory com-
plications are predominant, ranging in severity from mild drops in oxygen saturation to severe respiratory depression
requiring emergency intervention. The incidence of hypoxemia during painless endoscopy has been reduced by
optimizing the medication regimen of anesthetic drugs, strengthening monitoring, and optimizing oxygen delivery
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strategies. For instance, compared with the propofol-based sedation, remimazolam regimen significantly reduced the risk
of postoperative respiratory depression (risk ratio=0.2);> Compared with traditional nasal catheter oxygen inhalation, the
use of high flow nasal oxygen can significantly improve the respiratory safety during painless endoscopy (risk
ratio=0.3).* Guidelines recommend a comprehensive strategy to prevent and improve hypoxemia, including adequate
oxygen supply, optimizing the administration plan, selecting the drug with light respiratory inhibition, keeping the airway
open and continuous monitoring.>

Oliceridine, a p-opioid receptor agonist, is selective for the G-protein pathway and has less potency of recruitment for
B-arrestin than morphine.”® As activation of B-arrestin pathway is associated with adverse events such as nausea,
vomiting and respiratory depression, oliceridine theoretically causes fewer side effects compared to other opioids.”
Based on these characteristics, many scholars believe that oliceridine is expected to revolutionize the analgesic regimen
of painless endoscopy.'® "' However, the clinical evidence is limited. Two Chinese studies reported the use of oliceridine
in digestive endoscopy.'*'? Li et al'® compared the effects of 0.02 mg/kg oliceridine and 0.1 ug/kg sufentanil when
combined with 1.5 mg/kg propofol. The results indicated that the effectiveness was comparable between the groups, but
lower incidences of subclinical respiratory inhibition, nausea and vomiting were observed in the oliceridine group. Jia

et al't

demonstrated that the effective dose of oliceridine to inhibit gastroscope insertion reaction had no significant
difference between the elderly and adults.
Herein, we aimed to investigate the 50% effective dose (ED50) and 95% effective dose (ED95) of oliceridine in

suppressing gastroscope insertion reaction when combined with remimazolam.

Methods

Ethics and Registration

The protocol of this study was reviewed and approved by the Ethics Committee of Deyang People’s Hospital on 28/3/
2024, with an ethics approval number of 2024-04-028-KO01. This trial was registered in the Chinese Clinical Trial
Registry on 04/12/2024, with a registration number of ChiCTR2400093416. All the investigators explained this study to
all subjects and got written informed consent. Enrolled patients understood this study after investigators’ introduction and
signed written informed consent. The study group declares the whole study was performed in accordance with the
Declaration of Helsinki.

Criteria for the Subjects
Inclusion criteria: (1) Patients who plan to undergo elective painless gastroscopy; (2) American Society of
Anesthesiologists (ASA) status I-II; (3) 18 to 64 years; (4) body mass index (BMI) 18-27 kg/m”.

Exclusion criteria: (1) Difficult airway (modified Mallampati grade IV); (2) Poorly controlled hypertension (systolic
blood pressure >160 mmHg and/or diastolic blood pressure >100 mmHg); (3) Long-term use of anticonvulsants,
sedatives, analgesics, or history of alcohol or opioid abuse; (4) Mental disorders that prevent correct self-expression;
(5) Allergy to drugs involved in the study or in the acute phase of asthma; (6) Known or suspected gastrointestinal
obstruction; (7) Pregnancy or lactation; (8) Severe systemic diseases, such as coronary heart disease, liver cirrhosis, etc.

Case elimination: (1) Difficulties of endoscopic operation that lead to prolonged examination duration; (2) Severe
complications such as hypoxemia and circulatory fluctuations that need first aid and that break the study protocol.

Study Procedure
The investigators introduced this study to eligible patients after pre-anesthesia assessment. Patients who agreed to
participate in the study were enrolled. The subjects were allowed to quit at any time.

On the day of the examination, after entering the anesthesia preparation area of the endoscopy center, the patient’s
information was verified by the anesthesia nurse. An 18-gauge venous indwelling needle catheter was established in the
right upper limb and connected to a three-way stopcock for standby access. Approximately 5—10 minutes prior to the
initiation of gastroscopy, the patient was instructed to gargle with 10 g of lidocaine hydrochloride mucilage (containing
0.2 g lidocaine) while maintaining a head-tilt position. The medication of lidocaine was administered in divided doses
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slowly to ensure sufficient contact time with the pharyngeal mucosa, thereby achieving effective topical anesthesia and
lubrication to reduce pharyngeal reflexes induced by endoscopic stimulation. Upon entering the examination room, the
tripartite verification protocol was implemented by the gastroenterologist, anesthesiologist, and endoscopy nurse.

