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Objective: This study aimed to investigate the effective dose of oliceridine for suppressing hemodynamic responses to tracheal
intubation during general anesthesia induction and to evaluate the influence of age on dosing requirements, thereby providing evidence
for clinical medication protocols.

Methods: A prospective single-center sequential dosing trial was conducted using a modified Dixon’s up-and-down method. Patients
scheduled for elective surgery under general anesthesia with tracheal intubation were enrolled and divided into a young group (18-65
years) and an elderly group (=65 years). The initial doses were 45 ng/kg for the young group and 39 pg/kg for the elderly, with 3 ng/kg
adjustments based on intubation response until seven crossovers occurred. A positive cardiovascular response was defined as an
increase in mean arterial pressure or heart rate exceeding 20% from baseline within 3 minutes after intubation initiation. ED50 and
ED95 values were estimated using Probit regression. Secondary outcomes included the incidence of injection-related cough, sedation
success rate (MOAA/S score <2), peri-intubation hemodynamic changes, and adverse events.

Results: Fifty-cight patients were enrolled (28 young, 30 elderly). The ED50 of oliceridine was 46.5 pg/kg (95% CI 42.0-51.19) and
ED95 was 55.4 ng/kg (95% CI 43.58-86.56) in the young group. In the elderly group, EDS0 was 39.73 pg/kg (95% CI 34.17-44.76)
and ED9S was 50.11 pg/kg (95% CI 37.31-77.87). Probit models demonstrated good fit in both groups. No injection-related cough
reactions were observed, and the sedation success rate was 100%. Heart rate and blood pressure decreased during induction and
normalized after intubation, with no significant intergroup differences. Adverse event incidence was comparable between groups.
Conclusion: Under standardized general anesthesia induction, the ED95 of oliceridine for suppressing tracheal intubation-induced
hemodynamic elevation shows age-related differences, being approximately 55 pg/kg in younger patients and 50 pg/kg in the elderly.
Clinical Trial Registration: ClinicalTrials.gov, NCT07134660.
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Introduction

Tracheal intubation is an essential technique for administering general anesthesia and facilitating mechanical ventilation.
However, as an invasive procedure, it often elicits strong physiological stimulation, most notably significant hemody-
namic elevation following intubation.' Hemodynamic instability can increase the risk of cardiovascular complications,
including myocardial ischemia, arrhythmias, and even heart failure, and has been associated with adverse perioperative
outcomes.”
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An ideal anesthetic induction should achieve unconsciousness, effective analgesia, adequate muscle relaxation,
suppression of stress responses, and minimal impact on circulatory function. Currently, no single agent fulfills all
these requirements; hence, a combination of drugs is commonly used in clinical practice. Standard regimens often
include intravenous anesthetics, opioids, neuromuscular blocking agents, and other adjunct medications.

Opioids not only provide analgesia but are also highly effective in attenuating hemodynamic fluctuations induced by
intubation.>* However, conventional opioids are associated with adverse effects such as nausea, vomiting, and respira-
tory depression.™® Most clinically used opioids act as agonists at the p-, 8-, and k-opioid receptor subtypes, non-
selectively activating both G protein and B-arrestin signaling pathways. The latter is generally considered the primary
mechanism underlying opioid-related adverse effects.’

Oliceridine is the first approved biased p-opioid receptor agonist. Its analgesic effect is primarily mediated through
G protein activation. It exhibits rapid onset and reliable analgesia, as it selectively activates G protein-coupled receptor
(GPCR) signaling without engaging the B-arrestin pathway.® Studies have shown that oliceridine has a favorable
tolerability and safety profile in patients with acute pain, significantly reducing the incidence of various adverse events
compared to morphine.” Nevertheless, its clinical use remains relatively recent, with limited data available—especially in
the context of tracheal intubation. The effective dose for suppressing intubation-induced hemodynamic elevation remains
to be established.

