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Background: Fiberoptic bronchoscopy (FOB) is one of the most common critical procedures for diagnosis and treatment of
respiratory diseases. We aimed to determine whether remimazolam reduces the cough reflexes in patients undergoing FOB under
remifentanil/cipepofol-based anaesthesia.

Methods: This was a single-center, single-blinded, randomized study. We included 90 adult patients underwent FOB with ASA I-1I1,
aged 60-90 years. Patients were randomly assigned to cipepofol (CIP) group or remimazolam-cipepofol (RMZ-CIP) group. In the CIP
group, anaesthesia was induced sequentially with remifentanil and cipepofol. In the RMZ-CIP group, anaesthesia was induced
sequentially with remifentanil, remimazolam, and cipepofol. A laryngeal mask airway (LMA) was inserted in both groups when the
BIS < 60. Anaesthesia was maintained with remifentanil and cipepofol with a BIS value between 40 and 60. The primary outcome was
the incidence and severity of cough reflexes during the first FOB. The secondary outcomes included vital signs, characteristics of FOB
and anaesthesia, administration of vasoactive drugs, and adverse events.

Results: The incidence of cough reflexes during FOB was lower in the RMZ-CIP group than that in the CIP group (38% vs 62%,
p=0.029). The total consumption of cipepofol and remifentanil was higher in CIP group than in the RMZ-CIP group (40.89
[31.41-61.90] mg vs 27.019 [21.41-41.91] mg, p<0.001; 0.38 [0.42-0.50] mg vs 0.22 [0.20-0.26] mg, p<0.001). Cipepofol
consumption during anaesthesia induction was higher in the CIP group than in the RMZ-CIP group (p<0.001). No difference was
found in terms of vital signs, the characteristics of FOB, anaesthesia, and adverse events.

Conclusion: The combination of remimazolam reduced the incidence of cough reflexes and dosage of cipepofol and remifentanil in
elderly patients undergoing FOB under remifentanil/cipepofol-based anaesthesia.

Clinical Trial Registration: Chinese Clinical Trial Registry (ChiCTR2300079139).
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Introduction
Population aging is increasing globally, and this demographic change has impacted health, socioeconomic, and healthcare

system challenges.' With advancing age, the pulmonary system of geriatric individuals exhibits increased vulnerability to
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pathogenic microorganisms.? Fiberoptic bronchoscopy (FOB) is an important procedure in the diagnosis and treatment of
respiratory diseases. Several guidelines recommend FOB under optimal sedation, which improves the comfort of
surgeons and patients and minimizes adverse events, such as cough reflexes, bronchospasm, and perioperative
stress.™* Complex FOB procedures, such as endobronchial inspection, transbronchial lung biopsy, and ultrasound-
guided needle aspiration, require patients to exert restraint and cooperation, which can be achieved with general
anaesthesia.

Various sedatives such as benzodiazepines, propofol, ketamine, and dexmedetomidine are often used in FOB.
However, shortcomings include undetermined onset time and offset time, injection pain, respiratory depression, or
circulatory adverse events make anaesthesiologists unwilling to use them in critically ill patients.” Cipepofol is a newly
designed intravenous general anaesthetic. Cipepofol generates potent sedation by attaching to gamma-aminobutyric acid-
A-binding receptors (GABAARS). It is non-inferior to propofol in terms of anaesthesia success, short onset time, and
offset time, with no injection pain, lower risk of hypotension, and respiratory depression.®® Cipepofol reduced the
incidence of agitation in intensive care unit patients and was safely and effectively used for long-term sedation in patients
on mechanical ventilation safely and effectively.'® ' Our previous report showed that a combination of cipepofol and
remifentanil can be successfully used for FOB.®

Remimazolam, a novel ultra-short-acting benzodiazepine, exerts sedative effects by binding to GABAARs in the
central nervous system.'> Remimazolam has been used for gastrointestinal endoscopy, bronchoscopy, general anaesthe-
sia, and anaesthesia in critically ill patients with hepatic and renal dysfunction safely and effectively.”'*'® No trial has
investigated the potential effect of the combination of cipepofol and remimazolam in preventing cough reflexes in elderly
patients undergoing FOB. We hypothesized that the combination of cipepofol and remimazolam would significantly
reduce the incidence of cough reflexes compared with cipepofol alone in elderly patients undergoing FOB, resulting in
less potential tracheal injury and improved comfort of surgeons and patients.

