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Abstract 

Background Remimazolam recently became available as a sedative. The comparison of the respiratory suppression 
effects of remimazolam and propofol under deep sedation for colonoscopy was not thoroughly unclear, particularly 
with regard to the novel metric of time to first airway intervention. The goal of this study was to systemically compare 
the respiration profiles of the patients sedated with remimazolam and propofol at the comparable sedation level 
in the patients undergoing colonoscopy.

Methods Four hundred-fifty outpatients were randomly assigned to remimazolam (Group Rem, n = 225) and propo-
fol (Group Pro, n = 225). The target sedation level was the modified Observer’s Assessment of Alertness/Sedation ≤ 2. 
The primary outcome was elapsed time from anesthesia induction to first airway intervention. Secondary outcomes 
included incidence and severity of hypoxia and apnea, minute ventilation (MV), tidal volume (TV), and respiratory rate 
(RR).

Results The elapsed time from induction to the first airway intervention was 11 ± 8 min in Group Rem (n = 208) vs. 
5 ± 6 min in Group Pro (n = 208, P < 0.001). Patients in Group Rem required less frequent airway intervention and had 
a lower incidence of and shorter duration of apnea than patients in Group Pro (all P < 0.001). MV at 1 min, 2 min, 4 min 
post-induction, and at the end of the procedure were higher in Group Rem than those in Group Pro (P < 0.001).

Conclusions Patients sedated with remimazolam vs. propofol during colonoscopy maintain improved respiration 
and require less frequent airway intervention, and have lower incidence of adverse events.
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Colorectal cancer screening guidelines universally 
endorse colonoscopy initiation at ≥ 45 years, with proce-
dural sedation being integral to patient compliance and 
diagnostic accuracy [1, 2]. While propofol remains pre-
dominant for its rapid onset/offset and antiemetic prop-
erties, its dose-dependent cardiopulmonary depression 
and lipid-associated complications pose significant limi-
tations [3, 4]. Midazolam offers better hemodynamic sta-
bility and reversibility but suffers from prolonged recov-
ery and delirium risks [5–8]. The recent introduction of 
remimazolam presents a novel benzodiazepine derivative 
combining midazolam’s safety profile with propofol-like 
pharmacodynamics, featuring ultra-short context-sensi-
tive half-life (8–15 min) and organ-independent metabo-
lism [9–11].

Although moderate sedation remains standard, deep 
sedation allows for better procedural tolerance and 
patient satisfaction, which is crucial for the success of 
colonoscopy. Current evidence predominantly evaluates 
remimazolam in moderate sedation contexts, leaving 
critical knowledge gaps regarding its respiratory safety 
profile during deep sedation compared to propofol [8, 9]. 
This distinction is clinically paramount as deep sedation 
intrinsically elevates respiratory depression risks while 
optimizing endoscopic conditions. The balance between 
enhanced procedural efficacy and respiratory safety 
constitutes a pivotal consideration in sedation protocol 
optimization.

Our multicenter randomized controlled trial specifi-
cally investigates respiratory effects of these agents under 
standardized deep sedation during colonoscopy. We 
hypothesize that remimazolam induces less respiratory 
suppression than propofol at equivalent sedation depths, 
potentially offering a safer pharmacological profile for 
prolonged endoscopic procedures. By employing con-
tinuous capnography and standardized opioid co-admin-
istration, this study aims to provide evidence-based 
guidance for sedation regimen selection in gastrointesti-
nal endoscopy suites.

Methods
This prospective, multicenter, randomized, single-blind 
study was approved by the Institutional Review Board 
of Affiliated Hospital of Southwest Medical Univer-
sity (KY2020090), and written informed consent was 
obtained from all subjects participating in the trial. The 
trial was registered prior to patient enrollment at www. 
chictr. org. cn (ChiCTR2000034527, Principal investiga-
tor: Yiping Bai, Date of registration: July 8, 2020). Sec-
ondary approval was obtained from all local Institutional 
Review Boards. The study was conducted following the 
original protocol in the endoscopy suite at each institu-
tion between August 1, 2020, and June 1, 2021.