Age is a critical factor influencing physiological function, drug metabolism, and dose-response relationships.’
Compared to younger patients, elderly individuals—particularly those with underlying cardiovascular and cerebrovas-
cular diseases—are more susceptible to severe and potentially irreversible consequences resulting from pronounced
hemodynamic fluctuations during intubation.'®!" This study aims to determine the effective dose of oliceridine for
suppressing hemodynamic responses to tracheal intubation in patients of different age groups during general anesthesia
induction, thereby providing a scientific basis for rational clinical medication use.

Methods

This trial was approved by the Ethics Committee of Tianmen Hospital Affiliated to Wuhan University of Science and
Technology (Approval No. 20250250; Date: May 20, 2025) and registered on ClinicalTrials.gov (NCT07154979) on
August 6, 2025, prior to the enrollment of the first patient. The study was conducted in accordance with the principles of
the Declaration of Helsinki, and all participants provided written informed consent.

Inclusion and Exclusion Criteria
Inclusion criteria: Patients aged >18 years, body mass index (BMI) <25 kg/m?, American Society of Anesthesiologists
(ASA) physical status I-III, scheduled for elective surgery requiring general anesthesia with tracheal intubation.
Exclusion criteria: Preoperative resting systolic blood pressure (SBP) >160 mmHg or diastolic blood pressure (DBP)
>110 mmHg or heart rate >110 beats/min; long-term use of analgesic or sedative medications; pregnancy, lactation,
potential or planned pregnancy; history of allergy to the study drug; psychiatric disorders or communication barriers.
Termination criteria: Intubation failure (more than two attempts or intubation time exceeding one minute); incomplete
data collection preventing evaluation of efficacy or adverse reactions; occurrence of perioperative cardiovascular or
cerebrovascular accidents.

Study Design

This was a prospective, single-center, dose-finding clinical trial using a modified Dixon’s up-and-down sequential
method. According to a recent study,'? the ED90 and ED99 of oliceridine in combination with propofol for suppressing
responses during gastroscopy are 22.5 and 23.8ug/kg, respectively, with a dose adjustment of 2 pg/kg. Considering that
tracheal intubation is more stimulating than gastroscope insertion, we selected 30 pg/kg as the initial dose and a step size
of 3 pg/kg for both age groups in the present study to provide an appropriately higher starting level. During the
subsequent Dixon up-and-down sequence, the first negative responses to tracheal intubation occurred at 45 pg/kg in the
young group and 39 pg/kg in the elderly group. Subsequent doses were adjusted based on the patient’s response to
tracheal intubation.
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A positive cardiovascular response (CR) was defined as an increase in maximum mean arterial pressure or heart rate
exceeding 20% above baseline values within 3 minutes after intubation. If a positive CR occurred, the dose for the next
patient was increased by 3 pg/kg; if negative, the dose was decreased by 3 pg/kg. This process was repeated until seven
sequential crossovers between positive and negative responses were observed, thereby determining the final sample size.
A blinding procedure was implemented: both the anesthesiologist performing the procedure and the patient were unaware
of the oliceridine concentration. Only the anesthesia nurse responsible for drug preparation was unblinded.

Grouping

Given that elderly patients generally require lower drug doses to achieve equivalent anesthetic effects,”'® patients were
divided into two age-based groups for determining population-specific effective doses: Young group (Y group), 18—65
years; Old group (O group), >65 years.This age cutoff is consistent with commonly accepted criteria in perioperative
outcome studies'* and geriatric research,'” and is consistent with standards in both anesthetic pharmacology and geriatric
medicine.

General Anesthesia and Perioperative Management

All patients fasted for 8 hours and abstained from clear fluids for 3 hours preoperatively. Standard anesthesia monitoring
was applied intraoperatively. Both groups received intravenous flurbiprofen axetil (50 mg) and tropisetron (5 mg)
20 minutes before the end of surgery.

