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Background: Hypoxemia is the most common adverse event during painless gastrointestinal endoscopy (PGIE). This study aimed to 
evaluate whether the combined use of remimazolam besylate and ciprofol (group RC) reduces the incidence of hypoxemia compared 
to ciprofol alone (group C) in patients undergoing PGIE under deep sedation.
Methods: A total of 246 patients scheduled for PGIE were recruited from the Second Xiangya Hospital of Central South University 
and randomly assigned to group C or RC. The primary outcome measured was the incidence of intraoperative hypoxemia. Secondary 
outcomes included physiological parameters such as blood pressure, heart rate, and oxygen saturation (SpO2) during the procedure, 
along with time to loss of consciousness (LoC), time to awakening, and major adverse effects (MAEs). Additionally, correlations 
between minimum SpO2 and factors like body mass index (BMI), age, and preoperative SpO2 were examined.
Results: Group C exhibited a significantly higher incidence and frequency of hypoxemia compared to group RC. Correlation analysis 
revealed that minimum SpO2 was inversely related to age and BMI, while showing a positive correlation with preoperative SpO2. 
Additionally, the RC group demonstrated significantly decreased induction and shorter times to LoC and awakening than group C.
Conclusion: The combined administration of ciprofol and remimazolam besylate may enhance the safety profile of deep sedation for 
PGIE compared to ciprofol alone, offering reduced hypoxemia incidence and improved procedural efficiency.
Trial Registration: www.chictr.org.cn (Registration number: ChiCTR2400092506, Registration date: November 18, 2024).
Keywords: hypoxemia, remimazolam besylate, ciprofol, oxygen saturation, sedation

Key Points
Question: Does the combined use of remimazolam besylate and ciprofol (group RC) reduce the incidence of hypoxemia 
compared to ciprofol alone (group C) in patients undergoing painless gastrointestinal endoscopy (PGIE) under deep 
sedation?
Findings: Group RC had a significantly lower incidence and frequency of hypoxemia compared to group 
C. Additionally, the RC group showed faster induction and shorter times to loss of consciousness (LoC) and awakening 
than group C.
Meaning: The combination of ciprofol and remimazolam enhances the safety and efficiency of sedation for PGIE, 
reducing hypoxemia incidence and shortening recovery time.

Introduction
Gastrointestinal endoscopy is the gold standard for diagnosing and treating digestive tract diseases. A national survey 
reported that approximately 14 million gastrointestinal endoscopies (GIE) are performed annually in China.1 However, 
gastroscope insertion often causes significant throat discomfort, leading to adverse effects, such as retching, nausea, and 
vomiting.2 Sedation is widely used to mitigate these effects, with over 90% of colonoscopic procedures in Europe 
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employing sedation (91% in Germany) and 98% in the United States.3,4 The growing emphasis on patient comfort has 
driven the adoption of painless gastrointestinal endoscopy (PGIE) in clinical practice. PGIE prioritizes safety, patient 
comfort, and rapid recovery, aligning with modern healthcare trends to enhance the patient experience and optimize 
postoperative outcomes.

Propofol is the most commonly used anesthetic drug for PGIE but it is frequently associated with hypoxemia, 
the most prevalent adverse event during the procedure.5,6 The reported incidence of hypoxemia varies widely, from 
1.8% to 69.0%, due to differing definitions and regional variations.5,7 Addressing hypoxemia requires optimization 
of anesthesia protocols. Ciprofol, a propofol analog, offers improved pharmacokinetics, providing advantages in 
hemodynamic and respiratory stability, and reducing adverse effects such as injection pain, nausea, and vomiting.8,9 

