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Abstract
Background and Aim: Remimazolam tosilate (RT) is under evaluation as a sedative for
endoscopic procedures. Herein, we aimed to evaluate safety including cognition recovery
of RT administered in elderly patients undergoing upper gastrointestinal endoscopy and as-
sess its safety dosage.
Methods: Ninety-nine patients presenting for upper gastrointestinal endoscopy were ran-
domized to receive 0.1 mg/kg RT (R1) or 0.2 mg/kg RT (R2), or propofol (P). Cognitive
functions (memory, attention, and executive function) were measured via neuropsycholog-
ical tests conducted before sedation and 5 min after recovery to full alertness. Adverse
events were also assessed.
Results: There were no statistical differences between postoperative and baseline results
for R1 group and P group, whereas those for R2 group revealed worsened postoperative
cognitive functions (immediate recall and short delay recall) than baseline (P < 0.05).
Compared with P group, Scores demonstrated worse restoration of immediate recall in
R1 group, immediate recall, short-delayed recall, and attention function in R2 group
(P < 0.05). Patients in R2 group had a longer sedation time (12.09 vs 8.27 vs 8.21 min;
P < 0.001) and recovery time (6.85 vs 3.82 vs 4.33 min; P < 0.001) than that in R1 group
and P group. Moreover, the incidence of hypotension was 3.0% in R1 group, whereas it
was 21.2% in R2 group and 48.5% in P group (P < 0.05).
Conclusion: The addition of 0.1 mg/kg RT as an adjunct to opiate sedation for upper gas-
trointestinal endoscopy not only achieves more stable perioperative hemodynamics but
also achieves acceptable neuropsychiatric functions in elderly patients.

Introduction
Upper gastrointestinal (GI) endoscopy has been regarded as the
gold standard treatment for the diagnosis of upper GI tract diseases
and is widely performed worldwide. Endoscopic procedures are
invasive and may cause the patient pain and discomfort1; there-
fore, sedation with prompt recovery including cognitive function
is an important goal of postoperative care.2

Propofol or benzodiazepine combined with analgesic agents are
used widely for sedation during endoscopy.3 Propofol is a
short-acting anesthetic agent that can be used successfully as a
sedative drug during GI endoscopy. It has a favorable pharmacoki-
netic profile in comparison to benzodiazepine with regard to rapid
induction of sedation, faster recovery, and equivalent levels of am-
nesia. However, concerns about cardiovascular and respiratory de-
pression have led to the restriction of its use to anesthetists treating
elderly patients and those with multiple comorbid conditions.4,5

Remimazolam tosilate (HR7056, RT) is a new short-acting

benzodiazepine that was developed by HengRui Medicine Co.,
Ltd., in China. In 2019, the National Medical Products Adminis-
tration approved its use as a new drug for use in anesthesia and se-
dation. It can be rapidly hydrolyzed in the body via ubiquitous
tissue esterases to an inactive carboxylic acid metabolite, which re-
sults in faster-acting onset and recovery than those of currently
available short-acting sedatives.6 In healthy young patients under-
going upper GI endoscopy, RT was demonstrated to have a favor-
able safety profile and was superior to propofol.7 In the first study
of remimazolam in patients for procedural sedation, the safety pro-
file appeared to be similar to that of midazolam, as there was a de-
cline in cognitive function after the administration of either
midazolam or remimazolam.8 However, what is the most suitable
drug dosage for elderly patients and whether the use of RT affects
cognitive function remains unanswered.
In this study, we aimed to evaluate the effect of RT on the early

cognitive function of elderly patients undergoing upper GI
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endoscopy. In addition, a suitable dose for sedation during induc-
tion was assessed.

Methods

Study design. This study was a prospective, randomized,
double-blind, positive-controlled parallel trial comparing doses
of 0.10 or 0.20 mg/kg RT (HengRui Medicine, China) to
1.0–1.5 mg/kg propofol (AstraZeneca, USA) as a sedative for pa-
tients undergoing upper GI endoscopy. Patients were recruited
from the Third Xiangya Hospital in China, between August 2020
and February 2021. The trial was registered with https://www.
clinicaltrials.gov (ChiCTR2100042084) and was conducted in ac-
cordance with the Declaration of Helsinki and the principles of the
International Conference on Harmonization Good Clinical Prac-
tice Guideline. The protocol was approved by the Institutional Re-
view Board of Third Xiangya Hospital. Written informed consent
was obtained from each patient prior to the start of any
protocol-specified procedures.