The patient was placed in the left lateral position, with a blood pressure cuff attached to the left upper arm. Peripheral
oxygen saturation (SpO,), heart rate (HR), and non-invasive blood pressure (NIBP, with a measurement interval of
1 minute and manual measurement as needed) were monitored routinely. A mask and nasal cannula for double-lumen
oxygen inhalation (6 L/min) were placed. Oliceridine was intravenously injected (initial dose 15 ug/kg, step dose 1.5 ug/
kg, maximum dose 3 mg), followed by a slow intravenous injection of 0.3 mg/kg remimazolam after 30 seconds. Within
1 minute after drug administration, if the modified alertness/sedation score (MOAA/S) was < 2 points, a senior
endoscopist started to insert the gastroscope (Olympus GIF H290). If the patient experienced choking, hiccups, or
other endoscope insertion reactions, resulting in failed insertion, propofol would be administered as a single dose of
30 mg.

If the patient’s significant body movement or other reasons during the gastroscopy examination prevent the procedure
from continuing, the researcher would use the rescue drug propofol to complete the operation. A single dose of 0.3 to
0.5 mg of atropine was injected intravenously to treat bradycardia (HR < 50 beats/min; 8 ug of norepinephrine was given
to deal with the systolic blood pressure drops (> 30% of the baseline, or < 90 mmHg, or the mean arterial pressure
(MAP) < 55 mmHg); in case of respiratory depression and airway obstruction, the jaw was lifted, and a nasopharyngeal
airway, gastroscopy laryngeal mask or endotracheal intubation was placed when necessary.

After the examination, the patient was transferred to the post-anesthesia care unit (PACU) for spontaneous recovery.
Vital signs were monitored until the Aldrete score > 9 (including the states of consciousness, breathing, circulation,
SpO[! and mobility). The discharge criteria included the Aldrete score > 9 for 2 consecutive times (interval: 5 mins), and
no nausea, vomiting, dizziness and other complaints.

Modified Dixon’s Up-and-Down Method

The initial dose of oliceridine was 15 ug/kg and the step dose was 1.5 ug/kg. If the patient had choking cough, frowning
or body movements, the case was defined as positive, indicating that the dose of oliceridine was insufficient, and the dose
was increased for the next patient. Otherwise, absence of these responses was negative, triggering a one-step dose
reduction for the next patient. The recruitment was stopped when 7 crossover points (positive to negative) occurred.

Outcomes
The primary outcomes are the ED50and ED95 of oliceridine to inhibit gastroscope insertion reaction when combined
with 0.3 mg/kg remimazolam.

The secondary outcomes included: (1) The MAP, HR and SpO, of the patients at the time of entering the examination
room (TO0), 1 minute after drug administration (T1), the first time of endoscope insertion (T2), the first minute of
gastroscopy (T3), the end of gastroscopy (T4), and at the time of discharge (T5); (2) The duration of gastroscopy,
induction time of anesthesia and recovery time; (3) The occurrence of complications (such as hypoxemia, hypotension,
nausea and vomiting, dizziness, etc).; (4) The satisfaction score of patients, anesthesiologists and endoscopists (with
a total score of 10, the higher the score, the more satisfied with the anesthetic procedure).

Statistical Analysis

Based on the modified Dixon’s sequential methodology, the study maintained patient recruitment until achieving two
critical criteria: a minimum of 6 pairs demonstrating positive-to-negative transitions and a cohort size exceeding 20
participants.'>'® This dual threshold ensures statistical validity through adequate crossover event documentation and
population representation. In this study, patient recruitment was stopped when 7 crossovers occurred.

SPSS 26.0 was used for statistical analysis. Statistical significance was defined as P <0.05. The measurement data of
normal distribution, such as height, MAP and HR, were expressed as mean + standard deviation (y + s), while nonnormal
data as median (25™ percentile, 75™ percentile). Categorical indicators, such as the incidence of adverse events, were
expressed as number (percentage).
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Statistical evaluation of circulatory and respiratory parameters for all patients incorporated two analytical approaches:
Longitudinal hemodynamic changes underwent assessment via one-way repeated measure analysis of variance with
Bonferroni-adjusted post hoc comparisons for temporal variations; while comparative analysis between baseline and
subsequent time points employed paired ¢-test. The ED50and ED95 of oliceridine were estimated by the Probit analysis.
Comparisons between positive cases and negative cases were performed. The #-test was for normal data, the rank sum
test for nonnormal data, and x> for categorical data.

