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Abstract

Background Remimazolam and dexmedetomidine are commonly used as sedatives. However, the effects and safety of
remimazolam alone or in combination with dexmedetomidine have not been investigated.

Aim We sought to investigate the clinical effects of remimazolam alone or in combination with dexmedetomidine in bron-
choscopy, and their influence on cognitive function.

Method Ninety eligible patients who underwent bronchoscopy under intravenous anesthesia were randomly divided into
three groups: propofol control, remimazolam, and remimazolam plus dexmedetomidine. The primary outcome was the
incidence of perioperative hypoxemia. Secondary outcomes included induction and maintenance doses of remimazolam,
hemodynamic variables, scores for modified Observer's Assessment of Alertness/Sedation (MOAA/S), coughing, limb move-
ment, incidence of adverse events, patient satisfaction, bronchoscopist satisfaction, incidence of post-operative cognitive
dysfunction (POCD), time to loss of consciousness (LoC), and time to awake.

Results The incidence of hypoxemia, hypotension, and bronchoscopist satisfaction score were significantly decreased, and
time to LoC and time to awake were markedly longer in the remimazolam and remimazolam plus dexmedetomidine groups
than in the propofol control group (p <0.05). The remimazolam group had significantly decreased induction and maintenance
doses of remimazolam and a shorter time to LoC than the remimazolam plus dexmedetomidine group (p <0.05). Scores
for coughing, limb movement, MOAA/S, and post-operative patient satisfaction were comparable among the three groups.
POCD was not induced in any of the groups.

Conclusion Remimazolam is safe and effective for painless bronchoscopy, with a low incidence of adverse reactions, and
exhibits a good synergistic effect with dexmedetomidine.

Trial Registration This trial protocol had been registered on Chinese Clinical Trial Registry (ChiCTR2000041435, date:
202012 26
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the combination of remimazolam and dexmedetomi-
dine in painless clinical bronchoscopy .

Introduction

Bronchoscopy has been used as an important diagnostic
and therapeutic tool for respiratory disorders and may
cause complications such as hypoxia, coughing, and short-
ness of breath [1]. These complications may interrupt
bronchoscopy [2]. Using sedatives during the procedure
could alleviate patient discomfort, decrease complications,
and improve procedural tolerance [3].

Various sedative options are available for bronchoscopy.
Propofol is a conventional intravenous anesthetic agent in
bronchoscopy characterized by rapid induction and recov-
ery [4, 5]. However, this can result in respiratory depres-
sion and hypotension [6]. Remimazolam, an ultra-short-
acting benzodiazepine sedative acting on GABA receptors,
is not only as effective as propofol, but also has superior
hemodynamic stability [7]. Remimazolam has been suc-
cessfully used for the induction and maintenance of gen-
eral anesthesia [8] and in colonoscopy [9]. A prospective,
double-blind, randomized trial conducted at 30 US sites
suggested that remimazolam is an effective and safe seda-
tive medication during flexible bronchoscopy, character-
ized by a more rapid onset of action and recovery [10].
Another study indicated that remimazolam protects against
lipopolysaccharide-induced endotoxicity and improves the
survival of mice [11]. These reports demonstrate the safety
and efficacy of remimazolam for procedural sedation and
analgesia.

Dexmedetomidine is a selective alpha 2-agonist which
can cause mild respiratory depression because of its seda-
tive and analgesic properties [12]. Dexmedetomidine plus
sufentanil can be safely and efficaciously used in children
undergoing flexible bronchoscopy [13]. Dexmedetomidine-
propofol-fentanyl provides safer and more effective seda-
tion, faster recovery, higher bronchoscopist satisfaction to
sedation, and more transient bradycardia in sedative flexible
bronchoscopy compared to midazolam-propofol- fentanyl
[14]. However, no studies have compared remimazolam
alone or in combination with dexmedetomidine for seda-
tion during bronchoscopy.