Patient eligibility. Patients aged >60 years undergoing up-
per GI endoscopy who were of American Society of Anesthesiol-
ogists physical status I or II and possessed sufficient Chinese
language proficiency to complete neuropsychological assessments
were included in the study. Patients were excluded if they had clin-
ically significant cardiorespiratory instability; clinically significant
renal or hepatic dysfunction; or a history of drug/alcohol abuse,
psychiatric illness, neurological disease, auditory, or visual distur-
bances that could affect the reliability of the neuropsychological
assessments; pre-existing memory or cognitive impairment; an al-
lergy to any of the anesthetic agents; anesthesiologist refusal of the
anesthetic use.

Randomization and masking. All eligible patients were
randomized into one of three groups: RT administered in a dose
of 0.10 or 0.20 mg/kg as the R1 and R2 groups, respectively, or
propofol in a dose of 1.0–1.5 mg/kg as the P group based on a ra-
tio of 1:1:1 determined by a computer-generated coding system.
We applied the double-blind design. Anesthetists who performed
sedation were aware of the treatment assignment of each partici-
pant. However, participants and primary outcome assessors were
unaware of the treatment assignment throughout the study.

Procedures. On arrival to the endoscopy room, IV access was
obtained and oxygen was administered at 4 L/min via a clear nasal
catheter. Patients were not administered IV fluids. Routine patient
monitoring included pulse oximetry, electro-cardiograph, and non-
invasive arterial blood pressure measurement. Quilts were used to
keep patients warm.
All patients received 10-g lidocaine viscous oral liquid (0.2-g li-

docaine) and butorphanol (0.01 mg/kg) before receiving the
assigned investigational sedative medication. Sedative drugs were
administered via IV according to the randomized group allocation
(a single dose of 0.10 or 0.20 mg/kg RT; or 1.0–1.5 mg/kg
propofol). When the patient was sufficiently sedated (Modified
Observer’s Assessment of Alertness/Sedation [MOAA/S] ≤1),
the gastroscopy procedure was initiated. If sedation was deemed

to be inadequate (MOAA/S > 1) or the gastroscopy procedure
failed, up to a maximum of two supplemental doses administered
as IV boluses (0.05 mg/kg RT for the R1 and R2 group, or
0.5 mg/kg propofol for the P group), was permitted after 1 min
at the end of the initial dose, at least 1 min apart. If the initial dose
and supplemental doses were not sufficient to obtain adequate se-
dation for scope insertion, sedative rescue medication (propofol)
was to be administered at the start of the procedure at the anesthe-
siologist’s discretion. Once the procedure was underway, to main-
tain the patient at an adequate sedation level (MOAA/S score of
≤1) throughout the procedure, patients were injected with supple-
mental doses at least 1 min apart (not to exceed a cumulative total
of five supplemental doses) of sedative medication at the discre-
tion of the anesthesiologist. If these doses were not sufficient to
maintain appropriate sedation, sedative rescue medication was to
be administered for the completion of the procedure and/or endo-
scope removal. Predefined complications (hypotension, bradycar-
dia, hypoxia, and dreaming) were managed according to our
study protocol (not shown). Patients who required rescue medica-
tion were not included in the postoperative neuropsychological as-
sessments, which were performed within 5 min of patients
becoming fully alert after the endoscopy procedure. When patients
were ready for hospital discharge, they were questioned about their
satisfaction with care and intraoperative awareness.

Measurements. Baseline data included patient characteristics
(age, sex, education level, and body mass index), diagnosis, and
preoperative comorbidities. Oxygen saturation, heart rate, and ar-
terial blood pressure were recorded every 2 min during sedation
(including pre-operation, intra-operation, post-operation, and fully
alert). MOAA/S scores were recorded frequently (every 30 s from
1 min to 3 min, then every 1 min) until the patient was fully alert
(three consecutive MOAA/S scores of 5). Sedation time was de-
fined as the time from administration of the last drug until patients
became fully alert. Recovery time was defined as the time from re-
moval of the endoscope until the patient became fully alert. Endos-
copy time was defined as the time from insertion of the endoscope
and until removal of the endoscope. Cognitive function was eval-
uated based on neuropsychological tests. Patient satisfaction with
anesthetic care was measured using a 5-mm visual analog scale
(0 = completely dissatisfied and 5 = completely satisfied). Recall
of the procedure was assessed using the Brice questionnaire after
the fully alert criteria had been reached.

