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ABSTRACT

Opioid agents are commonly administered to control cough during fiberoptic bronchoscopy (FOB). Nevertheless,
data defining the optimal remifentanil dosing when FOB is performed under ciprofol sedation remains
insufficient. The present study was designed to determine the effective concentrations (EC) of remifentanil needed
to attenuate bronchoscopy-related responses in elderly patients undergoing FOB with ciprofol sedation. Patients
between 60 and 90 years of age with an American Society of Anesthesiologists (ASA) classification of I-111 who
were scheduled for fiberoptic bronchoscopy were recruited for this study. Participants were categorized into two
groups based on sex (male and female). Remifentanil was given intravenously before the administration of
ciprofol. The primary observations included reactions during the procedure, specifically vocal cord activity,
coughing episodes, and patient movement. The median effective concentration (EC50) and the 95% effective
concentration (EC95) of remifentanil needed to suppress these responses were estimated for each sex using
Dixon’s up-and-down sequential design. In addition, a dose-response curve was established through Probit
analysis. A total of 39 participants were included in the study, comprising 19 men and 20 women. The median
effective plasma concentration (EC50) of remifentanil needed to attenuate responses during FOB with ciprofol
sedation was 3.25 (2.75-3.26) ng/mL in males and 2.25 (1.75-2.25) ng/mL in females, showing a statistically
significant difference (P = 0.0023). According to Probit modeling, the estimated EC50 values were 3.102 ng/mL
(95% ClI: 2.694-3.749) for males and 2.052 ng/mL (95% CI: 1.345-2.750) for females. The corresponding EC95
values required to suppress bronchoscopic responses were 3.741 ng/mL (95% CI: 3.366-7.699) in males and
2.943 ng/mL (95% CI: 2.456-9.533) in females. The data suggest a clear difference between male and female
patients in the remifentanil concentrations (EC50 and EC95) needed to control bronchoscopic responses during
FOB with ciprofol sedation, while still allowing preservation of spontaneous breathing in the elderly population.
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Introduction

The swift pace of worldwide demographic aging is placing a heavy burden on healthcare systems [1]. The
frequency of lung disorders, in particular, is climbing quickly and mainly affects the older population. In clinical
settings, fiberoptic bronchoscopy (FOB) represents a leading modality for detecting and treating such ailments.
Present-day protocols endorse performing this examination with sedation to limit coughing spells and operative
stress [2, 3]. Propofol is a standard sedative choice. However, it has several disadvantages, including discomfort
at the injection site and hemodynamic and ventilatory suppression, underscoring the need for alternative options
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[4]. Ciprofol is a novel intravenous general anesthetic agent. By binding to gamma-aminobutyric acid-A receptors
(GABAARS), ciprofol produces reliable sedation with rapid induction and emergence, without local pain upon
administration [5-7]. This drug likewise shields the heart by attenuating oxidative stress in murine models [8].
Ciprofol has already found effective application in general anesthesia [6, 9-11]. and for calming patients in critical
care environments [7].

Opioid agents like alfentanil and remifentanil are routinely administered to blunt coughing during FOB [12, 13].
The ciprofol-remifentanil combination has proven effective in younger subjects undergoing FOB [14].Yet,
evidence is scarce concerning the ideal remifentanil dosing to block bronchoscopic reflexes during deep sedation
with ciprofol in the geriatric population. This investigation aimed to determine the ECs, and ECos values of
remifentanil required to abolish FOB reactions via the laryngeal mask (LMA) during ciprofloxacin-induced
sedation, with spontaneous respiration maintained, in older patients. We hypothesize that sex-based differences
exist in the ECs, and ECys values of remifentanil for suppressing FOB-triggered responses in elderly individuals.

Materials and Methods

The research protocol was reviewed and approved by the Ethics Committee of the First Affiliated Hospital of
Guangxi Medical University (approval No. 2023-E606-01). Registration of the clinical trial was completed in
advance on chictr.org.cn (ChiCTR2300077720; registered on 17 November 2023). This investigation was
conducted in accordance with internationally accepted ethical standards, including the Declaration of Helsinki,
and followed the TREND Statement for reporting. Before participation, all individuals were informed in detail
about the study and voluntarily signed written informed consent forms.

