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Background: Bronchoscopy response is the main challenge during fiberoptic bronchoscopy (FOB) procedure. Opioids are commonly 
used to suppress bronchoscopy response. This study aimed to estimate the median effective dose (ED50) of oliceridine for suppressing 
bronchoscopy response during FOB under deep sedation with cipepofol.
Methods: This was an up-and-down sequential allocation trial. Patients were divided into male or female groups. The initial bolus of 
oliceridine was 40 μg/kg. The next dose of oliceridine was determined based on prior patient’s response to FOB with 10 μg/kg step 
size. After seven inflection points were completed, recruitment was terminated. Following a single bolus of oliceridine, all patients 
received cipepofol (initial bolus:0.4 mg/kg), with infusion rates subsequently titrated between 0.2 and 1.0 mg/kg/h to maintain 
bispectral index (BIS) values within the 40–60 range. A laryngeal mask (LMA) was inserted when BIS ≤ 60. The endpoints were 
bronchoscopy response to FOB. Dixon’s up-and-down method was used to calculate the ED50 and ED95 of oliceridine required to 
alleviate the bronchoscopy response. A dose-response curve was generated using probit analysis.
Results: A total of 45 patients (23 males, 22 females) were enrolled in the study. The ED50 of oliceridine for suppressing the response to 
FOB under cipepofol sedation did not differ between males (median [interquartile range, IQR] 35.00 [35.00 to 36.00] μg/kg) and females 
(45.00 [35.00 to 45.00] μg/kg) (P=0.0723). Probit analysis showed the ED50 and ED95 of oliceridine required to suppress bronchoscopy 
response to FOB under deep sedation with cipepofol were 30.20 [95% confidence interval (CI):19.98 to 38.78] vs 40.47 [95% CI: 29.49 
to 51.40] μg/kg and 46.49 [95% CI: 38.23 to 105.37] vs 57.55 [95% CI: 48.50 to 141.34] μg/kg in males and females respectively.
Conclusion: The ED50 and ED95 of oliceridine required to suppress bronchoscopy response under cipepofol sedation did not differ 
between males and females.
Trial Registration: Chictr.org.cn; identifier: ChiCTR2400086635.
Keywords: oliceridine, cipepofol, fiberoptic bronchoscopy, effective dose

Introduction
With the development of technology, bronchoalveolar lavage (BAL), bronchoscopic biopsy (BBi), bronchia brushings 
(BBr), transbronchial lung biopsy (BLB), bronchoscopic laser treatment, tracheal stent placement, and fiberoptic 
bronchoscopy (FOB) are commonly used to diagnose and treat respiratory diseases. The insertion of a bronchoscope 
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and the treatment procedure can cause strong mechanical stimulation, leading to complications such as arrhythmia, 
cardiovascular events, airway spasms, coughing, nausea, vomiting, involuntary movement, and even accidental injuries 
such as tracheal rupture, bleeding, reflux aspiration, and mechanical damage during FOB.

Current guidelines recommend that FOB should be performed under sedation to improve safety and comfort.1,2 

Various anesthetic drugs, such as midazolam, etomidate, propofol, and dexmedetomidine, have been used for sedation 
during FOB. However, the shortcomings of these drugs constrain their clinical utility, including unpredictable pharma
cokinetics (variable onset/recovery times), narrow therapeutic indices requiring careful titration, and adverse effects 
(respiratory depression, hypotension, arrhythmias, injection pain, and nausea/vomiting).3 To address these limitations, 
cipepofol—a structural analogue of propofol—has been developed. Its sedative characteristics mirror propofol’s rapid 
onset/offset but eliminate injection pain,4–6 with clinical efficacy demonstrated in both general anesthesia induction5,7–9 

and ICU sedation settings.6

Opioids are used during FOB to suppress the cough reflex and improve patient’s tolerance.10,11 Conventional opioids, 
such as fentanyl, remifentanil, and sufentanil, exert their effects by activating both the G-protein and β-arrestin pathways 
after binding to μ-receptors. However, respiratory depression, itching, chest wall muscle stiffness, nausea, vomiting, and 
other adverse effects are caused by the β-arrestin pathway. Oliceridine, a novel G-protein-biased opioid, selectively 
activates the G-protein pathway while minimizing β-arrestin recruitment. This trait preserves analgesic efficacy while 
reducing opioid-related complications, making it a promising alternative for FOB sedation.12,13 Thus, it is important to 
determine the optimal dose of oliceridine in clinical contexts. However, the ED50 and ED95 of oliceridine for suppressing 
bronchoscopy response to FOB under cipepofol sedation remain undefined. This study aimed to investigate the ED50 and 
ED95 of oliceridine required to suppress the response to FOB under cipepofol sedation.

Materials and Methods
Ethics
Ethical approval for this study (Ethical Committee No. 2024-E485-01) was provided by the Medical Ethics Committee of 
the First Affiliated Hospital of Guangxi Medical University, Naning, China (Chairperson Prof. Songqing He) on July 3, 
2024, and was registered at chictr.org.cn (ChiCTR2400086635, July 8, 2024). The study adhered to the TREND 
Statement and the Declaration of Helsinki. Written informed consent was obtained from all patients before the trials.