Methods
Study Design and Patients

This was a single-center, prospective, randomized controlled trial. The study protocol was approved by the Medical
Ethics Committee of the First Affiliated Hospital of Guangxi Medical University (No0.2023-E739-01; Chairperson:
Songqing He; approval date: December 22, 2023). This trial was registered at https://www.chictr.org.cn
(26 December 2023, ChiCTR2300079139). The guiding principles of the Declaration of Helsinki and the 2010
CONSORT statement were followed when conducted and reported. Written informed consent was obtained from all

the patients before enrollment in the trial.

Ninety patients scheduled to undergo FOB under general anaesthesia were included. The inclusion criteria were as
follows: aged 60-90 years, ASA I-III. Patients with severe hypertension (systolic blood pressure >180 mmHg or
diastolic blood pressure >110 mmHg), severe arrhythmias, severe cardiac insufficiency of New York Heart
Association (NYHA) class III or higher, severe hepatic or renal dysfunction, history of psychotropic drug use, and
difficult airways were excluded. Women in labor or breastfeeding and those whose preoperative state of consciousness
was difficult to determine independently or accurately were excluded too.

Randomization and Masking

Random numbers were generated using the EpiCalc 2000 software. All patients were randomly assigned to receive
anaesthesia with either cipepofol (CIP group) or cipepofol combined with remimazolam (RMZ-CIP group) during FOB
in a 1:1 ratio. Sealed envelopes were used to hide the group allocation. A few minutes before anaesthesia induction, an
assistant who was not involved in anaesthesia opened the envelopes to prepare the medications. The patients, surgeons,
cough reflex assessors, attending anaesthesiologist in charge of the post anaesthesia care unit (PACU), and data collectors
were unaware of group allocation. The attending anaesthesiologist who performed the anaesthesia was not blinded to the
group allocation for patient safety. The data analysts were unaware of the group allocation only after the data were
analyzed.
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Interventions

All patients fasted for 8 hours preoperatively. Peripheral veins were established 15 min before surgery, and infusion of
Ringer’s lactate was initiated to maintain potency (4 mL/kg/h). Standard monitoring included non-invasive blood pressure
(NIBP), electrocardiogram, peripheral capillary oxygen saturation (SpO,), end-expiratory carbon dioxide (ETCO,), and
Bispectral Index (BIS; Covidien, MA, United States). Before anaesthesia induction, all patients received oxygen (100%, 6
L/min) using a face mask for 3 min. The doses and infusion rates of cipepofol and remimazolam were based on the drug
inserts and pre-experiments. In the CIP group, anaesthesia was induced using remifentanil (Hengrui, Lianyungang, China)
and cipepofol (Haisco, Shenyang, China). Remifentanil was administered by using a target-controlled infusion pump
(Veryark, Nanning, China). The initial plasma concentration of remifentanil was set at 3 ng/mL. After the plasma
concentration of remifentanil equilibrated with the concentration in the effector compartment, cipepofol was administrated
in an initial dose of 0.4 mg/kg, added 0.1 mg/kg each time with 1 min interval until BIS < 60. When the BIS < 60,
a laryngeal mask airway (LMA) was inserted, and the allocation was verified by chest auscultation. In the RMZ-CIP group,
anaesthesia was induced with remifentanil, remimazolam (Hengrui, Lianyungang, China), and cipepofol. Remifentanil was
administered in the same manner as that in the CIP group. After the plasma concentration of remifentanil equilibrated with
the concentration in the effector compartment, remimazolam (0.2 mg/kg) was administrated intravenously. Then cipepofol
was administrated in an initial dose of 0.2 mg/kg, added 0.1 mg/kg each time with 1 min interval until BIS < 60. The LMA
was inserted and the allocation was verified as in the CIP group. In both groups, anaesthesia was maintained with
remifentanil (plasma concentration: 2.5-4.5 ng/mL) and cipepofol (0.4-1.5 mg/kg/h), maintaining BIS value within 40
and 60. Two experienced endoscopists performed the FOB through the LMA. Lidocaine (2%) was sprayed with a syringe
on the vocal cords (2 mL), trachea (5 mL), main carina (2 mL), right main bronchi (2 mL), and left bronchi (2 mL). To
ensure precise delivery of topical lidocaine to the target mucosal area, a modified spraying technique was employed. After
drawing up lidocaine into the syringe, an additional 4 mL of air was aspirated to create an air column behind the liquid. This
air column was then used to flush the entire volume of lidocaine through the delivery catheter, ensuring complete expulsion
of the medication and accurate topical application under direct visual guidance. All drugs were discontinued at the end of
FOB, and the patients were sent to the PACU.