Our study compared the efficacy, safety, and incidence
of post-operative cognitive dysfunction (POCD) of differ-
ent sedative regimens in patients undergoing bronchoscopy:
propofol alone, remimazolam alone, and remimazolam
in combination with dexmedetomidine. This study has
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implications for the selection and use of sedative regimens
for bronchoscopy and provides a reference for the rational
use of sedatives in clinical practice.

Aim

This study sought to investigate the clinical effects of remi-
mazolam alone or in combination with dexmedetomidine
in painless bronchoscopy, and their influence in terms of
POCD to provide a reference for rational clinical drug use.

Ethics approval

The trial protocol was registered with the Chinese Clinical
Trial Registry (ChiCTR2000041435, date: 2020-12-26).
This study was approved by the Ethics Committee of Tai'an
Central Hospital [(2020). (14), date: 2020-8-28]. Written
informed consent was obtained from all participants.

Method
Overall design

This was a single-center, prospective, randomized con-
trolled clinical trial, including patients receiving elec-
tive bronchoscopy in the outpatient bronchoscopy unit
of Tai'an Central Hospital from January 2021 to August
2021. Ninety patients were eligible for the trial and were
enrolled in the study. Inclusion criteria were patients aged
between 18 and 70 years and classified as American Society
of Anesthesiologists (ASA) grade I-III [9, 15]. The exclu-
sion criteria were as follows: hypoxemia (SPO, <90% at
resting state), bradyarrhythmia (HR < 60/min), and hypo-
tension (MAP < 60 mmHg); patients with asthma, chronic
obstructive pulmonary diseases, and obstructive sleep apnea
syndrome; New York Heart Association (NYHA) classifi-
cations > III; pregnancy; any metal health issues and cogni-
tive impairment assessed pre-operatively based on the Mini
Mental Examination Scale (MMSE); long-term drug abuse;
and intolerance or allergies to experimental drugs in this
trial.

All eligible patients were randomly allocated into three
groups by a computer-generated random number table in a
sealed envelope: propofol control (C) group, remimazolam
(R) group, and remimazolam plus dexmedetomidine (RD)
group. Patients were blinded to the grouping, whereas bron-
choscopists and investigators were aware of the grouping
because propofol and remimazolam have different colors. A
flowchart of this trial is shown in Fig. 1.
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Fig.1 Study design flowchart

Anesthesia procedures

All patients fasted for 8 h pre-operatively. In the waiting
area, patients received nebulized inhalation of 5 mL of 2%
lidocaine, and oxygen inhalation via a mask (4 L/min) and
venous channels were established. Five minutes prior to sur-
gery, all patients were intravenously injected with 0.15 pg/kg
sufentanil. In group C, the patients were induced with propo-
fol (2 mg/kg), followed by a maintenance dose of 4—6 mg/
kg/h. In group R, the patients were treated with 6 mg/kg/h
remimazolam (batch number:200211AK, Jiangsu Hengrui
Pharmaceutical Co., Ltd., Jiangsu, China), followed by a
maintenance dose of 0.6-2 mg/kg/h. For the RD group,
15 min of preoperative intravenous pumping of dexmedeto-
midine was administrated at a dose of 0.5 pg/kg for 10 min,
followed by a dose of 0.5 pg/kg/h until the surgical operation
was completed. Remimazolam was administered in the same
manner as in group R.

After loss of consciousness (LoC), the nasopharyngeal
airway was used, and patients received oxygen inhalation
(4 L/min). When the bronchoscope reached the glottis and

carina, 2 mL 2% lidocaine was administered. When cough-
ing and body movement were observed, the C group received
an intravenous injection of 0.5 mg/kg propofol, while the R
and RD groups were administered 0.1 mg/kg remimazolam
by intravenous injection. The infusion rates of propofol
and remimazolam were spontaneously adjusted. After the
bronchoscopic procedure was complete, administration of
sedatives was ceased and the patients were transferred to a
resuscitation room. All sedation procedures were performed
under the supervision of a bronchoscopist.