Patients

Between 17 November 2023 and 30 December 2023, patients undergoing diagnostic bronchoscopy at the First
Affiliated Hospital of Guangxi Medical University were recruited consecutively. Inclusion criteria required
participants to be 60-90 years old and to have an ASA physical status of I-111.

Several conditions led to exclusion from the study. These included any contraindication to bronchoscopy,
anticipated difficult airway management, marked airway narrowing, or acute infection. Patients were also
excluded if they had a known allergy to opioids, uncontrolled hypertension (systolic > 180 mmHg or diastolic >
110 mmHg), or clinically significant arrhythmias such as sinus bradycardia with a heart rate below 50 beats per
minute, second-degree or higher atrioventricular or ventricular block, or rhythm disturbances with a high risk of
sinus arrest, including sick sinus syndrome.

Other exclusion criteria were severe cardiac dysfunction (NYHA class 111 or above), abnormal liver function tests
indicating hepatic impairment, inability to accurately assess preoperative mental status, a documented history of
psychotropic medication use, or any additional condition that investigators considered unsuitable for participation.

Study design

This trial employed an up-and-down sequential allocation approach, with separate stratification for male and
female participants.

The EC50 of remifentanil for attenuating FOB-induced responses was derived through a modified Dixon
sequential design. Following the accumulation of 7 crossover points, the median effective concentration was
calculated as the mean of the midpoint doses from successive patient pairs, with supplementary estimation
performed using Probit analysis [15, 16].

Based on preliminary testing, the initial target plasma concentration was set at 2 ng/mL. Thereafter, dosing was
titrated in 0.5 ng/mL steps, either increased or decreased depending on the individual response during
bronchoscopy. Enroliment was concluded once seven inflection points had been reached.

Sedation and bronchoscopy

Participants were instructed to fast for < 8 hours before anesthesia, and no premedication was administered.
Continuous intraoperative monitoring included electrocardiography, non-invasive blood pressure (NIBP),
peripheral oxygen saturation (SpO.), respiratory rate (RR), end-tidal CO. (ETCO-), and bispectral index (BIS).
Before induction, all patients received preoxygenation via face mask at 6 L/min for 3 minutes.
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Remifentanil was delivered via a target-controlled infusion (TCI) system, with adjustments made in 0.5 ng/mL
increments based on the preceding patient’s response during bronchoscopy. After stabilization of the target effect-
site concentration, ciprofol was administered intravenously as a bolus dose of 0.4 mg/kg, followed by a continuous
infusion of 0.2-1.0 mg/kg/h [17-19].

Once BIS decreased to < 60, a laryngeal mask airway (LMA) was inserted manually, and correct placement was
confirmed using auscultation and capnography. During maintenance anesthesia, BIS was kept between 50 and 60.
Fiberoptic bronchoscopy was performed through the LMA by two experienced operators, with bronchoscope
selection based on clinical judgment.

During the procedure, topical airway anesthesia was provided using lidocaine (20 mg/mL). The total dose was
administered to specific airway regions, including the vocal cords (40 mg), trachea (100 mg), carina (40 mg), right
main bronchus (40 mg), and left main bronchus (40 mg).

Assessment of bronchoscopy responses

Bronchoscopy responses were evaluated using a structured scoring system. This system comprised three
components: vocal cord activity, cough response, and limb movement. Each component was graded on a four-
level scale.

Vocal cord status was classified as: 1) complete relaxation; 2) inward movement during inspiration; 3) outward
movement during inspiration; and 4) complete closure of the vocal cords.

Cough response was scored as: 1) no cough; 2) one to two coughs in succession; 3) three to four coughs in
succession; and 4) more than five consecutive coughs.

Limb movement was assessed as: 1) no movement of the upper limbs, lower limbs, or trunk; 2) a single movement
in any of these regions; 3) two movements; and 4) multiple movements involving all regions.

All assessments were performed during the first insertion of the fiberoptic bronchoscope through the laryngeal
mask airway. The total bronchoscopy score ranged from 3 (best response) to 12 (worst response).

Study endpoints

The primary endpoint of the study was the occurrence of a bronchoscopy reaction, which was defined as a total
bronchoscopy score greater than 6.