Outcome Measures

The primary outcome was the incidence and severity of cough reflexes during the first FOB insertion. Cough severity was
scored on a 4-point scale during the first FOB insertion as follows: grade 1 (0 cough); grade 2 (1 or 2 consecutive
coughs); grade 3 (3 or 4 consecutive coughs) and grade 4 (> 5 consecutive coughs).

The secondary outcomes included the incidence and severity of limb and vocal cord movements (graded on a 4-point
scale during the first FOB insertion as previously®), vital signs, anaesthetic and surgical characteristics, and adverse
events. NIBP, heart rate, SpO,, respiratory rate, and BIS values were recorded 5 min before anaesthesia induction, at the
loss of consciousness (LOC, assessed by MOAA/S), at BIS < 60, at the beginning of FOB, at the end of FOB, and at the
time of awakening. Consumption of sedative, analgesic, and vasoactive drugs was determined. The duration of LOC, BIS
<60, FOB, and anaesthesia were recorded. Adverse events (injection pain, hypotension, hypertension, tachycardia [>100
beats/min], bradycardia [<50 beats/min], bronchospasm, nausea and vomiting, dysphoria, delirium, and respiratory
depression) occurring during FOB were also recorded. Hypotension was defined as a decrease in mean blood pressure
(MBP) of >20% from baseline and was treated with ephedrine intravenously. Hypertension was defined as an increase in
MBP>20% from baseline and was treated with urapidil intravenously. Respiratory depression was defined as meeting one
of the following criteria: respiratory rate < 8 breaths/min, apnea, or SpO, < 90% for > 15s.

Sample Size

Our preliminary experiments showed that the cough reflexes rates in the CIP and RMZ-CIP groups were 60 and 28%,
respectively. Based on these preliminary results, 38 patients were included in each group using the PASS (version 11.0;
NCSS statistical software, Utah, USA, a=0.05 (bilaterally), =0.80). Considering a potential loss (15%) during follow-
up, the sample size was increased to 45 patients in each group.
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Statistical Analysis
Statistical analysis was performed using the GraphPad Prism software (version 9.5; Dotmatics, Boston, USA). Normally

distributed and variance-equal variables (checked by Shapiro—Wilk test) are presented as means (standard deviation
[SD]) and were analyzed by unpaired-¢ test or repeated-measures two-way analysis of variance (ANOVA) with Geisser-
Greenhouse correction, followed by Bonferroni multiple comparison test. Non-normally distributed or variance-unequal
variables were presented as medians (interquartile range [IQR]) and were analyzed using the Mann—Whitney U-test.
Categorical variables were expressed as numbers (proportions) and analyzed using Fisher’s exact test. A p-value of less

significance was set at p < 0.05.