Neuropsychological tests. We adopted well-established
neuropsychological tests to ensure standardization of the proce-
dure during data collection.
For the Digit Symbol Substitution Test (DSST), participants

were asked to write as fast as they could symbols that were paired
to Arabic numerals (1–9) on a sheet of digital array. A reference of
the digit symbol pairs was offered on the same sheet. The number
of symbols completed within 90 s was transformed to a scaled
score. This task tests sustained attention, with higher DSST scores
indicating better attention function.
The Number Connection Test (NCT) consisted of documenting

the time required to sequentially connect randomly placed circles,
which were labeled from 1 to 25. The total score was an index of
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executive function. The lower the total NCT score was, the better
the executive function was rated.
The Auditory Verbal Learning Test-Huashan (AVLT-H) was ad-

ministered by asking the patient to remember a list of 12 words
that were then read out by the investigator. The patient was then
asked to recall as many of the 12 words as possible immediately,
which was repeated three times. A short-delayed recall trial was
conducted 5 min later. A long-delayed recall was conducted
20 min later. This entire AVLT-H test was performed at baseline
before any study drug was administered, and then the test was per-
formed again within 5 min of the patient becoming fully alert after
the endoscopy procedure. The immediate recall score was used to
assess the patient’s ability to learn new information. A
short-delayed AVLT-H score or long-delayed AVLT-H score dem-
onstrated the patient’s ability to memorize new information. The
higher AVLT-H score was associated with better memory ability.

Statistical analysis. The sample size was not statistically
calculated but was expected to provide sufficient data for deter-
mining an appropriate dose level for further studies. Continuous
data were tested for normality. Normally distributed data were
summarized using the mean and standard deviation, which were
compared via analysis of variance. Categorical data were pre-
sented as absolute values and percentages, which was compared
among groups using the χ2 test or Fisher’s exact test. To compare
the means among the three groups, a one-way analysis of variance
was performed using Tukey’s post-hoc test. All analyses were con-
ducted using IBM SPSS Statistics 23.0 software. P < 0.05 was
considered statistically significant.

Results
As depicted in Figure 1, 99 patients were randomized into the
1.0–1.5 mg/kg propofol group (P group), 0.1 mg/kg RT group
(R1 group), or 0.2 mg/kg RT group (R2 group).

All patients completed the discharge cognitive test and were in-
cluded the analysis of the primary outcome. The baseline charac-
teristics of the three groups were similar (Table 1). No harm or
unintended adverse events occurred for any of the participants.

Primary outcome cognition. Recovery of the cognitive
domain is summarized in Table 2. When considered for the entire
sample for each group, performance at discharge declined signifi-
cantly from baseline for immediate recall (P < 0.001) and
short-delayed recall (P = 0.005), but not long-delayed recall only
after the administration of 0.2 mg/kg RT. However, there was an
increase in immediate recall (P < 0.001), short-delayed recall
(P = 0.025), and the DSS (P = 0.012) for the propofol-treated
patients.
As for the magnitude of decline in cognitive function as

assessed by the three variables described earlier, a group mean
analysis performed using Tukey’s honestly significant difference
(HSD) test of simple-effect comparisons (Table 3) showed that
the R2 group performed worse than the P group on the immediate
recall (P < 0.001), short-delayed recall (P = 0.002), and DSS
(P = 0.009) assessments. By contrast, the R1 group performed
worse than the P group only on the immediate recall test
(P = 0.009).

