[image: image1]Efficacy and safety of ciprofol-remifentanil versus propofol-remifentanil during fiberoptic bronchoscopy: A prospective, randomized, double-blind, non-inferiority trial

		CLINICAL TRIAL
published: 21 December 2022
doi: 10.3389/fphar.2022.1091579


[image: image2]
Efficacy and safety of ciprofol-remifentanil versus propofol-remifentanil during fiberoptic bronchoscopy: A prospective, randomized, double-blind, non-inferiority trial
Bin Wu1, Wenchao Zhu1, Qinghe Wang1, Chunguang Ren1, Lizhen Wang2 and Guannan Xie1*
1Department of Anaesthesiology, Liaocheng People’s Hospital, Liaocheng, China
2Department of Tuberculosis, Liaocheng Infectious Disease Hospital, Liaocheng, China
Edited by:
Domenico Criscuolo, Italian Society of Pharmaceutical Medicine, Italy
Reviewed by:
Ke Peng, The First Affiliated Hospital of Soochow University, China
Abhijit Nair, Ministry of Health, Oman
Zhang Ben Hou, Beijing Youan Hospital, Capital Medical University, China
* Correspondence: Guannan Xie, nan5253@163.com
Specialty section: This article was submitted to Drugs Outcomes Research and Policies, a section of the journal Frontiers in Pharmacology
Received: 07 November 2022
Accepted: 07 December 2022
Published: 21 December 2022
Citation: Wu B, Zhu W, Wang Q, Ren C, Wang L and Xie G (2022) Efficacy and safety of ciprofol-remifentanil versus propofol-remifentanil during fiberoptic bronchoscopy: A prospective, randomized, double-blind, non-inferiority trial. Front. Pharmacol. 13:1091579. doi: 10.3389/fphar.2022.1091579

Objective: Ciprofol is a novel 2,6-disubstituted phenol derivative that has improved pharmacokinetic and pharmacodynamic properties compared with propofol. This study was conducted to compare the efficacy and safety of ciprofol-remifentanil versus propofol-remifentanil for patients undergoing fiberoptic bronchoscopy.
Methods: Overall, 92 patients undergoing fiberoptic bronchoscopy were included in this prospective, randomized, double-blind, non-inferiority trial and were equally divided into two groups (n = 46 each). Fentanyl (50 μg) was given 2 min before the intravenous infusion of 0.3 mg/kg of ciprofol or 1.2 mg/kg of propofol over a time period of 30 s. During anesthesia maintenance, 0.05–0.2 μg/kg/min of remifentanil combined with one-third to one-fourth of the initial dose of ciprofol or propofol was repeated at 2-min intervals, as required, to maintain a Modified Observer’s Assessment of Alertness and Sedation (MOAA/S) scale score <3. The primary outcome was the successful rate of fiberoptic bronchoscopy. Secondary outcomes included demographic characteristics, time metrics, hemodynamics, coughing severity, intubating conditions, lowest oxygen saturation, utilization of study drug doses, number of remedies (lidocaine and vasoactive drugs) used, satisfaction scores of both patients and the endoscopist, occurrence of intraoperative awareness, patients’ willing to repeat fiberoptic bronchoscopy, and occurrence and severity of adverse events.
Results: The successful completion rate of fiberoptic bronchoscopy was 91.30% (42 of 46; 95% confidence interval [CI]: 82.80%–99.80%) in the ciprofol-remifentanil group and 89.13% (41 of 46; 95% CI: 79.80%–98.50%) in the propofol-remifentanil group. Though the clinically acceptable intubating condition was improved in the ciprofol-remifentanil group, this difference has no clinical statistical difference (p > 0.05). No significant differences were noted between the two groups with respect to time metrics, consumption of fentanyl and remifentanil, or number of remedies (lidocaine and vasoactive drugs). Patients’ willingness to repeat fiberoptic bronchoscopy and the satisfaction of both patients and endoscopist were significantly higher in the ciprofol-remifentanil than in the propofol-remifentanil group (p < 0.05). Compared with patients in the propofol-remifentanil group, patients in the ciprofol-remifentanil group had more stable hemodynamics. The lowest oxygen saturation was significantly higher in the ciprofol-remifentanil than in the propofol-remifentanil group (p < 0.05). The numbers of patients who experienced pain on injection in the ciprofol-remifentanil group was significantly lower than the number in the propofol-remifentanil group (p < 0.01). Severity of coughing, clinically acceptable severity of coughing, incidence of intraoperative awareness, and other adverse events were all similar between the two groups (p > 0.05). Only four patients experienced grade 2 adverse events (severe hypotension in one patient in the ciprofol-remifentanil group and three patients in the propofol-remifentanil group; p > 0.05); they were treated with noradrenaline.
Conclusion: Ciprofol-remifentanil was non-inferior to propofol-remifentanil with regard to successful sedation for flexible bronchoscopy, when used with pre-intravenous administration of 50 μg of fentanyl. At the same time, patients’ willingness to repeat flexible bronchoscopy and the satisfactions were all significantly improved.
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1 INTRODUCTION
Fiberoptic bronchoscopy (FB) has gradually become an important diagnostic and therapeutic procedure for the treatment of respiratory diseases. However, this procedure is invasive and painful (Kamel et al., 2020; Wang W. H et al., 2022). As the requirements of patients increase and the diagnostic and treatment procedures using respiratory endoscopy become more complex, sedation and analgesia must be controlled at an optimum level to make this procedure easy to perform (Caron et al., 2021). However, the ideal level of sedation may vary depending on the patient and procedural variables (Cornelissen et al., 2019). As a result, there is still no standard anesthesia protocol for patients undergoing FB.