Secondary outcomes included hemodynamic and respiratory parameters recorded at predefined time points: 5
minutes before induction (baseline), loss of consciousness (LOC), BIS < 60, completion of LMA insertion,
initiation of FOB, completion of FOB, and time of eye opening. Additional secondary measures included total
anesthetic consumption, anesthesia and bronchoscopy duration, and the lowest spontaneous respiratory rate and
oxygen saturation (SpO2).

Safety outcomes focused on adverse events, including the need for assisted ventilation and respiratory depression,
defined by at least one of the following: respiratory rate < 8 breaths/min, apnea, or SpO2 < 90% lasting > 15
seconds. Other complications recorded were hypotension (= 20% reduction in mean arterial pressure from
baseline), hypertension (= 20% increase in mean arterial pressure), sinus tachycardia (> 100 beats/min), sinus
bradycardia (< 50 beats/min), injection site pain, delirium, hiccups, postoperative nausea and vomiting, and
intraoperative awareness.

Statistical analysis

GraphPad Prism 9.0 (GraphPad, La Jolla, CA, USA) and SPSS version 25.0 (IBM, Chicago, IL, USA) were used
for all statistical calculations. For continuous variables that followed a normal distribution (assessed via the
Kolmogorov-Smirnov test), results are shown as mean £ SD. Comparisons for normally distributed measures
such as MBP, heart rate (HR), and respiratory rate (RR) were carried out using repeated-measures ANOVA. An
unpaired t-test was used to compare continuous variables with normal distributions. Non-normally distributed
data were expressed as median with interquartile range and analyzed using the Mann—Whitney U test. Categorical
variables are reported as counts and percentages, with group differences evaluated by Fisher’s exact test. A p-value
below 0.05 was considered statistically significant.

Results and Discussion

Patients
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A total of 46 elderly patients were initially screened between 17 November 2023 and 30 December 2023. Of these,
39 patients (19 men and 20 women) consented to participate and were included in the final analysis, with no
exclusions after enrollment. Baseline demographic data are summarized in Table 1.

There were no significant differences between groups in age, body mass index (BMI), or ASA physical status. In
contrast, statistically significant differences were observed in both body weight (P = 0.0012) and height (P <
0.0001). The clinical indications for fiberoptic bronchoscopy and related diagnostic procedures were comparable
between male and female participants (Table 2).

Table 1. Demographic characteristics of patients.

Characteristic P-value Female (n = 20) Male (n = 19) Overall (n = 39)
Age (years) 0.8783 68.65 + 6.063 68.95 + 5.977 68.79 + 5.944
Weight (kg) 0.0012 49.75 + 12.97 62.47 +9.137 55.95 +12.85
Height (cm) < 0.0001 152.7 +5.244 165.1 + 6.900 158.7 + 8.703
BMI ( kg/m? 0.3964 22.09 +3.212 22.94+2971 22.50 +3.128

ASA physical status(n) 0.4971
1 4 3 7
11 16 16 32

Note: #Results are shown as either mean + SD or patient count (n). Abbreviations: BMI = body mass index; ASA = American Society of
Anesthesiologists.

Table 2. Reasons for performing fiberoptic bronchoscopy and associated diagnostic interventions (tabular

format).
Characteristic P-value Female (n = 20) Male (n = 19)
Indication for FOB 0.810
Pneumonia 3 (15.0%) 2 (10.53%)
Chronic cough 0 (0%) 1 (5.26%)
El + BBi 1 (5.0%) 1 (5.26%)
Cancer 5 (25.0%) 4 (21.05%)
COPD 0 (0%) 2 (10.53%)
Suspicion of malignancy 8 (40.0%) 8 (42.11%)
Hemoptysis 1 (5.0%) 1 (5.26%)
Bronchiectasis 2 (10%) 0 (0%)
Fever 1 (5.0%) 1 (5.26%)
Diagnostic procedures 0.780
BBi+BBr+BAL 0 (0%) 1 (5.26%)
BAL 2 (10.0%) 0 (0%)
BBr+ BAL 4 (20.0%) 6 (31.58%)
El + BAL + BB+ TBLB 11 (55.0%) 10 (52.63%)
Photodynamics therapy 2 (10.0%) 1 (5.26%)

Note: This table reports values as patient counts with percentages, written as n (%).