The anesthesia induction protocol was as follows: intravenous oliceridine (Jiangsu Enhua Pharmaceutical) was adminis-
tered first, followed 2 minutes later by propofol (Sichuan Kelun Pharmaceutical) at 2.0 mg/kg. After loss of consciousness,
rocuronium bromide (Jiangsu Hengrui Pharmaceuticals) was given at 0.6 mg/kg. Upon jaw relaxation, tracheal intubation was
performed using a video laryngoscope with a single-lumen tube (size ID 6.5 for females and ID 7.0 for males), followed by
initiation of mechanical ventilation.

Outcome Measures
The primary outcomes were the ED50 and ED95 of oliceridine for suppressing intubation-induced hemodynamic
elevation. A positive cardiovascular response (CR) was defined as an increase in either the maximum mean arterial
pressure or heart rate exceeding 20% above baseline values within 3 minutes from the start of intubation. Data obtained
via the modified Dixon’s sequential method were analyzed using Probit regression to calculate ED50 and ED95.

The secondary outcome was the number of cough episodes. Coughing occurring during intravenous opioid injection
was recorded.

Other Outcome Measures
Sedation success rate was assessed using the Modified Observer’s Assessment of Alertness/Sedation Scale (MOAA/S).
This scoring system is a commonly used clinical tool for evaluating sedation depth.'? It grades responsiveness to varying
levels of stimulation as follows: a score of 5 indicates responsiveness to name called in normal tone; 4 indicates lethargic
response to name called in normal tone; 3 indicates response only after name is called loudly or repeatedly; 2 indicates
response to mild prodding or shaking; 1 indicates response only to painful stimulus (trapezius squeeze); and 0 indicates
no response to painful stimulus. A MOAA/S score <2 signifies loss of consciousness, assisting healthcare providers in
objectively determining the patient’s level of sedation and consciousness.'®

Blood pressure (systolic and diastolic) and heart rate were recorded at the following time points: upon entering the
operating room (Tbase), immediately before intubation (Tbegin), and 3 minutes after intubation (T3min). The baseline
value (Tbase) was defined as the average of three consecutive measurements of heart rate and blood pressure taken within
10 minutes after the patient entered the operating room. The pre-intubation time point (Tbegin) was defined as when the
patient was under anesthesia and ready for tracheal intubation. The 3-minute post-intubation time point (T3min) referred
to the period immediately following completion of the intubation procedure.

Adverse events including arrhythmias, body movement, airway spasm, allergic reactions, as well as subjective
symptoms such as palpitations and dyspnea were documented.
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Sample Size
Due to the sequential nature of the study design, a conventional precise sample size calculation was not feasible.
However, literature indicates that a sample size of 20—40 subjects is sufficient to achieve stable estimates of the target

16718 Dixon suggested that the trial could be terminated after a fixed number of crossovers

dose using this methodology.
(transitions between positive and negative responses), with the results providing adequate stability for estimation.'® It is
widely accepted that six crossovers meet statistical requirements.” In this study, each age group was followed until seven

crossovers occurred, which is generally considered adequate for a stable ED50 estimate.

Statistical Analysis

All statistical analyses were performed using R software (version 4.4.1). Normally distributed continuous data are
presented as mean + standard deviation, non-normally distributed data as median (interquartile range), and categorical
data as number (percentage). The half-maximal effective dose of the drug was calculated using the classical Dixon
sequential method. A Probit regression model was employed to fit the experimental data, from which the ED50, ED95,
and their corresponding 95% confidence intervals (CI) were derived for each group. A P-value <0.05 was considered
statistically significant.

Results

A total of 59 patients were enrolled in this study. One patient was excluded due to suspected rocuronium allergy, and the
remaining 58 patients completed the trial and were included in the final analysis, comprising 28 in the young group and
30 in the elderly group (Figure 1). Baseline characteristics of all patients are presented in Table 1.