Study Design and Participants
This was an up-and-down, sequential allocation trial. The patients were assigned to the male and female groups based on 
gender. The inclusion criteria were as follows: age 18–65 years, scheduled for FOB, and ASA physical status I–III. The 
exclusion criteria were contraindications for FOB, difficult airways, allergy to opioids or cipepofol, severe hypertension 
(systolic blood pressure ≥180 mmHg, or diastolic blood pressure ≥110 mmHg), severe arrhythmia, New York Heart 
Association Class III or above with severe heart failure, liver dysfunction, kidney dysfunction, cognitive impairment, 
history of use of psychotropic drugs, or any other criteria deemed unsuitable by the researchers for inclusion in this study.

ED50 and ED95 Calculation
The ED50 of oliceridine required to suppress responses to FOB was determined by calculating the average midpoint dose 
of each pair of patients after seven inflection points were obtained. ED50 and ED95 were also calculated by probit analysis 
using a modified Dixon`s up-and-down method.14,15 The initial intravenous bolus of oliceridine was 40 μg/kg based on 
a pilot study. The next dose of oliceridine was determined based on previous patient responses to FOB. The step size of 
oliceridine was 10 μg/kg. After seven inflection points were completed, recruitment was terminated.

Intervention
The patients fasted for ≥ 8 h before FOB. No premedication was administered. Monitors included noninvasive blood 
pressure (NIBP), electrocardiography (ECG), pulse oximetry (SpO2), respiratory rate (RR), and Bispectral Index (BIS). 
Oxygen (6 L/min) was supplied through a face-mask for 3 min before anesthesia. After received a single bolus of 
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oliceridine (Nhwa, Xuzhou, China), all patients received an initial intravenous bolus of 0.4 mg/kg cipepofol (Haisco, 
Shengyang, China) and adjusted between 0.2 and 1.0 mg/kg/h to maintained BIS within 40–60.16–18 A laryngeal mask 
(LMA) was inserted when BIS score ≤60. Two experienced operators performed the FOB through LMA. Endotracheal 2% 
lidocaine was administered using a syringe to the following target zones: vocal cords (40 mg), trachea (100 mg), the main 
carina (40 mg), and the double main bronchi (40 mg).

Assessment of Bronchoscopy Response
The bronchoscopy response was assessed using a bronchoscopy score, including vocal cord movement, cough severity, and 
limb movement as previous report.15 In brief, each variable was rated on a 4-point scale. The total bronchoscopy score ranges 
from 3 (best score) to 12 (worst score). All the scores were assessed by an assistor who was blinded to the allocation and did 
not participate the trial during the first fiberoptic bronchoscopy. Bronchoscopy response was defined as a final bronchoscopy 
score >6. An additional bolus of oliceridine (10 μg/kg each time) was administered when bronchoscopy score >6.

Outcome Measure
The primary outcome was the incidence of response to bronchoscopy (bronchoscopy score >6 at the first fiberoptic 
bronchoscopy insertion). The secondary outcomes included vital signs (NIBP, heart rate, RR, SpO2, and BIS) at the 
following time points: 5 min before anaesthesia (baseline), loss of consciousness (LOC), BIS ≤60, completion of LMA 
insertion, start of FOB, end of FOB, and time of eyes opening. The administration of anesthetic and vascular drugs, 
duration of anesthesia, length of FOB time, length of recovery time, minimum spontaneous breathing rate, and minimum 
SpO2 were also recorded. Adverse events included respiratory depression (defined as meeting one of the following 
conditions: respiratory rate [RR] ≤8 breaths/min; apnea; SpO2 ≤90% [≥15s]), hypotension (≥30% decrease in the MAP 
from baseline), tachycardia (>100 beats/min), bradycardia (<50 beats/min), injection pain, delirium, hiccups, nausea and 
vomiting, and awareness.

Statistical Analysis
GraphPad Prism 9.0 or SPSS 25.0 was used for analysis. Kolmogorov–Smirnov test was used to test the normality 
distribution of continuous variables. The normally distributed continuous variables are expressed as mean ± standard 
deviation. Unpaired t-test or repeated-measures analysis of variance was used to compared the normal continuous 
variables between groups. Non-normally distributed variables are expressed as median (interquartile range). Mann– 
Whitney U-test was used to compared non-normally distributed variables. Fisher’s test was used to compare categorical 
variables between groups. A P < 0.05 indicated a statistically significant difference.

Results
Patients
Twenty-three male and 22 female patients were enrolled at the First Affiliated Hospital of Guangxi Medical University 
between July 8, 2024, and September 5, 2024. All patients completed the trial. The demographic characteristics are 
shown in Table 1. No differences were found in terms of age, weight, body mass index (BMI), ASA, comorbidity, 
indications, or procedures (P >0.05). However, there were differences in the height, exposure to smoking and alcohol 
between the groups (P <0.0001).

ED50 and ED95
The sequences of the seven inflection points are shown in Figure 1. There was no different between males and females 
(median [IQR] 35.00 [35.00 to 36.00] vs 45.00 [35.00 to 45.00] μg/kg, P=0.0723) in the ED50 of oliceridine required to 
suppress response to FOB under cipepofol sedation based on Dixon`s up-and-down methods.