The following abbreviations are applied throughout: BAL refers to bronchoalveolar lavage; BBi denotes
bronchoscopic biopsy; BBr indicates bronchial brushings; COPD stands for chronic obstructive pulmonary
disease; El represents endobronchial inspection; and TBLB corresponds to transbronchial lung biopsy.

ECso and ECgs

Figure 1 illustrates the seven observed crossover (inflection) points. Under ciprofol sedation, the estimated EC50
of remifentanil required to attenuate FOB-related responses was 3.25 (2.75-3.26) ng/mL in male patients and 2.25
(1.75-2.25) ng/mL in female patients, with a statistically significant difference between groups (P = 0.0023).

80



Martin et al., An Up-and-Down Sequential Allocation Trial to Determine the EC50 and EC95 of Remifentanil for
Suppression of Bronchoscopic Responses in Elderly Patients Undergoing Fiberoptic Bronchoscopy with Ciprofol Sedation

Male

iy
=
|

3.5
3.0+
2.5
2.0
1.5
1.0+
0.5+
0.0

T T T T T T T T T T 1T T 17T T 171711
0123456738 910111213141516171819

Consecutive patients

a)

Conentration of remifentanil (ng/ml)

Female

4.0+
3.5
3.0
2.5+
2.0
1.5
1.0
0.5
0.0

T T 1T 17T 1T 1T 1T 1T 1T 1T 1T 1T 1T 1T 117 11 11
0123456738 91011121314151617181920

Consecutive patients
b)

Figure 1. Remifentanil dose adjustments across consecutive male (a) and female (b) patients undergoing
fiberoptic bronchoscopy. Patient responses are depicted as filled black circles for negative reactions and open
white circles for positive reactions. Transition points from positive to negative response are indicated by
arrows. Seven crossover (inflection) points were achieved in each group.
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\J

A dose-response curve derived from the probit analysis illustrating the relationship between remifentanil dosage
and the likelihood of no bronchoscopy reaction is presented in Figure 2. The EC50 values of remifentanil were
compared between the male and female cohorts. Probit analysis revealed that the EC50 of remifentanil necessary
to inhibit responses to FOB during deep sedation with ciprofol was 3.102 [95% confidence interval (Cl): 2.694 to
3.749] ng/mL in males and 2.052 [95% CI: 1.345 to 2.750] ng/mL in females. The EC95 of remifentanil required
to inhibit responses to FOB during deep sedation with ciprofol was 3.741 [95% CI: 3.366 to 7.699] ng/mL in
males and 2.943 [95% CI: 2.456 to 9.533] ng/mL in females.
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Figure 2. Probit analysis was used to model the association between remifentanil concentration and the
likelihood of absence of bronchoscopy response. The figure also illustrates the comparison of EC50 estimates
between male and female patients.

o

Medication

Table 3 summarizes the administered medications. The use of ciprofol and remifentanil did not differ between
groups. In addition, the amount of endotracheal lidocaine administered was comparable across groups. No
significant differences were observed in the duration of fiberoptic bronchoscopy, anesthesia time, or recovery
time.

Table 3. Medication use and respiratory characteristics during fiberoptic bronchoscopy.

Characteristics P- value Female (n = 20) Male (n =19)
Administration of ciprofol (mg) 0.3088 33.20 (28.68 to 43.68) 39.30 (32.60 to 46.26)
Administration of remifentanil (ug) 0.2010 188.5 (115.6 to 242.1) 216.0 (170.0 to 280.0)
Dosage of Endotracheal lidocaine (mg) >0.9999 260.0 (260.0 to 260.0) 260.0 (260.0 to 260.0)
Duration of FOB (min) 0.8817 27.60 + 15.48 26.85 + 15.80
Duration of anesthesia (min) 0.6612 32.00 (24.50 to 37.75) 32.00 (19.62 to 37.00)
Duration of recovery (min) 0.7579 8.700 + 4.044 9.081 + 3.581
Minimum breathing rate (breaths/min) 0.5668 8.0 (6.25t09.75) 8.0 (6.0 t0 8.0)
Minimum SpO2 (%) 0.6195 99 (94 to 100) 99 (96 to 100)

Note: Data are shown as mean * standard deviation or median with interquartile range, as appropriate. Abbreviations: FOB = fiberoptic
bronchoscopy, SpO: = peripheral oxygen saturation.

