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Objective: The optimal sedation regime during endoscopy remains controversial, especially
for elderly outpatients. In this study, we compared the efficacy and safety between remima-
zolam tosilate (RT) and etomidate-propofol (EP) in elderly outpatients undergoing
colonoscopy.

Methods: A total of 260 elderly outpatients undergoing sedative colonoscopy were rando-
mized into two groups. Patients in the RT group received a 0.075-mg/kg maintenance dose of
remimazolam following an initial dose of 0.15 mg/kg, whereas patients in the EP group
(10 mL:20 mg etomidate plus 10 mL:100 mg propofol) received a 0.05-mL/kg maintenance
dose following an initial dose of 0.1 mL/kg to maintain a Modified Observer’s Assessment of
Alertness/Sedation score of <3 during the procedure. The primary endpoint was the success
of the procedure. Secondary endpoints included time metrics, hemodynamics, consumption
of fentanyl, etomidate, propofol, and remimazolam, intraoperative body movement, patient
and endoscopist satisfaction scores, supplemental dose of sedative and fentanyl, and inci-
dence and severity of adverse events.

Results: The procedure success rate was 96.52% in the RT group and 100% in the EP group.
The difference in procedure success rate between the RT and EP groups was —3.48% (95%
confidence interval: —6.81%, —0.15%). Four patients in the RT group required rescue
midazolam. Compared with patients in the RT group, the onset time of the EP group was
significantly lower (p < 0.05), whereas time to fully alert (p = 0.001), ready for discharge
(» = 0.001), and hospital discharge (p = 0.002) were all significantly higher in the EP group.
However, there were no significant differences in procedure time (p = 0.846) or cecal
intubation time (p = 0.320) between the two groups. Although the frequency of intraopera-
tive body movement was higher in the RT group, the difference was not significant (p =
0.508). There were no significant differences in patients’ demographic and baseline char-
acteristics, supplemental doses of sedative and fentanyl, or patient and endoscopist satisfac-
tion scores (p > 0.05). Muscular tremor and pain on injection were recorded more frequently
in the EP group (p < 0.05). However, there were no significant differences in hypoxia,
respiratory depression, or incidence of postoperative nausea and vomiting. The severity of
adverse events was all mild (grade 1) across both groups.

Conclusion: RT may have non-inferior efficacy and a higher safety profile than EP in
elderly outpatients undergoing colonoscopy, which suggests that RT may be more suitable
for elderly outpatients undergoing colonoscopy.
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Introduction

With the popularization of noninvasive digestive endo-
scopy, which is considered the gold standard for the diag-
nosis of digestive system diseases, there is an increasing
demand for endoscopy in outpatients, particularly in coun-
tries with aging societies.'” To relieve patients’ anxiety,
discomfort, pain, and potential vasovagal reactions, seda-
tive endoscopy is widely used, especially following the
development of new sedative and anesthetic drugs over the
last decade.’* However, the optimal sedation regime dur-
ing endoscopy remains controversial; the ideal agent
should have a rapid onset, high controllability, and mini-
mal side effects.’

Propofol, etomidate, and midazolam combined with
opioids are the most commonly used drugs globally for
sedation during endoscopic procedures.® However, each
drug has both advantages and disadvantages. The disad-
vantage of propofol is injection pain, aspiration pneumonia
due to loss of protective reflexes, lack of an analgesic
effect and specific antagonists, risk of developing propofol
infusion syndrome and bacterial contamination, metabolic
acidosis, a narrow therapeutic index (which increase the
risk of hypoxia), and cardiovascular and respiratory
depression, especially when combined with opioids.” As
a result, guidelines introduced by major anesthesia socie-
ties have recommended that propofol be used only by
anesthesiologists, alongside constant monitoring and pre-
paration for urgent endotracheal intubation.® Etomidate
may be an appropriate hypnotic agent for colonoscopy,
especially for elderly patients, because of its relatively
rapid onset and recovery and minimal adverse effects on
the cardiovascular system owing to its lack of inhibitory
effect on sympathetic tone and myocardial function.’
A previous study reported that histamine release and aller-
gic reactions to etomidate are less common than to barbi-
turates or propofol.'® However, taking etomidate alone can
cause muscle tremor and rigidity and increase postopera-
tive nausea and vomiting (PONV), which may impact the
procedure and reduce the satisfaction of both the patient
and endoscopist.'® Midazolam has an elimination half-life
of approximately 4.3 hours and provides excellent amnesia
and a wide margin for safety, which makes it suitable for
use by both anesthesiologists and non-anesthesiologists for
procedural sedation. The obvious drawback includes a lack
of analgesic effect, longer induction and recovery periods,
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even with relatively short procedures.” Moreover, the