Four hundred-fifty subjects scheduled for an elective 
colonoscopy under deep sedation were enrolled from 
the gastrointestinal endoscopy center. Inclusion crite-
ria was as following: (1) 18 years or older scheduled for 
colonoscopy under deep sedation; (2) American Society 
of Anesthesiology classification of I–III; (3) able to breath 
through nose and mouth. The exclusion criteria included: 
(1) allergic to benzodiazepines or propofol; (2) preg-
nancy; (3) participated in clinical trials of other drugs 
in the past 3  months; (4) patients with ASA class ≥ IV, 
severe obesity (BMI ≥ 35  kg/m2), or uncontrolled car-
diopulmonary conditions; (5) patients refusal. And 
anticipated general anesthesia with endotracheal tube or 
supraglottic airway insertion.

First airway intervention was defined as time from ini-
tiation of propofol/remimazolam bolus and/or infusion 
to the first airway intervention. Hypoxia was defined 
as  SpO2 < 90%. Hypopnea was defined as tidal volume 
decreased more than 50% of the baseline value. Apnea 
was defined as no spontaneous breathing longer than 
10 s.

Study procedure
The anesthesia providers included an attending anes-
thesiologist and certified registered nurse anesthe-
tists (CRNAs). Brief instructions on the evaluation of 
ventilation were provided to the care team prior to the 
procedure.

A web-based computerized and central randomization 
service was used for the allocation of the participants 
(http:// www. rando mizer. at). Centralized randomization 
(1:1) is performed by the Affiliated Hospital of Southwest 
Medical University. Concealment of random allocation 
was ensured by the computerized and central randomi-
zation service. After obtaining written informed consent, 
patients were randomized to Group Rem (induction and 
maintenance of deep sedation with remimazolam) or 
Group Pro (induction and maintenance of deep sedation 
with propofol).

All patients were placed in the left  lateral  position 
before anesthesia induction.

Standard monitors were applied including electrocar-
diography (ECG), non-invasive blood pressure (NIBP), 
and  SpO2. Oxygen supplementation was done via face 
mask at a flow rate of 6 l/minute. Patients adapted to the 
face mask for 3–5  min, and sedatives were given. Min-
ute ventilation (MV), tidal volume (TV), and respiratory 
rate (RR) were continuously recorded with an anesthe-
sia machine (Carestation 620, Ge Medical Systems Co., 
Ltd., China), from this point until the end of the proce-
dure. The providers were advised to intervene at any 
time to handle hypoxia and/or apnea of the patients in 
each group based on their own clinical judgments. Given 
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that the same anesthesia provider was responsible for 
both groups and the sample size was sufficiently large, 
the comparability between the two groups is ensured. 
Meanwhile, for patient safety, airway interventions were 
mandatory and were performed based on clinical signs 
of respiratory compromise, which included: (1) oxygen 
saturation  (SpO2) < 90%, (2) apnea lasting more than 10 s, 
(3) significant respiratory effort reduction.

The dosage of sedatives was determined based on the 
target sedation level (MOAA/S ≤ 2) and adjusted accord-
ing to the patient’s response. The initial doses and main-
tenance infusion rates were set according to the study 
protocol, and additional doses were given as needed to 
maintain the target sedation level. The dosage adjust-
ments were made by the anesthesia providers based on 
clinical judgment and the patient’s vital signs.

