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 Background: This prospective, randomized, controlled study evaluated the efficacy and safety of remimazolam tosilate sedation 
with adjuvant sufentanil, relative to propofol, for Chinese patients with liver cirrhosis undergoing gastroscopy.

 Material/Methods: Patients with liver cirrhosis (n=148) aged 18-65 years and undergoing gastroscopy were randomly and equal-
ly allocated to receive either 0.107 mg/kg remimazolam tosilate (remimazolam group) or 2 mg/kg propofol. 
Patients received intravenous sufentanil 0.15 μg/kg before the study drug. If necessary, an additional dose of 
propofol 20 mg was used and repeated. The primary outcome was the satisfaction rating (satisfactory, fair, or 
unsatisfactory) of the endoscopist with the sedation. Secondary outcomes were complications (respiratory de-
pression, apnea, body movement, bradycardia, hypotension, nausea or vomiting, somnolence, dizziness, and 
fever) and patient satisfaction.

 Results: Compared with the propofol group, the remimazolam group required a longer time to sedation and a short-
er time to emergence. The percentage of remimazolam sedations the endoscopist rated satisfactory (90.5%) 
was higher than that for propofol (77.0%; P=0.026). Patients given remimazolam experienced lower rates of 
respiratory depression, body movement, and hypotension (2.7, 8.1, 4.1%, respectively), than did the propofol 
group (17.6, 23.0, 14.9%; P=0.003, 0.013, 0.025). The 2 groups were comparable regarding the other second-
ary outcomes.

 Conclusions: For Chinese patients with liver cirrhosis undergoing gastroscopy, remimazolam tosilate with adjuvant sufent-
anil provides a satisfactory level of sedation with a good safety profile.
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Background

Liver cirrhosis is a common cause of mortality, accounting for 
around 2 million deaths per year globally [1]. Esophagogastric 
variceal hemorrhage is a life-threatening condition for patients 
with liver cirrhosis [2]. All patients with cirrhosis should be 
screened for esophagogastric varices in accordance with the 
current guidelines, and a standard endoscopy is the preferred 
for variceal screening and diagnosis [2-4].

Sedation is widely used during gastrointestinal endoscopic pro-
cedures. In a recent national survey, the most frequently used 
sedatives for gastrointestinal endoscopy were propofol, mid-
azolam, and ketamine [5]. In addition, fentanyl, sufentanil, or 
dezocine are the favored analgesics administered in combi-
nation with the sedatives [5]. However, each of these analge-
sics may cause respiratory depression, and combining propofol 
or midazolam with opioids further elevates the risk of hypox-
emia [6-8]. Patients with liver cirrhosis undergoing gastrosco-
py require satisfactory sedation with minimal adverse effects.

Remimazolam is a new benzodiazepine that acts upon GABA-A 
(g-aminobutyric acid receptor-type A) receptors. Its properties 
include rapid onset, a short and predictable duration of seda-
tion, and rapid recovery [9]. The maximal sedative effect of 
remimazolam is attained within 3 minutes of administration, 
and then it is rapidly metabolized to inactive compounds by 
tissue esterases [10]. A recent study reported that an ascend-
ing dose of remimazolam and then a continuous infusion was 
safe and well tolerated in healthy volunteers [11]. In addition, 
the pharmacological effects of remimazolam can be quick-
ly reversed by the specific antagonist flumazenil, which adds 
to the safety profile of remimazolam. Recent clinical studies 
suggested that remimazolam provides adequate sedation for 
gastrointestinal endoscopy or fiberoptic bronchoscopy proce-
dures [12-14]. However, whether remimazolam with adjuvant 
sufentanil may offer a satisfactory level of sedation for gas-
troscopy procedures in patients with liver cirrhosis remains 
unclear [15].

We hypothesized that remimazolam with adjuvant sufentanil 
would improve the satisfaction of the endoscopist with the 
sedation, and with fewer associated complications, relative 
to conventional propofol sedation combined with sufentanil. 
Thus, the current study investigated the efficacy and safety 
of remimazolam tosilate sedation, combined with an adjuvant 
low dose of sufentanil, when administered to patients with liv-
er cirrhosis undergoing gastroscopic procedures. The prima-
ry outcome was the rating for satisfaction of the endoscopist 
with the sedation. The secondary outcomes included sedation-
related complications and patient satisfaction.