effects of midazolam have considerable interindividual

variability, which reduces its controllability. Furthermore,
there are concerns regarding accumulation and the poten-
tial for repeat sedation because the active metabolite of
midazolam has the potential to induce sedative effects.'”
Given the characteristics of the aforementioned drugs,
a previous study proposed that etomidate-midazolam
should be administered to patients with a high American
Society of Anesthesiology (ASA) score, whereas propofol-
midazolam may be more suitable for patients with a low
ASA score."?

Remimazolam tosilate (RT), which acts on gamma-
aminobutyric acid (GABA) receptors, is a new ultrashort-
acting benzodiazepine. It offers more rapid recovery and
earlier restoration of cognitive function than does midazo-
lam because of the high clearance, small volume of dis-
tribution, and susceptibility to ester hydrolysis by
carboxylesterase-1 to an inactive carboxylic acid metabo-
lite, which is in contrast to all the other benzodiazepines.
Furthermore, the effects of RT can be fully reversed by
flumazenil."* Recent studies have reported that RT is sui-
table for short operations, such as gastrointestinal endo-
scopy, hysteroscopy, bronchoscopy, and closed reductions
of long-bone fractures.'” In addition, it can also be used
for the induction and maintenance of anesthesia, and its
efficacy is non-inferior to propofol.'® However, the effi-
cacy and safety of RT compared with etomidate-propofol
(EP) in patients undergoing colonoscopy are unclear.
Thus, we performed a prospective, randomized, single-
blind, non-inferiority trial to compare the efficacy and
safety of RT versus EP in elderly outpatients undergoing
colonoscopy.

Methods

Patients

This single-center, prospective, randomized, single-blind,
non-inferiority trial was performed from February 2021 to
July 2021 at the Department of Gastroenterology and
Digestive Endoscopy at Liaocheng People’s Hospital.
The protocol was approved by the institutional review
board of our center (NO.2020045). Written informed con-
sent was obtained from all patients before the procedures
were performed. The study was registered in the Chinese
Clinical Trial Registry (ChiCTR2000041524).

Patients who underwent colonoscopy with sedation
anesthesia who were aged between 65 and 75 years were
recruited. Patients were excluded if they had contraindica-
tions to endoscopy (eg, acute upper respiratory tract
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infection, asthma attack, acute severe throat disease, and
abnormal liver function); had an ASA > III; required
trachea cannula; had known sensitivity to benzodiaze-
pines, flumazenil, opiates, propofol, egg products, or soy-
beans; had adrenocortical insufficiency, porphyria or
received chronic corticoid therapy; had difficult airways
and hemodynamic instability (systolic blood pressure
[SBP] < 90 mmHg or > 180 mmHg, diastolic blood
pressure [DBP] > 110 mmHg, peripheral oxygen satura-
tion [SpO;] < 90% in room air); had a history of sleep
apnea; had an operation time longer than 30 minutes; or
abused or were addicted to alcohol, opioids, or sedative-
hypnotic drugs. Patients who had participated in trials of
other drugs during the 3 months before the study were also
excluded.

Randomization and Blinding

Patients were randomized by an independent anesthetist
into the RT or EP group using a computer-generated ran-
dom number table prior to undergoing colonoscopy.
Because of the different appearance of the two drugs,
a single-blind design was adopted for this study. All
endoscopists, nurses, and patients were blinded to group
allocation.