Results
The study flowchart is shown in Figure 1. When there were 7 crossover events, we recruited 52 subjects (21 males,
40.38%). The basic characteristics are shown in Table 1. All patients were taken into final analysis.

Vital Signs of the Patients at Different Time Points

The changes in vital signs of patients at different times during the study are shown in Table 2. One minute after
anesthesia induction, HR and MAP were significantly decreased compared with that upon entering the examination room
(»p =0.012, p <0.001, respectively). During the insertion of gastroscope, HR increased by approximately 10.5 beats/min
compared with before, with a significant difference (p < 0.001), while the slightly elevated blood pressure showed no
significant difference compared with before (p = 0.163). There were no significant changes in HR and MAP during the
examination process (p > 0.05). After the recovery from anesthesia, HR and MAP returned to the levels before the
examination. SpO, showed no significant changes at all observation points (p > 0.05).

Comparisons Between the Positive and Negative Cases

There were 26 positive patients and 26 negative patients. The demographic data, including age, height, weight, BMI and ASA
status were comparable between the two groups (Table 3). The dose of oliceridine, and satisfaction score of the anesthesiologists
and endoscopists were significantly lower in positive cases (12 (10.5, 13.5) vs 13.5 (12, 15), p=0.005; 9 (8, 10) vs 10 (10, 10), p <
0.001; 9 (8, 9) vs 10 (10, 10), p <0.001; respectively) (Table 3). The induction time of positive patients was significantly longer

( 1\
Eligible for this study (n=578)

(. J

( 1\

Agree to participate (n=52)

Oliceridine 15 ug/kg

[ Succeed /"\ | Failed

[ Decrease by 1.5 ug/kg ] [ Increase by 1.5 ug/kg }

[ 7 failed-succeed crossovers ]

I

[ Final analysis (n=52) ]

Figure | Flowchart of this study. When there were 7 crossover events, 578 patients were assessed for eligibility, and 450 of them met the criteria. Finally, 52 subjects agreed
to participate our study.
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Table | Demographic Characteristics of the Subjects

Male (n=21) | Female (n=31) | Total (n=52)

Age, years 49.62+10.40 51.42+7.75 50.69+8.86
Height, cm 169.33£5.40 156.42+4.13 161.63+£7.90
Weight, kg 67.26+9.23 54.99+8.15 59.95+10.46
BMI, kg/m? 23.41+2.63 22.45%3.00 22.84+2.87
ASA status

I, n 4 5 9

II, n 17 26 43
Hypertension, n 4 6
Other comorbidity, n 0 0

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

Table 2 Changes in Vital Signs During the Study

Time | SpO,, % HR, beats/min | MAP, mmHg
TO 100 (99, 100) 79.04+10.79 96.31x10.60

Tl 100 (100, 100) | 74.27+9.98* 86.73+10.35*%
T2 100 (100, 100) | 84.71%10.83*# 88.94+12.04*
T3 100 (100, 100) | 79.23+11.32# 85.50+11.22*
T4 100 (100, 100) | 80.27+9.98# 85.37+8.39*

T5 100 (99, 100) 78.5619.32# 93.75+£9.39%#

Notes: TO: Entering the examination room; T1: | minute after anesthesia

induction; T2: At the first insertion of gastroscope; T3: The first minute of
gastroscopy operation; T4: At the end of gastroscopy operation; T5: At the
time of leaving the hospital. *: Significantly different from TO (p < 0.05); #:
Significantly different from T1 (p < 0.05).
Abbreviations: HR, heart rate; MAP, mean arterial pressure.