The dose-effect curve of the oliceridine dose and the probability of no FOB response are shown in Figure 2. The ED50 

and ED95 were calculated using probit analysis. The ED50 of oliceridine required to suppress FOB response under 
cipepofol sedation were 30.20 [95% confidence interval (CI):19.98 to 38.78] and 40.47 [95% CI: 29.49 to 51.40] μg/kg in 
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males and females, respectively. The ED95 of oliceridine required to suppress the FOB response under cipepofol sedation 
was 46.49 [95% CI: 38.23 to 105.37] and 57.55 [95% CI: 48.50 to 141.34] μg/kg in males and females respectively.

Anesthetic and Breath Characteristics
Anesthetic and breath characteristics are summarized in Table 2. The total administration of cipepofol was more in the male 
group (76.1± 32.00 mg) than that in the female group (51.98±13.64 mg) (P=0.0022). The total administration of oliceridine 
was higher in the male group (3.987±1.623 mg) than in the female group (3.130±0.9427 mg) (P=0.0369). The duration of 
FOB procedures (P=0.0051) and anesthesia (P=0.0159) was longer in the male group than in the female group. The 
minimum breathing rate was lower in the female group than in the male group (P=0.0013). No differences were found in 
ephedrine administration, duration of recovery, minimum SpO2, or assisted ventilation characteristics between the groups.

Vital Signs
Vital signs are shown in Figure 3. No differences were found in terms of NIBP, heart rate, respiratory rate, SpO2, or Bis 
values between the groups.

Adverse Events
The adverse events are shown in Table 3. The incidence of respiratory depression was higher in females than in males 
(72.73% vs 21.74%, P=0.0009). The incidences of hypotension, bradycardia, tachycardia, injection pain, hiccups, PONV, 
delirium, and awareness did not differ between the groups.

Table 1 Demographic Characteristics

Male (n=23) Female (n=22) p Value

Age (y) 58.00 (45.00 to 63.00) 59.00 (48.00 to 61.00) 0.9686 a

Weight (kg) 55.00 (51.50 to 67.00) 53.00 (42.50 to 60.50) 0.0917 a

Height (cm) 166.5±5.591 155.2±6.117 < 0.0001 b

BMI (kg/m−2) 19.62 (18.81 to 23.44) 22.44 (18.40 to 24.11) 0.8542 a

ASA physical status II/III (n) 11/12 14/8 0.3726 c

Comorbidity

Hypertension 4 (17.40%) 6 (27.27%) 0.1075 c

Diabetes mellitus 5 (21.74%) 2 (9.09%) 0.4140 c

Smoking history 20 (86.96%) 0 (0%) <0.0001c

Alcohol abuse 15 (65.22%) 0 (0%) <0.0001c

Indication for FOB 0.8263 c

Pneumonia 3 (13.04%) 3 (13.64%)
Chronic cough 1 (4.35%) 3 (13.64%)

Suspicion of malignancy 15 (65.21%) 12 (54.54%)

Cancer 1 (4.35%) 2 (9.09%)
COPD 1 (4.35%) 0 (0%)

Bronchiectasis 1 (4.35%) 2 (9.09%)

Hemoptysis 1 (4.35%) 0 (0%)
Diagnostic procedures 0.8893 c

BBr+BAL 6 (26.09%) 7 (31. 81%)

TBNA 1 (4.35%) 5 (22.73%)
BBr+BAL+TBLB 7 (30.43%) 6 (27.27%)

TBLB+TBNA 0 (0%) 1 (4.55%)

BBr+BAL+TBNA 6 (26.09%) 2 (9.09%)
BBr+BAL+TBNA+TBLB 3 (13.04%) 1 (4.55%)

Notes: Data are expressed as mean ± standard deviation, median (interquartile range), or N (%). aData are analyzed by Mann– 
Whitney test. bData are analyzed by unpared t test. cData are analyzed by Fisher’s exact test. 
Abbreviations: ASA, American Society of Anaesthesiologists; BMI, body mass index; BAL, Bronchoalveolar lavage, BBr, bronchia 
brushings; COPD, Chronic obstructive pulmonary disease; FOB, fiberoptic bronchoscopy; TBNA, Bronchial aspirative biopsy; TBLB, 
Transbronchial lung biopsy.
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Discussion
Our study reported that the ED50 and ED95 of oliceridine are required to suppress the FOB response under cipepofol 
sedation. The current results indicated that there was no statistical difference in the ED50 and ED95 of oliceridine required 
to suppress the FOB response under cipepofol sedation between males and females.

Opioid-based drugs are the cornerstone of anesthesia and pain control owing to its effectiveness.19 Conventional 
opioids, such as fentanyl, remifentanil, and sufentanil, show analgesic and cough suppressant effects by binding to the μ- 