Procedures

All patients underwent bowel preparation in accordance
with the standard protocol.'” Supplemental oxygen at
a rate of 4 L/min by nasal cannula was administered to
all patients immediately after they entered the examination
room until they were fully alert, according to sedation
guidelines.'® Patients with ASA standard monitoring
(blood pressure, heart rate [HR], pulse oxygen saturation,
and end-tidal carbon dioxide) received 0.5 pg/kg fentanyl
for analgesia after the introduction of 500 mL of a 0.9%
sodium chloride solution. After 5 minutes, 0.15 mg/kg RT
or 0.1 mL/kg EP (10 mL:20 mg etomidate plus
10 mL:100 mg propofol) was administered to the RT or
EP group, respectively, over 1 minute to induce sedation.
When the Modified Observer’s Assessment of Alertness/
Sedation (MOAA/S) score was <3, colonoscopy was per-
formed by the same endoscopist who had over 10 years of
experience, in accordance with standard clinical practice to
reduce deviations between endoscopists.'® Sedation level
was maintained at an MOAA/S score of <3 during the
procedure. Supplemental 0.5 pg/kg fentanyl was given for
analgesia during the procedure if pain was not controlled,
up to a maximum cumulative dose of 150 pg. If patients

were not sufficiently sedated, a supplemental bolus of
0.075 mg/kg RT or 0.05 mL/kg EP was administered, up
to a maximum of five doses every 15 min. If the initial and
supplemental boluses were insufficient to maintain ade-
quate sedation within a 15-minute window, midazolam
(dosed per physician discretion) was administered as res-
cue sedative medication.

If patients experienced hypoxia or respiratory depres-
sion for more than 10 seconds, the flow of inhaled oxygen
was increased, and the patient’s mandibular angle was
raised. If oxygen saturation did not improve, the colono-
scopy was suspended, and the patient’s thorax was
squeezed slightly. If the situation still showed no improve-
ment, the mandibular back mask was held up to pressurize
to assist the patient to breathe, or endotracheal intubation
was performed. Vasoactive drugs, such as phenylephrine,
ephedrine, atropine, urapidil, and esmolol, were used to
maintain hemodynamic stability at target values (fluctua-
tion range did not exceed 20% of the baseline).

Clinical Outcomes

The primary endpoint was the success of the procedure based
on a previous study, which included: (1) completion of the
procedure, (2) no requirement for an alternative and/or rescue
sedative, and (3) administered up to a maximum of five
supplemental doses within 15 minutes of the initial dose.'*
Secondary endpoints were as follows: time metrics, which
included onset time (from the injection of the sedative drug to
the start of the colonoscopy), procedure time (from the start
to the end of the colonoscopy), cecal intubation time (from
insertion of the colonoscope to reaching the cecum), time to
fully alert (from completion of the colonoscopy to patients
reaching an MOAA/S score of 5), time to ready for discharge
using the Modified Aldrete Scoring System, and time to
hospital discharge using the discharge score; hemodynamics,
which were recorded at the following time points: arrival at
the examination room (T1), after administration of intrave-
nous fentanyl (T2), 5 minutes after administration of intra-
venous fentanyl (T3), immediately after insertion of the
colonoscope (T4), reaching the cecum (T5), end of the colo-
noscopy (T6), 5 minutes after the colonoscopy (T7), 10
minutes after the colonoscopy (T8), and at hospital discharge
(T9); consumption of fentanyl, etomidate, propofol, and RT;
intraoperative body movement; patient and endoscopist satis-
faction scores (on a 10-point scale: 1, most dissatisfied to 10,
most satisfied); supplemental dose of sedative and fentanyl;
and adverse events, including hypotension (SBP < 90
mmHg, DBP < 50 mmHg, or a mean blood pressure
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(MBP) decrease of 20% or more below baseline), bradycar-
dia (< 50 beats per minute or a decrease in HR of 20% or
more from baseline), hypertension (SBP > 180 mmHg, DBP
> 110 mmHg, or an MBP increase of 20% or more from
baseline), hypoxia (SpO, < 90% on 4 L/min oxygen),
respiratory depression (respiratory rate < 8 breaths
per minute), prolonged sedation (MOAA/S score < 4 for
longer than 30 minutes after the end of the colonoscopy),
muscular tremor (on a 4-point scale: 0, muscle contraction
not observed; 1, weak contractions of face and extremities; 2,
facial, body, and limb muscles have mild contractions; 3,
strong contractions of facial, body, and limb muscles), and
pain on injection and PONV (on a 4-point scale: 0, none; 1,
mild; 2, moderate; 3, severe). The severity of adverse events
was classified using the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.0 (on
a 4-point scale: 1, mild; 2, moderate; 3, severe; 4, life-
threatening or disabling).*°