The primary outcomes were the ED50 and ED95 of oliceridine for suppressing intubation-induced hemodynamic
responses. In the young group, the ED50 (95% CI) of oliceridine for suppressing tracheal intubation responses was 46.5
(42.0-51.19) ng/kg, and the ED95 (95% CI) was 55.4 (43.58-86.56) ug/kg. The up-and-down sequential dosing
sequence is illustrated in Figure 2A, the dose-response curves is in Figure 3A. Dose-response analysis based on Probit
regression yielded the following model: Probit(P) = —7.929 + 0.171 x dose (ug/kg). The goodness-of-fit y*-test indicated
no significant deviation between the model and observed data (x> = 1.172, P = 0.883), suggesting good model fit.

| Assessed for eligibility (n=59) |

Excluded (n=1)

> Suspected allergic
(n=1)
| Allocation with n=58 |
Group Y (n=28) Group O (n=30)
(18~ 65 years ) ( 265 years)
Initial dose=45 pg/kg Initial dose=39 pg/kg
Adjustive dose=3 pg/kg Adjustive dose=3 pg/kg
Analysis (n=28) Analysis (n=30)

Figure | Trial flow diagram.

11770 ‘e Drug Design, Development and Therapy 2025:19



Yu et al

Table | Baseline Characteristics of Two Groups

Group Y (n = 28) Group O (n = 30)
Age (y) 50+ 10 725
Gender (male) 10 (35.7) 16 (53.3)
Weight (kg) 59.75 £ 7.51 61.07 + 6.99
BMI (kg/m?) 21.78 £ 1.59 21.86 £ 1.98
ASA grade (1/2/3) 10/18/0 9/21/0

Notes: Data are summarised by mean * standard deviation or number (%) or number.
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

In the elderly group, for positive patients (n = 15), 3 had both MAP and HR increased by 20%-30%, and in 12 at least
one increased by >30%. For negative patients (n = 13), 2 had both increased by <10%, and 13 had at least one increased
by 10%-20%.In the elderly group, the ED50 (95% CI) of oliceridine for suppressing intubation responses was 39.73
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Figure 2 The up-and-down sequential plots of oliceridine dose and patient response (ug/kg). (A) Young group (Group Y, n=28) and (B) Elderly group (Group O, n=30). The
X-axis represents patient number, the Y-axis represents oliceridine dose, solid circles represent negative cardiovascular responses (no increase in mean arterial pressure or
heart rate exceeding 20% of baseline within 3 minutes after intubation), whereas solid triangles denote positive cardiovascular responses.
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Figure 3 Dose-response curves for intravenous oliceridine. Dose-response curves for intravenous oliceridine for tracheal intubation plotted according to the relationship
between the effective response probability derived from Probit regression analysis and the initial bolus dose, (A) Young group (Group Y, n=28) and (B) Elderly group (Group
O, n=30). Probability of a positive cardiovascular response vs dose, with Probit-estimated ED50, ED95, and 95% Cls (dashed lines).
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Table 2 Incidence of Coughing and Sedation Success Rate in Two Groups

Group Y (n = 28) | Group O (n = 30) | P value
Incidence of coughing with oliceridine injection (%) 0 (0) 0 (0) -
Sedation success rate (%) 28 (100) 30 (100) -

Notes: Data are summarised by number (%).

(34.17-44.76) ng/kg, and the ED95 (95% CI) was 50.11 (37.31-77.87) pg/kg. The up-and-down sequence is shown in
Figure 2B. Probit regression analysis produced the model: Probit(P) = —6.807 + 0.170 x dose (ug/kg). The goodness-of-
fit test showed no significant misfit (x> = 1.709, P = 0.789), indicating that the model adequately described the data. The
dose-response curves is in Figure 3B.

We have examined potential sex-related differences in dose-response. In the young group (n = 28), the most frequent
dose was 45 (n = 10); Fisher’s exact tests based on sex and response type showed no significant differences (P > 0.05). In
the elderly group (n = 30), the most frequent doses were 39 (n = 9) and 42 (n = 9); similarly, Fisher’s exact tests revealed
no significant sex-related differences in response type at these doses (P > 0.05).

Secondary Outcomes
The incidence of coughing is presented in Table 2. No coughing episodes were observed during oliceridine administra-
tion in this study.