Patients in both groups, received sufentanil 5 μg before 
induction. Then patients in Group Pro received propofol 
continuous pump infusion at a rate of 2  mg/kg/min for 
1 min, followed by a rate of 4 mg/kg/h to maintain until 
completion of the procedure. In Group Rem, patients 
received remimazolam infusion at a rate of 0.2  mg/kg/
min for 1 min, and then 1.5 mg/kg/h until the completion 
of the procedure. The modified Observer’s Assessment 
of Alertness/Sedation (MOAA/S) was evaluated every 
10 s after the induction dose. To ensure the reproducibil-
ity of sedation level assessment, the anesthesia providers 
were trained in a standardized manner before the study. 
They were required to use a unified assessment stand-
ard: when evaluating MOAA/S, they should observe the 
patient’s response to voice commands, tactile stimula-
tion in sequence. Specifically, first, call the patient’s name 
loudly. If the patient responds immediately, the score is 
5; if the patient responds sluggishly, the score is 4; if the 
patient only responds to repeated or loud voice com-
mands, the score is 3; if the patient responds only to 
tactile stimulation, the score is 2; if the patient does not 
respond to tactile stimulation, the score is 1. Only when 
the MOAA/S score reached ≤ 2 for two consecutive eval-
uations at 10-s intervals was the colonoscopy procedure 
started. If it was not sufficient to maintain appropriate 
sedation 1 min after the initial dose, up to a maximum of 
five supplemental doses were given to patients (remima-
zolam 0.05 mg/kg or propofol 0.5 mg/kg for each time). If 
the initial dose and the supplemental doses were insuffi-
cient to obtain adequate sedation for the procedure in the 
Group Rem, sedative rescue medication (propofol) was to 
be administered at the start of the procedure at the anes-
thesia provider’s discretion. Ephedrine 10–20 mg IV was 
to be given to prevent  hypotension, and atropine 0.3–
0.5 mg IV was given to prevent bradycardia. Anesthesia 
providers were allowed to treat hypoxia and/or apnea 
based on their clinical judgments, and used any airway 

interventions they normally use, including performing 
chin lift or jaw thrust, inserting nasal or oral airways, 
manually assisted ventilation, placing laryngeal mask air-
way (LMA) or tracheal tube.

The primary outcome was the elapsed time from anes-
thesia induction to first airway intervention. The second-
ary outcomes included incidence and severity of hypoxia 
and apnea, minute ventilation (MV), tidal volume (TV), 
and respiratory rate (RR). Adverse events included tachy-
cardia, bradycardia, hypotension, hypotension, injection 
pain, hiccup, nausea/vomiting, delayed recovery.

Statistical analysis
We chose elapsed time from anesthesia induction to first 
airway intervention as the primary outcome. Based on a 
previous study [12], it was roughly 5  min in the Group 
Pro, and the increase in elapsed time from anesthesia 
induction to first airway intervention in the Group Rem 
would be 20% to 6  min, with SD ± 2  min. The sample 
size of 152 and 76 patients on each arm should allow us 
to detect the difference between the two groups with a 
power of 0.8 and a type I error rate of 5%. We rounded to 
160 patients, allowing a drop rate of approximately 10%.

Data were analyzed using Statistical Package for the 
Social Sciences (SPSS) 20.0 (IBM). The normal distribu-
tion of data was assessed using Kolmogorov–Smirnov 
normality tests. The variability of the data was meas-
ured by Levene’s test. Unless otherwise noted, data are 
presented as the mean (SD) or percentage (%). Unpaired 
two-tailed t-test, ANOVA, and Chi-square test were used 
to compare quantitative and categorical outcomes.  Sig-
nificance was defined as a two-sided P-value < 0.05.

Results
A total of 450 subjects were enrolled and randomized 
into the Group Rem or Group Pro. 34 patients were 
excluded, with detailed information described in Fig.  1, 
leaving 416 subjects for the final analysis. There were 
no differences between the two groups in demographic 
characteristics, procedure length, and dose of anesthetics 
and analgesics (Table 1).

Elapsed time from anesthesia induction to first air-
way intervention was 11 ± 8 min in the Group Rem and 
5 ± 6 min in the Group Pro (P < 0.001), fewer patients in 
the Group Rem received airway interventions, 46/208 
(22%) vs. 128/208 (62%) in the Group Pro (P < 0.001). Sub-
group analysis of airway interventions showed that chin 
lift occurred in 83% (38/46) of cases in the Group Rem 
vs. 47% (60/128) in the Group Pro (P < 0.001), Jaw thrust 
occurred more frequently in the Group Pro (54%, 69/128) 
compared to the Group Rem (20%, 9/46) (P < 0.001), 
21% (27/128) of cases in the Group Pro needed man-
ual assisted ventilation with no one in the Group Rem 
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(P = 0.001). No patient in either group required oral or 
nasal airway insertion, laryngeal mask airway placement, 
or tracheal intubation.