Statistical Analysis
The sample size calculation was based on a previous
study.'* We assumed that the success rates of EP and RT
sedation would both be 95%. The predefined non-
inferiority margin was an absolute difference of 10%
between groups for the primary endpoint. With a non-
inferiority margin of 10% on the relative scale, a power
of 90%, and a one-sided alpha of 2.5%, the total sample
size needed was 200. Assuming a dropout rate of 15%,
a minimum of 115 patients were recruited for each group.
Shapiro—Wilk and Levene tests were used to assess the
data distribution and homogeneity of variance, respectively.
Quantitative data are presented as means + standard devia-
tions (SDs) or medians and interquartile ranges, as appro-
priate. Qualitative data are presented as numbers and
frequencies. Between-groups comparisons of quantitative
variables were analyzed using Student’s #test or
Kolmogorov—Smirnov Z-test. Between-groups comparisons
of qualitative variables were analyzed using x2 of Fisher’s
exact tests. A p < 0.05 was considered to be statistically
significant. Statistical analyses were performed on SPSS for

Windows, version 22.0 (SPSS Inc., Chicago, IL, USA).

Results
Patient Demographics and Baseline

Characteristics
Figure 1 shows the patient enrollment process for this
trial. We recruited 345 elderly outpatients who underwent

colonoscopy between February 2021 and July 2021. Of
these, 85 elderly outpatients were excluded because of
the following reasons: 25 patients with contraindications
to endoscopy; 7 patients with an ASA > III; 3 patients
required trachea cannula; 8 patients had a known sensi-
tivity to egg or soybeans; 1 patient had adrenocortical
insufficiency; 2 patients received chronic corticoid ther-
apy; 11 patients had difficult airways; 2 patients had
hemodynamic instability; 13 patients had a history of
sleep apnea; 9 patients had an addiction to alcohol or
hypnotic drugs; and 4 patients participated in other drug
trials during the previous 3 months. As a result, 260
patients were divided into two groups, among which 28
patients were excluded because the procedure took longer
than 30 minutes (n = 14, eight patients in the RT group
and six patients in the EP group) or patients were lost to
follow-up (n = 14, six patients in the RT group and eight
patients in the EP group). The final sample comprised
115 patients in the RT group and 117 patients in the EP
group. Patients’ demographics and baseline characteris-
tics were comparable across the two groups (p > 0.05;
Table 1).

Primary Outcome

The procedure success rate was 96.52% (111/115, 95%
confidence interval [CI]: 93.19-99.85%) in the RT group
and 100% (117/117, 95% CI: 100.00-100.00%) in the EP
group. Four patients in the RT group required rescue
midazolam. The difference in the procedure success rate
between the RT and EP groups was —3.48% (95% CI:
—6.81%, —0.15%). RT was considered non-inferior to EP
in elderly outpatients undergoing colonoscopy because the
lower limit of the 95% CI for the difference in procedure
success rate was not greater than the non-inferiority limit
of —10% (Table 2).

Secondary Outcomes
Compared with patients in the RT group, the EP group’s
onset time was significantly higher in (41 [32-52] s vs 32
[26-41] s, p < 0.05; Table 3). However, there were no
significant differences in the procedure time (p = 0.846) or
cecal intubation time (p = 0.320) between the two groups
(Table 3). Time to be fully alert (»p = 0.001), time to be
ready for discharge (p = 0.001), and time to hospital
discharge (p = 0.002) were all significantly lower in the
RT group (Table 3).