Ciprofol is a newly developed agonist targeting the gamma-aminobutyric acid-A (GABA A) receptor, demonstrat
ing enhanced cardiovascular stability and facilitating swift recovery.10 However, it has not significantly improved 
wake-up time or recovery quality.8,9 With the increasing demand for painless gastroscopy, it is essential to study 
sedation protocols that enhance safety while facilitating faster recovery. Remimazolam besylate, a novel benzodia
zepine developed soft drug design, is an ultrashort-acting intravenous sedative with a specific antagonist, 
flumazenil.11 Remimazolam exerts its pharmacological effects through selective modulation of gamma- 
aminobutyric acid (GABA) receptors, with a particular affinity for the GABAA receptor subtype.12 It has been 
shown to be safe and effective for sedation during painless gastroscopy12 and bronchoscopy.11 Our prior research 
demonstrated that co-administration of remimazolam and ciprofol maintained a favorable safety profile during 
painless fiberoptic bronchoscopy.11 Additionally, the remimazolam-propofol combination has been validated as safe 
for gastroscopy sedation.13 Remimazolam undergoes rapid hydrolysis by tissue esterases to inactive metabolites,14 

whereas ciprofol is primarily metabolized via hepatic hydroxylation and glucuronidation,15 with no evidence of 
metabolic interaction between the two agents. However, limited research has explored their combined use in 
gastrointestinal endoscopy.

This study aimed to evaluate the safety and sedation profile of ciprofol combined with remimazolam besylate during 
PGIE. It rigorously assessed their efficacy in maintaining respiratory function and oxygenation, identifying risk factors 
for hypoxemia, and monitoring for main adverse events (MAEs).

Materials and Methods
Ethics Approval
This prospective, randomized study was carried out at the Second Xiangya Hospital of Central South University, with 
approval from the institutional ethics committee (approval number: LYF20240096). This trial was registered prior to 
patient enrollment with the Chinese Clinical Trial Registry (ChiCTR2400092506, https://www.chictr.org.cn). All parti
cipants provided written informed consent. The study took place between November and December 2024. This study was 
performed according to the principles of the Declaration of Helsinki.

Study Population
Eligible participants included adult patients aged 18 to 85 years, of any gender, who were classified as American Society 
of Anesthesiologists (ASA) Class I to III and had a metabolic equivalent (MET) of 3 or higher. Patients were excluded if 
they were pregnant, had neuropsychiatric disorders, regularly used benzodiazepines and/or opioids, had severe obstruc
tive ventilatory dysfunction, pre-anesthetic oxygen saturation (SpO2) below 94%, BMI≥28 kg/m², or respiratory failure. 
All enrolled participants were scheduled to undergo gastroscopy or gastrointestinal endoscopy.

Randomization and Blinding
Patients were randomized in a 1:1 ratio using a random number table to receive either ciprofol (Group C) or 
a combination of ciprofol and remimazolam besylate (Group RC). Group assignments were concealed from patients, 
endoscopists, postoperative care providers, outcome assessors, and statisticians.
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Anesthesia Protocol
Patients fasted for 8 hours before the procedure and no premedication was administered. Upon arrival, intravenous access 
was established. Patients were placed in the left lateral decubitus position and standard monitoring, which included 
electrocardiography (ECG), non-invasive blood pressure (BP), peripheral oxygen saturation (SpO2), and heart rate (HR) 
was initiated. Oxygen was delivered through a nasal cannula at a rate of 4 L/min.16

Group C patients received ciprofol at 0.35–0.7 mg/kg for induction and 2.5–7.5 mg boluses for maintenance. Group 
RC patients were given remimazolam besylate at 0.05–0.15 mg/kg and ciprofol at 0.2–0.5 mg/kg for induction, followed 
by additional doses of 1–3 mg of remimazolam besylate or 2.5–7.5 mg of ciprofol were administered as needed. In the 
RC group, flumazenil (0.3 mg) was administered immediately after the procedure to antagonize remimazolam besylate’s 
effects. Additional medication was administered based on specific intraoperative indications: (1) elevated MOAA/S 
scores; (2) involuntary movements; (3) physiological parameter fluctuations; (4) endoscopist request; or (5) combined 
gastroscopy and colonoscopy procedures. Simple gastroscopy, given its short duration, typically requires no further 
intervention. However, if any of the above criteria were met, ciprofol (2.5–7.5 mg) was administered as necessary. In 
other cases, remimazolam (1–3 mg) was used to maintain adequate sedation while ensuring rapid recovery in the RC 
group.