Figure 1 Estimation of negative (black circle) and positive (white circle) bronchoscopy response to FOB under a predetermined dose of oliceridine using Dixon’s up-and- 
down methods in male (A) and female (B) patients. The arrow represented the inflection point of the bronchoscopy response from positive to negative. The ED50 of 
oliceridine for suppressing response to FOB under deep sedation with cipepofol in male and female groups were 35.00 (35.00 to 36.00) μg/kg and 45.00 (35.00 to 45.00) μg/ 
kg, respectively.
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receptor, especially G-protein. However, these conventional opioids also activate β-arrestin protein, resulting in side 
effects such as respiratory depression, itching, nausea, and vomiting.20–23 However, opioid-related side effects may limit 
its use. Oliceridine, a novel opioid, has been approved as an intravenous treatment for acute pain by activating the 
G-protein. Oliceridine hardly activates the β-arrestin protein, resulting in a lower incidence of side effects.12 Oliceridine 
was well tolerated in Chinese patients at doses between 0.75 and 3.0 mg.24 The ED50 and ED95 of oliceridine required to 
inhibit noxious stimulation, such as intubation, LMA, CO2 pneumoperitoneum, and skin incision during propofol- or 
cipepofol-based anesthesia, have not been reported. To our knowledge, our results are the first to investigate the ED50 and 
ED95 of oliceridine required to suppress FOB responses through the LMA under cipepofol sedation. Our results showed 
that the ED50 of oliceridine for suppressing FOB response under cipepofol sedation did not differ between male and 
female (35.00 [35.00, 36.00] vs 45.00 [35.00, 45.00] μg/kg, P=0.0723). The ED50 of oliceridine required to inhibit 
noxious stimulation, such as intubation, LMA, CO2 pneumoperitoneum, and skin incision, requires further investigation. 
The probit analysis results of ED50 and ED95 with wide CIs, suggest variability. The wider the CIs, the more severe the 
individual differences. We belief the dosage of oliceridine varies greatly among individuals.

Figure 2 An oliceridine dose and no bronchoscopy response curve from the probit analysis in male (dashed line) and female groups (solid line). Probit analysis showed the 
ED50 of oliceridine required to suppress bronchoscopy response to FOB under deep sedation with cipepofol were 30.20 [95% CI:19.98 to 38.78] μg/kg and 40.47 [95% CI: 
29.49 to 51.40] μg/kg in male and female respectively. ED95 of oliceridine required to suppress response to FOB under deep sedation with cipepofol were 46.49 [95% CI: 
38.23 to 105.37] μg/kg and 57.55 [95% CI: 48.50 to 141.34] μg/kg in male and female respectively.

Table 2 Anesthetic and Breath Characteristics

Male (n=23) Female (n=22) p Value

Administration of cipepofol (mg) 76.1± 32.00 51.98±13.64 0.0022 a

Administration of oliceridine (mg) 3.987±1.623 3.130±0.9427 0.0369 a

Administration of ephedrine (mg) 0 (0 to 0) 0 (0 to 7.5) 0.2444 b

Duration of FOB (min) 33.51±15.51 22.11±9.578 0.0051 a

Duration of anesthesia (min) 39.29±16.54 28.64±11.28 0.0159 a

Time of LOC (min) 4.387±1.199 4.164±0.9469 0.4931 a

Time of BIS≤60 (min) 5.691±2.436 4.959±0.7545 0.1844 a

Duration of recovery (min) 12.60±5.534 10.69±6.340 0.2862 a

Minimum breathing rate (breaths/min) 11 (9 to 14) 3 (0 to 8.5) 0.0013 b

Minimum SpO2 (%) 99 (98 to 100) 99.5 (95.75 to 100) 0.9853 b

Assisted ventilation 4 (17.39%) 9 (40.91%) 0.1075 c

Notes: Data are presented as mean ± standard deviation, median (interquartile range), or n (%). aData are 
analyzed by unpared t test. bData are analyzed by Mann–Whitney test. cData are analyzed by Fisher’s exact 
test. 
Abbreviations: FOB, fiberoptic bronchoscopy; SpO2, pulse oxygen saturation.
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Sex differences influence opioid efficacy. Males need more conventional opioids to inhibit harmful stimuli than 
females, such as inhibiting the response to the insertion of LMA and CO2 pneumoperitoneum.25–29 For example, the 
ED50 of remifentanil required to inhibit the cough reflex was higher in males than in females.30 Our results showed that 

Figure 3 Vital signs of patients. Variables are presented as mean ± standard deviation (A–E) or median (interquartile range) (F). (A) Group: F (1, 43) = 1.594, P=0.2135; 
Time: F (4.563, 196.2) = 22.67, P<0.0001; Time × Group: F (7, 301) = 0.8423, P=0.5529; Subject: F (43, 301) = 5.654, P<0.0001; (B) Group: F (1, 43) = 0.7153, P=0.4024; 
Time: F (4.370, 187.9) = 18.67, P<0.0001; Time × Group: F (7, 301) = 2.532, P=0.0152; Subject: F (43, 301) = 7.841, P<0.0001; (C) Group: F (1, 43) = 0.07054, P=0.7918; 
Time: F (3.769, 162.1) = 17.82, P<0.0001; Time × Group: F (7, 301) = 0.8316, P=0.5617; Subject: F (43, 301) = 42.02, P<0.0001; (D) Group: F (1, 43) = 4.919, P=0.0319; Time: 
F (4.644, 199.7) = 7.663, P<0.0001; Time × Group: F (7, 301) = 0.8190, P=0.5721; Subject: F (43, 301) = 6.311, P<0.0001; (E) Group: F (1, 43) = 0.3147, P=0.5777; Time: 
F (3.783, 162.7) = 2.123, P =0.0841; Time × Group: F (7, 301) = 0.8687, P=0.5316; Subject: F (43, 301) = 10.69, P<0.0001; (F) Group: F (1, 43) = 0.3147, P=0.5212; Time: 
F (4.661, 200.4) = 115.3 P<0.0001; Time × Group: F (7, 301) = 0.7090, P=0.6645; Subject: F (43, 301) = 2.412, P<0.0001. 
Abbreviations: BIS, bispectral index; DBP, diastolic blood pressure; FOB, fiberoptic bronchoscopy; HR, heart rate; LMA, laryngeal mask; LOC, loss of consciousness; RR, 
respiratory rate; SBP, systolic blood pressure; SpO2, pulse oximetry.