Two experienced bronchoscopists performed bronchos-
copies. Experienced anesthesiologists were responsible for
sedation, monitoring, and any necessary interventions. If
hypoxemia (SPO, < 90%) occurred, the oxygen flow rate
was increased to 10 L/min, infusion speed of sedatives was
decreased, and the breathing bag of the anesthesia machine
was squeezed to simulate artificial ventilation. If hypoxemia
lasted for > 30 s, these measures were stopped and ventila-
tion via a facial mask was given until SPO, reached 96%. All
data were collected from anesthesia documents and analyzed
by investigators who were blinded to the study.
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Primary and secondary outcomes

Hypoxemia was defined as an SPO, value <90% during
the procedure. The primary outcome of the trial was the
incidence of perioperative hypoxemia. Secondary outcomes
included incidence of POCD; induction and maintenance
doses of remimazolam; mean arterial pressure (MAP), heart
rate (HR) and SPO, pre-operatively (T), at the time of the
bronchoscope passing through the vocal cord (T,), 3 min
(T,) and 5 min (T;) after T, at the end of surgery (T,), at
the time when patients were awaken successfully (Ts), and
before patients left the resuscitation room (T); modified
Observer's Assessment of Alertness/Sedation (MOAA/S)
Scale score [9, 15] at T,, T, and Ts; patient satisfaction
score; bronchoscopist satisfaction score; times of mask ven-
tilation; coughing scores at T, and T,; time to LoC (time
interval from start of drug administration to LoC); time
to awake (time interval from the end of administration to
awareness); ambulation time (time interval between aware-
ness and leaving the resuscitation room); incidence of intra-
operative adverse events, including bradycardia, tachycardia,
hypotension, hypertension, nausea, and vomiting.

POCD was assessed using the MMSE scale one day pre-
operatively and one day post-operatively. The MMSE scale
involves seven aspects: time orientation, place orientation,
immediate memory, attention and computation, delayed
memory, language, and visual space. There are 30 items in
total, one point for each item, and O points for incorrect or
unknown evaluation outcomes. The total score on the scale
ranges from O to 30 points. The score is closely related to
the level of education, and the standards are as follows: illit-
eracy > 17, elementary school education > 20, and middle
school education and above >24. Higher scores indicate bet-
ter cognitive function. An MMSE score <24 or a decrease
from pre-operative to post-operative scores greater than two
scores was defined as POCD [16]. Patient satisfaction with
the procedure at follow-up (one day post-operative) and
bronchoscopist satisfaction with the procedure immediately
after surgery were assessed using a satisfaction questionnaire
on a 10-point scale by the bronchoscopist. On the 10-point
scale, a score of 0 indicated the least satisfaction, whereas
a score of 10 indicated the highest [17]. Coughing severity
was rated on a 4-point scale: 1, no coughing; 2, slight cough-
ing; 3, moderate coughing; and 4, severe coughing [18].

Sample size estimation

Based on the results of our preliminary experiments, we
calculated a sample size in which the incidence of hypox-
emia was 35% in group C, 25% in group R, and 20% in the
RD group. With a power of 0.95 and alpha error of 0.05,
the sample size was calculated to be 85 using G-power soft-
ware (v.3.1). Considering a drop-out rate of 10%, our study
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enrolled 95 patients, and 90 sample cases were successfully
collected.

Statistical analysis

All statistical analyses were performed using SPSS software
(v.25.0). Normally distributed quantitative data are presented
as means + SD, and Student’s #-test or one-way analysis of
variance (ANOVA) test followed by Bonferroni’s correc-
tion was used to compare data between groups. P <0.05
was considered to be statistically significant. Enumeration
data are reported as percentages (%) and compared between
groups using the Chi-square test, adjusted Chi-square test,
or Fisher's exact test. In pairwise comparisons, the o seg-
mentation method was used to reduce type I error. Data
from the three groups were compared pairwise three times
(x=0.05/3=0.017). Therefore, P <0.017 was considered
statistically significant in pairwise comparisons of the enu-
meration data of the three groups.