Table 3 Comparison Between the Positive and Negative Cases

Positive (n=26) | Negative (n=26) | p

Age, years 49.46+8.85 51.92+8.88 0.322
Height, cm 161.46+7.25 161.81+8.64 0.876
Weight, kg 60.00+10.35 59.89+10.77 0.971
BMI, kg/m? 22.90+2.75 22.78+3.03 0.882
ASA status

I, n 5 4 0.714

I, n 21 22
Oliceridine, ug/kg 12 (10.5, 13.5) 13.5 (12, 15) 0.005
Induction time, min 3(2,3) 2(2,2) 0.001
Endoscopy time, min 3(23) 3(23) 0.437
Recovery time, min 21 (16.75, 22.25) | 21 (16.75, 23) 0.978
Patients’ satisfaction 10 (10, 10) 10 (10, 10) |
Anesthesiologists’ satisfaction | 9 (8, 10) 10 (10, 10) <0.001
Endoscopists’ satisfaction 989 10 (10, 10) <0.001

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

than that of negative ones (3 (2, 3) vs 2 (2, 2), p = 0.001) (Table 3). However, the recovery time and patients’ satisfaction score
were not significantly different (21 (16.75, 22.25) vs 21 (16.75, 23), p = 0.978; 10 (10, 10) vs 10 (10, 10), p = 1; respectively)

(Table 3).
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ED50 and ED95 of Oliceridine

The up-and down chart of oliceridine is shown in Figure 2, with 26 cases of positive and negative reactions respectively.
According to the SPSS Probit analysis, the model equation is: Probit (p) = —3.429 + 0.27x; The result of Pearson’s chi-
squared goodness-of-fit test: ¥2 = 8.484, p = 0.132, indicating a good model fit. When combined with 0.3 mg/kg of
remimazolam, the ED50 of oliceridine for inhibiting the endoscope insertion response is 12.717 ug/kg, and the ED95 is
18.818 ug/kg. The dose-effect relationship curve is shown in Figure 3.

20
18
16
14
12
10

@ Positive
O Negative

Dose of oliceridine (ug/kg)

o N B OO

1 3 5 7 9 111315171921232527293133353739414345474951
Patients' number

Figure 2 The sequential response of the 52 patients to gastroscope insertion with the modified Dixon’s up-and-down method. The black dot represents “positive”,
referring to the current dose is insufficient to inhibit inserting response. The white dot represents “negative”, indicating the current dose is sufficient to inhibit insertion
response.

100
90
80
70
60
50
40
30
20
10

Negative rate of insertion reaction, %

01 2 3 45 6 7 8 91011121314 1516 17 18 19 20 21 22 23
Dose of oliceridine (ug/kg)

Figure 3 Dose-response curve for oliceridine according to the Probit analysis.
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Safety and Adverse Events

All patients successfully completed the study. No patient had hypoxemia, hypotension, bradycardia or other kinds of
cardiocerebral events during the study procedure. Postoperative adverse events, such as nausea, vomiting, agitation,
dizziness and confusion, were also not observed.

Discussion

In the present study, we investigated the use of oliceridine combined with remimazolam for gastroscopy. Our results
show its safety of the investigated doses and the effectiveness of proper doses. By the modified Dixon’s up-and-down
method, the Probit analysis estimated that the ED50 and ED95 of oliceridine to inhibit gastroscope insertion response
were 12.717 ug/kg and 18.818 ug/kg respectively.

When performing painless gastroscopy, adequate sedation depth is necessary to provide good operating conditions for
endoscopists, especially during gastroscope insertion. However, drug-related adverse effects, such as hypotension,
hypoxia and bradycardia, increase the difficulty of intraoperative management and the risk to patients. This contradiction
necessitates the use of anesthetics with fewer side effects.

Remimazolam is a short-acting intravenous benzodiazepine with rapid onset, fast metabolism (not dependent on
organs), no significant accumulation of active metabolite, quick recovery, good pharmacological reversibility, and few
side effects (hypotension, hypoxia, injection pain, etc).'”'® Since its coming on the market, a large number of clinical
trials have been conducted to investigate its clinical use. For upper gastrointestinal endoscopy, a phase IIb randomized
trial demonstrated that a single dose of 0.1-0.2 mg/kg of remimazolam was well tolerated and effective.'” A Phase III
trial indicated that 5 mg remimazolam was non-inferior to 1.5 mg/kg propofol in terms of sedation success rate (97.34%
vs 100%).2° However, the time to achieve adequate sedation with remimazolam was prolonged by about 50 seconds
compared with propofol).?® In addition, we found in daily practice that choking during gastroscope insertion was
common when 0.2mg/kg remimazolam was used. Therefore, in our previous study, we used 0.2-0.3 mg/kg remimazolam
for gastrointestinal endoscopy and demonstrated no significant increase in cardiopulmonary suppression.®' In the present
study, the dose of remimazolam was set at 0.3 mg/kg.