Vital signs were recorded pre-induction and at five-minute intervals after that. Bradycardia (HR <45 bpm) was treated 
with 0.3–0.5 mg of intravenous atropine, while hypotension (systolic blood pressure <90 mmHg or <80% of baseline) 
was managed with 0.2–0.5 mg intravenous M-hydroxylamine. Adverse events such as nausea, vomiting, coughing, limb 
movements, and arrhythmias were monitored. Data collected included total drug consumption, emergence time (from the 
end of the examination to spontaneous eye opening), and post-anesthesia care unit (PACU) dwell time. All patients were 
closely monitored in the PACU until discharge.

Management of SpO2 Reduction
Upon admission to the operating room, patients were immediately provided with supplemental oxygen via a nasal 
cannula at a flow rate of 4 liters per minute. Hypoxemia, defined as a SpO2 value below 94%,17 is a common 
complication during PGI endoscopy.5 The following stepwise protocol was implemented to address hypoxemia: (1) 
The anesthesiologist closely monitored the patient’s oxygen saturation. When it dropped to 90%, the oxygen flow was 
increased to 6 liters per minute, and a jaw thrust maneuver was performed. (2) If SpO2 fell below 85%, a nasopharyngeal 
airway was inserted to secure the airway and restore oxygenation. (3) If SpO2 remained below 85% for more than 
one minute despite these measures, the gastroscope was removed, and positive pressure mask ventilation was initiated. 
(4) In cases where hypoxemia persisted despite mask ventilation, endotracheal intubation was performed to ensure 
adequate oxygenation.

Outcome Measurements
Baseline information, including medical history, age, height, weight, MET, body mass index (BMI), and ASA classifica
tion, was documented. Vital signs, including mean arterial pressure (MAP), heart rate (HR), and SpO2, were monitored 
and recorded at specific time points: before anesthesia (T1), after induction (T2), every five minutes during the procedure 
(T3-T7), and five minutes following transfer to the PACU (T8).

The incidence and frequency of intraoperative hypoxemia, as well as the minimum oxygen saturation (SpO2), were 
documented. Interventions to improve oxygen saturation were also recorded, including performing a jaw thrust man
euver, applying positive pressure ventilation with a face mask, and endotracheal intubation when necessary. Additional 
data included hypotension requiring vasopressors, drug consumption, and recovery metrics such as the time to a Modified 
Observer’s Assessment of Alertness/Sedation (MOAA/S) score ≥4 and PACU discharge (MOAA/S = 5). The Modified 
Observer’s Assessment of Alertness/Sedation (MOAA/S) scale is a validated tool commonly used to measure sedation 
depth through patient responses to verbal and tactile stimuli. With a range from fully alert (5) to unresponsive (0), it 
offers a standardized method for sedation assessment. Initially validated using sedatives like midazolam,18 the MOAA/S 
scale has become a standard in clinical and research applications.19

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S515783                                                                                                                                                                                                                                                                                                                                                                                                   3705

Zou et al

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



Primary and Secondary Outcomes
The primary outcome measured was the incidence of intraoperative hypoxemia. Secondary outcomes included the 
frequency of hypoxemia, minimum SpO2, vital sign parameters, and adverse events.

Sample Size Estimation
Informed by prior studies,20,21 the sample size was determined based on pilot data. The pilot study prospectively assessed 
incidence rates, enrolling 55 patients in Group RC and 60 in Group C. Hypoxemia occurred in 9 patients in Group 
C (15%) and 2 patients in Group RC (3.6%). Using a one-tailed test with a significance level of 0.025 and 80% statistical 
power, the required sample size was 196 patients (98 per group). Accounting for a 20% dropout rate, 246 patients were 
enrolled (123 per group). Sample size calculations were performed using PASS 2021 software.