Results

This study reviewed 90 patients undergoing bronchoscopy
under total intravenous anesthesia, who were randomly
allocated to group C (N=30), group R (N =30), and group
RD (N=30). The overall demographic and clinical charac-
teristics of the three groups are presented in Table 1. The
three groups did not differ significantly in age (P =0.071),
sex (P=0.351), BMI (P=0.318), surgery duration
(P=0.382), or ASA grade (P=1.000). Compared to
patients in group C, patients in group R (OR=0.229, 95%
CI=0.069-0.758, P=0.012) and group RD (OR =0.176,
95%CI1=0.049-0.628, P=0.005) had significantly lower
incidences of hypoxemia (Table 1). Similarly, the inci-
dences of simulated artificial ventilation (P =0.005) and
mask ventilation (P =0.032) were significantly lower in
group C than those in groups R and RD (Table 1).

Perioperative hemodynamic variables are shown in
Table 2. At T, T, and T,, MAP was significantly elevated in
groups R and RD compared with that in group C (P <0.05,
Table 2). The HR at T2 and T3 was significantly lower in
group RD than in group C (P <0.05) and at T, T3, T, and
T than in group R (P <0.05, Table 2). Moreover, SPO, was
significantly lower in groups R and RD than in group C at
T,, T,, and T; (P <0.05, Table 2).

The adverse events observed in the three groups
are shown in Table 3. Groups R (OR=0.211, 95%
CI=0.070-0.631, P=0.004) and RD (OR=0.073, 95%
CI=0.021-0.255, P<0.001) had markedly lower inci-
dences of hypotension than group C, which agreed with the
results obtained for hemodynamic variables. In addition, a
significantly higher incidence of tachycardia was observed



International Journal of Clinical Pharmacy (2023) 45:137-145 141

Table 1 Baseline characteristics of patients, as well as incidences of hypoxemia and need for airway assistance

Group C group (n=30) R group (n=30) RD group (n=30) XZ/F value P-value
Index

Gender (male/ female) 22/8 17/13 25/5 5.300 0.071
Age (year) 58.9+10.8 59.9+7.3 56.6+8.5 1.061 0.351
BMI (kg/m?) 23.7+39 23.5+2.8 224+3.5 1.162 0.318
Surgery duration (min) 159+6.9 142+44 14.6+3.2 0.974 0.382
ASA (I/IT) 2/28 1/29 1/29 0.690 1.000
Hypoxemia 14 (46.7) 5(16.7)% 4(133)* 10.629 0.005
Simulated artificial ventilation 14 (46.7) 5(16.7)* 4(13.3)* 10.629 0.005
Mask ventilation 4(13.3) (JOM 0()* 6.009 0.032

C group: patients with propofol; R group: patients with remimazolam; RD group: patients with remimazolam plus dexmedetomidine; ASA,
American society of Anesthesiologist; BMI, body mass index. *P <0.05 vs. C group

Table 2 Hemodynamic variables of patients in three groups

Variable Group T, T, T, T T, Ts Ty

MAP (mmHg) C 96.0+7.8 84.2+11.0 85.8+13.6 78.5+11.5 77.6+8.5 86.3+13.4 87.7412.0
R 98.249.4 99.2+11.0%  92.0+12.7 87.0+102%  88.7+9.4% 92.6+10.4 92.8+8.8
RD 95.1+9.6 94.9+13.9%  89.8+12.4 86.5+12.8% 86241297  87.6+11.0 87.5+12.5

HR (time/min) C 78.3+8.1 84.8+12.4 85.3+14.1 78.1+11.4 75.1+11.1 75.449.7 76.0+9.6
R 79.2+13.2 89.449.3 83.4+11.6 79.94+10.0 78.1+11.5 81.4+12.7 80.0+9.4
RD 75.9+9.8 79.6+9.4% 76.2+12.4%  70719.2%&  70748.2¢ 73.5+9.4% 74.3+9.5

SPO,% C 99.0+1.1 94.543.6 93.843.4 95.242.0 98.4+1.3 98.7+1.4 99.0+1.2
R 99.6+0.7 97.0+2.3% 96.0+3.17 97.0+2.2% 97.9+1.5 99.1+1.1 99.3+0.8
RD 99.5+1.1 96.7+3.3% 96.1+2.67 96.7+1.9% 98.5+1.4 99.3+1.1 99.3+0.8

#P <0.05 vs. C group, &P <0.05 vs. R group. Mean arterial pressure, MAP; heart rate, HR.