Other Outcomes
The sedation success rate was 100% (Table 2). During anesthesia induction, both groups exhibited reductions in blood
pressure and heart rate. In the young group, heart rate decreased from 73 + 14 bpm to 62 + 11 bpm, and mean arterial
pressure decreased from 98 + 12 mmHg to 80 + 13 mmHg. In the elderly group, heart rate decreased from 72 = 11 bpm
to 62 £ 10 bpm, and mean arterial pressure decreased from 103 £ 11 mmHg to 79 + 13 mmHg. The magnitude of
reduction showed no significant differences between groups (Table 3).

Following intubation, both groups demonstrated increases in heart rate and blood pressure, with no statistically
significant differences in the magnitude of increase between groups (Table 3).

In the young group, for positive patients (n = 15), 3 had both MAP and HR increased by 20%-30%, and in 12 at least
one of MAP or HR increased by >30%. For negative patients (n = 13), 2 had both MAP and HR increased by <10%, and
11 had at least one increased by 10%-20%.In the elderly group, for positive patients (n = 15), 3 had both MAP and HR

Table 3 Comparison of Hemodynamic Parameters Between

Two Groups

HR (bpm) Group Y (n = 28) | Group O (n = 30)
Thase 73+ 13 72+ 11
Thegin 62+ 11 62+ 10
Tamin 92+ 16 89 £ 16

AHR Induced 819 717

AHR Intubation 27114 24+12

MAP (mmHg)
Thase 98 + 12 103 £ |1
Thegin 80 £ I3 79 £ 13
Tamin 107 + 18 105 + 20

AMAP Induced 18+13 24x16

AMAP Intubation 2719 2616

Notes: A, Difference in hemodynamic parameters. Data are summarised by

mean * standard deviation.
Abbreviations: HR, Heart Rate; MAP, Mean Arterial Pressure.
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Table 4 Cases of Adverse Reactions In the Two Groups

Group Y (n = 28) | Group O (n = 30) | P value
Hypertension (%) 0 (0) 4 (13.3) 0.06
Hypotension (%) 3 (10.7) 3 (10) 0.63
Bradycardia (%) 2(7.1) 1 (3.3) 0.47
Tachycardia (%) 1 (3.6) 1 (3.3) 0.74
Arrhythmia (%) 1 (3.6) 3 (10) 0.33
Palpitations (%) 1 (3.6) 0 (0) 0.48
Total (%) 8 (28.6) 12 (40) 0.26

Notes: Data are summarised by number (%).

increased by 20%-30%, and in 12 at least one increased by >30%. For negative patients (n = 15), 2 had both increased by
<10%, and 13 had at least one increased >10%.

Throughout the anesthesia induction period and the 3-minute observation period after intubation, the young group
experienced 2 cases of bradycardia, 1 case of tachycardia, 3 cases of hypertension, 1 case of arrhythmia (atrial premature
contraction), and 1 case of palpitation. The elderly group experienced 1 case of bradycardia, 1 case of tachycardia, 4
cases of hypertension, 3 cases of hypotension, and 3 cases of arrhythmia (including ventricular premature contraction,
atrial premature contraction, and irregular rhythm), with no reported palpitations. The overall incidence of adverse
reactions did not differ significantly between groups (Table 4).

Discussion

This study employed a modified Dixon’s sequential method to evaluate the effective dose of oliceridine for suppressing
intubation-induced hemodynamic responses in both young and elderly patients under a standardized anesthesia induction
protocol. The primary results demonstrated that when using a 20% increase in either mean arterial pressure or heart rate
from baseline within 3 minutes after intubation as the criterion for a positive cardiovascular response (CR), the ED50
values were 46.5 (42.0-51.19) pg/kg in the young group and 39.73 (34.17-44.76) ng/kg in the elderly group, while the
ED95 values were 55.4 (43.58-86.56) pg/kg and 50.11 (37.31-77.87) pg/kg, respectively. Both groups showed good
goodness-of-fit in the Probit regression models. Notably, the approximately 10% difference in ED95 values between
groups suggests that age significantly influences the dose requirement of oliceridine needed to suppress intubation stress
responses under the induction protocol used in this study.