Total intravenous anesthesia is the most commonly used anesthesia option during FB. Midazolam, ketamine, and dexmedetomidine alone or combined with opioids could be safely used during FB. However, each drug has limitations (Dal et al., 2014; Bi et al., 2019; Lee et al., 2019). Propofol, one of the most widely used intravenous anesthetics throughout the world, has become used more frequently for painless endoscopic therapy (Ashikari et al., 2021). It possesses favorable pharmacokinetic properties with a high clearance rate, rapid onset and recovery, and little residual effects. However, common disadvantages include pain on injection, a narrow therapeutic window, hemodynamic fluctuation, dose-dependent respiratory depression, myoclonus, and lack of antagonists; in addition, it is contraindicated in patients with lipid metabolism disorders, allergic reactions from egg and soybean components. In addition, it can also induce propofol infusion syndrome (Sneyd et al., 2022).
Ciprofol (2-[(1R)-[1-cyclopropylethyl]]-6-isopropylphenol) binds to the α1β2γ2 subtype of the gamma-aminobutyric acid (GABA)-a receptor and has improved pharmacological and physicochemical properties compared with propofol (Qin et al., 2017). It is a promising anesthetic candidate; it has a rapid onset of action and, compared with propofol, has a higher therapeutic index, less respiratory depression, reduced inhibition of cardiac function, and less associated pain on injection, according to the results of several phase I–III trials in China and Australia (Hu et al., 2021; Li et al., 2022; Liu et al., 2022). However, limited data are available regarding its use during FB (Luo et al., 2022). We designed this prospective, randomized, double-blind, non-inferiority trial to explore the efficacy and safety of ciprofol-remifentanil versus propofol-remifentanil during FB.
2 MATERIALS AND METHODS
2.1 Patients
This prospective, randomized, double-blind, non-inferiority trial was carried out at Liaocheng People’s Hospital. The institutional review boards of Liaocheng People’s Hospital approved this study protocol (No. 2022180), and written informed consent was obtained from all patients or their legally authorized representatives before the start of the procedure. This trial was also registered in the Chinese Clinical Trial Registry (ChiCTR2200062763).
Overall, 92 patients who underwent FB from August 2022 to November 2022 were recruited in our hospital. Inclusion criteria were FB with sedation and without endotracheal intubation or mechanical ventilation, patient age of 45–65 years, American Society of Anesthesiologists (ASA) grade I–II, and oxygen saturation (SpO2) > 93% under air conditions. Exclusion criteria were a QTc interval ≥450 ms; receipt of drugs within the 2 weeks before the procedure that could affect the QT interval or induce/inhibit cytochrome P450 (particularly CYP2B6) enzymes; history of alcohol/drug abuse; previous anesthesia incidents or nasopharyngeal surgery; known allergies to eggs, soy products, or the test drugs (propofol, ciprofol, remifentanil, or midazolam); body mass index >30 kg/m2; difficult airway; pregnancy or lactation; the presence of central nervous system diseases, severe hypertension, diabetes, or liver and kidney dysfunction; refusal to sign the consent forms; participation in other clinical trials in the 3 months prior to the FB; a procedure time >30 min; and the inability to communicate or cooperate.
2.2 Randomization and blinding
The randomization schedule was generated by computer with an anesthesiologists. Patients were randomly assigned to two equally groups according to the screening number. Another anesthesiologist signed the informed consent, prepared the drug, and assessed the outcomes. All FB procedures were performed by the same endoscopist and anesthesiologist. Patients, the endoscopist, and the anesthesiologist were all blinded to this trial. The group allocations were unblinded after the trial.
2.3 Anesthesia
Patients fasted for at least 8 h and avoided clear fluids for at least 2 h before FB (Green et al., 2020). Electrocardiogram, heart rate, non-invasive blood pressure, peripheral capillary oxygen saturation (i.e., SpO2), end-tidal carbon dioxide, and respiratory rate were monitored for all patients. Intravenous access was established by placing a 20-gauge cannula in the right forearm vein; then, patients received 5 ml/kg of 0.9% sodium chloride solution before sedation, according to the methods of a previous study (Yao et al., 2019). All patients were provided with mask oxygen at a rate of 5 L/min until fully awake after airway nebulization with 10 ml of 1% lidocaine. The Modified Observer’s Assessment of Alertness and Sedation (MOAA/S) scale was used to evaluate the level of sedation every 30 s until induction was successful and then every 3 min until the end of the procedure. Hemodynamics were also recorded every 3 min during the procedure.
Patients received 50 μg of fentanyl 2 min before the intravenous infusion of 0.3 mg/kg ciprofol or 1.2 mg/kg propofol over a time period of 30 s. FB was started when the MOAA/S score was <3. If the MOAA/S score remained >3 after 1 min, one-third of the initial dose was injected over 30 s. If this procedure was still not effective, rescue midazolam was administered at the discretion of anesthesiologist, and the induction was deemed to be failed. During anesthesia maintenance, 0.05–0.2 μg/kg/min of remifentanil was administered. One-third to one-fourth of the initial dose of ciprofol or propofol was given to maintain a MOAA/S score <3. Sedation was regarded as unsuccessful if more than five top-up doses were given within 15 min. Midazolam was the only permitted alternative sedative in this trial. In addition, 25 µg of fentanyl was permitted once (maximum, 150 µg) until adequate analgesia could be achieved. The use of topical anesthetics during FB is referred to in our previous research (Chen et al., 2022a). In brief, 10 ml of 1% lidocaine was sprayed over the vocal cords, trachea, and right and left main bronchi to inhibit the patient’s cough reflex. Rescue lidocaine was given at the discretion of the endoscopist, and the total dose of lidocaine never exceeded 5 mg/kg. All patients were transferred to the post-anesthesia care unit after the procedure and were then returned to the ward until a modified Aldrete score of ≥9 was achieved.