Results
Patients
One hundred and one patients were assessed for eligibility (Figure 1; from December 26, 2023, to July 2, 2024). Of these,
five patients did not meet the inclusion criteria and six patients declined to participate. Ninety patients were randomized
into either the CIP or RMZ-CIP group (n=45). Three patients were excluded from the final analysis due to protocol
violation (n = 1) or missing data (n = 2) in each group (Figure 1).

Tables 1 and 2 summarize the demographic data. The demographics were similar between the groups in terms of age,
height, weight, body mass index (BMI), sex, ASA physical status, history, indications for FOB, and diagnostic

procedures.

=
[}
% Assessed for eligibility (n = 101)
&
_ |Excluded (n =11)
" | -Not meeting inclusion
 / criteria (n=5)
Randomized -Declined tc_>6participate
(n=90) (n=6)
IS Allocated to CIP (n=45) Allocated to RMZ-CIP (n=45)
§ -Received intervention (n=44) -Received intervention (n=44)
<=C": -Protocol violation (n=1) -Protocol violation (n=1)
= \ \
7
(_33 Lost to follow-up (n=2) Lost to follow-up (n=2)
€]
(o | A/ A\
(2]
é‘ Analysis (n=42) Analysis (n=42)
<

Figure | CONSORT flow. CONSORT indicates consolidated standards for reporting of trials.
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Table | Patient Characteristic. Values are Means (SD) or Number (Proportion)

Parameter Group CIP (n=42) Group RMZ-CIP (n=42) P value
Age, years 67.2 (5.7) 70.2 (7.8) 0.074°
Height, cm 160.0 (8.7) 159.3 (8.8) 0.701%
Body weight, kg 56.9 (9.2) 56.3 (10.5) 0.786°
BMI, kg/m? 22.2 (3.0) 22.1 (3.3) 0.921°
Sex 0.827°
Male 22 (52%) 21 (50%)
Female 20 (48%) 21 (50%)
ASA physical status >0.999°
Il 2 (5%) I (2%)
11l 40 (95%) 41 (98%)
History
Hypertension 14 (33%) 18 (42%) 0.369°
Arrhythmia 3 (7%) 2(5%) >0.999°
Cerebrovascular diseases 4 (10%) 3 (7%) >0.999°
Diabetes mellitus 4 (10%) 8 (20%) 0.2123°
Others 17 (40%) Il (26%) 0.165°

Notes: *Obtained from Unpaired t-test.
Abbreviations: ASA, American society of anaesthesiologists; BMI, body mass Index; CIP, Cipepofol; RMZ, remima-

zolam; SD, standard deviation.

®Obtained from Fisher's exact test.

Table 2 Indication and Distribution of Fiberoptic Bronchoscopy. Values are Number

(Proportion)

Parameter Group CIP (n=42) | Group RMZ-CIP (n=42) | p value
Indication for FOB 0.082°
Chronic cough 5 (12%) 6 (14%)
Suspicion of malignancy | 26 (62%) 24 (57%)
Bronchiectasis 3 (7%) 3 (7%)
Lung malignancy 4 (10%) 4 (10%)
COPD 2(5%) 1 (2%)
Pneumonia 1(2%) 4 (10%)
Dyspnea 1(2%) 0 (0%)
Diagnostic procedures 0.1287
EI+UGNA 5 (12%) 1 (2%)
BAL+BBr 7 (17%) 6 (14%)
BAL+BBr+El 3 (7%) 5 (12%)
BAL+BBr+EI+TBLB 4 (10%) 1 (2%)
BAL+BBr+EI+UGNA 5 (12%) 2 (5%)
Others 18 (43%) 27 (64%)

Note: *Obtained from Fisher’s exact test.
Abbreviations: BAL, Bronchoalveolar lavage; BBr, bronchia brushings; CIP, Cipepofol; COPD, Chronic obstruc-
tive pulmonary disease; El, Endobronchial inspection; RMZ, remimazolam; TBLB, Transbronchial lung biopsy;
UGNA: Ultrasound-Guided Needle Aspiration.