Material and Methods

Study Design

This investigator-initiated, prospective, randomized, single-
blinded, parallel-controlled trial was conducted at Beijing YouAn 
Hospital Affiliated to Capital Medical University, Beijing, China. 
The study protocol was approved by the Ethics Committee 
of Beijing YouAn Hospital on 24 December2020 (approval 
No. 2020-148). The study was then registered at the Chinese 
Clinical Trial Registry on 15 January2021 (registration No. 
ChiCTR2100042179), before the first participant was enrolled. 
Written informed consent was obtained from each patient.

Patients

The recruited subjects were aged 18 to 65 years, with American 
Society of Anesthesiologists (ASA) physical status II to III, Child-
Pugh class A, and scheduled for gastroscopy under sedation. 
The following were criteria for exclusion: history of respirato-
ry or cardiovascular disease; renal dysfunction; known allergy 
to medications used in this study; inability to understand or 
complete the survey of satisfaction; or refusal to participate.

Randomization and Blinding

An independent biostatistician performed the selection random-
ization using an online random sequence generator (https://
www.sealedenvelope.com/simple-randomiser/v1/lists), with 
an allocation group ratio of 1-to-1. To ensure the consistency 
and efficiency of the procedures in this study, all perioperative 
care was provided by the same members in the same medical 
team (sedation by an attending anesthesiologist, gastrosco-
py by an endoscopist, and postoperative outcome assessment 
by an anesthesia research observer). Because remimazolam 
and propofol appear very different, the attending anesthesi-
ologist was aware of the group assignment. However, all pa-
tients, the endoscopist, and the postoperative outcome asses-
sor were blinded to the group allocation.

Sedation Protocol

Patients were fasted overnight, and no sedative medication 
was given. At approximately 10 to 15 minutes before begin-
ning the gastroscopy procedures, patients received 10 mL of 
2% lidocaine jelly (Kangye Pharmaceutical, Handan, Hebei, 
China) orally for pharyngeal analgesia in a preoperative wait-
ing area. In the endoscopic procedure room, standard monitor-
ing included electrocardiography, non-invasive blood pressure, 
and peripheral oxygen saturation (SpO2). Patients received na-
sal oxygen supplementation at a flow of 4 L/min throughout 
the entire sedation and gastroscopy procedures.
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An anesthesia assistant who did not participate in the subse-
quent study prepared the sedative medications, i.e., remima-
zolam tosilate (H20190034, Jiangsu Hengrui Medicine, Jiangsu, 
China) and propofol (H20040079, Guorui Pharmaceutical, 
Sichuan, China). According to the randomized codes, patients 
were assigned to receive remimazolam tosilate (remimazol-
am group) or propofol (propofol group).

The patients in both groups received intravenous sufent-
anil 0.15 μg/kg with an injection duration of 30 seconds [16].
Two minutes later, patients in the remimazolam and propofol 
groups received, respectively, intravenous remimazolam tosi-
late 0.107 mg/kg or intravenous propofol 2 mg/kg, with all 
sedatives delivered within 30 seconds. The dose of remima-
zolam tosilate was based on our pilot data (unpublished), in 
which the 95% effective dose of remimazolam (0.107 mg/kg) 
for gastroscopy in patients with liver cirrhosis was calculated 
using the Dixon and Massay up-and-down sequential meth-
od and probit regression.

When the MOAA/S (Modified Observer Assessment of Alertness 
and Sedation scale) scoresreached £1, the endoscopist per-
formed the gastroscopy using an Olympus CV260 gastroscope 
system (Olympus Optical, Tokyo, Japan). If the MOAA/S score 
was greater than 1 or the patient showed clinical signs of an 
insufficient level of sedation during the procedures (such as 
body movement, gag reflex, or coughing), rescue sedation with 
additional propofol at a dose of 20 mg could be used and re-
peated at the discretion of the attending anesthesiologist.