The respiratory variables between Group Rem and 
Pro were as following. Average number of apneic epi-
sodes (0.25 ± 0.51 vs. 1.22 ± 1.73, P < 0.001), total duration 
of apnea (7.64 ± 15.25  s vs. 55.53 ± 103.76  s, P < 0.001), 
total duration of apnea/procedure length (1.38 ± 3.24% 
vs. 7.24 ± 13.93%, P < 0.001) were significantly less in the 
Group Rem compared to Group Pro (Table 2).

MV and RR at 1  min (both P < 0.001), 2  min (both 
P < 0.001), 4  min (both P < 0.001) post-induction, and at 
the end of the procedure (both P < 0.001) were signifi-
cantly lower in the Group Pro compared to the Group 
Rem. TV at 1  min (P < 0.001), 2  min (P < 0.001), 4  min 
(P < 0.001) post-induction were lower in the Group Pro 
compared to the Group Rem. After standardizing the 
data, the ratio of  MV1,2,4,6  min Post-Induction/MVBaseline, 
 MVProcedure-End/MVBaseline,  RR1,2,4,6  min Post-Induction/RRBase-

line,  RRProcedure-End/RRBaseline, and  TV1,2,4  min Post-Induction/
TVBaseline were significantly lower in the Group Pro com-
pared to the Group Rem (all P < 0.001, Fig. 2).

The first success rate in the Group Rem was 75.96% vs. 
85.58% in the Group Pro (P = 0.013), with no difference in 
the procedure success rate (96.75% vs. 100%, P = 0.061). 

Adverse events (AEs) were reported in 14.90% (31/208) 
patients in the Group Rem vs. 63.46% (132/208) patients 
in the Group Pro (P < 0.001), including a lower incidence 
of bradycardia, hypotension, hypotension needs treat-
ment, injection pain (all P < 0.05). A hiccup occurred 
more frequently in the Group Rem than in the Group 
Pro (P < 0.001). Time to full alert in the Group Rem was 
longer than in the Group Pro (P < 0.001), with no dif-
ference in delayed  recovery between the two groups 
(P = 0.248) (Table 3).

Discussion
In spontaneously breathing patients under deep seda-
tion during colonoscopy, remimazolam, compared with 
propofol, (1) reduces the need for airway intervention 
and the possibility of hypoxia; (2) provides improved res-
piration; (3) reduces the incidence of adverse events.

Despite sharing GABAa receptor activity with propo-
fol, remimazolam’s clinical profile in procedural sedation 
remained incompletely characterized [6, 7]. Our study 
demonstrated that at comparable sedation levels during 
colonoscopy, remimazolam achieved similar procedural 
conditions while providing superior respiratory safety 
and fewer adverse events compared to propofol.

Fig. 1 Subjects enrollment and randomization. Patients in the Group Rem received remimazolam for deep sedation, and in the Group Pro, patients 
were given propofol
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Our primary outcome—time from anesthesia induc-
tion to first airway intervention—revealed significant 
differences between the medications. Remimazolam 
extended this interval to 11 min compared to 5 min with 
propofol. While a 6-min difference might appear mod-
est for individual cases, its clinical significance becomes 
apparent in contemporary practice settings where anes-
thesiologists frequently manage multiple sedated patients 
simultaneously [13, 14]. This extended intervention-free 
window has particular relevance for high-risk patients 
(ASA III or above, elderly, or obese) and in settings with 
high procedural volumes [15–17]. For high-risk patients, 
this additional time allows for more careful monitor-
ing of respiratory parameters before the need for airway 
intervention. It provides an opportunity to detect early 

signs of respiratory compromise and take preventive 
measures, reducing the risk of severe respiratory events. 
In high-volume endoscopic centers, where the through-
put of patients is high, the longer time before airway 
intervention means that anesthesiologists can manage 
patients more efficiently. They can allocate their time and 
resources better, attending to other patients while still 
ensuring the safety of those sedated with remimazolam. 
Even with nurse anesthetist supervision, this additional 
buffer time enhances patient safety and reduces man-
agement complexity, as it provides more time for careful 
monitoring and timely intervention when needed.