2.4 Outcomes
The primary outcome was the success rate of FB. The second outcomes were demographic characteristics, time metrics (induction time, procedure time, awake time, and recovery time), hemodynamics (at T1: arrival at the examination room; T2: immediately before start of ciprofol or propofol; T3: immediately after entering the glottis; T4: 3 min after start of entering the glottis; T5: 6 min after start of entering the glottis; T6: end of FB; T7: 3 min after FB; T8: 6 min after FB; and T9: before leaving the post-anesthesia care unit), intubating conditions, use of study drug doses, number of remedies (lidocaine and vasoactive drugs), satisfaction scores of both patients and the endoscopist (on 5-point scales: 1 = dissatisfied, 5 = satisfied), and patients’ willingness to repeat FB.
Safety was assessed by the rate of occurrence of adverse events (AEs). For hypoxemia (oxygen saturation <90% lasting for >30 s), the following measures were taken: increase in oxygen flow, verbal and tactile stimulation, chin lift, jaw thrust, face mask, manual ventilation, and tracheal intubation).Bradycardia (heart rate <50 beats/min lasting for >30 s) was treated with 0.2–0.4 mg of atropine. Hypotension, defined as systolic blood pressure (SBP) < 90 mmHg or a decrease by 30% from the baseline value, lasting for >30 s was treated with 8 μg of noradrenaline. Pain on injection and electrocardiogram assessments were also noted. The severity of AEs was graded according to the National Cancer Institute Common Terminology Criteria for the Classification of Adverse Events (CTCAE) version 5.0. Grade 1 (mild) reflected asymptomatic status or mild symptoms and required clinical or diagnostic observations only (intervention not indicated). Grade 2 (moderate) reflected minimal symptoms with local or non-invasive intervention indicated; these symptoms may have limited age-appropriate instrumental activities of daily living. Grade 3 (severe or medically significant but not immediately life threatening) reflected disabling symptoms that limited self-care and activities of daily living or that required hospitalization or prolongation of hospitalization. Grade 4 reflected events with life-threatening consequences for which urgent intervention was indicated. Grade 5 reflected death related to the AE (Teng et al., 2021a). Severity of coughing was graded as follows: grade 0 (severe), ≥5 coughs; grade 1 (moderate), 3–4 coughs; grade 2 (minimal), 1–2 coughs; and grade 3, no coughing. The lowest oxygen saturation and the occurrence of intraoperative awareness (using a modified Brice questionnaire with a 5-point Likert scale) were also recorded.
2.5 Statistical analysis
We assumed that the success rates of sedation from both ciprofol-remifentanil and propofol-remifentanil would be 88%, according to the result of our preliminary study. With a non-inferiority margin of 20% on the relative scale between groups for the primary endpoint, a power of 80%, and a one-sided alpha of 2.5%, the total sample size needed was 82. Assuming a dropout rate of 10%, 46 patients were recruited in each group as a minimum population size.
Statistical analysis was performed using SPSS software 24.0 (SPSS Inc., Chicago, IL, United States). Shapiro–Wilk and Levene tests were used to check the distribution and homogeneity of data. Continuous outcomes were presented as means ± standard deviations or medians and interquartile ranges, and they were analyzed with the Student’s t-test or Kolmogorov–Smirnov Z test. Repeated-measures analysis of variance was used to assess hemodynamic measurements. Qualitative data are presented as numbers and frequencies and are analyzed with χ2 or Fisher’s exact tests. p < 0.05 was considered statistically significant.
3 RESULTS
3.1 Patient demographic characteristics
Overall, 136 patients who underwent FB from August 2022 to November 2022 were recruited in our hospital. Thirty-five patients were excluded from this study for the following reasons: QTc interval ≥450 ms (n = 1); receipt of drugs that may have affected the CYP450 enzymes, especially CYP2B6, within the last 2 weeks (n = 4); history of alcohol/drug abuse and nasopharyngeal surgery (n = 9); known allergies to eggs or soy products (n = 5); body mass index >30 kg/m2 (n = 2); difficult airway (n = 1); severe hypertension, diabetes, or liver and kidney dysfunction (n = 8); refusal to sign the consent forms (n = 3); and inability to communicate or cooperate (n = 2). The procedure time of nine patients was >30 min (n = 3 patients in the ciprofol-remifentanil group and n = 6 patients in the propofol-remifentanil group). Ultimately, 92 patients were equally randomly assigned into two groups (Figure 1). No significant differences between the two groups were noted with respect to patients’ demographic characteristics (p > 0.05; Table 1).
[image: Figure 1]FIGURE 1 | Patient flowchart with CONSORT guidelines.
TABLE 1 | Demographic characteristics between the two groups.
[image: Table 1]3.2 Efficacy
3.2.1 Primary outcome
The successful completion rate of FB was 91.30% (42 of 46; 95% confidence interval [CI]: 82.80%–99.80%. 3 patients needed midazolam during the induction of anesthesia, 1 patient needed midazolam during the maintenance of anesthesia) in the ciprofol-remifentanil group and was 89.13% (41of 46; 95% CI: 79.80%–98.50%. 3 patients needed midazolam during the induction of anesthesia, 2 patients needed midazolam during the maintenance of anesthesia) in the propofol-remifentanil group. The difference in the successful completion rate of FB between the two groups was 2.17% (95% CI: 1.30%–3.00%). As a result, because the higher limit of the 95% CI for the difference in the successful completion rate of FB was not greater than the non-inferiority limit of 20%, ciprofol-remifentanil was considered non-inferior to propofol-remifentanil in patients undergoing FB (Table 2).
TABLE 2 | The primary outcome in this study.
[image: Table 2]3.2.2 Secondary outcomes
The induction time (0.64 ± 0.27 vs. 0.62 ± 0.26 min), procedure time (17.98 ± 5.57 vs. 18.09 ± 6.20 min), awake time (4.70 ± 1.43 vs. 4.67 ± 1.94 min), and recovery time (11.43 ± 2.94 vs.11.22 ± 2.79 min) were all comparable between the two groups (p > 0.05, Table 3). Though the clinically acceptable intubating conditions (excellent and good) were improved in the ciprofol-remifentanil group compared with the propofol-remifentanil group, this difference was not significantly different (p > 0.05, Table 3) (Ghezel-Ahmadi et al., 2015). There were also no significant differences between the two groups with respect to the consumption of fentanyl and remifentanil or the number of remedies (lidocaine and vasoactive drugs; p > 0.05, Table 3). The satisfaction of both patients and the endoscopist were significantly higher in the ciprofol-remifentanil group than in the propofol-remifentanil group (p < 0.01, Table 3). Patients’ willingness to repeat FB with the same anesthesia scheme was also higher with ciprofol-remifentanil than with propofol-remifentanil (91.30% vs. 73.91%, p = 0.028, Table 3).