There were no significant differences in hemodynamics
during the trial, except for SBP at T6 and RR at T5
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345 elderly outpatients underwent colonoscopy were

recruited between February and July 2021

Excluded (n=85):
25 patients with contraindications of endoscopy,
7 patients with ASA 2 |11,
3 patients required trachea cannula,
8 patients with known sensitivity to egg or soybeans,
1 patient with adrenocortical insufficiency,

2 patients received chronic corticoid therapy,

11 patients with difficult airways,

2 patients with hemodynamic instability,

13 patients with history of sleep apnea,

9 patients with addiction to alcohol or hypnotic drugs,

4 patients participated trials of other drugs within 3 months

Randomized (n=260)

Group RT
Allocated to intervention (n=129)
Procedure longer than 30 min (n=8)

Lost to follow-up (n=6)

Y

Analysed (n=115)

Figure | Patient flowchart with CONSORT guidelines.

(Figure 2). Consumption of fentanyl, etomidate, propofol,
and RT is shown in Table 3. Although the frequency of
intraoperative body movement was higher in the RT
group, this difference was not statistically significant (p =
0.508; Table 3). There were no significant differences in
either the patients’ or endoscopist’s satisfaction scores (p >
0.05; Table 3). Supplemental doses of sedatives and

Group EP
Allocated to intervention (n=131)
Procedure longer than 30 min (n=6)

Lost to follow-up (n=8)

Analysed (n=117)

fentanyl were similar across the two groups (p = 0.783;
Table 3).

Safety Assessment Outcomes

Although the number of patients who required vasopressors
was higher in the EP group, this difference was not statisti-
cally significant (p = 0.311; Table 4). The incidence of PONV
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Table | Demographic and Baseline Characteristics of Patients

Variable Group RT Group EP P-value
(n=115) (n=117)

Age (years) 68.87+2.58 69.12+2.75 0.476

Sex (male/female) 54/61 58/59 0.690

Height (cm) 164 (158—-168) 165 (157-172) 0.322

Body weight (kg) 68 (63-73) 67 (59-73) 0.333

BMI (kg/m?) 25.35+2.07 24.75%2.16 0.073

ASA I/l (n) 37/78 46/71 0.256

NYHA I/l (n) 28/87 35/82 0.341

Comorbidity, n (%) 0.997

Hypertension 38 (33.04%) 42 (35.90%)

Diabetes 21 (18.26%) 25 (21.37%)

Coronary heart 7 (6.09%) 8 (6.84%)

disease

Hyperlipidemia Il (9.57%) 13 (11.11%)

Note: Variables presented as mean +SD, median (interquartile range) or number of
patients n (%).

Abbreviations: BMI|, body mass index; ASA, American Society of Anesthesiology;
NYHA, New York Heart Association.

Table 2 Difference of Primary Outcome Between the Two Groups

Variable Group RT Group EP P-value
(n=115) (n=117)
Procedure 111 (96.52%) 117 (100%) 0.059

success, n (%)

95% Cl (93.19%, 99.85%) | (100%, 100%)

Difference in —3.48%

rates

95% Cl (-6.81%, —0.15%)

Note: Variables presented as number of patients n (%).
Abbreviation: Cl, confidence interval.

was similar across the two groups (p = 0.449; Table 4).
However, muscular tremors and pain during injection were
more frequently recorded in the EP group than in the RT
group (p < 0.05; Table 4). There were no significant differ-
ences in either hypoxia or respiratory depression, which were
resolved by increasing the flow of inhaled oxygen and raising
the patient’s mandibular angle (p > 0.05; Table 4). Only one
patient in the EP group had to have their colonoscopy sus-
pended and thorax squeezed slightly. None of the patients
required manual or mechanical ventilation. The proportions
of patients who had hypotension, hypertension, and brady-
cardia were similar across the two groups (p > 0.05; Table 4).
Of the 27 patients with hypotension, 19 received
a supplemental dose of fentanyl. Three patients with moder-
ate hypotension received a supplemental dose of fentanyl

more than once. The severity of all adverse events was
mild (grade 1) in both groups (p = 0.797; Table 4).