Vital signs during bronchoscopy

Figure 3 and Table 3 present the trends in vital signs. When BIS dropped to 60 or below, male subjects showed
notably elevated mean arterial pressure (MAP) (P < 0.05) and heart rate (HR) (P < 0.001) relative to female
subjects. At all other measured time points around the surgery, no meaningful differences between the sexes
emerged. Additionally, the lowest observed respiratory rates and minimum oxygen saturation levels did not differ
significantly between the two groups.
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Figure 3. Patient vital sign trajectories. Data are shown as mean £ SD for panels a—c and as median (IQR) for
panels d and e. Significance levels: *P < 0.05, ***P < 0.001. (A) Drug effect: F(1,259) = 9.908, P = 0.0018;
time effect: F(6,259) = 18.74, P < 0.0001; interaction: F(6,259) = 1.643, P = 0.1357. (b) Drug: F(1,259)
=1.333, P = 0.2493; time: F(6,259) = 27.45, P < 0.0001; interaction: F(6,259) = 2.599, P = 0.0183. (c) Drug:
F(1,259) = 0.02038, P = 0.8886; time: F(6,259) = 7.480, P < 0.0001; interaction: F(6,259) = 0.1959, P =
0.9778. (d) Drug: F(1,259) = 0.9756, P = 0.3242; time: F(6,259)=2.431, P = 0.0265; interaction: F(6,259) =
0.8971, P = 0.4975. (e) Drug: F(1,259) = 2.475, P =0.1169; time: F(6,259) = 92.08, P < 0.0001; interaction:
F(6,259) = 0.6991, P = 0.6506. Abbreviations: MBP = mean arterial pressure; RR = respiratory rate; HR =
heart rate; SpO, = oxygen saturation by pulse oximetry; LOC = loss of consciousness; BIS = bispectral
index; LMA = laryngeal mask airway; FOB = fiberoptic bronchoscopy..

Adverse events
Table 4 summarizes the adverse event data. The percentage of patients experiencing at least one adverse event

did not differ significantly between males (17/17 [89.47%]) and females (15/20 [75.0%]) (P = 0.4075). The most
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frequently observed events were respiratory depression (males: 15/19 [78.95%] vs. females: 14/20 [70.0%]; P >
0.7164) and hypotension (males: 14/19 [73.68%] vs. females: 14/20 [70.0%]; P > 0.9999), with no intergroup
differences. Assisted ventilation was required for three male patients and two female patients (P = 0.6614). Sinus
tachycardia occurred exclusively in the female group (6/20, 30.0%) compared to none in males (P = 0.0202). No
significant differences were observed between sexes for hypertension, sinus bradycardia, or hiccups. Additionally,
no patient in either group experienced injection pain, delirium, postoperative nausea and vomiting (PONV), or
intraprocedural awareness during fiberoptic bronchoscopy.

Table 4. Adverse events occurring during fiberoptic bronchoscopy (tabular display).

Characteristic P-value Female (n = 20) Male (n = 19)
Respiratory depression 0.7164 14 (70.0%) 15 (78.95%)
RR < 8 (breathing/ min) 0.7164 14 (70.0%) 15 (78.95%)
Apnea >0.9999 1 (5%) 1 (5.26%)
Sp02<90% (= 15s) >0.9999 2 (10.0%) 2 (10.53%)
Assisted ventilation 0.6614 2 (10.0%) 3 (15.79%)
Hypertension >0.9999 1 (5.0%) 1 (5.26%)
Hypotension >0.9999 14 (70.0%) 14 (73.67%)
Sinus tachycardia 0.0202 6 (30%) 0 (0%)
Sinus bradycardia 0.4075 2 (10.0%) 4 (21.05%)
Injection pain >0.9999 0 (0%) 0 (0%)
Delirium >0.9999 0 (0%) 0 (0%)
Hiccup 0.4872 1 (5.0%) 0 (0%)
PONV >0.9999 0 (0%) 0 (0%)
Awareness >0.9999 0 (0%) 0 (0%)

Note: Values are shown as the number of cases along with corresponding percentages (%). Abbreviations: SpO: = peripheral oxygen
saturation; RR = respiratory rate; PONV = postoperative nausea and vomiting.