TABLE 3 | The secondary outcomes in this study.
[image: Table 3]3.3 Safety
Compared with the blood pressure measures in the propofol-remifentanil group, systolic blood pressure was significantly higher from T3 to T8 in the ciprofol-remifentanil group, but diastolic blood pressure values declined significantly less from T3 to T5 that group (p < 0.05, Figure 2). The mean arterial blood pressure was also significantly higher in the ciprofol-remifentanil group than in the propofol-remifentanil group from T3 to T8, except during T6 (p < 0.05, Figure 2). The SpO2 and heart rate were significantly decreased at T6 and T5, respectively, in the propofol-remifentanil group. The respiration rate was significantly increased at T3, T4, and T6 in the ciprofol-remifentanil versus the propofol-remifentanil group (p < 0.05, Figure 2). Similarly, the lowest oxygen saturation was significantly higher in the ciprofol-remifentanil group versus in the propofol-remifentanil group (90.09% ± 2.55% vs. 88.83% ± 1.96%, p = 0.009, Table 4).
[image: Figure 2]FIGURE 2 | Hemodynamic measurements. Systolic blood pressure (SBP) was significantly higher from T3 to T8, whereas diastolic blood pressure (DBP) values declined significantly less from T3 to T5 in the ciprofol-remifentanil (CR) group (p < 0.05). Mean arterial blood pressure (MAP) was also significantly higher in the CR group from T3 to T8, except during T6 (p < 0.05). SpO2 and heart rate (HR) were significantly decreased at T6 and T5, respectively, in the propofol-remifentanil (PR) group, and the respiratory rate (RespR) was significantly increased at T3, T4, and T6 in the CR group (p < 0.05). Time metrics are as follows: T1: arrival at the examination room; T2: immediately before start of ciprofol or propofol; T3: immediately after entering the glottis; T4: 3 min after start of entering the glottis; T5: 6 min after start of entering the glottis; T6: end of fiberoptic bronchoscopy (FB); T7: 3 min after FB; T8: 6 min after FB; T9: before leaving the postanesthesia care unit (PACU).
TABLE 4 | The Safety parameters between two groups.
[image: Table 4]Severity of coughing, clinically acceptable severity of coughing (grade ≥1), and incidence of intraoperative awareness were also similar between the two groups (p > 0.05, Table 4). Nine patients (19.57%) in the ciprofol-remifentanil group and 12 patients (26.09%) in the propofol-remifentanil group had hypoxia and needed increased oxygen delivery; four patients (8.70%) in the ciprofol-remifentanil group and five (10.87%) in the propofol-remifentanil group required a jaw thrust maneuver (p > 0.05, Table 4). The number of patients who experienced pain on injection in the ciprofol-remifentanil group was significantly decreased compared with that of the propofol-remifentanil group (6.52% vs. 36.96%, p < 0.01, Table 4). The incidences of hypotension (10.87% vs. 26.09%), hypertension (8.70% vs. 8.70%), bradycardia (6.52% vs. 10.87%), and arrhythmia (10.87% vs. 6.52%) were similar in the ciprofol and propofol groups. Epistaxis was recorded in three patients (n = 2 patients in the ciprofol-remifentanil group and n = 1 patient in the propofol-remifentanil group, p > 0.05, Table 4). Only four patients experienced grade 2 AEs, which were all severe hypotension (n = 1 patient in the ciprofol-remifentanil group and n = 3 patients in the propofol-remifentanil group); all four patients were treated with noradrenaline (p > 0.05, Table 4).
4 DISCUSSION
In this trial, we found that ciprofol-remifentanil was non-inferior to propofol-remifentanil with regard to successful sedation of FB after the pre-intravenous administration of 50 μg of fentanyl. The number of patients who experienced pain on injection was significantly reduced, and the hemodynamics were more stable in the ciprofol-remifentanil group. In addition, the lowest oxygen saturation, patients’ willingness to repeat FB, and the satisfaction of both patients and the endoscopist were significantly higher in the ciprofol-remifentanil group than in the propofol-remifentanil group.
Since the late 1980s, propofol has been the commonly used intravenous anesthetic drug, because of its fast onset, fast clearance, and rapid patient recovery. However, propofol has unavoidable limitations, such as a narrow therapeutic index, injection pain, circulation and respiratory depression, and infusion syndrome (Hughes et al., 2021). The active ingredient of ciprofol is similar to propofol, but it has single R-configured diastereoisomers (Liao et al., 2022). The innovation of this drug lies in the cyclopropyl group, which not only increases the steric effect but also introduces stereoselective effects over their anesthetic properties (Li et al., 2021; Hu et al., 2022). A previous study has reported that 0.4–0.9 mg/kg of ciprofol was well tolerated, induced dose-dependent sedation and general anesthesia, and had rapid onset and recovery (Teng et al., 2021b). Another study comparing ciprofol (0.5 mg/kg) and propofol (2.0 mg/kg) showed that the duration of colonoscope insertion in two group was similar; the ciprofol group had a slightly shorter duration (Ghezel-Ahmadi et al., 2015). However, another study revealed that a dose of 0.3 mg/kg of ciprofol was similarly efficacious in the elderly when compared with 0.4 mg/kg in non-elderly patients because of the physiological changes that occur in elderly patients (Ding et al., 2022). Although the pharmacokinetic characteristics of 0.4 mg/kg of ciprofol are similar in elderly and non-elderly patients in some studies, this trial used 0.3 mg/kg of ciprofol to account for a variety of patient factors, procedure differences, and anesthesia schemes (especially the combination with remifentanil). Previous phase I–III clinical trials have reported that only 20%–25% of a ciprofol dose was needed to achieve the same anesthetic effect as propofol (Hu et al., 2021; Li et al., 2022; Liu et al., 2022). Thus, this trial used 1.2 mg/kg propofol during anesthesia induction. The results of one phase II clinical trial concluded that the recommended initial maintenance dose of ciprofol is 0.8 mg/kg/h in restricted patients undergoing elective surgery (Qin et al., 2022). However, the protocol of this trial adopted intermittent injections, in consideration of the time of the procedure and the medical expense for the patients. In this trial, ciprofol-remifentanil was non-inferior to propofol-remifentanil with regard to successful sedation of FB after pre-intravenous administration of 50 μg of fentanyl (91.30% vs. 89.13%). The incidence of successful sedation of FB was lower than that of the previous study, which may be due to the different levels of sedation adopted (MOAA/S score ≤1 previously vs. MOAA/S score <3 in this study), different anesthesia management, and lower induction doses of ciprofol/propofol (Luo et al., 2022). Though the clinically acceptable intubating conditions were improved in the ciprofol-remifentanil group, this difference has no clinical statistical difference.