Discussion

We found that in combination with fentanyl, the proce-
dure success rate was 96.52% in the RT group and
100% in the EP group. Compared with patients in the
RT group, the onset time of the EP group was signifi-
cantly lower, whereas time to be fully alert, ready for
discharge, and hospital discharge were all significantly
higher in the EP group. At the same time, muscular
tremor and pain on injection were recorded more fre-
quently in the EP group.

An increasing number of patients who undergo colono-
scopy are elderly, with cardiac or respiratory diseases or
electrolyte disturbances due to colonic preparation.”'
Currently, two or more sedatives or anesthetic drugs are
often used during gastrointestinal endoscopy. However,
drug interactions may change the pharmacological effects
of individual drugs and increase the occurrence of adverse
reactions.””> Remimazolam, a recently developed ultra-
short-acting benzodiazepine, shows a high affinity to
GABA receptors and increases the frequency of chloride
channel opening in the cerebral cortex, limbic system,
midbrain, brainstem, and spinal cord.>*** The pharmaco-
kinetics and pharmacodynamics of RT are similar to those
of remimazolam.?® In addition, remimazolam did not dif-
fer between elderly and younger patients or between
patients with normal renal function and end-stage renal
failure.'® However, its use requires caution in patients with
severe hepatic impairment,”® which is why we excluded
patients with abnormal liver function. We also excluded
patients with opioid or alcohol abuse because mortality has
been shown to be higher for certain categories of patients
who use opioids for pain reduction or abuse drugs, such as
opioids or alcohol.?” In contrast to previous studies, we
administered fentanyl rather than remifentanil 5 minutes
before sedation. This was performed for two reasons: the
incidence of hyperalgesia and muscle rigidity of remifen-
tanil, and the synergy for propofol/remifentanil is only
61%, which is considerably lower than that for remimazo-
lam/remifentanil (94% and 98%, respectively).””-**

The success of the procedure using only a single dose
of remimazolam is 32%, 56%, and 64% in the 0.10, 0.15,
and 0.20 mg/kg groups, respectively.”’ A previous study
reported that 0.15 mg/kg of remimazolam is sufficient to
produce adequate sedation. Moreover, a higher initial dose
of remimazolam may result in deeper sedation, which may
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Table 3 Difference of Second Outcomes Between the Two Groups

Variable Group RT (n=115) Group EP (n=117) P-value
Time metrics
Onset time (s) 41 (32-52) 32 (2641)* 0.001
Caecal intubation time (min) 10.68+3.37 10.27£2.93 0.320
Procedure time (min) 15.63+3.49 15.71+3.01 0.846
Time to fully alert (min) 3(24) 4(34)* 0.001
Time to ready for discharge (min) 8.70+1.46 9.38+1.21* 0.001
Time to hospital discharge (min) 13.92+1.57 14.57+1.64* 0.002
Consumption of sedative and analgesic drugs
Fentanyl (ug) 74.17+16.80 72.58%17.61 0.483
Etomidate (mg) 14.60 (13.20-16.80) -
Propofol (mg) 73 (66-84) -
Remimazolam tosilate (mg) - 16.43 (13.05-19.80)
Intraoperative body movement, n (%) 15 (13.04%) 12 (10.26%) 0.508
Satisfaction of patients 9.04+0.58 9.03+0.52 0.899
Satisfaction of endoscopist 8.93+0.26 8.91+0.29 0.499
Supplemental dose of sedative and fentanyl 3 (24 3 (14) 0.783

Notes: Variables presented as mean +SD, median (interquartile range) or number of patients n (%).*P < 0.05 vs Group RT.

not be required for routine colonoscopies, although remi- at mean (5-95%) cumulative doses of 0.16 (0.11—
mazolam has a wide therapeutic window for sedation.®®  0.24) mg/kg in ASA Class III patients.*! Thus, we admi-