The present investigation focused on determining the remifentanil exposure needed to adequately suppress
fiberoptic bronchoscopy (FOB) responses delivered via a laryngeal mask airway under ciprofol-based deep
sedation. The analysis demonstrated a clear sex-dependent difference in both EC50 and EC95, suggesting that
elderly male and female patients require distinct remifentanil concentrations to achieve comparable suppression
of airway reflexes while spontaneous ventilation is maintained [14, 15]. Remifentanil is a short-acting opioid
frequently applied in anesthetic practice for attenuation of nociceptive and sympathetic responses. Prior studies
under propofol anesthesia have reported variable EC50 values depending on the stimulus. For example, inhibition
of CO: pneumoperitoneum responses required approximately 4.17 ng/mL in women and 5.00 ng/mL in men [20].
Likewise, suppression of responses to tracheal intubation and skin incision has been reported at around 5 ng/mL
and 2 ng/mL, respectively [21]. Patient-specific conditions may further modify opioid requirements. In
Parkinson’s disease populations, lower EC50 values have been observed compared with non-Parkinson’s patients
for both tracheal intubation (1.86 vs 3.20 ng/mL) and skin incision (2.17 vs 3.09 ng/mL), indicating altered
sensitivity to remifentanil [22]. To the best of our knowledge, this study is the first to quantify both EC50 and
EC95 of remifentanil specifically for suppression of FOB-induced responses via LMA under ciprofol sedation in
elderly individuals while preserving spontaneous breathing. The estimated EC50 values were 3.25 ng/mL in males
and 2.25 ng/mL in females. These findings reinforce that opioid requirements differ according to both anesthetic
regimen and type of stimulus [23, 24]. Opioid response is not uniform between sexes, and clinical evidence
consistently shows that men often require greater doses than women to achieve equivalent pharmacodynamic
effects [23, 25]. This pattern has been demonstrated in several anesthetic contexts; for example, higher
remifentanil requirements have been reported in males during laryngeal mask airway (LMA) insertion under
propofol anesthesia [26]. Likewise, studies on CO2 pneumoperitoneum stimulation have shown a higher EC50 of
remifentanil in males compared with females under propofol-based anesthesia [20]. Similar sex-dependent
differences have also been observed in the prevention of emergence cough, where male patients required higher
opioid exposure [27]. In line with these findings, the present study demonstrated that both EC50 and EC95 of
remifentanil for suppression of fiberoptic bronchoscopy (FOB) responses via LMA under ciprofol sedation were
lower in females than in males. At the same time, spontaneous respiration was preserved in elderly patients. This
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reinforces the notion that sex is a key determinant of interindividual variability in opioid requirements [14, 25].
The underlying causes of this disparity are likely multifactorial. Differences in body composition between males
and females may alter pharmacokinetics, as females typically exhibit a higher fat-to-water ratio, which can
influence drug distribution. Hormonal influences may also play a role, since estrogen and progesterone have been
linked to modulation of p-opioid receptor (MOR) sensitivity [28-30]. The most frequently observed complications
were respiratory depression and hypotension, although their incidence did not differ significantly between male
and female groups [31-33]. Respiratory depression associated with opioids remains a key perioperative safety
concern [33]. This effect is primarily mediated through p-opioid receptor (MOR) activation within central
respiratory networks [34-36].

This study has several limitations. First, plasma concentrations of remifentanil were not measured directly;
instead, effect-site concentrations were estimated using the Minto pharmacokinetic model [37]. Second, the use
of the Dixon up-and-down sequential allocation design may limit precision [38]. Finally, all participants were
recruited from a single geographic region, which may restrict external validity [39].

Conclusion

The findings indicated that EC50 and EC95 values of remifentanil required to suppress fiberoptic bronchoscopy
(FOB) responses via laryngeal mask airway under deep ciprofol sedation differed between male and female elderly
patients, while spontaneous respiration was maintained.