Elderly patients typically exhibit increased pharmacokinetic and pharmacodynamic sensitivity to centrally sedating
drugs.?""*? Drug metabolism occurs primarily through hepatic enzyme systems, transforming compounds into inactive or
active metabolites. These metabolic enzymes are categorized into Phase I (oxidation and degradation reactions) and
Phase II (synthetic reactions) pathways. Phase I metabolism is predominantly mediated by cytochrome P450 (CYP)
enzymes, while Phase II metabolism involves enzymes such as glucuronosyltransferases, sulfotransferases, and
acetyltransferases.”> Sedative-hypnotics, anxiolytics (eg, chlordiazepoxide), and benzodiazepines used for conscious
sedation (eg, midazolam) undergo biotransformation primarily via Phase I enzymes.>**> The clearance of these drugs
is reduced in elderly patients, resulting in prolonged elimination half-lives and increased drug exposure. Consequently,
dosage reduction of sedative-hypnotic medications is necessary for elderly patients.'® Fentanyl is a key analgesic agent
used during anesthesia, primarily metabolized to norfentanyl through CYP3A4-mediated N-dealkylation.”® As fentanyl
binds to plasma proteins, clinical conditions affecting protein levels may alter its plasma concentration.?” The absence of
active metabolite accumulation may contribute to fentanyl’s potentially superior tolerability profile compared to
morphine. Liver function status and use of CYP3A4 inducers can significantly influence serum fentanyl concentrations,
while age demonstrates no substantial effect on its pharmacokinetics.”**® Research indicates that the concentration
producing 50% of maximal EEG suppression (C50) is reduced by 50% in elderly subjects.”’ This suggests that
pharmacodynamic rather than pharmacokinetic mechanisms explain why dose reduction of approximately 50% is
required in elderly patients to achieve similar recovery profiles as younger patients *° Oliceridine is metabolized in the

liver by cytochrome P450 enzymes CYP3A4 and CYP2D6 to inactive metabolites,*'*? with drug efficacy directly
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correlating with plasma concentrations. CYP3A4 enzyme capacity shows an inverse relationship with age,** providing
a mechanistic explanation for the need to reduce oliceridine dosage in elderly patients.

In addition, based on the data from this study, we analyzed sex-related differences in the effective dose of oliceridine.
The results showed that the difference in effective dose between male and female patients was not statistically significant.
Existing studiesare still insufficient to determine whether there are true sex differences in opioid analgesia.>**> Further
research is needed to elucidate the nature of sex differences in opioid-induced pain relief and to clarify their underlying
mechanisms.

Opioids frequently induce cough reactions, previous studies have reported cough incidences as high as 55% during
induction with sufentanil at 0.5 pg/kg.*® Although typically short-lived and self-limiting, severe coughing can lead to
abrupt increases in blood pressure, intraocular pressure, intracranial pressure, and intra-abdominal pressure. These
hemodynamic changes may pose life-threatening risks, particularly in elderly patients, those with severe cardiopulmon-
ary diseases, or individuals at high risk of aspiration.’” In this study, no injection-related cough was observed during
intravenous administration of oliceridine, suggesting a potentially lower propensity of this agent to elicit airway reflexes.
The precise mechanism underlying opioid-induced cough remains incompletely understood. Several theories are widely
accepted: (1) Dualistic action on opioid receptors: Opioids exert analgesic effects primarily through G protein-coupled -
receptor activation, but can also bias toward B-arrestin signaling pathways, leading to adverse effects such as respiratory
depression, nausea, vomiting, constipation, and dependence.*® Variations in binding affinity to p-receptors may influence
interactions with downstream signaling proteins (eg, G proteins or B-arrestin), thereby modulating signal transduction.
For instance, low-dose sufentanil activates p-receptors and suppresses cough, whereas high doses may provoke
coughing.*® This may relate to dose-dependent differences in receptor binding patterns and coupling protein selectivity.
(2) Histamine release: Activation of opioid receptors can trigger the release of histamine and neuropeptides, resulting in
bronchoconstriction and increased vascular permeability, which contribute to cough reflex.*! (3) Enhanced vagal nerve
excitability: Opioids suppress sympathetic activity and augment vagal tone, reducing chest wall compliance and causing
muscle rigidity and vocal cord adduction, thereby eliciting cough.**(4) Effects of drug excipients: Certain formulation
components, such as citric acid in sufentanil preparations, may stimulate airway C-fibers and induce coughing.*