Table 3 Adverse Events

Male (n=23) Female (n=22) p Value

Respiratory depression 5 (21.74%) 16 (72.73%) 0.0009
RR ≤ 8 (breathing/min) 5 (21.74%) 16 (72.73%)

Apnea 2 (8.70%) 11 (50%)

SpO2 ≤ 90% (≥ 5s) 0 (0%) 0 (0%)
Hypotension 12 (52.17%) 12 (54.55%) >0.9999

Tachycardia (>100 beats/min) 3 (13.04%) 3 (13.64%) >0.9999

Bradycardia (<50 beats/min) 0 (0%) 0 (0%) >0.9999
Injection pain 0 (0%) 0 (0%) >0.9999

Delirium 0 (0%) 0 (0%) >0.9999

Hiccup 0 (0%) 0 (0%) >0.9999
PONV 0 (0%) 0 (0%) >0.9999

Awareness 0 (0%) 0 (0%) >0.9999

Notes: Data are expressed as n (%). Data are analyzed by Fisher’s exact test. 
Abbreviations: PONV, postoperative nausea and vomiting; RR, respiratory rate; SpO2, pulse 
oxygen saturation.
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the ED50 of oliceridine required to suppress the FOB response under cipepofol sedation based on Dixon’s up-and-down 
method was lower in males than in females, but the difference was not statistically significant. Probit analysis showed 
that the ED50 and ED95 of oliceridine required to suppress the FOB response under cipepofol sedation were lower in 
males than in females. Our study confirmed the impact of sex differences on opioid efficacy. It is worth mentioning that 
males need less oliceridine to suppress the bronchoscopy response to FOB than females, which is in contrast to 
conventional opioids. This inconsistency can be attributed to several reasons. First, the major reason for this is the 
different mechanisms of action of oliceridine and the conventional opioids. Oliceridine differs from the other opioids. 
After activating the µ receptor, oliceridine activates the G protein (related to analgesia) and barely activates the β- 
arrestin protein (related to adverse effects). In contrast, conventional opioids activate both G-protein and β-arrestin 
proteins. Second, the combined use of anesthetics differed. The sedative-opioid combination is a common practice for 
procedural sedation and general anaesthesia to improve efficacy and reduce adverse events.31–34 Previous reports have 
often used propofol; however, we used cipepofol in this study. Drug interactions can alter the pharmacological 
outcomes.35 We cannot exclude the different interactions between propofol or cipepofol and opioids, which resulted 
in different demands for oliceridine and conventional opioids in males and females. Third, females have a lower 
percentage of water and a higher percentage of fat than males. The pharmacodynamic differences may affect drug 
distribution and efficacy. Forth, more male expose to smoking and alcohol than females, which reducing the airway 
response.

The combination of sedatives with opioids are commonly used for anesthesia. Drug-drug potential interactions may 
change the pharmacological effects, including synergism, additivity, or antagonism. The interaction may improve the 
efficacy, but also exaggerate potential adverse effects of both drugs. The combination of cipepofol and oliceridine used in 
this study results in suppressing bronchoscopy response, also cardiorespiratory inhibition, especially in females. Drug- 
drug interactions may relay on the modulation of the action site. It is critical to understand the underlying mechanisms, 
which need further study.

The main complications were respiratory and circulatory depression. The incidence of respiratory depression during 
FOB under anaesthesia with remifentanil and cipepofol was 70%-78.95%.15 In the current study, the incidence of 
respiratory depression during FOB was 21.74% in males and 72.73% in females. Females are more prone to respiratory 
depression than males. This inconsistency can be attributed to several reasons. First, the major reason for this may be that 
the oliceridine dose was higher in the female group than in the male group. Oliceridine activates G-protein and hardly 
activates β-arrestin. However, the adverse effects appeared dose-dependent.24 High doses of oliceridine are associated 
with a high incidence of adverse effects. The second reason may be that the use of cipepofol caused transient respiratory 
depression. Cipepofol is a structural analog of propofol that achieves sedation by binding to GABAARs.4–6,36 Compared 
with propofol, cipepofol reduced the incidence of injection pain, but the inhibition of circulation and respiration did not 
disappear. Cipepofol causes circulatory depression by inhibiting myocardial contractions and vascular tension. Third, the 
combination of cipepofol with opioids such as oliceridine would exacerbate the cardiorespiratory inhibition. Forth, 
different definitions of cardiopulmonary depression led to different results. In our study, respiratory depression was 
defined as at least one of the following criteria: apnea, respiratory rate ≤8 breaths/min, and SpO2 ≤90% more than 15s). 
A decrease of >30% in MAP from baseline was defined as hypotension, which differs from other studies. There were no 
differences in the incidence of tachycardia, bradycardia, injection pain, hiccups, PONV, delirium, or awareness between 
the groups.