We only recruited patients with ASA I-II and those who had a procedure time <30 min (eg, endobronchial inspection, bronchoscopic biopsy, and bronchoalveolar lavage). However, with the development of respiratory endoscopy technology, more complex endoscopic therapy is required under anesthesia, when there is no contraindication according to guidelines (Wahidi et al., 2011; Strohleit et al., 2021; Long et al., 2022). A previous study reported that ciprofol produces similar levels of sedation compared with propofol in the intensive care unit setting to achieve required sedation times of 6–24 h (Liu et al., 2022). This finding is particularly beneficial for patients who need long-term sedation, because propofol is associated with an increased risk of hypertriglyceridemia as a result of its formulation—a 10% oil-in-water lipid emulsion (Pancholi et al., 2022). More research should explore the optimal maintenance dose of ciprofol, especially for long-term sedation during FB.
Ciprofol may inhibit a wide range of CYP450 isozymes in mammalian species, so 4 patients were excluded because they received drugs that may affect CYP450 enzymes, particularly CYP2B6, within 2 weeks before the FB (Bian et al., 2021). Ciprofol has a minor effect on the cardiovascular and respiratory system because of peripheral vasodilation, reduction in ventricular preload, sympathetic activity, and myocardial contractility. A previous study reported that patients in a ciprofol group, compared with patients in a propofol group, had fewer intubation responses and fewer occurrences of bispectral index (BIS) > 60 within 15 min of intravenous administration, which indicated that ciprofol may provide a better sedation level than propofol during the induction period (Wang X et al., 2022). Consistent with these results, in this trial, the hemodynamics were more stable and the lowest oxygen saturation was higher for patients in the ciprofol-remifentanil group. Inconsistent with the results of the previous study, the time metrics in the ciprofol-remifentanil group in this trial were similar to those in the propofol-remifentanil group. Such a discrepancy could be attributed to different procedure and anesthesia schemes (Chen et al., 2022b). The changes in liver and kidney functions observed patients before and after FB should be documented, as well, because propofol is mainly metabolized in the liver, but ciprofol is mainly metabolized through the kidney (Chen et al., 2022c). However, we did not recorded the statistical difference which partly because of the fewer sample size and the patients with ASA I–II in this trial.
Pain on injection is one of the most common adverse reactions of propofol; it may cause anxiety, discomfort, body movements, and resistance in patients. The overall incidence of injection pain in adults is approximately 50%–80% and can be as high as 90% in children (Habre et al., 2014; Bakhtiari et al., 2021). The judgment of injection pain may be affected in this trial by the use of 50 μg of fentanyl 2 min before the start of sedative drugs, and the analgesic effect of remifentanil during the procedure. As such, the incidence of pain on injection in the propofol-remifentanil group was lower in this trial than in prior reports. Consistent with the results of previous research, pain on injection in the ciprofol-remifentanil group was low compared with pain reported by patients in the propofol-remifentanil group (6.52% vs. 36.96%) (Ding et al., 2022); one reason for this difference is the lower concentration of drug in the aqueous phase of the emulsion. The greater hydrophobicity and lower plasma concentration of ciprofol may also contribute to the lower rates of injection pain versus propofol (Nair and Seelam, 2022). Satisfaction of both patients and endoscopist and patients’ willingness to repeat FB were higher in the ciprofol-remifentanil group than in the propofol-remifentanil group, which may also be due in part to the lower incidence of pain on injection. Inconsistent with the results of a previous study, the incidence of AEs, except pain on injection, was similar between the two groups (Li et al., 2022). These differences may be due to small sample sizes in our trial and different anesthesia schemes. However, 4 patients still experienced grade 2 AEs of severe hypotension (1 patient in the ciprofol-remifentanil group and 3 patients in the propofol-remifentanil group); all 4 patients were treated with noradrenaline.
This trial has the following limitations. First, this trial was conducted in patients with ASA I–II. Whether this conclusion can be extrapolated to patients with ASA III or IV requires additional investigation. Second, the level of sedation was adopted according to a subjective scale. Combination of both subjective and objective indicators may provide a more accurate level of sedation for patients undergoing FB. Third, both ciprofol and propofol were injected intermittently, but continuous intravenous infusion may be more beneficial to patients undergoing FB. Finally, this study was a small sample, single-center trial, and these preliminary results must be validated by a prospective, multicenter study with a larger sample size.