According to the study protocol, propofol was used as a res-
cue sedative in both groups. This is because we planned to 
administer a single medication proven efficacious for rescue 
sedation in both groups, and propofol is a traditional seda-
tive widely used in gastrointestinal endoscopic procedures.

Patients were transferred to a recovery room after the proce-
dures and stayed for at least 30 minutes. When the patients 
regained full awareness and were able to walk in a straight 
line for at least 5 meters without instability, they were per-
mitted to leave the endoscopic unit [17].

Hypotension was defined as a reduction in systolic blood pres-
sure that was 20% or more from the baseline level, and was 
treated with intravenous ephedrine 5 mg. Bradycardia was de-
fined as a heart rate less than 50 beats per minute, and was 
treated with intravenous atropine 0.5 mg. Respiratory depres-
sion was considered SpO2 less than 90%, and apnea was an 
absence of breathing lasting 10 seconds or more. Respiratory 
depression or apnea was treated with airway manipulations 
(such as chin lift or jaw thrust) or face mask ventilation as 
necessary.

Primary and Secondary Outcomes

The primary outcome of this study was the level of satisfaction 
of the endoscopist with the sedation regimen [18], which was 
rated immediately after each gastroscopy procedure as satis-
factory, fair, or unsatisfactory. The secondary outcomes were 
complications related to the procedure, and patient satisfac-
tion. Complications included respiratory depression, apnea, 
body movement, bradycardia, hypotension, nausea or vomit-
ing, somnolence, dizziness, and fever. Patient satisfaction was 
rated as satisfactory, fair, or unsatisfactory.

Perioperative Data

The collected perioperative data included the following: time to 
sedation (from drug administration to MOAA/S score £1); time 
to emergence (from the end of the procedures to eye open-
ing); number of patients who needed additional doses of pro-
pofol during induction of sedation; number of patients with 
additional propofol use during the sedation and gastroscopy 
procedures; and duration of the gastroscopy.

Sample Size Estimation

The number of patients needed in this study was calculated 
based on our pilot study (not yet published). Our institutional 
pilot data suggested that endoscopists rated sedation for gas-
troscopy procedures via remimazolam and propofol as satis-
factory in91.7% and 72.5%of procedures, respectively. To de-
tect such a difference between the 2 groups, 118 patients (59 
patients in each group) were required, with a power of 80% at 
an alpha level of 0.05. To compensate a possible dropout rate 
of 20%, we finally recruited 148 patients, with 74 patients in 
each group. The sample size estimation was performed us-
ing SPSS software (version 19.0; IBM SPSS, Chicago, IL, USA).

Statistical Analysis

The normal distribution of continuous data was tested using 
the Kolmogorov-Smirnov test. The continuous data are pre-
sented as mean±standard deviation, and compared using the 
independent t-test. The categorical data are shown as number 
of patients and percentage, n (%), and were compared using 
the chi-squared test or Fisher’s exact test. All statistical anal-
yses were performed using SPSS software (version 11.0; IBM 
SPSS, Chicago, IL, USA). A 2-sided P valueless than 0.05 indi-
cated a statistically significant difference.
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Results

Patient Characteristics

Between 21 February2021 and1 September2021, 159 patients 
with liver cirrhosis scheduled for gastroscopy under sedation 
were screened for eligibility for this study (Figure 1). Of these, 
11 patients were excluded due to not meeting the inclusion 
criteria or refusal to participate. Finally, 148 patients were in-
cluded and randomly and equally assigned to the treatment 
groups (i.e., 74 patients in each group). Each of the 148 pa-
tients completed their gastroscopic procedures with sedation 
successfully, without dropouts.

The 2 groups are comparable in terms of patient characteristics 
(Table 1). The ages of the remimazolam and propofol groups 
were 47.6±5.8 years and 48.5±7.1 years, respectively. There 
were 42 (56.8%) and 45 (60.8%) men in the remimazolam and 
propofol groups. Most patients were at ASA status II (specif-
ically, 85.1% and 79.7% given remimazolam and propofol).