Statistical Analysis
Statistical analyses were conducted using R version 4.3.3 and SPSS version 23.0 (SPSS Inc., Chicago, IL, USA). Normally 
distributed continuous variables were represented as mean ± standard deviation (SD) and compared using the independent 
samples t-test. Non-normally distributed variables were summarized as medians with interquartile ranges (IQRs) and evaluated 
using the Mann–Whitney U-test. Categorical variables were presented as counts or percentages and analyzed through χ2 or 
Fisher’s exact tests. Pearson’s correlation coefficient was applied to assess linear relationships between continuous variables. 
A multivariable logistic regression analysis was performed to evaluate the robustness of the results. Changes in vital signs over 
time were examined using repeated measures analysis of variance (RM-ANOVA). A P-value of <0.05 was considered statistically 
significant.

Results
Baseline Characteristics of Participants
A total of 272 patients were screened, of which 246 met the eligibility criteria and were included in this prospective randomized 
controlled trial, while 26 were excluded due to incomplete perioperative data. The average age of the participants was 50.3 years. 
Table 1 summarizes the demographic and clinical characteristics of the C and RC groups. The groups showed no significant 
differences in age, sex, height, weight, BMI, MET, ASA classification, comorbidities, or anesthetic dosages (Table 1).

Analysis of Two Sets of Respiratory Parameters and Respiratory Support
The RC group demonstrated a significantly lower incidence of hypoxemia compared to the C group (11.4% vs 22.8%, χ2 
= 5.627, P = 0.018, Table 2), representing a 50% reduction in hypoxemia incidence. Additionally, the frequency of 
hypoxemia events was lower in the RC group (P = 0.045, Table 2). The minimum oxygen saturation (min SpO2) was 
slightly higher in the RC group (96.1%) compared to the C group (95.2%). In our study, 15 patients in the C group 
required jaw lifting, and 9 in the RC group necessitated this intervention. Statistical analysis revealed no significant 
difference between the groups (P > 0.05). There were no significant differences between the groups in the management of 
hypoxemia events, such as the frequency of jaw thrust, mask ventilation, or endotracheal intubation (Table 2).

Analysis of the Correlation Between Min SpO2 and Participants’ Physical Parameters
We examined the relationship between hypoxemia and patient characteristics by analyzing correlations between Min 
SpO2 and body parameters such as BMI, age, and preoperative SpO2. Pearson’s correlation revealed no significant 
relationship between age and Min SpO2 in all patients (r = −0.097, P = 0.130; Figure 1A) or the RC group (r = −0.001, 
P = 0.991; Figure 1C). However, in the C group, there was a weak negative correlation (r = −0.177, P = 0.049; 
Figure 1B). BMI was significantly negatively correlated with Min SpO2 across all patients (Figure 1D, r = −0.225, 
P = 0.0004). When analyzed separately, this correlation remained significant in the C group (r = −0.254, P = 0.004; 
Figure 1E) but was not significant in the RC group (r = −0.172, P = 0.058; Figure 1F). The preoperative SpO2 was 
positively corrected with Min SpO2 in all patients, group C and group RC, respectively (Figure 1G–I).
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Multivariate logistic regression was conducted to assess the association between medication method and hypoxemia, with 
adjustments for potential confounders including sex and ASA class. In the unadjusted model (Model I), Group RC demon
strated a significantly reduced risk of hypoxemia (Supplemental Table 1, OR = 0.44, P = 0.018). After adjusting for sex (Model 
II), the association remained significant (Supplemental Table 1, OR = 0.42, P = 0.016), indicating minimal influence of gender. 
Further adjustment for ASA class (Model III) yielded consistent results (Supplemental Table 1, OR = 0.41, P = 0.015), 
suggesting limited confounding effects. In the fully adjusted model (Model IV), accounting for both sex and ASA class, the 