Incidence of Cough Reflexes

The primary outcomes are shown in Table 3. The incidence of cough reflexes was higher in the CIP group than that in the
RMZ-CIP group (26 [62%] vs 16 [38%], p=0.029). Eight (19%), nine (21%), and nine (21%) patients in the CIP group
were classified as grade 2, grade 3, and grade 4, respectively. Six (14%), six (14%), and four (10%) patients in the RMZ-
CIP group were classified as grades 2, 3, and 4, respectively. There was no difference in the severity of the cough reflexes
between the groups (p=0.146).
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Table 3 Incidence and Severity of Cough Reflexes During Fiberoptic Bronchoscopy.
Values are Number (Proportion)

Parameter Group CIP (n=42) | Group RMZ-CIP (n=42) | p value
Patients with cough reflexes | 26 (62%) 16 (38%) 0.029*
Severity of cough reflexes 0.146*

| 16 (38%) 26 (62%)

2 8 (19%) 6 (14%)

3 9 (21%) 6 (14%)

4 9 (21%) 4 (10%)

Note: *Obtained from Fisher’s exact test.

Abbreviations: CIP, Cipepofol; RMZ,

remimazolam.

Table 4 Incidence and Severity of Vocal Cord Reflexes During Fiberoptic Bronchoscopy.
Values are Number (Proportion)

Parameter Group CIP (n=42) | Group RMZ-CIP (n=42) | p value
Patients with vocal cord reflexes | 5 (12%) 2 (5%) 0.430°
Severity of vocal cord reflexes 0.417°

| 37 (88%) 40 (95%)

2 4 (10%) I (2%)

3 0 (0%) 0 (0%)

4 1 (2%) I (2%)

Note: *Obtained from Fisher’s exact test.
Abbreviations: CIP, Cipepofol; RMZ, remimazolam.

Incidence and Severity of Vocal Cord Reflexes
Table 4 shows the incidence and severity of the vocal cord reflexes. There was no difference in the incidence and severity

of vocal cord reflexes between groups (p>0.05).

Incidence and Severity of Limbs Movement

Table 5 shows the incidence and severity of limb movements during FOB. The incidence of limb movement was higher
in the CIP group than that in the RMZ-CIP group (18 [43%] vs 5 [12%], p=0.002). In terms of the severity of limb
movement, 16 (38%), 2 (5%), and 0 (0%) patients in the CIP group were classified as grade 2, grade 3, and grade 4,
respectively, and 5 (12%), 0 (0%), and 0 (0%) patients in the RMZ-CIP group were classified as grade 2, grade 3, and

grade 4, respectively. There was a significant difference in the severity of limb movement between the groups (p=0.002).

Table 5 Incidence and Severity of Limbs Movement During Fiberoptic Bronchoscopy.
Values are Number (Proportion)

Parameter Group CIP (n=42) | Group RMZ-CIP (n=42) | p value
Patients with limbs movement | 18 (43%) 5 (12%) 0.002*
Severity of limbs movement 0.002°

| 24 (57%) 37 (88%)

2 16 (38%) 5 (12%)

3 2 (5%) 0 (0%)

4 0 (0%) 0 (0%)

Note: *Obtained from Fisher’s exact test.
Abbreviations: CIP, Cipepofol; RMZ, remimazolam.
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Table 6 Characteristic of Anaesthesia and Surgery. Values are Medians (IQR)

Parameter Group CIP (n=42) | Group RMZ-CIP (n=42) | p value
Length from induction to LOC (min) 7.73 (5.84-8.58) 7.28 (5.98-8.67) 0.761°
Length from induction to BIS < 60 (min) 8.10 (6.52-9.27) 7.64 (6.57-9.26) 0.854°
Length from drug withdrawal to eye-opening (min) | 11.0 (7.98-14.0) 12.0 (8.33-16.5) 0.228°
Length of anaesthesia (min) 32.5 (22.7-48.8) 34.3 (24.2-42.4) 0.798°
Length of FOB (min) 24.8 (15.2-37.2) 23.8 (15.7-34.2) 0.626°
Crystalloid infusion volume (mL) 250 (250-250) 250 (250-313) 0.202°

Note: *Obtained from Mann—Whitney U-test.
Abbreviations: BIS, bispectral index; CIP, Cipepofol; FOB, fiberoptic bronchoscopy; LOC, loss of consciousness; IQR, interquartile range;
RMZ, remimazolam.