Acknowledgments: None
Conflict of Interest: None

Financial Support: This work received funding from several programs, specifically the Guangxi Health
Commission’s Western Medicine Self-Funded Research Project (Z-A20230492), the First Affiliated Hospital of
Guangxi Medical University’s “Climbing” Clinical Research Program (Y'YZS2022005), the Guangxi Traditional
Chinese Medicine Appropriate Technology Dissemination Project (GZSY22-59), and the Guangxi Natural
Science Foundation (award numbers 2022GXNSFAA035628 and 2024GXNSFAA010222).

Ethics Statement: None
References

1. Leoste J, Stromberg-Jarvis K, Robal T, Marmor K, Kangur K, Rebane AM. Testing scenarios for using
telepresence robots in healthcare settings. Comput Struct Biotechnol J. 2024;24:105-14.

2. DuRand IA, Blaikley J, Booton R, Chaudhuri N, Gupta V, Khalid S, et al. British Thoracic Society guideline
for diagnostic flexible bronchoscopy in adults: accredited by NICE. Thorax. 2013;68(Suppl 1):i1-44.

3. Wahidi MM, Jain P, Jantz M, Lee P, Mackensen GB, Barbour SY, 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(5):1342-50.

4. 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 (Lond). 2021;82(1):1-3.

5. Wang X, Wang X, Liu J, Cai H, Wang G, Lian Z, 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(5):1607-17.

6. 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(14):5063-71.

7. LiuY,YuX, zZhu D, Huang Y, Ma Z, Wang Y, 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. Chin Med J (Engl). 2022;135(9):1043-51.

8. Yang, Xia Z, Xu C, Zhai C, Yu X, Li S. Ciprofol attenuates the isoproterenol-induced oxidative damage,
inflammatory response and cardiomyocyte apoptosis. Front Pharmacol. 2022;13:1037151.

85



Martin et al., An Up-and-Down Sequential Allocation Trial to Determine the EC50 and EC95 of Remifentanil for

Suppression of Bronchoscopic Responses in Elderly Patients Undergoing Fiberoptic Bronchoscopy with Ciprofol Sedation

9.

10.

11.

12.

13.

14,

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Liang P, Dai M, Wang X, Zhang Y, Liu J, Wang G, 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(6):399-406.

Lan H, Shan W, Wu Y, Wang X, Yang X, Wang M, 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;17:1707-17.

Duan G, Lan H, Shan W, Yang X, Wang X, Wang M, 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(2):€01066.

Wang L, Wu Q, Wang M, Zhang X, Wang X, Wang J, 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.

Caron M, Parrot A, Elabbadi A, Roux D, Maitre B, Fartoukh M, 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(1):48.

Wu B, Zhu W, Wang Q, Ren C, Wang L, Xie G. Efficacy and safety of ciprofol-remifentanil versus propofol-
remifentanil during fiberoptic bronchoscopy: a prospective, randomized, double-blind, non-inferiority trial.
Front Pharmacol. 2022;13:1091579.

Dixon WJ. Staircase bioassay: the up-and-down method. Neurosci Biobehav Rev. 1991;15(1):47-50.

Chen N, Wang X, Chen L, Wang M, Jiang Y. Estimation of the median effective dose and the 95% effective
dose of alfentanil required to inhibit the bronchoscopy reaction during painless bronchoscopy with i-gel
supraglottic airway device: an up-and-down sequential allocation trial. J Thorac Dis. 2022;14(5):1537-43.
Li X, Yang D, Li Q, Zhang J, Li Z, Zhu X, 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.

Yuan J, Liang Z, Geoffrey MB, Zhang Y, Wang H, Li X, et al. Exploring the median effective dose of ciprofol
for anesthesia induction in elderly patients: impact of frailty on ED50. Drug Des Devel Ther. 2024;18:1025-
34.

Zhu Q, Luo Z, Wang X, Wang G, Huang Y, Yu 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(2):473-82.

Yang C, Feng Y, Wang S, Li J, Zhao X, Zhang Y, et al. Effect of sex differences in remifentanil requirements
for inhibiting the response to a CO. pneumoperitoneum during propofol anesthesia: an up-and-down
sequential allocation trial. BMC Anesthesiol. 2020;20(1):35.