Table 1 Baseline Characteristics of the Study Participants

Variables Group C Group RC P-value

Sex (male/female), n 45/78 50 /73 0.513

Age (years) 50.1 ± 13.6 50.5 ± 14.3 0.834

Weight (kg) 59.1 ± 10.9 58.4 ± 9.9 0.571

Body mass index (kg/m2) 22.6 ± 3.2 22.0 ± 3.0 0.168

Metabolic equivalent 6.7 ± 1.7 6.9 ± 1.9 0.504

ASA 1/2/3 60 /59/4 70/49/6 0.283

Type of procedure 0.701

Gastroscopy 54 (43.9) 57 (46.3)

Gastrointestinal endoscopy 69 (56.1) 66 (53.7)

Hypertension (Y/N) 19 /104 21/102 0.73

Diabetes (Y/N) 8/115 6/117 0.582

Coronary artery disease (Y/N) 3/120 5 /118 0.722

History of gastrointestinal surgery (Y/N) 14 /109 11 /112 0.527

Dose of anesthetics

Total remimazolam, (mg) 0.0 (0.0, 0.0) 6.0 (5.0, 8.0) /

Total ciprofol, (mg) 38.5 ± 13.6 25.0 ± 10.1 /

Notes: Continuous variables are reported as the mean ± SD and/or median (range). Comparisons 
between the two groups were performed using an unpaired t-test. Categorical data are reported as 
numbers or frequencies (%) and a χ2 or Fisher’s exact test was used to compare the two groups 
when appropriate.

Table 2 Outcomes in Terms of Peripheral Desaturation Events in the Two Groups

Variables Group C Group RC P-value

Hypoxemia (Y/N) 28/95 14/109 0.018

Lowest SpO2, Mean ± SD 95.2 ± 5.8 96.1 ± 4.3 0.169

Frequency of hypoxemia, Median (IQR) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.045

Jaw lifting (Y/N) 15/108 9/114 0.197

Times of jaw lifting, Median (IQR) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.181

Mask pressurized ventilation or endotracheal intubation (Y/N) 0 0 /

Notes: Continuous and categorical (ordinal) variables are reported as the mean ± SD and/or median (range); comparisons 
between the two groups were performed using an unpaired t-test or a Mann–Whitney test. 
Abbreviations: HR, heart rate; MAP, mean arterial pressure; SpO2, pulse oxygen saturation; Y, yes; N, no.
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protective association of Group RC persisted (Supplemental Table 1, OR = 0.41, P = 0.011), demonstrating that the association 
between medication method and hypoxemia remained significant after full adjustment. Thus, our results indicate that Group 
RC is associated with a significantly lower risk of hypoxemia, and this effect remains robust even after controlling for potential 
confounders. These findings suggest that higher BMI, older age and lower preoperative SpO2 are associated with lower Min 
SpO2 in the C group, but in group RC lower Min SpO2 are only associated with lower preoperative SpO2.

Observation of Vital Signs During PGI
Vital signs during PGIE are presented in Figure 2. Both groups exhibited a slight decrease in blood pressure (SBP and 
DBP) within 5 minutes of drug administration (T1 to T2). No significant differences in SBP, DBP, MAP, HR, or SpO2 

Figure 1 Correlation analysis of Min SpO2 and physical parameters of patients. (A) The age of all patients did not correlate with Min SpO2 during the examination. (B) The 
age of patients in group C had a negative correlation with Min SpO2 during the examination. (C) The age of patients in group RC did not correlate with Min SpO2 during the 
examination. (D–F) The BMI was negatively corrected with Min SpO2 in all patients and group C patients, but not group RC. (G–I) The preoperative SpO2 was positively 
corrected with Min SpO2 in all patients, group C and group RC, respectively. 
Abbreviations: BMI, body mass index; Min SpO2, minimum pulse oxygen saturation.
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were found between the groups at baseline (T1), post-anesthesia induction (T2), during the procedure (T3-T7), or five 
minutes after PACU admission (T8).