Perioperative Data

The time to sedation of the remimazolam group (88.3±10.7 s) 
was longer than that of the propofol group (62.7±10.1 s; 
P<0.001), while the time to emergence from sedation of the 
remimazolam group (44.7±11.2 s) was less than that of the 

Assessed for eligibility (n=159)

Excluded (n=11)
Not meeting inclusion criteria (n=10)
Declined to participate (n=1)

Allocation (n=148)

Reamizolam group (n=74) Propofol group (n=74)

Analyzed (n=74) Analyzed (n=74)

Discontinued intervention and/or
monitoring (n=0)

Discontinued intervention and/or
monitoring (n=0)

Figure 1.  Schematic illustration of the study 
flow. This figure was created using 
WPS Office software (version 11.1.0, 
Kingsoft Office, China).

Remimazolam Propofol P

Subjects, n 74 74 –

Age, y 47.6±5.8 48.5±7.1 0.980

Gender
Male  42 (56.8%)  45 (60.8%)

0.163
Female  32 (43.2%)  29 (39.2%)

Height, cm 167.2±5.7 165.6±5.3 0.272

Weight, kg 68.5±5.3 67.7±6.3 0.311

ASA status
II  63 (85.1%)  59 (79.7%)

0.707
III  11 (14.9%)  15 (20.3%)

Table 1. Patient characteristics.

Remimazolam Propofol P

Subjects, n 74 74 –

Time to sedation, s 88.3±10.7 62.7±10.1 <0.001

Time to emergence, s 44.7±11.2 64.6±29.8 <0.001

Additional propofol during induction  1 (1.4%)  3 (4.1%) 0.610

Additional propofol during procedures  5 (6.8%)  14 (18.9%) 0.027

Duration of gastroscopy, min 9.5±3.7 11.4±4.2 0.167

Table 2. Perioperative data.
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propofol group (64.6±29.8 s; P<0.001; Table 2). One patient 
(1.4%) and 3 patients (4.1%) in the remimazolam and propofol 
groups, respectively, needed additional doses of propofol dur-
ing induction of sedation. Five (6.8%) and 14 patients (18.9%) 
in the remimazolam and propofol groups received addition-
al propofol doses during the sedation and gastroscopy pro-
cedures (P=0.027). The duration of gastroscopy was 9.5±3.7 
minutes and 11.4±4.2 minutes in the remimazolam and pro-
pofol groups.

Primary Outcome

The endoscopist rated the sedation process as satisfactory 
in 67 of 74 (90.5%) of the procedures in the remimazolam 
group, which was significantly higher than that of the 57 of 74 
(77.0%) procedures in the propofol group (P=0.026; Table 3).

Secondary Outcomes

A significantly lower number of patients in the remimazolam 
group developed respiratory depression (2.7%), body move-
ment (8.1%), or hypotension (4.1%), when compared with the 
propofol group (17.6%, 23.0%, 14.9%; P=0.003, 0.013, 0.025; 
Table 3). There were no between-group differences in the other 
secondary outcomes, including apnea, bradycardia, nausea or 
vomiting, somnolence, dizziness, fever, or patient satisfaction.

Discussion

Main Findings of This Trial

To the best of our knowledge, this is the first randomized con-
trolled trial to show the efficacy and safety of remimazolam tosi-
late sedation, with an adjuvant low dose of sufentanil, in patients 
with liver cirrhosis undergoing gastroscopic procedures. The re-
sults indicate that remimazolam tosilate combined with adju-
vant sufentanil provides adequate and satisfactory sedation for 
gastroscopy in these patients. Compared with propofol, the use 
of remimazolam led to higher endoscopist satisfaction with the 
sedation regimen, and fewer incidences of perioperative respira-
tory depression, body movement, or hypotension. Fewer patients 
in the remimazolam group than in the propofol group needed 
additional doses of propofol during the procedures. In addition, 
patients receiving remimazolam combined with adjuvant sufen-
tanil experienced a longer time to sedation and a shorter time to 
emergence, than did patients receiving propofol and sufentanil.