Secondary outcomes. Anesthesia details and postoperative
data are shown in Table 4. The success rate of sedation in each
group was 100%. During the induction period, there were four pa-
tients in whom 0.05 mg/kg RT was added once and one patient in
whom 0.05 mg/kg RT was added twice after the administration of
0.1 mg/kg RT. There was one patient in whom RT 0.05 mg/kg was
added once after the administration of 0.2 mg/kg RT. There were
no clinical differences in the endoscopy time among patients in
the three groups. There were no statistically significant differences
in the recovery time or sedation time between patients in the R1
group and P group, whereas the time to becoming fully alert was

Figure 1 Patient disposition.
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longer for patients in the R2 group than that in the P group, both in
sedation time and recovery time (P < 0.01). The incidence of hy-
potension was 3.0% for the R1 group and 48.5% for the P group,
which was a significant difference (P < 0.001). Patients in all
treatment groups were satisfied with their procedure.
There were also no discernable differences in vital signs among

patients in all three groups with respect to the mean blood

pressures and preoperative heart rate. There was a slight increase
in heart rate after administration of 0.1 or 0.2 mg/kg RT, which
then slowly decreased to baseline after patients became fully alert.
While there was a decrease in the heart rate of patients in the P
group (Fig. 2), there was an initial decrease in arterial blood pres-
sure (up to approximately 20 mmHg) in patients of all three groups
after drug administration. A comparison of the maximum

Table 2 Cognitive function at baseline and discharge

R1 (n = 33) R2 (n = 33) P (n = 33)

Before After P value Before After P value Before After P value

Memory Immediate
recall

16.8 ± 5.09 15.24 ± 5.32 0.075 17.73 ± 4.91 14.94 ± 4.61 <0.001 16.52 ± 6.26 18.15 ± 5.18 <0.001

Short-delayed
recall

6.09 ± 2.60 5.85 ± 2.33 0.516 6.36 ± 1.87 5.39 ± 2.45 0.005 5.88 ± 2.40 6.48 ± 2.35 0.025

Long-delayed
recall

5.58 ± 2.68 5.45 ± 2.71 0.696 5.91 ± 2.05 5.48 ± 2.45 0.160 5.55 ± 2.31 5.76 ± 2.55 0.408

Attention DSS 28.76 ± 11.12 27.94 ± 9.78 0.360 33.65 ± 10.99 32.06 ± 9.26 0.172 26.55 ± 10.34 28.88 ± 12.21 0.012
Executive
function

NCT 79.64 ± 29.20 74.42 ± 30.04 0.267 71.18 ± 34.28 78.97 ± 40.17 0.104 80.58 ± 33.08 80.45 ± 36.77 0.980

Table 3 Change in cognitive function from baseline

R1 (n = 33) R2 (n = 33) P (n = 33) P value

Memory Immediate recall �1.61 ± 5.01† �2.79 ± 4.04* 1.64 ± 3.97 <0.001
Short-delayed recall �0.24 ± 2.12 �0.97 ± 1.83* 0.61 ± 1.47 0.003
long-delayed recall �0.12 ± 1.76 �0.42 ± 1.70 0.21 ± 1.45 0.294

Attention DSS �0.82 ± 5.06 �1.85 ± 6.59* 2.33 ± 5.01 0.009
Executive function NCT �5.21 ± 26.48 7.79 ± 26.70 �0.12 ± 27.89 0.150

DSS, Digit Symbol Substitution; NCT, Number Connection Test.
†Significant difference between R1 group and P group based on Tukey’s honestly significant difference between-group comparison (P < 0.01).
*Significant difference between R2 group and P group based on Tukey’s honestly significant difference between-group comparison (P < 0.01)

Table 1 Patient characteristics

Characteristics R1 (n = 33) R2 (n = 33) P (n = 33) P value

Age: year, mean (SD) 66.4 (4.8) 65.5 (5.2) 66.2 (5.0) 0.721
Male sex: no. (%) 19 (57.6) 22 (66.7) 21 (63.6) 0.739
Height: cm, mean (SD) 161.7 (8.2) 160.8 (7.6) 162.6 (7.1) 0.658
Weight: kg, mean (SD) 59.6 (10.5) 60.6 (12.3) 61.5 (10.2) 0.789
BMI: kg/m2, mean (SD) 22.7 (3.0) 23.4 (3.9) 23.2 (3.0) 0.703
ASA score: no. (%)

Grade I 18 (54.5) 24 (72.7) 18 (54.5) 0.218
Grade II 15 (45.5) 9 (27.3) 15 (45.5) 0.218

Education degree: no. 0.649
University diploma and above 8 7 7
Senior high school 7 12 8
Junior high school 7 9 9
Primary school and below 11 5 9