This study has some limitations. First, the ED50 and ED95 values of oliceridine were calculated using the Dixon`s up- 
and-down method. This method has been widely used, with acceptable inaccuracies and biases. But the shortcoming of 
the “up-and-down” method may affect the accuracy of ED50 and ED95. Further studies should examine blood ED. 
Second, all patients were from a single center, and the race was relatively homogeneous. Therefore, our conclusions 
cannot be directly extrapolated to other races. Third, the current study only included mildly ill patients (ASA I–III); 
therefore, our conclusions cannot be directly extended to critically ill patients. Finally, the fixed 10ug/kg step size may 
impact the accuracy of ED50/ED95. Small step size (such as 5 μg/kg or 2.5 μg/kg) should be study in the future.
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Conclusion
The result suggested there was no statistical difference between male and female groups in the ED50 and ED95 of 
oliceridine required to suppress bronchoscopy response during FOB under deep sedation with cipepofol, but with higher 
ED values trends and higher incidence of respiratory inhibition in females, which need further investigation.

Abbreviations
ASA, American Society of Anesthesiologists; BAL, bronchoalveolar lavage; BBi, bronchoscopic biopsy; BBr, bronchial 
brushings; BIS, bispectral index; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary 
disease; DBP, diastolic blood pressure; ED, effective dose; EI, endobronchial inspection; ETCO2, end-tidal carbon 
dioxide; FOB, fiberoptic bronchoscopy; HR, heart rate; LMA, laryngeal mask; LOC, loss of consciousness; MAP, mean 
arterial pressure; PONV, postoperative nausea and vomiting; RR, respiratory rate; SBP, systolic blood pressure; SpO2, 
pulse oximetry; TBLB, transbronchial lung biopsy; TBNA, transbronchial needle aspiration.

Data Sharing Statement
Data are available from the corresponding author upon request.

Author Contributions
All authors made a significant contribution to the work reported, whether in the conception, study design, execution, 
acquisition of data, analysis, and interpretation, or in all these areas, took part in drafting, revising, or critically reviewing 
the article; gave final approval of the version for publication; agreed on the journal to which the article has been 
submitted; and agreed to be accountable for all aspects of the work.

Funding
This study was supported by the Natural Science Foundation of Guangxi Zhuang Autonomous Region 
(2022GXNSFAA035628, 2024GXNSFAA010222), the Clinical Research “Climbing” Program of the First Affiliated 
Hospital of Guangxi Medical University (YYZS2022005), the Traditional Chinese medicine appropriate technology 
development and promotion project of Guangxi Zhuang Autonomous Region (GZSY22-59), and the Guangxi Zhuang 
Autonomous Region Health Commission’s Self Fund Research Project on Western Medicine (Z-A20230492).

Disclosure
The authors report no conflicts of interest in this work.

References
1. Du Rand IA, Blaikley J, Booton R, et al. British thoracic society guideline for diagnostic flexible bronchoscopy in adults: accredited by NICE. 

Thorax. 2013;68(Suppl 1):i1–i44. doi:10.1136/thoraxjnl-2013-203618
2. Wahidi MM, Jain P, Jantz M, et al. American college of chest physicians consensus statement on the use of topical anesthesia, analgesia, and 

sedation during flexible bronchoscopy in adult patients. Chest. 2011;140:1342–1350. doi:10.1378/chest.10-3361
3. Ratanshi NA, Mandour Y. Should lidocaine routinely be used to prevent pain on propofol injection during induction of general anaesthesia or 

sedation? Br J Hosp Med. 2021;82:1–3. doi:10.12968/hmed.2020.0473
4. Wang X, Wang X, Liu J, et al. Effects of ciprofol for the induction of general anesthesia in patients scheduled for elective surgery compared to 

propofol: a Phase 3, multicenter, randomized, double-blind, comparative study. Eur Rev Med Pharmacol Sci. 2022;26:1607–1617. doi:10.26355/ 
eurrev_202203_28228

5. Qin K, Qin WY, Ming SP, Ma XF, Du XK. Effect of ciprofol on induction and maintenance of general anesthesia in patients undergoing kidney 
transplantation. Eur Rev Med Pharmacol Sci. 2022;26:5063–5071. doi:10.26355/eurrev_202207_29292

6. Liu Y, Yu X, Zhu D, et al. Safety and efficacy of ciprofol vs. propofol for sedation in intensive care unit patients with mechanical ventilation: a 
multi-center, open label, randomized, Phase 2 trial. Chinese Med J. 2022;135:1043–1051. doi:10.1097/CM9.0000000000001912

7. Liang P, Dai M, Wang X, et al. Efficacy and safety of ciprofol vs. propofol for the induction and maintenance of general anaesthesia: a multicentre, 
single-blind, randomised, parallel-group, phase 3 clinical trial. Eur J Anaesthesiol. 2023;40:399–406. doi:10.1097/EJA.0000000000001799

8. Lan H, Shan W, Wu Y, et al. Efficacy and safety of ciprofol for sedation/anesthesia in patients undergoing hysteroscopy: a randomized, 
parallel-group, controlled trial. Drug Des Devel Ther. 2023;17:1707–1717. doi:10.2147/DDDT.S414243

9. Duan G, Lan H, Shan W, et al. Clinical effect of different doses of ciprofol for induction of general anesthesia in elderly patients: a randomized, 
controlled trial. Pharmacol Res Perspect. 2023;11:e01066. doi:10.1002/prp2.1066

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S535435                                                                                                                                                                                                                                                                                                                                                                                                   8887