Furthermore, remimazolam induces loss of consciousness  nistered an initial dose of 0.15 mg/kg in the RT group in

SBP -o- Group RT DBP -e- Group RT
170+ -+ Group EP 85+ —+ Group EP
160
150+ 754

2 o
£ 140+ E
£ £
1304 654
1204
110 T T T T T T T T T 55 T T T T T T T T T
NN S I U\ B I U R\ AL Qe R
Time Time
HR -e- Group RT RR -e- Group RT
& Group EP -= Group EP
100 20
90
< £
£ £
2 80 2 154
©
& g .
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R I U B I N N P U I I O U

Time Time

Figure 2 Hemodynamics. There were no significant differences in hemodynamics during the trial, except for SBP at T6é and RR at T5. *P< 0.05 vs RT group.
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Table 4 Difference of Adverse Events Between the Two Groups

Variable, n (%) Group RT (n=115) Group EP (n=117) P-value
Numbers of patients required vasopressors 10 (8.70%) 15 (12.82%) 0.311
Pain on injection 4 (3.48%) 0 15 (12.82%)* 0.015
PONV (0/1/2/3) 101/12/2/0 103/9/5/0 0.449
Muscular tremor (0/1/2/3) 113/2/0/0 104/11/2/0%* 0.008
Prolonged sedation | (0.87%) 4 (3.42%) 0.370
Hypotension I5 (13.04%) 12 (10.26%) 0.508
Hypertension 5 (4.35%) 7 (5.98%) 0.574
Bradycardia 6 (5.22%) 9 (7.69%) 0.443
Hypoxia | (0.87%) | (0.85%) 1.000
Respiratory depression 0 0 1.000
Severity of adverse events 0.797

Grade | 23 (20%) 25 (21.37%)

Grade 2 0 0

Grade 3 0 0

Grade 4 0 0

Notes: Variables presented as number of patients n (%). *P < 0.05 vs Group RT.
Abbreviation: PONV, postoperative nausea and vomiting.

this trial. Previous study has reported that most adverse
reactions to propofol, particularly serious complications,
are related to deep sedation levels, dosage, and injection
speed of propofol.*> Thus, we administered 0.1 mL/kg EP
over a 1-minute period to induce sedation, in accordance
with a previous study.*® Similar to the results of a previous
study, our study showed that the procedure success rate
was 96.52% (95% CI: 93.19-99.85%) in the RT group vs
100% (95% CI: 100.00-100.00%) in the EP group. The
difference in the procedure success rate between the RT
and EP groups was —3.48%, which indicated that RT was
non-inferior to EP in elderly outpatients undergoing
colonoscopy.'*

Compared with the RT group, the time to achieving an
MOAA/S score of 3 was shorter in the EP group. However,
increasing the initial dose of remimazolam may eliminate
this difference. A previous study reported that cumulative
doses of remimazolam were largely similar among the three
groups (12.28, 11.70, and 10.93 mg).>” However, the con-
sumption of RT was significantly increased in our study,
which was partly due to the larger initial dose, more addi-
tional doses, and lower consumption of opioids. Consistent
with the results of a previous study, the mean supplemental
doses of sedatives and fentanyl were similar across the two
groups (3 [2-4] vs 3 [1-4]).>* There were no significant

differences in hemodynamics during the trial between the
two groups. However, both SBP at T6 and RR at T5 were
significantly increased in the RT group, which was puzzled
and needed further research to explore this confusion.
Etomidate is non-inferior to propofol in terms of occur-
rence of respiratory events and has better sedation efficacy
even during advanced endoscopic procedures, such as endo-
scopic  ultrasonography and endoscopic retrograde
cholangiopancreatography.®> Although EP may increase the
recovery time of patients undergoing gastroscopy, etomidate-
remifentanil and EP were more suitable than propofol-
remifentanil for the elderly for providing more stable hemo-
dynamic responses and fewer adverse events than etomidate,
remifentanil, or propofol alone.'> However, because of the
high medical expenses that may be incurred by patients, we
used etomidate-propofol for the control group. A previous
study reported that a combination of 10 mL 1.0% propofol
and 5 mL 0.2% etomidate (ie, a 1:2 EP mixture) for painless
gastroscopy reduces the occurrence of adverse reactions
without affecting patients’ respiratory function.® In our
study, we adopted a 1:1 EP mixture to allow longer examina-
tion time and stimulation needed for colonoscopy compared
with gastroscopy.® A previous study reported that 70% of the
usual dose could be administered to complete endoscopy in