While no hypoxic events occurred in either group due 
to prompt interventions, the need for airway interven-
tion differed significantly (22% with remimazolam vs. 
62% with propofol), suggesting remimazolam’s superior 
respiratory safety profile. This zero incidence of hypoxia 
contrasts with previous studies reporting  SpO2 below 
90% in up to 22% of patients [12]. Our improved safety 
outcomes can be attributed to three key factors: careful 
patient selection excluding those with obesity or serious 
cardiopulmonary diseases, standardized pre-oxygenation 
protocols (6  L/min for > 2  min), and proactive airway 
intervention before any significant oxygen desaturation.

However, we found MV decreased in both groups after 
deep sedation, with more decrease in propofol group. 
Another interesting findings were that remimazolam 
almost did not inhibit the RR of patients, with obvious 
inhibition of RR in the propofol group. According to 
MV = TV × RR, the decrease in MV was mainly caused 
by the TV decrease using remimazolam, the inhibition 
of propofol on patients’ respiration was manifested in 
the reduction of TV and RR. It can also be inferred that 
propofol has a more significant inhibition on RR than 
remimazolam from the increase in the average number of 
apneic episodes and total duration of apnea. A key find-
ing was the differential effects on respiratory parameters: 
remimazolam primarily affected tidal volume while pre-
serving respiratory rate, whereas propofol suppressed 
both. These distinct respiratory patterns suggest different 
mechanisms of action, which may have implications for 
patients requiring spontaneous breathing during difficult 
intubation procedures.

Another interesting finding is that airway interven-
tions were easier in the Group Rem than in the Group 
Pro. We know that chin lift and jaw thrust are easier than 
manually assisted ventilation, chin lift are easier than jaw 
thrust, supraglottic airway device and endotracheal intu-
bation need more preparation. No patients received the 
supraglottic airway device or endotracheal intubation in 
both groups. All patients needed only chin lift and jaw 

Table 1 Demographics and characteristics of the two study 
arms

Values were expressed as the mean ± SD or absolute number. Patients in Rem 
group received remimazolam for deep sedation. Patients in Pro group received 
propofol for deep sedation

Characteristics Rem 
group 
(n = 208)

Pro group (n = 208)

Sex (male/female) 110/98 111/97

ASA physical status

 I 97 100

 II 105 103

 III 6 5

 Age (year) 52 ± 12 51 ± 13

 Height (cm) 162 ± 8 162 ± 8

 Weight (kg) 60 ± 10 60 ± 10

 BMI (kg/m2) 23 ± 3 23 ± 3

 Hear rate (bites/min) 77 ± 12 77 ± 13

 Systolic pressure (mm Hg) 135 ± 19 139 ± 21

 Diastolic pressure (mm Hg) 81 ± 12 81 ± 10

 Respiratory rate (times/min) 17 ± 3 17 ± 4

Previous history

 Anxious 31 29

 Alcoholism 33 37

 Hypertension 62 55

 Diabetes 13 19

 COPD 0 0

 Drug history 0 0

Routine diagnosis

 Colonic polyp 79 82

 Crohn′s disease 12 11

 Others 12 15

Intravenous anesthetics and analgesics

 Sufentanil (iv, μg) 5 5

 Procedure length (min) 13 ± 8 13 ± 6
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thrust to improve respiration in the remimazolam group, 
but 21% of patients needed manually assisted ventila-
tion in the propofol group. Furthermore, a chin lift could 
improve spontaneous ventilation in 83% of patients in the 
remimazolam group vs. 47% in the propofol group. More 
patients (54% vs. 20%) needed jaw thrust to open the 
upper airway in the propofol group. We know that both 
sedatives meet the need for colonoscopy procedures. 
However, the easier the airway intervention, the greater 
the significance of clinical promotion, especially in the 
medical situations of fewer anesthetists and more endo-
scopic patients.