Comparisons with the Existing Literature

As a novel benzodiazepine drug characterized by ultra-short 
sedative and hypnotic effects, remimazolam has been in-
troduced into clinical practice for sedation and general an-
esthesia. A phase IIb clinical study reported that the use of 

Remimazolam Propofol P

Subjects, n 74 74 –

Primary outcome

Endoscopist satisfaction

Satisfied  68 (91.8%)  57 (77.0%) 0.543

Fair  5 (6.8%)  13 (17.6%) 0.085

Unsatisfied  1 (1.4%)  4 (5.4%) 0.367

Secondary outcomes

Respiratory depression  2 (2.7%)  13 (17.6%) 0.007

Apnea Nil  3 (4.1%) 0.245

Body movement  6 (8.1%)  17 (23.0%) 0.043

Bradycardia Nil  4 (5.4%) 0.1021

Hypotension  3 (4.1%)  11 (14.9%) 0.031

Nausea or vomiting  2 (2.7%)  1 (1.4%) 1.000

Somnolence Nil  3 (4.1%) 0.245

Dizziness  1 (1.4%)  3 (4.1%) 0.621

Fever Nil Nil 1.000

Patient satisfaction

Satisfied  74 (100.0%)  72 (97.3%) 0.908

Fair Nil  2 (2.7%) 0.497

Unsatisfied Nil Nil 1.000

Table 3. Primary and secondary outcomes.
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remimazolam produced an adequate level of sedation for pa-
tients undergoing colonoscopy, as reflected by the high rate 
of successful sedation and a good safety profile [12]. Later, a 
phase III clinical trial found that patients receiving remima-
zolam for colonoscopy administered by endoscopists experi-
enced a safer sedation and a faster neuropsychiatric recovery 
than did those given midazolam [19]. Another study reported 
that remimazolam provided safe and effective sedation dur-
ing flexible bronchoscopy [20]. The results of a recent multi-
center, randomized, phase III trial showed that the rate of se-
dation success of remimazolam tosilate was not inferior to 
propofol in gastrointestinal endoscopy, with a favorable safety 
profile and a quick recovery from sedation [13]. Remimazolam 
was well tolerated by surgical patients and was also not in-
ferior to propofol for general anesthesia induction and main-
tenance [21]. Given that patients with liver cirrhosis have an 
increased susceptibility to sedative drugs, a tailored pharma-
cotherapy is needed to ensure safety [22,23]. In this regard, 
remimazolam may be a suitable alternative to conventional 
sedative agents for these patients.

Clinical Implications of Our Results

The results of the present study may be used to advocate the 
clinical application of our sedation regimen for patients with 
liver cirrhosis undergoing gastroscopic procedures. The com-
bination of remimazolam tosilate with a low dose of adjuvant 
sufentanil for sedation and analgesia in these patients led to 
a high rate of endoscopist satisfaction and successful com-
pletion of the procedures. Furthermore, a significantly lower 
number of patients in the remimazolam group developed re-
spiratory depression, body movement, or hypotension com-
pared with the propofol group. No severe adverse events as-
sociated with remimazolam sedation were observed. This lack 
of complications is extremely important for patients with liver 

cirrhosis who are already at an increased risk for postopera-
tive morbidity.

Limitations of This Study

There are several limitations in this study. First, the attending 
anesthesiologist was not blinded to the group allocation, be-
cause the obvious difference in the appearance of remimazol-
am and propofol made blinding unfeasible. The non-blinding 
may have confounded the current results. Second, only patients 
with liver cirrhosis aged 18 to 65 years, with ASA classification 
II-III and Child-Pugh class A were included in this study. This 
is because we believe that sedation for older patients or with 
higher ASA or Child-Pugh classes scheduled for gastroscopy 
can reference the current results. Last, patients were not fol-
lowed-up after hospital discharge. Overall, results of this study 
warrant verification in larger clinical studies of patients with 
liver cirrhosis undergoing gastroscopic procedures.

Conclusions

This randomized controlled trial suggests that remimazolam 
tosilate combined with adjuvant sufentanil is a better alter-
native to propofol with sufentanil for sedation in gastroscopy 
in Chinese patients with liver cirrhosis. The endoscopist rat-
ed the former more highly for satisfaction with sedation, and 
there were fewer incidences of respiratory depression, body 
movement, and hypotension.
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