Wu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1136/thoraxjnl-2013-203618
https://doi.org/10.1378/chest.10-3361
https://doi.org/10.12968/hmed.2020.0473
https://doi.org/10.26355/eurrev_202203_28228
https://doi.org/10.26355/eurrev_202203_28228
https://doi.org/10.26355/eurrev_202207_29292
https://doi.org/10.1097/CM9.0000000000001912
https://doi.org/10.1097/EJA.0000000000001799
https://doi.org/10.2147/DDDT.S414243
https://doi.org/10.1002/prp2.1066


10. Wang L, Wu Q, Wang M, et al. The safety and efficacy of alfentanil combined with midazolam in fiberoptic bronchoscopy sedation: a randomized, 
double-blind, controlled trial. Front Pharmacol. 2022;13:1036840. doi:10.3389/fphar.2022.1036840

11. Caron M, Parrot A, Elabbadi A, et al. Pain and dyspnea control during awake fiberoptic bronchoscopy in critically ill patients: safety and efficacy of 
remifentanil target-controlled infusion. Ann Intensive Care. 2021;11:48. doi:10.1186/s13613-021-00832-6

12. Wolf A, Unterberg M, Witowski A, Adamzik M, Wolf A. Efficacy, safety, and side effects of oliceridine in acute postoperative pain, a protocol for 
a systematic review and meta-analysis. PLoS One. 2024;19:e0299320. doi:10.1371/journal.pone.0299320

13. Biskupiak J, Oderda G, Brixner D, Wandstrat TL. Gastrointestinal adverse effects associated with the use of intravenous oliceridine compared with 
intravenous hydromorphone or fentanyl in acute pain management utilizing adjusted indirect treatment comparison methods. J Comp Eff Res. 
2024;13:e230041. doi:10.57264/cer-2023-0041

14. Dixon WJ. Staircase bioassay: the up-and-down method. Neurosci Biobehav Rev. 1991;15:47–50. doi:10.1016/S0149-7634(05)80090-9
15. Lan H, Liu S, Liao Y, et al. EC(50) and EC(95) of remifentanil for inhibiting bronchoscopy responses in elderly patients during fiberoptic 

bronchoscopy under ciprofol sedation: an up-and-down sequential allocation trial. Drug Des Devel Ther. 2024;18:6487–6497. doi:10.2147/DDDT. 
S490907

16. Li X, Yang D, Li Q, et al. Safety, pharmacokinetics, and pharmacodynamics of a single bolus of the gamma-aminobutyric acid (GABA) receptor 
potentiator HSK3486 in healthy chinese elderly and non-elderly. Front Pharmacol. 2021;12:735700. doi:10.3389/fphar.2021.735700

17. Yuan J, Liang Z, Geoffrey MB, et al. Exploring the median effective dose of ciprofol for anesthesia induction in elderly patients: impact of frailty 
on ED(50). Drug Des Devel Ther. 2024;18:1025–1034. doi:10.2147/DDDT.S453486

18. Zhu Q, Luo Z, Wang X, et al. Efficacy and safety of ciprofol versus propofol for the induction of anesthesia in adult patients: a multicenter phase 2a 
clinical trial. Int J Clin Pharm. 2023;45:473–482. doi:10.1007/s11096-022-01529-x

19. Kharasch ED, Avram MJ, Clark JD. Rational perioperative opioid management in the era of the opioid crisis. Anesthesiology. 2020;132:603–605. 
doi:10.1097/ALN.0000000000003166

20. Violin JD, Crombie AL, Soergel DG, Lark MW. Biased ligands at G-protein-coupled receptors: promise and progress. Trends Pharmacol Sci. 
2014;35:308–316. doi:10.1016/j.tips.2014.04.007

21. Violin JD, Lefkowitz RJ. Beta-arrestin-biased ligands at seven-transmembrane receptors. Trends Pharmacol Sci. 2007;28:416–422. doi:10.1016/j. 
tips.2007.06.006

22. Raehal KM, Walker JK, Bohn LM. Morphine side effects in beta-arrestin 2 knockout mice. J Pharmacol Exp Ther. 2005;314:1195–1201. 
doi:10.1124/jpet.105.087254

23. Kliewer A, Schmiedel F, Sianati S, et al. Phosphorylation-deficient G-protein-biased mu-opioid receptors improve analgesia and diminish tolerance 
but worsen opioid side effects. Nat Commun. 2019;10:367. doi:10.1038/s41467-018-08162-1

24. Ni Y, Huang R, Yang S, et al. Pharmacokinetics and safety of oliceridine fumarate injection in chinese patients with chronic non-cancer pain: 
a phase i, single-ascending-dose, open-label clinical trial. Drug Des Devel Ther. 2024;18:2729–2743. doi:10.2147/DDDT.S461416

25. Fillingim RB, Gear RW. Sex differences in opioid analgesia: clinical and experimental findings. Eur J Pain. 2004;8:413–425. doi:10.1016/j. 
ejpain.2004.01.007