Sedation Profile and Post-Procedural Outcomes of Different Groups
No significant differences in operation time were observed between the two groups (Figure 3A). However, group 
C exhibited a significantly longer time to loss of consciousness (Figure 3B, LoC, P < 0.001, t = 94.992) and time to 
awakening (P = 0.02, t = 5.177, Figure 3C) compared to the RC group. The RC group had a shorter PACU stay time 
(8.9 ± 3.4 minutes) compared to the C group (11.6 ± 6.6 minutes), but the difference was not statistically significant 
(P = 0.1, t = 2.68; Figure 3D).

The Occurrence of MAEs in Both Groups
Table 3 indicates that the incidence of adverse events, including hypertension, hypotension, bradycardia, tachycardia, 
nausea, and vomiting, was similar in both groups. Coughing (P = 0.005, χ2 = 7.857) and involuntary movements 
(P < 0.001, χ2 = 15.064) were significantly less frequent in the RC group, while hiccups occurred more often in the RC 
group than in the C group (Table 3).

Discussion
The study shows that using a combination of remimazolam and ciprofol (RC group) during PGIE leads to higher 
minimum SpO2 levels and a reduced incidence of hypoxemia compared to ciprofol alone (C group), highlighting the 
improved safety of RC in preserving oxygenation. Additionally, the RC combination significantly reduced LoC time and 
wake-up times, offering clear advantages for clinical application.

Ensuring perioperative normoxia remains critical responsibility and challenge of anesthesiologists during PGIE 
diagnosis and treatment.11 Hypoxemia, a common complication of gastrointestinal endoscopy, is reported in 15–30.8% 
of cases.22,23 Although high-flow nasal oxygen therapy can mitigate hypoxemia during sedation,24 such equipment is not 
universally available in operating rooms. Obesity and aging further exacerbate the risk of hypoxemia, as evidenced by 
a 30.8% incidence during painless gastroscopy among obese individuals.23 In our study, the RC group exhibited a lower 

Figure 2 Vital signs at different time points in two groups. (A–D) Vital signs, including SBP (A), DBP (B), HR (C), and SpO2 (D), showed no statistically significant 
differences between the two groups at different time points. Data are presented as mean (standard error of the mean). T1, entering the operating room; T2, after induction; 
T3-T7, at the time of 5, 10, 15, 20, 25 minutes post T2, T8, at the time of PACU. 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; SpO2, oxygen saturation.
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incidence of hypoxemia (11.3%) compared to typical rates reported in the literature. During painless gastrointestinal 
endoscopy, high BMI and older age are important risk factors for the development of hypoxemia.25 Furthermore, higher 
BMI and older age correlated with reduced oxygen saturation in the C group but not in group RC group, highlighting the 
benefits of RC in populations such as the elderly and individuals with higher BMI. Further studies with larger sample 
sizes are needed to validate this finding.

Figure 3 Sedation profile and post-procedural outcomes of different groups. (A) There was no statistically significant difference in operation time between the two groups. 
(B) The duration of LoC was shorter in group RC group. (C) The time of awakening was significantly shorter in patients of group RC. (D) The PACU stay time has no 
difference between the two groups. 
Abbreviations: LoC, loss of conscience; min, minutes.