In conclusion, ciprofol-remifentanil was non-inferior to propofol-remifentanil with regard to successful sedation for FB after pre-intravenous administration of 50 μg fentanyl. At the same time, patients’ willingness to repeat flexible bronchoscopy and the satisfactions were all significantly improved. Ciprofol combined with remifentanil may be a new anesthesia option for FB.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by The institutional review boards of Liaocheng People’s Hospital. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
BW, WZ, and GX conceived and designed the trial; BW, WZ, QW, and GX collected the data; CR analyzed the data; and BW, LW and GX wrote the manuscript and gave final approval of the version to be published.
FUNDING
Special funds for Shandong Medical and Health Science and Technology Development Plan (NO. 202003081374).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Ashikari, K., Nonaka, T., Higurashi, T., Takatsu, T., Yoshihara, T., Misawa, N., et al. (2021). Efficacy of sedation with dexmedetomidine plus propofol during esophageal endoscopic submucosal dissection. J. Gastroenterol. Hepatol. 36 (7), 1920–1926. doi:10.1111/jgh.15417
 Bakhtiari, E., Mousavi, S. H., and Gharavi Fard, M. (2021). Pharmacological control of pain during propofol injection: a systematic review and meta-analysis. Expert Rev. Clin. Pharmacol. 14 (7), 889–899. doi:10.1080/17512433.2021.1919084
 Bi, Y., Ma, Y., Ni, J., and Wu, L. (2019). Efficacy of premedication with intranasal dexmedetomidine for removal of inhaled foreign bodies in children by flexible fiberoptic bronchoscopy: a randomized, double-blind, placebo-controlled clinical trial. BMC Anesthesiol. 19 (1), 219. doi:10.1186/s12871-019-0892-6
 Bian, Y., Zhang, H., Ma, S., Jiao, Y., Yan, P., Liu, X., et al. (2021). Mass balance, pharmacokinetics and pharmacodynamics of intravenous HSK3486, a novel anaesthetic, administered to healthy subjects. Br. J. Clin. Pharmacol. 87 (1), 93–105. doi:10.1111/bcp.14363
 Caron, M., Parrot, A., Elabbadi, A., Dupeyrat, S., Turpin, M., Baury, T., et al. (2021). Pain and dyspnea control during awake fiberoptic bronchoscopy in critically ill patients: safety and efficacy of remifentanil target-controlled infusion. Ann. Intensive Care 11 (1), 48. doi:10.1186/s13613-021-00832-6
 Chen, X., Xin, D., Xu, G., Zhao, J., and Lv, Q. (2022). The efficacy and safety of remimazolam tosilate versus dexmedetomidine in outpatients undergoing flexible bronchoscopy: A prospective, randomized, blind, non-inferiority trial. Front. Pharmacol. 13, 902065. doi:10.3389/fphar.2022.902065
 Chen, X., Guo, P., Yang, L., Liu, Z., and Yu, D. (2022). Comparison and clinical value of ciprofol and propofol in intraoperative adverse reactions, operation, resuscitation, and satisfaction of patients under painless gastroenteroscopy anesthesia. Contrast Media Mol. Imaging 2022, 9541060. doi:10.1155/2022/9541060
 Chen, B. Z., Yin, X. Y., Jiang, L. H., Liu, J. H., Shi, Y. Y., and Yuan, B. Y. (2022). The efficacy and safety of ciprofol use for the induction of general anesthesia in patients undergoing gynecological surgery: a prospective randomized controlled study. BMC Anesthesiol. 22 (1), 245. doi:10.1186/s12871-022-01782-7
 Cornelissen, C. G., Dapper, J., Dreher, M., and Muller, T. (2019). Endobronchial ultrasound-guided transbronchial needle aspiration under general anesthesia versus bronchoscopist-directed deep sedation: A retrospective analysis. Endosc. Ultrasound 8 (3), 204–208. doi:10.4103/eus.eus_65_18
 Dal, T., Sazak, H., Tunç, M., Sahin, S., and Yilmaz, A. (2014). A comparison of ketamine-midazolam and ketamine-propofol combinations used for sedation in the endobronchial ultrasound-guided transbronchial needle aspiration: a prospective, single-blind, randomized study. J. Thorac. Dis. 6 (6), 742–751. doi:10.3978/j.issn.2072-1439.2014.04.10
 Ding, Y. Y., Long, Y. Q., Yang, H. T., Zhuang, K., Ji, F. H., and Peng, K. (2022). Efficacy and safety of ciprofol for general anaesthesia induction in elderly patients undergoing major noncardiac surgery: A randomised controlled pilot trial. Eur. J. Anaesthesiol. 39, 960–963. doi:10.1097/EJA.0000000000001759
 Ghezel-Ahmadi, V., Ghezel-Ahmadi, D., Mangen, J., Bolukbas, S., Welker, A., Kuerschner, V. C., et al. (2015). Comparing patient satisfaction and intubating conditions using succinylcholine or low-dose rocuronium for rigid bronchoscopy: a randomized study. Thorac. Cardiovasc. Surg. 63 (6), 526–532. doi:10.1055/s-0034-1395390
 Green, S. M., Leroy, P. L., Roback, M. G., Irwin, M. G., Andolfatto, G., Babl, F. E., et al. (2020). An international multidisciplinary consensus statement on fasting before procedural sedation in adults and children. Anaesthesia 75 (3), 374–385. doi:10.1111/anae.14892
 Habre, C., Tramèr, M. R., Pöpping, D. M., and Elia, N. (2014). Ability of a meta-analysis to prevent redundant research: systematic review of studies on pain from propofol injection. BMJ 348, g5219. doi:10.1136/bmj.g5219