Table 7 Consumption of Anaesthetic and Vasoactive Drugs. Values are Medians (IQR)

Parameter Group CIP (n=42) | Group RMZ-CIP (n=42) | p value
Total consumption of CIP (mg) 40.89 (31.41-61.90) | 27.01 (21.41-41.91) <0.001*
Total consumption of remifentanil (mg) 0.38 (0.42-0.50) 0.22 (0.20-0.26) <0.001*
Total consumption of ephedrine (mg) 5.00 (0.00-10.00) 10.00 (0.00-15.00) 0.167°
Consumption of ephedrine during induction (mg) 0.00 (0.00-5.00) 0.00 (0.00-10.00) 0.204°
Consumption of ephedrine during maintenance (mg) | 0.00 (0.00-10.00) 2.50 (0.00-10.00) 0.281°
Total consumption of atropine (mg) 0.00 (0.00-0.00) 0.00 (0.00-0.00) >0.999*
Total consumption of urapidil (mg) 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.747
Total consumption of esmolol (mg) 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.360

Note: *Obtained from Mann—Whitney U-test.
Abbreviations: CIP, Cipepofol; RMZ, remimazolam.

Characteristic of Anaesthesia and Surgery

Table 6 summarizes the characteristics of anaesthesia and surgery. There was no difference between the groups in terms
of the length from induction to LOC, length from induction to BIS < 60, length from drug withdrawal to eye opening,
length of anaesthesia, length of FOB, and crystalloid infusion volume (p>0.05).

Consumption of Anaesthetic and Vasoactive Drugs

Table 7 summarizes the consumption of anaesthetic and vasoactive drugs. The total consumption of cipepofol was higher
in the CIP group than that in the RMZ-CIP group (40.89 [31.41-61.90] mg vs 27.01 [21.41-41.91] mg, p<0.001). The
total consumption of remifentanil was higher in the CIP group than that in the RMZ-CIP group (0.38 [0.42—-0.50] mg vs
0.22 [0.20-0.26] mg, p<0.001). There was no significant difference in the consumption of ephedrine, atropine, urapidil,
or esmolol (p>0.05).

Adverse Events

Table 8 summarizes the adverse events. The main adverse events were hypotension, hypertension, tachycardia, and
respiratory depression. None of the patients developed injection pain, bradycardia, or delirium. Few patients develop
bronchospasm, nausea, and vomiting. However, there were no significant differences between the groups as mentioned
above adverse events (p>0.05).

Vital Signs
Figure 2 shows the vital signs. No significant differences were found between the groups in systolic blood pressure
(SBP), diastolic blood pressure (DBP), HR, SpO,, respiratory rate, and BIS at different time points.
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Table 8 Incidence of Adverse Event Between Groups. Values are Number (Proportion)

Parameter Group CIP (n=42) | Group RMZ-CIP (n=42) | p value
Injection pain 0 (0%) 0 (0%) >0.999*
Hypotension 25 (60%) 33 (88%) 0.060°
Hypertension 7 (17%) 5 (12%) 0.533°
Tachycardia (>100 beats/min) | 11 (26%) 9 (21%) 0.608°
Bronchospasm 3 (7%) 0 (0%) 0.241*
Bradycardia (<50 beats/min) 0 (0%) 0 (0%) >0.999*
Dysphoria 0 (0%) 0 (0%) >0.999*
Delirium 0 (0%) 0 (0%) >0.999*
Nausea/vomiting 0 (0%) 1 (2%) >0.999*
Respiratory depression 15 (36%) 14 (33%) 0.819*
RR < 8 (breaths/min) 15 (36%) 14 (33%) 0.819°
Apnea 1 (2%) 2 (5%) >0.999*
SpO, < 90% 4 (10%) 3 (7%) >0.999*

Note: *Obtained from Fisher's exact test.
Abbreviations: CIP, cipepofol; RMZ, remimazolam; RR, respiratory rate; SpO,, peripheral capillary oxygen
saturation.