History, yes: no. (%)
Hypertension 15 (45.5) 11 (33.3) 14 (42.4) 0.580
Diabetes 6 (18.2) 6 (18.1) 5 (15.2) 0.931
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decreased amplitude of the mean arterial pressure of the three
groups during the perioperative period revealed that the maximum
reduction in the P group was 23.7% (the preoperative mean value
was 88.44 mm Hg, and the minimum mean value was
67.52 mmHg), whereas the maximum reduction in the R1 group
was 13.5% (the preoperative mean value was 90.18 mmHg, and
the minimum mean value was 77.98 mmHg). The maximum re-
duction in the R2 group was 16.3% (preoperative mean value
was 94.15 mm Hg, and the lowest mean value was 78.80 mmHg).
Compared with P group, the fluctuation of blood pressure was
smaller in the R1 group. After patients were fully alert, the mean
arterial pressure of all patients showed an upward trend (Fig. 3).

Discussion
The results indicated that subjects receiving 0.1 mg/kg RT exhib-
ited significantly fewer complications such as hypotension than
those receiving propofol. The clinical relevance of our study

finding is that 0.1 mg/kg RT results in a lower incidence of comor-
bidity and safer procedures, although short cognitive impairment
was observed in elderly patients. Moreover, this focus is impor-
tant, since although upper GI endoscopy with sedation is increas-
ingly performed on elderly patients, data on the outcomes and
side effects of sedation are limited.9

Fast recovery and preservation of cognitive function following
endoscopic procedures are important subjects of research so that
elderly patients can return to their normal lives safely and
promptly. The results of this study indicate that sedation with
0.1 mg/kg RT but not propofol causes greater impairment on cer-
tain dimensions of cognitive functions. It has been shown that se-
dation causes deficits in cognitive function, which contribute to
patients being discharged from the hospital with levels of cogni-
tive function that contraindicate the ability to perform complex ac-
tivities of daily living, so patients may be at increased risk of
injury.10,11 Furthermore, a large population-based study observed
an increased risk of dementia within 3–7 years of undergoing

Table 4 Intraoperative and postoperative data

R1 (n = 33) R2 (n = 33) P (n = 33) P value

Endoscopy time (min) 4.06 ± 2.49 5.00 ± 2.95 4.00 ± 2.11 0.205
Recovery time (min) 3.82 ± 2.49 6.85 ± 4.29* 4.33 ± 2.97 0.001
Sedation time (min) 8.27 ± 2.49 12.09 ± 3.60* 8.21 ± 2.85 <0.001
Recall no (%) 0 (0) 0 (0) 1 (3.0) 1.000
Dreaming no (%) 1 (3.0) 2 (6.1) 1 (3.0) 1.000
Hypotension no (%) 1 (3.0)† 7 (21.2) 16 (48.5) <0.001
O2 saturation <90% no (%) 1 (3.0) 6 (18.2) 7 (21.2) 0.079

†Significant difference between the R1 group and the P group based on Tukey’s HSD between-group comparison (P < 0.01).
*Significant difference between the R2 group and the P group based on Tukey’s HSD between-group comparison (P < 0.01).

Figure 2 Heart rate. †Significant difference between the R1 group and
the P group by Tukey honestly significant difference (HSD)
between-group comparison (P < 0.01). *Significant difference between
the R2 group and the P group by Tukey HSD between-group comparison
(P < 0.01).