The sedation success rate was 100% in both groups. During anesthesia induction, heart rate and blood pressure
decreased in both groups, followed by an increase after intubation. The magnitudes of these changes showed no
significant differences between groups, suggesting that appropriate dosing regimens tailored to different populations
can promote hemodynamic stability during induction. The overall incidence of perioperative adverse events was similar
between groups, with no new safety signals identified. However, due to the limited observation window, the true
spectrum of adverse reactions such as respiratory depression and postoperative nausea and vomiting requires further
systematic evaluation.

Respiratory depression and nausea/vomiting are clinically significant adverse events associated with opioid medica-
tions, for which oliceridine may offer potential advantages.** As a novel selective modulator of the p-receptor G protein
signaling pathway, oliceridine is designed to preferentially activate G protein signaling while minimizing recruitment of
the B-arrestin pathway. In contrast to conventional opioids that non-selectively activate both G protein and B-arrestin
signaling pathways, oliceridine’s low B-arrestin recruitment profile is associated with a significantly lower incidence of
adverse reactions compared to morphine. It demonstrates particular advantages in reducing nausea, vomiting, and
respiratory complications.***

Methodologically, this study’s strengths include the use of a sequential design to improve the efficiency of ED50
estimation, blinded drug allocation to reduce implementation bias, and application of Probit regression to extrapolate
ED95 values. The definition of cardiovascular response (CR), based on either mean arterial pressure or heart rate
increasing >20% from baseline during the high-risk 3-minute post-intubation window, effectively balances clinical
relevance and operational feasibility.

However, several limitations should be considered: This was a single-center study with a limited sample size, which
may limit the generalizability of our findings. Enrollment was restricted to elective surgery patients with a BMI less than
25 kg/m?, and patients with an ASA physical status greater than III were excluded. These restrictions limit the
applicability of the results to higher-risk populations., the absence of a comparator opioid (such as remifentanil, fentanyl,
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or sufentanil), which prevents direct comparisons with other commonly used agents, and the relatively short observation
window, which may not capture longer-term hemodynamic or clinical outcomes. At the same time, the secondary
outcomes (cough incidence and sedation success rate) involved very few events and thus offer limited clinical informa-
tion. Moreover, the sequential dose-finding design was neither intended nor powered to accurately estimate the incidence
of these endpoints. Consequently, these findings should be viewed as descriptive observations rather than definitive
conclusions, and further adequately powered randomized controlled trials are required to clarify their true incidence and
clinical relevance. In addition, it should be noted that ED95 in both age groups was extrapolated from Probit regression
applied to data from a design primarily optimized for ED50. Consequently, the 95% confidence intervals for ED95 were
relatively wide, reflecting an inherent limitation of Dixon-type sequential designs, which concentrate information around
the 50% response level and provide less precision in the upper tail of the dose-response curve. Despite these limitations,
this method is still widely used in clinical practice and research to estimate the ED95, and the resulting values remain of
considerable reference value.*®*’

In conclusion, under a standardized general anesthesia induction protocol, the ED95 of oliceridine for suppressing
intubation-induced hemodynamic responses was influenced by age. The ED95 was approximately 55 pg/kg in young
patients and 50 pg/kg in elderly patients.
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