Discussion
To our knowledge, this is the first study to evaluate the possibility of combining remimazolam with cipepofol to prevent

cough reflexes in elderly patients undergoing FOB. The main finding of this study was that the combination of
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Figure 2 Changes in vital signs. Values are mean (SD) (A-D) or medians (IQR) (E and F). Data were analyzed by repeated-measures two-way analysis of variance with the
Geisser-Greenhouse correction, followed by Bonferroni’s multiple comparison test.

Abbreviations: CIP, cipepofol; Remi, remimazolam; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; SpO,, peripheral capillary oxygen saturation;
RR, respiratory rate; LOC, loss of consciousness; BIS, Bispectral Index.
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remimazolam reduced the incidence of cough reflexes and decreased the dosages of cipepofol and remifentanil in elderly
patients undergoing FOB under remifentanil/cipepofol-based anaesthesia.

Many guidelines and consensuses recommend performing FOB under sedation with propofol, dexmedetomidine,
ketamine, or midazolam.>* However, drawbacks, such as painful injections, respiratory and circulatory depression,

bradycardia, and psychoneurological symptoms, hinder their use in critically ill patients.'” 2!

Cipepofol,
a 2,6-disubstituted phenol derivative, induces anxiolytic, sedative, and hypnotic effects by acting on GABAARs.*
The efficacy and safety of cipepofol during the induction of general anaesthesia were not inferior to propofol.'” No
patients in either group developed injection pain in our study, which is consistent with previous reports.'’** At the same
time, the incidence of hypotension was lower than propofol.'” The aforementioned advantages of cipepofol make it
widely used in China.®**2¢

Cough reflexes are one of the main complications of FOB, which reduces the comfort of surgeons and patients and
may lead to the development of arrhythmias, bronchospasm, tracheal mucosal edema, tracheal mucosal damage, and
hypoxemia.?”** The raphe nucleus of the medulla oblongata is involved in a variety of respiratory processes including
breathing, cough, and other respiratory reflex.>’ Previous studies have shown that GABAARs in the medulla oblongata
inhibit the cough reflexes.’’ Remimazolam is a new type of ultra-short-acting benzodiazepine that exerts sedative and
anaesthetic effects by binding to GABAARSs in the central nervous system. Remimazolam has been successfully used for
anaesthesia induction and maintenance,>® with less incidence of post-induction hypotension than propofol.’ * Both
cipepofol and remimazolam have the ability to lower oxidative stress in the brain, which may be the mechanism
underlying the reduction in cough reflexes and limb movement.***> Our results showed that the incidence of the
cough reflexes and limb movement was higher in the CIP group than in the RMZ-CIP group. The difference between
the two groups may be due to the different subunits acting at.*?

We found that a higher incidence of cough reflexes was accompanied by a higher incidence of limb movement and
severity of limb movement during FOB. This is because airway stimulation may trigger self-protective actions in the
patients. Limb movement may affect the surgeon’s operation and increase the risk of airway injury. Conversely, the
combination of remimazolam and cipepofol decreased the incidence of cough reflexes, accompanied by a lower
incidence and severity of limb movement than cipepofol alone, decreasing the potential risk of airway injury. From
the point of this view, we recommended the combination of remimazolam with cipepofol in FOB.

The consumption of cipepofol and remifentanil was higher in the CIP group than that in the RMZ-CIP group. These
results imply that remimazolam significantly reduced the dosage of cipepofol and remifentanil under the same BIS
values. These data suggest that remimazolam has a synergistic effect with cipepofol and remifentanil.