Albertin A, Casati A, Federica L, Roberto V, Travaglini V, Bergonzi P, et al. The effect-site concentration of
remifentanil blunting cardiovascular responses to tracheal intubation and skin incision during bispectral
index-guided propofol anesthesia. Anesth Analg. 2005;101(1):125-30.

Wang JF, Xu XP, Yu XY, Zhang XJ, Wang Y, Li YJ, et al. Remifentanil requirement for inhibiting responses
to tracheal intubation and skin incision is reduced in patients with Parkinson's disease undergoing deep brain
stimulator implantation. J Neurosurg Anesthesiol. 2016;28(4):303-8.

Fillingim RB, Gear RW. Sex differences in opioid analgesia: clinical and experimental findings. Eur J Pain.
2004;8(5):413-25.

Craft RM. Sex differences in opioid analgesia: from mouse to man. Clin J Pain. 2003;19(3):175-86.

Chin ML, Rosenquist R. Sex, gender, and pain: men are from Mars, women are from Venus. Anesth Analg.
2008;107(1):4-5.

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 (Baltimore). 2016;95(39):e5032.

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 Interv Aging. 2018;13:81-9.

Zubieta JK, Dannals RF, Frost JJ. Gender and age influences on human brain mu-opioid receptor binding
measured by PET. Am J Psychiatry. 1999;156(6):842-8.

86



Martin et al., An Up-and-Down Sequential Allocation Trial to Determine the EC50 and EC95 of Remifentanil for

Suppression of Bronchoscopic Responses in Elderly Patients Undergoing Fiberoptic Bronchoscopy with Ciprofol Sedation

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Pud D, Yarnitsky D, Sprecher E, Rogowski Z, Adler R, Eisenberg E. Can personality traits and gender predict
the response to morphine? An experimental cold pain study. Eur J Pain. 2006;10(2):103-12.

Sarton E, Olofsen E, Romberg R, den Hartigh J, Kest B, Nieuwenhuijs D, et al. Sex differences in morphine
analgesia: an experimental study in healthy volunteers. Anesthesiology. 2000;93(5):1245-54.

Ciccone GK, Holdcroft A. Drugs and sex differences: a review of drugs relating to anaesthesia. Br J Anaesth.
1999;82(2):255-65.

Akhtar SMM, Fareed A, Ali M, Khan MI, Ali M, Khan S, et al. Efficacy and safety of ciprofol compared
with propofol during general anesthesia induction: a systematic review and meta-analysis of randomized
controlled trials. J Clin Anesth. 2024;94:111425.

Dahan A, Aarts L, Smith TW. Incidence, reversal, and prevention of opioid-induced respiratory depression.
Anesthesiology. 2010;112(1):226-38.

Varga AG, Reid BT, Kieffer BL, Levitt ES. Differential impact of two critical respiratory centres in opioid-
induced respiratory depression in awake mice. J Physiol. 2020;598(1):189-205.

Palkovic B, Callison JJ, Marchenko V, Stuth EAE, Zuperku EJ, Stucke AG. Dose-dependent respiratory
depression by remifentanil in the rabbit parabrachial nucleus/Kélliker-Fuse complex and pre-Botzinger
complex. Anesthesiology. 2021;135(4):649-72.

Baertsch NA, Bush NE, Burgraff NJ, Ramirez JM. Dual mechanisms of opioid-induced respiratory
depression in the inspiratory rhythm-generating network. Elife. 2021;10:e67523.

Zhuang J, Gao X, Gao F, Xu F. Mu-opioid receptors in the caudomedial NTS are critical for respiratory
responses to stimulation of bronchopulmonary C-fibers and carotid body in conscious rats. Respir Physiol
Neurobiol. 2017;235:71-8.

Zhang Z, Xu F, Zhang C, Liang X. Activation of opioid mu receptors in caudal medullary raphe region
inhibits the ventilatory response to hypercapnia in anesthetized rats. Anesthesiology. 2007;107(2):288-97.
ZhangJ, Liu R, Bi R, Zhang Y, Wang X, Li H, et al. Comparison of ciprofol-alfentanil and propofol-alfentanil
sedation during bidirectional endoscopy: a prospective, double-blind, randomised, controlled trial. Dig Liver
Dis. 2024;56(4):663-71.

87