We also found that patients sedated with remima-
zolam recovered slower than propofol. The time to full 
alert using remimazolam was 9.14  min vs. 6.83  min 
using propofol. The slower recovery of remimazolam was 
through the following principles. First, the clearance rate 
of remimazolam in  vivo (0.88–1.37  l/min) was slower 
than that of propofol (1.5–2  l/min). Secondly, the onset 
time of remimazolam is 1–3 min, and the full awake time 
is 8–40 min, which is slower than that of propofol [18]. 
Third, patients in the remimazolam group received more 
rescue sedatives than the propofol group (23.08% vs. 
14.42%), which prolonged the sedation time. Clinically, 

the slower recovery of remimazolam may affect the 
patient’s turnover rate in the post-anesthesia care unit. 
However, remimazolam has a specific reversal agent, 
flumazenil, which makes its sedative effect more control-
lable. We found that MOAA/S increased to 5 points in 
1  min after intravenous injection of flumazenil 0.2  mg 
in the 3 delayed recovery patients, without re-sedation 
or discomfort. Studies have shown that remimazolam’s 
sedative effect can be reliably reversed by flumazenil with 
minimal risk of re-sedation, as both agents have similar 
elimination half-times (approximately 48 min). [5–7].

Six patients in the remimazolam group experienced 
hiccups, while no hiccup-related adverse reactions were 
observed in the propofol group. Hiccups during colonos-
copy may be triggered by the stimulation of the phrenic 
nerve during the colonoscopy procedure. This result is 
consistent with the reported adverse reactions of remi-
mazolam during gastroscopy and colonoscopy [19, 20]. 
Since no patient in the propofol group had hiccups, it 
cannot be ruled out that it is related to the remima-
zolam drug itself. However, there is currently no research 
explaining the pharmacological mechanism by which 
remimazolam causes hiccups. This phenomenon can be 
further explored in subsequent studies.

Table 2 Incidence and duration of airway intervention, oxygen desaturation, apnea and hypopnea

Values were expressed as the mean ± SD, absolute number (percentage), unless otherwise specified. Elapsed time from anesthesia induction to first airway 
intervention was defined as time from initiation of propofol/remimazolam bolus and/or infusion to the first airway intervention. If no intervention was provided, the 
elapsed time was recorded as procedure time. Manual assisted ventilation is a case where tidal volume is less than 50 ml after induction and ventilation cannot be 
improved by chin lift and jaw thrust. Minimum oxygen saturation is defined as the lowest recorded  SpO2 value during the procedure, reflecting the most severe level 
of oxygen desaturation experienced by the patient. Apnea was defined as no spontaneous breathing longer than 10 s

Rem group (n = 208) Pro group (n = 208) P

Elapsed time from anesthesia induction to first airway intervention 
(min)

11 ± 8 5 ± 6  < 0.001

Airway intervention 46/208 (22%) 128/208 (62%)  < 0.001

Chin lift 38/46 (83%) 60/128 (47%)  < 0.001

Jaw thrust 9/46 (20%) 69/128 (54%)  < 0.001

Manual assisted ventilation 0/46 (0%) 27/128 (21%) 0.001

Oral or nasal airway placement 0/46 (0%) 0/128 (0%) NA

laryngeal mask airway placement or tracheal intubation 0/46 (0%) 0/128 (0%) NA

Interrupt colonoscopy 0/46 (0%) 0/128 (0%) NA

Minimum oxygen saturation

90–100% 208/208 (100%) 208/208 (100%) NA

95–100% 208/208 (100%) 208/208 (100%) NA

90–95% 0/208 (0%) 0/208 (0%) NA

 < 90% 0/208 (0%) 0/208 (0%) NA

Average number of apneic episodes 0.25 ± 0.51 1.22 ± 1.73  < 0.001

Median number of apneic episodes
(25%-75%)