 Hu, C., Ou, X., Teng, Y., Shu, S., Wang, Y., Zhu, X., et al. (2021). Sedation effects produced by a ciprofol initial infusion or bolus dose followed by continuous maintenance infusion in healthy subjects: a phase 1 trial. Adv. Ther. 38 (11), 5484–5500. doi:10.1007/s12325-021-01914-4
 Hu, Y., Li, X., Liu, J., Chen, H., Zheng, W., Zhang, H., et al. (2022). Safety, pharmacokinetics and pharmacodynamics of a novel γ-aminobutyric acid (GABA) receptor potentiator, HSK3486, in Chinese patients with hepatic impairment. Ann. Med. 54 (1), 2769–2780. doi:10.1080/07853890.2022.2129433
 Hughes, C. G., Mailloux, P. T., Devlin, J. W., Swan, J. T., Sanders, R. D., Anzueto, A., et al. (2021). Dexmedetomidine or propofol for sedation in mechanically ventilated adults with sepsis. N. Engl. J. Med. 384 (15), 1424–1436. doi:10.1056/nejmoa2024922
 Kamel, T., Helms, J., Janssen-Langenstein, R., Kouatchet, A., Guillon, A., Bourenne, J., et al. (2020). Benefit-to-risk balance of bronchoalveolar lavage in the critically ill. A prospective, multicenter cohort study. Intensive Care Med. 46 (3), 463–474. doi:10.1007/s00134-019-05896-4
 Lee, H., Choe, Y. H., and Park, S. (2019). Analgosedation during flexible fiberoptic bronchoscopy: comparing the clinical effectiveness and safety of remifentanil versus midazolam/propofol. BMC Pulm. Med. 19 (1), 240. doi:10.1186/s12890-019-1004-6
 Li, X., Yang, D., Li, Q., Wang, H., Wang, M., Yan, P., et al. (2021). Safety, pharmacokinetics, and pharmacodynamics of a single bolus of the γ-aminobutyric acid (GABA) receptor potentiator HSK3486 in healthy Chinese elderly and non-elderly. Front. Pharmacol. 12, 735700. doi:10.3389/fphar.2021.735700
 Li, J., Wang, X., Liu, J., Wang, Y., et al. (2022). Comparison of ciprofol (HSK3486) versus propofol for the induction of deep sedation during gastroscopy and colonoscopy procedures: a multi-centre, non-inferiority, randomized, controlled phase 3 clinical trial. Basic Clin. Pharmacol. Toxicol. 131 (2), 138–148. doi:10.1111/bcpt.13761
 Liao, J., Li, M., Huang, C., Yu, Y., Chen, Y., Gan, J., et al. (2022). Pharmacodynamics and pharmacokinetics of HSK3486, a novel 2, 6-disubstituted phenol derivative as a general anesthetic. Front. Pharmacol. 13, 830791. doi:10.3389/fphar.2022.830791
 Liu, Y., Yu, X., Zhu, D., Zeng, J., Lin, Q., Zang, B., et al. (2022). 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. 135 (9), 1043–1051. doi:10.1097/CM9.0000000000001912
 Long, Y. Q., Feng, C. D., Ding, Y. Y., Feng, X. M., Liu, H., Ji, F. H., et al. (2022). Esketamine as an adjuvant to ciprofol or propofol sedation for same-day bidirectional endoscopy: Protocol for a randomized, double-blind, controlled trial with factorial design. Front. Pharmacol. 13, 821691. doi:10.3389/fphar.2022.821691
 Luo, Z., Tu, H., Zhang, X., Wang, X., Ouyang, W., Wei, X., et al. (2022). Efficacy and safety of HSK3486 for anesthesia/sedation in patients undergoing fiberoptic bronchoscopy: A multicenter, double-blind, propofol-controlled, randomized, phase 3 study. CNS Drugs 36 (3), 301–313. doi:10.1007/s40263-021-00890-1
 Nair, A., and Seelam, S. (2022). Ciprofol- a game changing intravenous anesthetic or another experimental drug. Saudi J. Anaesth. 16 (2), 258–259. doi:10.4103/sja.sja_898_21
 Pancholi, P., Wu, J., Lessen, S., Brogan, J., Quinn, N. J., Gong, M. N., et al. (2022). Triglyceride levels and their relationship to sedation choice and outcomes in mechanically ventilated patients receiving propofol. Ann. Am. Thorac. Soc . doi:10.1513/AnnalsATS.202205-403OC
 Qin, L., Ren, L., Wan, S., Liu, G., Luo, X., Liu, Z., et al. (2017). Design, synthesis, and evaluation of novel 2, 6-disubstituted phenol derivatives as general anesthetics. J. Med. Chem. 60 (9), 3606–3617. doi:10.1021/acs.jmedchem.7b00254
 Qin, K., Qin, W. Y., Ming, S. P., Ma, X. F., and Du, X. K. (2022). Effect of ciprofol on induction and maintenance of general anesthesia in patients undergoing kidney transplantation. Eur. Rev. Med. Pharmacol. Sci. 26 (14), 5063–5071. doi:10.26355/eurrev_202207_29292
 Sneyd, J. R., Absalom, A. R., Barends, C. R. M., and Jones, J. B. (2022). Hypotension during propofol sedation for colonoscopy: a retrospective exploratory analysis and meta-analysis. Br. J. Anaesth. 128 (4), 610–622. doi:10.1016/j.bja.2021.10.044
 Strohleit, D., Galetin, T., Kosse, N., Lopez-Pastorini, A., and Stoelben, E. (2021). Guidelines on analgosedation, monitoring, and recovery time for flexible bronchoscopy: a systematic review. BMC Pulm. Med. 21 (1), 198. doi:10.1186/s12890-021-01532-4
 Teng, Y., Ou, M., Wang, X., Zhang, W., Liu, X., Liang, Y., et al. (2021). Efficacy and safety of ciprofol for the sedation/anesthesia in patients undergoing colonoscopy: Phase IIa and IIb multi-center clinical trials. Eur. J. Pharm. Sci. 164, 105904. doi:10.1016/j.ejps.2021.105904
 Teng, Y., Ou, M. C., Wang, X., Zhang, W. S., Liu, X., Liang, Y., et al. (2021). Pharmacokinetic and pharmacodynamic properties of ciprofol emulsion in Chinese subjects: a single center, open-label, single-arm dose-escalation phase 1 study. Am. J. Transl. Res. 13 (12), 13791–13802.