elderly patients, although the number of remediations was
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more frequent.>’ Consistent with the results of previous
studies, time to be fully alert, ready for discharge, and hospi-
tal discharge were all significantly higher in the EP group
which may be due to the rapid breakdown of RT into an
inactive metabolite.”>**~°

Bispectral index (BIS) has been used previously to
assess the level of patient sedation.*® However, we used
the MOAA/S because a previous study found that the
sedation depth as determined by these two methods is
similar. In addition, the BIS index was originally devel-
oped for propofol, and is less accurate for midazolam.*
A recent study highlighted the clinical benefits of using
electroencephalogram measures, which significantly corre-
late with sedation scale scores and do not require patient
stimulation.’**® We did not apply routine flumazenil
reversal at the end of the colonoscopies because of the
possibility of resedation and economic reasons.*!
Dehydration after bowel preparation combined with the
vasodilatory effects of fentanyl is considered the main
causes of perioperative hypotension.*' Though the inci-
dence of intraoperative hypotension was relatively low in
our study, of the 27 patients with hypotension, 19 required
a supplemental dose of fentanyl. Furthermore, three
with

a supplemental dose of fentanyl more than once, indicating

patients moderate  hypotension  required
that fentanyl combined with opioids contributed to the
hypotension. In addition, injection pain was commonly
reported in the EP group. The underlying mechanism
may be related to the direct stimulation of blood vessels
or the indirect stimulation of the production of bradykinin
and prostaglandins by propofol.” The incidence of muscu-
lar tremor with etomidate has been reported to be approxi-
mately 20%—-80%.** However, only 11% of our patients in
the EP group experienced muscular tremor, which may be
because both opioid pretreatment and propofol inhibit
muscular tremor and the lower dose of etomidate.
A previous study reported that muscular tremor increases
intragastric pressure and the risk of PONV and aspiration,
which are related to etomidate dose.*> However, the inci-
dence of PONV was similar across the two groups. This
may be due to the different mixing ratios of EP in different
studies as well as the preinjection of opioids in our study.
All muscular tremors and injection pain were mild, short-
lasting, recovered spontaneously, and did not influence the
performance of the colonoscopy. None of the elderly out-
patients experienced a serious treatment-emergent adverse

event that required hospitalization.

This study has the following limitations. First, we did
not assess the adrenal function of patients in the EP group,
such as plasma cortisol and adrenocorticotropic hormone.
However, the effect of etomidate on the function of the
adrenal cortex is usually transient and reversible and does
not increase the mortality rate if the infusion is not
prolonged.** In addition, we initially used 0.1 mg/kg of
etomidate, which is less than the recommended dose
(0.15-0.20 mg/kg). Second, muscular tremor can increase
postoperative serum potassium and hyperuricemia, and
elevated bilirubin has been reported previously in patients
receiving RT.*® However, electrolyte changes before and
after the operation were not recorded in this study because
all were outpatients. Third, we only used one dose of RT;
however, establishing optimized dosages is warranted
because previous reports have suggested that even higher
doses of remimazolam do not cause severe hemodynamic
fluctuations and may have a slight advantage during the
induction period.*" Fourth, we did not record the recall of
the procedure using the Brice questionnaire or cognition
and memory function using the Hopkins Verbal Learning
Test-Revised™. Finally, multicenter randomized trials are
required to confirm the results of this single-center study.

In conclusion, we found that in combination with fen-
tanyl, RT has non-inferior efficacy and a higher safety
profile than EP for elderly outpatients undergoing colono-
scopy, which suggests that RT is more suitable for elderly
outpatients undergoing colonoscopy.
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