0 (0–0) 1 (0–1)  < 0.001

Total duration of apnea (sec) 7.64 ± 15.25 55.53 ± 103.76  < 0.001

Total duration of apnea/procedure length (%) 1.38 ± 3.24 7.24 ± 13.93  < 0.001
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There are several potential limitations to this study. 
First, No BIS. But sedation level was determined with 
clinical assessment, and this study was randomized and 
the sample size was large. We assume that the difference 
in the sedation levels between the two arms is NS and 
does not affect our conclusion. Second, No blind. The 
sedatives could not be blinded to the clinician or research 
staff, considering the safety of the patients. However, all 
parameters analyzed were automatically recorded except 
for the elapsed time from induction first airway inter-
vention and the number and length of airway interven-
tions. Third, sedation level at initiation of procedure was 

not protocolized. The gastroenterologists might start 
procedure before the target sedation level was achieved, 
but the occurrence was few. We assume that it does not 
affect our conclusion. Fourth, our study population pre-
dominantly comprised non-obese patients (median BMI: 
24.1 kg/m2) without high-risk comorbidities. Given that 
obesity and systemic disease may alter drug pharma-
cokinetics and sedation-related respiratory responses, 
our findings may not fully generalize to these subgroups. 
Future studies targeting these populations are warranted 
to validate the broader applicability of remimazolam in 
diverse clinical settings.

Fig. 2 Respiratory measurements at six-time points. Min ventilation (MV, a), tidal volume (TV, c), and respiratory rate (RR, e) were recorded 
at the time points before anesthesia induction (baseline), 1, 2, 4, and 6 min after induction, and at the end of the procedure. Post-induction/baseline 
was the ratio of six time points to baseline values. Values were expressed as the mean ± SD, *P < 0.05, **P < 0.001
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Conclusion
Patients sedated with remimazolam vs. propofol during 
colonoscopy maintain improved respiration and require 
less frequent airway intervention, and have lower inci-
dence of adverse events.
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Table 3 Efficacy and safety data

Values were expressed as absolute number (percentage). The procedure success was defined as completion of the procedure without requirement for rescue sedative 
medication, and without requirement for more than 5 top-ups of propofol or remimazolam within any 15-min period post-induction. First success rate was defined 
as the initial dose was sufficient to obtain adequate sedation for the procedure. Time to full alert was defined as the time from the end of medication to the first of 
3 consecutive MOAA/S score of 5. Tachycardia was defined as heart rate > 100 beats/min. Bradycardia was defined as heart rate < 50 beats/min. Hypotension was 
defined as 30% reduction in mean arterial pressure from the basic value, or systolic blood pressure < 90 mm Hg. Hypotension requiring treatment was defined as 
blood pressure of hypotension is reduced to 50% of the basic value, or the systolic blood pressure is less than 80 mm Hg. Injection pain was defined as the patient’s 
complaint that there was obvious pain at the injection site during intravenous medication. Delayed recovery was defined as failure to achieve an MOAA/S score ≥ 4 
(response to name spoken in normal tone) within 20 min after drug discontinuation. Modified Observer′s Assessment of Alertness/Sedation (MOAA/S) score, grade 
5: fully awake, with normal response to name calling; grade 4: slow to respond to name calls; grade 3: only respond to loud or/and repeated calls; grade 2: respond to 
nudge/patting; grade 1: no response to nudge/patting; grade 0: no response to pinching earlobe

Rem group (n = 208) Pro group (n = 208) P

Procedure success rate 96.75% (203/208) 100% (208/208) 0.061

First success rate 75.96% (158/208) 85.58% (178/208) 0.013

Times of rescue sedation in 15 min

  < 3 times 23.56% (46/208) 12.50% (26/208) 0.010

  ≥ 3 times 1.92% (4/208) 1.92% (4/208) 1.000

 Time to full alert (min) 9.14 ± 5.29 6.83 ± 2.36 0.000

 Adverse events (AEs) rates 14.90% (31/208) 63.46% (132/208) 0.000

 Tachycardia 1.44% (3/208) 0.48% (1/208) 0.623

 Bradycardia 0.48% (1/208) 4.33% (9/208) 0.010

 Hypotension 2.40% (5/208) 21.15% (44/208) 0.000

 Hypotension needs treatment 0.48% (1/208) 13.94% (29/208) 0.000

 Injection pain 0 28.37% (59/208) 0.000

 Hiccup 6.73% (14/208) 0 0.000

 Nausea/vomiting 0 0 NA

 Delayed recovery 1. (3/208) 0 0.248

Others 0 0 NA
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