Figure 3 Mean arterial pressure. †Significant difference between the
R1 group and the P group by Tukey honestly significant difference
(HSD) between-group comparison (P < 0.01). *Significant difference be-
tween the R2 group and the P group by Tukey HSD between-group com-
parison (P < 0.01).
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anesthesia and surgery and a shorter mean duration for the diagno-
sis of dementia compared to their control patients.12 This work
mainly focused on the safety profile, including cognitive symp-
toms. Among studies that investigated RT for endoscopy, only
three made similar comparisons to this work. Vasudeven et al. per-
formed a randomized, double-blind study of patients aged 18 to
65 years who were undergoing sedation for elective upper GI en-
doscopy. By using the Hopkins Verbal Learning Test-Revised
(HVLT-R) as a measure of memory function at baseline before ad-
ministering any study drug, and again measured within 5 min of
becoming fully alert, a significant decline in cognitive function
was discovered after the administration of both midazolam and
remimazolam, although recovery of the remimazolam-treated pa-
tients was more pronounced.8 Rex et al. administered sedation
with remimazolam compared with midazolam and a placebo plus
fentanyl in randomized patients undergoing colonoscopy, then
assessed their HVLT-R total raw scores, delayed recall, retention
raw scores, and recognition discrimination at 5 min after the pa-
tients became fully alert, which demonstrated better effects with
remimazolam than with the placebo and midazolam.13 Pastis
et al. also reported superior neuropsychiatric functions as a result
of remimazolam compared with a placebo and midazolam in pa-
tients undergoing bronchoscopy.14 However, the first study in-
cluded a small number of participants and did not investigate the
effect of remimazolam on elderly patients, whereas the latter two
studies did not investigate changes in cognitive function within
the same individual. None of the previous studies compared RT
with other sedatives such as propofol and did not test their impacts
on attention and executive function. Recently, Chen et al. reported
that healthy Chinese volunteers’ performance of tests of saccadic
and smooth pursuit eye movement, body sway, test of choice reac-
tion time, and word recall was significantly impaired after
single-dose midazolam and after constant rate infusion of RT.
The authors recommend that health care providers perform psy-
chomotor assessments after 2-h conscious sedation prior to ap-
proving hospital discharge.15 Our study confirms these results for
elderly patients, but after 5 min of becoming fully alert rather than
2 h after sedation with an initial dose of 0.01 mg/kg butorphanol, a
totally synthetic opioid, which exerts partial agonist and antagonist
activity at the μ-opioid receptor as well as agonist activity at the
κ-opioid receptor. Patients’ performances of memory and attention
skills as cognitive functions at discharge were worse than their per-
formance of these at baseline after administration of 0.2 mg/kg RT,
whereas there was no significant difference between baseline and
discharge after treatment with 0.1 mg/kg RT. We did not find
any deterioration in these test results after endoscopy performed
under propofol sedation. Patient’s tests of immediate recall,
short-delayed recall, and the DSS test showed some improvement,
which was probably due to a learning effect observed in patients if
these tests were performed as part of a previous trial. Change in
cognitive function from baseline, which focuses on individual dif-
ference further revealed a performance decline in immediate recall,
short-delayed recall and DSS test in R2 group and a decline in im-
mediate recall in R1 group compared with P group relatively. In
fact, with propofol, cognitive function had improved. Watkins
et al. randomized 96 patients into a propofol group,
propofol/fentanyl group, and fentanyl/midazolam group and ob-
served that administering propofol as a sole anesthetic caused the
least cognitive disturbance at 24 and 48 h post-procedure when

compared with any other combination.16 By using the NCT as a
measure of executive function, we found no significant difference
between R1 group, R2 group, and P group in the changes from
baseline within individual, but there is a trend that a deterioration
of NCT in R2 group (NCT changed from 71.18 ± 34.28 prior seda-
tion to 78.97 ± 40.17 after sedation). The clinical relevance of this
finding may implicate precautions in driving cars and in operating
machinery. The higher doses may explain this finding of more se-
vere cognitive impairment in patients after administration of
0.2 mg/kg RT, as age-related pharmacokinetic changes and the
presence of comorbidities and polypharmacy complicate drug
therapy.
How these effects of RT relate to the adult human brain is un-

clear, although it has been hypothesized that the effects of centrally
acting GABAA agents are dependent on the cumulative dose of
the agent administered and neuronal susceptibility.17 However,
there was no deterioration in long-delayed memory in patients,
which indicated that RT distinctively impaired the acquisition
stage rather than the storage and retrieval stages of the memory
process. This effect was attributed to the fact that participants per-
formed better on tests utilizing repetitively used materials. As ev-
idenced in an earlier report,18 benzodiazepines tended not to
disrupt retention and retrieval of previously stored information.
Our finding adds to existing knowledge that the acute action of
RT interferes with attention ability. Moreover, although patients
seem alert and vigilant in the recovery room, they might still be
less capable of maintaining their focus and attention over pro-
longed periods of time, especially when facing distractions.
Other studies have investigated cognitive impairment after en-

doscopy. Padmanabhan et al. found that 18.5% of patients under-
going colonoscopy had impaired cognition at hospital discharge.
The incidence of impaired cognition was not different after the ad-
dition of midazolam, but a midazolam dosage >2 mg was associ-
ated with impaired cognition.10 Hsu et al. reported
midazolam-based light sedation in patients undergoing colonos-
copy induced selective cognitive impairments and prolonged cog-
nitive impairments in patients of advanced age.19 Conversely,
Gurunathan et al. found that the use of 0.04 mg/kg midazolam
as an adjunct to propofol and opiate sedation did not show any ev-
idence of differences in recovery of the cognitive domain of the
Postoperative Quality of Recovery Scale after colonoscopy.20