All 52 patients included in this study completed the trial without any dropout due to severe drug-related complica-
tions, indicating that the combination of 0.3 mg/kg remimazolam and 9-18 ug/kg oliceridine for painless gastroscopy
anesthesia is highly safe. Secondly, the vital signs of the patients did not change significantly during the anesthesia
process, and no hypotension caused by cardiovascular system inhibition or hypoxemia caused by respiratory system
inhibition was observed. One minute after anesthesia induction, the MAP decreased significantly compared with that
upon entering the room (86.73 + 10.35 vs 96.31 = 10.60 mmHg), but this decrease was not clinically significant. A large
sample study involving over 30,000 non-cardiac surgery patients observed the impact of MAP less than 55-75 mmHg on
postoperative acute kidney injury and myocardial infarction.”” The results indicated that intraoperative MAP less than
55 mmHg was a risk factor for postoperative acute kidney injury and myocardial infarction, and the risk ratio increased
significantly with the prolongation of hypotension.”> Numerous large sample studies have shown that intraoperative
MAP < 60-70 mmHg is associated with acute kidney injury, myocardial injury, myocardial infarction, and death.?* 2°
Therefore, the international organization PeriOperative Quality Initiative (POQI) released the latest guidelines in 2024,
recommending maintaining intraoperative MAP above 60—70 mmHg, especially for high-risk populations.?” In this study,
the mean of MAP at each observation time point was greater than 85 mmHg, and no cases of hypotension were observed.
In terms of respiration, the respiratory depression effects of remimazolam and oliceridine are relatively weak.”®*’ In this
study, the SpO, of the patients fluctuated between 94% and 100%, and no hypoxemia occurred. Regarding adverse
reactions during the recovery period, nausea, vomiting, drowsiness, and dizziness are relatively common.*'~** However,
no such adverse reactions were observed in this study. These results support the use of co-administration of remimazolam
and oliceridine for painless gastroscopy anesthesia.

In this study, the novel opioid oliceridine was used to inhibit the gastroscope insertion reaction. Through the modified
Dixon sequential method, when combined with 0.3 mg/kg remimazolam, the ED50 of oliceridine is estimated to be
12.717 ug/kg and the ED95 is 18.818 ug/kg. Jia et al'* first explored the ED50 of oliceridine combined with 1.5mg/kg
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propofol in inhibiting the insertion reaction in patients of different age groups (18—65 years group and >65 years group).
The results showed that the ED50 of the adult group was 15 ug/kg and that of the elderly group was 12 ug/kg, but there
was no statistical difference.'® In the present study, our research population was between 18 and 65 years old, and the
sedative drug was 0.3mg/kg remimazolam. The ED50 of oliceridine was slightly smaller than 15 ug/kg. This may be
explained by the different types and doses of sedatives. Zhu et al*' conducted a multicenter study comparing the
anesthetic effects of remimazolam and propofol for painless gastroscopy, and the results showed that the successful
induction rate of 0.2 mg/kg remimazolam was not inferior to that of 1.5 mg/kg propofol. Therefore, the anesthesia
intensity of 0.3 mg/kg remimazolam is higher than that of 1.5 mg/kg propofol. Thus, the analgesic requirement decreased
accordingly. Li et al'® compared the anesthetic effects of 20 ug/kg oliceridine and 0.lug/kg sufentanil when combined
with 1.5 mg/kg propofol in painless gastroscopy. Their findings support the advantages of oliceridine, such as safety,
effectiveness and rapid recovery.'

Similar to other studies using the modified Dixon’s up-and-down methodology, this study has some limitations.
Firstly, the ED50 and ED95 of oliceridine obtained in this study are derived under the premise of using 0.3 mg/kg
remimazolam as the compound. Therefore, changing the type of sedative or its dosage would likely yield divergent ED50
and ED95. Secondly, this study lacked a control group, and thus it was impossible to determine which dosage is better.
These limitations inherently stem from the research purpose and methodology of this study. In the future, we will conduct
randomized controlled trials to provide more evidence to support the role of oliceridine in painless gastroscopy.

Conclusion

In summary, co-administration of remimazolam and oliceridine is viable for gastroscopy. Combining 12.717 or
18.818 ug/kg oliceridine with 0.3 mg/kg remimazolam demonstrates effective attenuation of the gastroscope insertion
reaction in 50% or 95% of adult patients with limited adverse events. Further studies should confirm the advantages of
oliceridine in endoscopy through randomized controlled trials.
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