26. Craft RM. Sex differences in opioid analgesia: “from mouse to man”. Clin J Pain. 2003;19:175–186. doi:10.1097/00002508-200305000-00005
27. Chin ML, Rosenquist R. Sex, gender, and pain: “men are from Mars, women are from Venus. Anesthesia Analg. 2008;107:4–5. doi:10.1213/ 

ane.0b013e3181788ca3
28. Joe HB, Kim JY, Kwak HJ, Oh SE, Lee SY, Park SY. Effect of sex differences in remifentanil requirements for the insertion of a laryngeal mask 

airway during propofol anesthesia: a prospective randomized trial. Medicine. 2016;95:e5032. doi:10.1097/MD.0000000000005032
29. Yang C, Feng Y, Wang S, et al. Effect of sex differences in remifentanil requirements for inhibiting the response to a CO(2) pneumoperitoneum 

during propofol anesthesia: an up-and-down sequential allocation trial. BMC Anesthesiol. 2020;20:35. doi:10.1186/s12871-020-0951-z
30. Lee SY, Jeong YY, Lee BH, Kim JE. Sex-related differences in effect-site concentration of remifentanil for preventing anesthetic emergence cough 

in elderly patients. Clin Interventions Aging. 2018;13:81–89. doi:10.2147/CIA.S151476
31. Wiczling P, Bieda K, Przybylowski K, et al. Pharmacokinetics and pharmacodynamics of propofol and fentanyl in patients undergoing abdominal 

aortic surgery - a study of pharmacodynamic drug-drug interactions. Biopharm Drug Dispos. 2016;37:252–263. doi:10.1002/bdd.2009
32. Ben-Shlomo I, abd-el-Khalim H, Ezry J, Zohar S, Tverskoy M. Midazolam acts synergistically with fentanyl for induction of anaesthesia. Br 

J Anaesth. 1990;64:45–47. doi:10.1093/bja/64.1.45
33. Bouillon TW, Bruhn J, Radulescu L, et al. Pharmacodynamic interaction between propofol and remifentanil regarding hypnosis, tolerance of 

laryngoscopy, bispectral index, and electroencephalographic approximate entropy. Anesthesiology. 2004;100:1353–1372. doi:10.1097/00000542- 
200406000-00006

34. Zhang S, Wang J, Ran R, Peng Y, Xiao Y. Efficacy and safety of remimazolam tosylate in hysteroscopy: a randomized, single-blind, parallel 
controlled trial. J Clin Pharm Ther. 2022;47:55–60. doi:10.1111/jcpt.13525

35. Mertens MJ, Vuyk J, Olofsen E, Bovill JG, Burm AG. Propofol alters the pharmacokinetics of alfentanil in healthy male volunteers. Anesthesiology. 
2001;94:949–957. doi:10.1097/00000542-200106000-00006

36. Akhtar SMM, Fareed A, Ali M, et al. Efficacy and safety of Ciprofol compared with Propofol during general anesthesia induction: a systematic 
review and meta-analysis of randomized controlled trials (RCT). J Clin Anesth. 2024;94:111425. doi:10.1016/j.jclinane.2024.111425

https://doi.org/10.2147/DDDT.S535435                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 8888

Wu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3389/fphar.2022.1036840
https://doi.org/10.1186/s13613-021-00832-6
https://doi.org/10.1371/journal.pone.0299320
https://doi.org/10.57264/cer-2023-0041
https://doi.org/10.1016/S0149-7634(05)80090-9
https://doi.org/10.2147/DDDT.S490907
https://doi.org/10.2147/DDDT.S490907
https://doi.org/10.3389/fphar.2021.735700
https://doi.org/10.2147/DDDT.S453486
https://doi.org/10.1007/s11096-022-01529-x
https://doi.org/10.1097/ALN.0000000000003166
https://doi.org/10.1016/j.tips.2014.04.007
https://doi.org/10.1016/j.tips.2007.06.006
https://doi.org/10.1016/j.tips.2007.06.006
https://doi.org/10.1124/jpet.105.087254
https://doi.org/10.1038/s41467-018-08162-1
https://doi.org/10.2147/DDDT.S461416
https://doi.org/10.1016/j.ejpain.2004.01.007
https://doi.org/10.1016/j.ejpain.2004.01.007
https://doi.org/10.1097/00002508-200305000-00005
https://doi.org/10.1213/ane.0b013e3181788ca3
https://doi.org/10.1213/ane.0b013e3181788ca3
https://doi.org/10.1097/MD.0000000000005032
https://doi.org/10.1186/s12871-020-0951-z
https://doi.org/10.2147/CIA.S151476
https://doi.org/10.1002/bdd.2009
https://doi.org/10.1093/bja/64.1.45
https://doi.org/10.1097/00000542-200406000-00006
https://doi.org/10.1097/00000542-200406000-00006
https://doi.org/10.1111/jcpt.13525
https://doi.org/10.1097/00000542-200106000-00006
https://doi.org/10.1016/j.jclinane.2024.111425


Drug Design, Development and Therapy                                                                                     

Publish your work in this journal 
Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development 
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines 
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

Drug Design, Development and Therapy 2025:19                                                                                     8889

Wu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Ethics
	Study Design and Participants
	ED<sub>50</sub> and ED<sub>95</sub> Calculation
	Intervention
	Assessment of Bronchoscopy Response
	Outcome Measure
	Statistical Analysis

	Results
	Patients
	ED<sub>50</sub> and ED<sub>95</sub>
	Anesthetic and Breath Characteristics
	Vital Signs
	Adverse Events

	Discussion
	Conclusion
	Abbreviations
	Data Sharing Statement
	Author Contributions
	Funding
	Disclosure