Table 3 Incidence of Adverse Effects in the Two Groups

Variables Group C Group RC P-value

Hypotension (Y/N) 0/123 5 /118 0.06

Hypertension (Y/N) 6 /117 3/120 0.5

Bradycardia (Y/N) 1 /122 1/122 1

Tachycardia (Y/N) 5/118 10 /113 0.183

Nausea (Y/N) 0/123 0/123 /

Vomit (Y/N) 1/122 1/122 1

Hiccup (Y/N) 8/115 27/96 < 0.001

(Continued)
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As the prevalence of minimally invasive diagnostic and therapeutic procedures increases, there is a growing demand 
for sedation protocols that optimize induction and recovery times. For example, remimazolam has been shown to reduce 
the effective dose (EC50) of propofol required for hysteroscopic procedures in women without prolonging anesthesia 
emergence or recovery times.26 However, a previous study reported a delayed awakening in the remimazolam-alone 
group compared to the propofol group.27 It is important to note, however, that remimazolam was not antagonized by 
flumazenil in that study. And increased sedation upon admission to the post-anesthesia care unit (PACU) has also been 
observed.28 Ciprofol, in contrast, has demonstrated superior hemodynamic and respiratory stability compared to propofol 
during PGIE.8 In the present study, the RC combination not only maintained oxygenation more effectively but also 
shortened induction and awakening times, demonstrating its clinical superiority over ciprofol alone. The synergistic 
sedative effect of remimazolam and ciprofol enables a faster onset of deep sedation compared to ciprofol alone, as 
evidenced by the shorter induction time. Additionally, the RC group routinely received flumazenil post-surgery to 
antagonize the effect of remimazolam. Once the remimazolam effect was reversed by flumazenil, only the sedative 
effect of ciprofol remained, allowing for a quicker recovery due to the reduced dosage of ciprofol.

Regarding adverse reactions, the RC group exhibited markedly reduced incidences of involuntary movements and 
cough, indicating a more favorable safety profile with minimal respiratory interference. Nevertheless, the incidence of 
hiccups was higher in the RC group (21.95%) compared to the C group (6.5%), with an absolute difference of 15.45%. 
Previous research by Zhang et al identified an adverse hiccup incidence of 13%.29 Liu et al further demonstrated that 
midazolam administration significantly elevated hiccup risk in endoscopic patients, with incidences of 20.5% in the 
sedation group versus 5.1% in the non-sedation group, revealing statistically significant difference.30 Hiccups during 
painless gastrointestinal endoscopy arise from multiple factors, including diaphragmatic spasm, gastric distension, vagus 
nerve stimulation, anesthetic effects, and patient positioning.30,31 Targeted investigation into anesthetic-induced hiccups, 
particularly those associated with benzodiazepines, remains necessary. In the present study, blood pressure measurements 
at eight time points revealed no statistically significant intergroup differences. However, the RC group exhibited 
a consistent trend toward increased hypotension incidence compared to the C group, though without statistical sig
nificance (P > 0.05). Reported hypotension incidences with remimazolam sedation during painless gastrointestinal 
endoscopy range from 13.04% to 15%.32,33 Collectively, the evidence indicates that for patients with unstable hemody
namics, employing a single sedative agent may offer a safer approach.

Limitation
This study has some limitations. Firstly, being a single-center study, its findings may lack generalizability. Multicenter 
randomized controlled trials are necessary to confirm and expand upon these results. Secondly, our observations were 
restricted to the perioperative period, spanning from the time patients entered the operating room to their discharge from 
the PACU. Long-term follow-up assessments were not conducted, and future studies should include extended monitoring 
to evaluate the durability of the observed benefits. Lastly, hiccups, a common adverse event during gastroscopic 
procedures,34 were notably more frequent in the RC group than in the C group. Further research is needed to explore 
effective strategies for minimizing hiccup occurrence in patients undergoing sedation with the RC combination.

Table 3 (Continued). 

Variables Group C Group RC P-value

Involuntary movement (Y/N) 30/93 8/115 < 0.001

Muscle twitch (Y/N) 6 /117 6/117 1

Dizzy (Y/N) 12/111 9/114 0.494

Cough (Y/N) 39 /84 20 /103 0.004

Note: Categorical data were described as numbers and a χ2 or Fisher’s exact tests 
were used for comparison between the two groups when appropriate.
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Conclusion
In conclusion, this study demonstrates that the combined use of remimazolam besylate and ciprofol reduces the incidence 
of hypoxemia, optimizes time management, and accelerates turnover processes, offering significant advantages for 
clinical practice. Combined use of remimazolam besylate and ciprofol may represent a novel sedation protocol in PGIE.
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