 Wahidi, M. M., Jain, P., Jantz, M., Lee, P., Mackensen, G. B., Barbour, S. Y., et al. (2011). American College of Chest Physicians consensus statement on the use of topical anesthesia, analgesia, and sedation during flexible bronchoscopy in adult patients. Chest 140 (5), 1342–1350. doi:10.1378/chest.10-3361
 Wang, W. H., Wu, Y. H., Wang, Y. M., Wang, C. L., Liu, Y., Gao, P., et al. (2022). Correlation between the number of fiberoptic bronchoscopies and nosocomial infection/colonization of carbapenem-resistant enterobacteriaceae. Infect. Drug Resist. 15, 3205–3211. doi:10.2147/IDR.S365053
 Wang, X., Wang, X., Liu, J., Zuo, Y. X., Zhu, Q. M., Wei, X. C., et al. (2022). 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. 26 (5), 1607–1617. doi:10.26355/eurrev_202203_28228
 Yao, Y., Su, Z., Chen, Y., Ye, Y., Lu, L., Zhong, C., et al. (2019). Safety and efficacy of sufentanil combined with midazolam in bronchoscopy under conscious sedation: retrospective study of 11, 158 cases. J. Thorac. Dis. 11 (10), 4127–4134. doi:10.21037/jtd.2019.10.03
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Wu, Zhu, Wang, Ren, Wang and Xie. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-1091579-t003.jpg
Variable

Group CR (n = 46)

Time metrics

Group PR (n

Induction time (min) 064 +027 062 + 026 0.697
Procedure time (min) 17.98 £ 5.57 18.09 + 6.20 0.930
Awake time (min) 470 £ 143 467 194 0951
Recovery time (min) 1143 £ 2.94 1122 +2.79 0717
Intubating conditions, n (%) 0195
Excellent 19 (41.30%) 13 (28.26%)
Good 22 (47.83%) 22 (47.83%)
Poor 5 (10.87%) 11 (23.91%)
Consumption of fentanyl (ug) 60.87 +20.17 6033 + 18.69 0.894
Consumption of remifentanil (ug) 117.00 * 26.42 12072 + 2858 0.518
Consumption of ciprofol (mg) 48.00 (40.00-55.25) =
Consumption of propofol (mg) - 180.00 (140.00-240.00)
Number of remedies lidocaine, n (%) 14 (30.43%) 10 (21.74%) 0477
Number of vasoactive drugs, n (%) 7 (15.22%) 9 (19.57%) 0.784
Satisfaction of patients 500 (4.00-5.00) 400 (4.00-5.00)* 0.006
Satisfaction of endoscopist 4.00 (4.00-5.00) 4.00 (3.00-5.00)* 0.005
Willing to the repeat bronchoscopy, n (%) 42 (91.30%) 34 (73.91%)° 0.028

Variables presented as mean + SD, median (interquartile range) or number of patients n (%). *p < 0.05 vs. Group CR.
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Variable, n (% Group CR (n = 46) Group PR ( 46) p-value
Lowest oxygen saturation (%) 90.09 £ 255 88.83 + 1.96* 0.009
Severity of coughing, n (0/1/2/3) 4/15/17/10 5/14/16/11 1.000
Incidence of intraoperative awareness, n (%) 19 (41.30%) 17 (36.96%) 0.831
Pain on injection 3 (6.52%) 17 (36.96%)* 0.001
Hypotension 5 (10.87%) 12 (26.09%) 0.060
Hypertension 4 (8.70%) 4 (8.70%) 1.000
Bradycardia 3 (6.52%) 5 (10.87%) 0.714
Hypoxia 9 (19.57%) 12 (26.09%) 0.456
Respiratory depression 4 (8.70%) 5 (10.87%) 1.000
Arthythmia 5 (10.87%) 3 (6.52%) 0714
Epistaxis 2 (435%) 1(217%) 1.000
Severity of adverse events 0.617
Grade 1 45 (97.83%) 43 (93.48%)
Grade 2 1(217%) 3 (6.52%)
Grade 3 0 0
Grade 4 0 0

Variables presented as mean + SD or number of patients n (%). *p < 0.05 vs. Group CR.
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Variable Group CR (n = 46) Group PR (n = 46)
Age (years) 5802 + 547 5748+ 528 0.629
Sex (male/female) 26/20 24/22 0.834
History of smoking, n (%) 24 (5217%) 20 (43.48%) 0.862
FEVI/EVC(%) 87.30 + 347 86915 + 339 0587
Height (cm) 167.15 £ 575 165.89 + 5.53 0287
Body weight (kg) 6787 + 691 67.39 £ 671 0737
BMI (kg/m?) 2426 175 2449 + 209 0573
ASA /11 (n) 10/36 8/38 0793
Comorbidity, n (%) 1.000
Hypertension 15 (32.61%) 16 (34.78%)
Diabetes 8 (17.39%) 7 (15.22%)
Coronary heart disease 7 (1522%) 6 (13.04%)
Indication, n (%) 0975
Lung cancer 22 (47.83%) 20 (43.48%)
Pneumonia 15 (32.61%) 16 (34.78%)
Pulmonary tuberculosis 5 (10.87%) 5 (10.87%)
Others 4 (8.70%) 5 (10.87%)
Procedure, n (%) 0.587
Endobronchial inspection 5 (10.87%) 6 (13.04%)
Bronchoscopic biopsy 26 (56.52%) 21 (45.65%)
Bronchoalveolar lavage 15 (32.61%) 19 (41.30%)

Variables presented as mean + SD o number of patients n (%). FEV1, forced expiratory volume in the frst second; FVC, forced vital capacity; BMI, body mass index; ASA, american society
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Variable Group CR (n = 46) Group PR (n = 46)
Procedure success, n (%) 42 (91.30%) 41 (89.13%) 1.000
95% CI (82.80%, 99.80%) (79.80%, 98.50%)
Difference in rates 217%

95% CI

(1.30%, 3.00%)
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