Adverse events, such as hypertension, tachycardia, respiratory depression, nausea, and vomiting, did not differ
between the groups. No patients developed dysphoria, delirium or bradycardia in both groups. Although there was no
difference in the incidence of hypotension, it was higher in the RMZ-CIP group than in the CIP group (88% vs 60%,
p=0.06). The higher incidence of hypotension in the RMZ-CIP group may be due to several factors. First, the blood
pressure is neuromodulated by GABAergic neurons. In spontaneously hypertensive rats, the activation of GABAARSs in
the posterior lobe of the hypothalamus has been shown to mitigates elevated blood pressure.*® Remimazolam may exert
antihypertensive effects by serving as a GABAR agonist and enhancing the inhibitory effect of GABAARSs in the central
nervous system. Second, it has been shown that midazolam causes hypotension due to its vasodilatory effect by
hyperpolarization of vascular wall smooth muscle cells.’” Both remimazolam and midazolam are benzodiazepines and
we speculate that they have similar vasodilatory effects. Remimazolam-induced anaphylaxis (RIA) is a rare but serious
complication of the IgE- and non-IgE-mediated pathways. Most RIA manifest with hypotension.**** Hypoxemia
threatens patient safety during FOB therapy The incidence of hypoxemia was 10% and 7% in the CIP and RMZ-CIP
groups, respectively, which was lower than that under anaesthesia with propofol.** Our results indicated that the
respiratory inhibition effect of remimazolam and cipepofol was slightly greater than propofol during FOB.*'

Our study has some limitations. First, the external validity was weakened by single-center and single-blind designs. Our
findings might not apply to individuals undergoing other treatments, because the study only included participants undergoing
FOB. Additional research is required to validate our results for different demographic groups. Second, we did not evaluate
stress-related indicators such as inflammatory factors and blood glucose levels. Both cipepofol and remimazolam reduced

Drug Design, Development and Therapy 2026:20 https: 9



Wang et al

oxidative stress levels. However, this study did not examine the strength of stress resistance in the two groups. More studies
are required to detect the link between cough reflexes and stress levels. Third, because only a single dose of remimazolam
was used in our trial, the ideal dose of remimazolam to inhibit cough reflexes while maintaining spontaneous breathing
requires further study. Fourth, because the BIS is commonly used to monitor the depth of propofol-based anaesthesia, there
was a certain lag between the BIS and remimazolam concentrations, and the simulated predictions presented a certain error in
the BIS.** Whether BIS is suitable for remimazolam- or remifentanil/cipepofol-based anaesthesia requires further study.
Fifth, although the cohort spanned a wide age range, the induction and titration of cipepofol were performed using
a standardized, response-guided protocol. Dosing was initiated based on adjusted body weight and, more critically, was
continuously titrated against BIS values and clinical responses. This protocol was designed to individualize sedation depth
and mitigate the risk of overdose across all ages, including the very elderly. Age-stratified sensitivity check did not indicate
a lower induction dose in the older group within this cohort under our titration protocol. Nevertheless, prospective studies
focusing on the very elderly are needed to define optimal dosing strategies for this population.

Conclusions

The combination of remimazolam reduced the incidence of cough reflexes and dosage of cipepofol and remifentanil in
elderly patients undergoing FOB under remifentanil/cipepofol-based anaesthesia. There were no differences in the
characteristics of anaesthesia, surgery, or adverse effects between the groups.

Clinical Trial Registration
The study was registered in the Chinese Clinical Trial Registry (ChiCTR2300079139, Principal investigator: Xuehai
Guan, Date of 18 registration: 2023-12-26).

Abbreviations
CIP, cipepofol; Remi, remimazolam; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; SpO,,
peripheral capillary oxygen saturation; RR, respiratory rate; LOC, loss of consciousness; BIS, Bispectral Index.
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