However, the time to full alertness following administration of
midazolam with an opioid was up to 120 min. Midazolam is a se-
lective substrate of CYP3A4 and CYP3A5, which causes variabil-
ity in metabolic activity (approximately fivefold) and numerous
drug–drug interactions. Because of these design issues and other
challenges, such as the type of sedative agent and the time when
cognitive assessment is performed in relation to sedation, these
studies cannot be compared directly with ours.
One important concern regarding sedation for endoscopy is

sedation-related complications, which can lead to significant
morbidity and occasional mortality in patients. Similar to previ-
ous studies,21,22 this study found that both RT and propofol
could cause transient cardiovascular depression. Lower inci-
dences of hypotension were reported for the R1 group (3.0%)
compared with that of the P group (48.5%). In addition, pa-
tients’ heart rate increased slightly after administration of RT.
Numerous studies have demonstrated that perioperative hypoten-
sion can lead to insufficient perfusion of important organs,
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which results in acute and chronic irreversible organ injury and
is associated with an increasing incidence of postoperative myo-
cardial injury, ischemic stroke, postoperative delirium, acute kid-
ney injury, and postoperative mortality, thus causing serious
consequences for the patient’s postoperative care and long-term
outcome.23–25 The incidence of hypoxemia was also higher in
the P group than in the R1 group, although the difference was
not statistically significant. This advantage has been attributed
to the molecular design of RT. Its ultra-short-acting property
leads to rapid breakdown in an inactive metabolite via ubiqui-
tous tissue esterases. Vital signs remained stable even when
deep sedation occurred. Currently, RT is still considered an ideal
intravenous anesthetic agent in the elderly population due to its
better hemodynamic stability and use of a specific antagonist.26

The results of this study showed that under the same surgical
stimulation, sedation and recovery times of the R2 group were
longer than those of the P group, whereas there were no signif-
icant differences between the R1 group and P group. Consider-
ing that the pharmacokinetics of RT are linear across
escalating dosages, the degree and duration of sedation with
RT are dose dependent.27 Furthermore, older people often have
to consume a variety of drugs, which can impact the bioavail-
ability. Due to the particularity of the body condition of elderly
patients, individualized and appropriate drug administration in
the elderly population is critical. Our study demonstrated that
the sedation success rates were 100% for both RT groups and
the P group. Overall, 0.1 mg/kg RT was well-tolerated by el-
derly patients and achieved a better safety profile compared with
propofol.
Although this study demonstrated important findings, it also has

several limitations. First, although we compared the effects of
remimazolam tosilate and propofol on cognitive function, our data
did not allow us to determine whether the opiate influence cogni-
tion function as all patients received opioid predication. Second,
the elderly patients enrolled in our study were ASA I/II, and aver-
age age of 65, which may not fully represent the elderly patient
population. The effectiveness of Remimazolam tosilate needs to
be evaluated in future trials with larger sample size and patients
of ASA III. Third, our study is limited to the observation of
short-term cognitive effects of sedative agents. The time to full
or partial cognitive recovery has yet to be studied. Fourth, this is
an exploratory study, this research can only be a suggestion that
remimazolam can be a useful adjunct. Furthermore, there is a pos-
sibility of a practice effect obscuring post-sedation impairment,
given the brief test–retest interval and use of only one practice ses-
sion. However, despite these limitations, the results of this study
raise hypotheses and provide exploratory data for future studies.

Conclusion
In summary, RT is a safe and effective sedative for upper GI en-
doscopy in patients of advanced age. The addition of RT as an ad-
junct to opiate sedation for upper GI endoscopy can not only lead
to more stable perioperative hemodynamics but also achieve ac-
ceptable neuropsychiatric functions after upper GI endoscopy in
patients of advanced age. To minimize adverse impacts on cogni-
tive function, 0.1 mg/kg RT should be considered for sedation in
elderly patients undergoing upper GI endoscopy.
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