Table3 Incidences of drug- Group Cgroup (n1=30) R group (n1=30) RD group (1=30)  x%/F value P-value
related adverse events, as
well as sedation profile and Parameter
gf’“'pmced”ral outcomes of Hypertension, n (%) 2 (6.7) 13.3) 2(6.7) 0.609 1.000
ifferent groups
Hypotension, n (%) 22 (73.3) 1136.7)* 516.7)* 20.314 <0.001
Tachycardia 9 (30) 6 (20) 133)* 7.449 0.024
Bradycardia 516.7) 2(6.7) 8(26.7) 4.320 0.115
Induction dose of - 0.19+0.02 0.17+0.02" 3.322 0.002
Remimazolam (mg/
kg)
Maintenance dose of  — 2.42+0.47 2.05+0.32" 3.631 0.001
Remimazolam (mg/
kg/h)
Time to LoC (s) 643+17.1 1122 +12.8* 101.6+16.27* 79.189 <0.001
Time to awake (min)  10.5+3.5 13.1+3.1% 15.7 +4.9%# 13.176 <0.001
Ambulation (min) 19.2+4.7 22.0+4.0 23.4+5.6% 5.940 0.004

C group: patients with propofol; R group: patients with remimazolam; RD group: patients with remima-
zolam plus dexmedetomidine; LoC, loss of consciousness. *P < 0.05 vs. C group; “P <0.05, vs. C group
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in group RD (OR =0.080, 95% CI=0.009-0.685, P =0.006)
than in group C. Additionally, neither nausea nor vomiting
occurred in any patients in the three groups.

Patients in group RD required lower induction and main-
tenance doses of remimazolam than patients in group R
(OR=0.02,95% CI=0.01-0.03, P=0.002; OR=0.38, 95%
CI=0.17-0.59, P=0.001, Table 3). Time to LoC and time
to awake were significantly longer in groups R and RD than
in group C (P <0.001). Compared to group C, group RD
exhibited a significantly longer ambulation time (P=0.004),
whereas group R had a similar ambulation time (P> 0.05,
Table 3). Furthermore, compared with group R, group RD
had a significantly prolonged time to LoC and time to awake
(P <0.05). However, differences in ambulation times were
not significant between the two groups (P> 0.05).

Table 4 shows that the coughing and limb movement
scores at T| and T,, and the MOAA/S scores at T, T,, and
T5 were comparable among the three groups (P> 0.05).
The MMSE scores of the three groups were similar one
day pre-operatively and one day post-operatively (P > 0.05,
Table 5). POCD was not induced in any of the groups. The
difference in patient satisfaction scores was not signifi-
cant between the three groups one day post-operatively
(P> 0.05). Immediately after surgery, groups R and RD
had significantly lower bronchoscopist satisfaction scores
than group C (8.30+0.84, 8.07+0.91 vs. 9.67+0.71,
P <0.001, Table 5). Moreover, the bronchoscopist sat-
isfaction scores were not significantly different between
groups R and RD (P > 0.05, Table 5).

Discussion
Statement of key findings

There exists a consensus that topical anesthesia, anal-
gesics, and sedative agents should be recommended for
all patients undergoing bronchoscopy, except in cases of
contradictions [19, 20]. Propofol is safe and effective and
has been widely used for sedation during bronchoscopy
[4, 21]. In the current study, we found that remimazolam
alone or in combination with dexmedetomidine obtained
similar coughing and limb movement scores at T, and
T,, and similar MOAA/S scores at T, T,, and Ts points
relative to propofol. This suggested that remimazolam had
comparable sedative efficacy to that of propofol during
bronchoscopy. Consistent with our findings, a multicenter,
single-blind, randomized trial reported that remimazolam
is well-tolerated and comparable to propofol in terms of
efficacy for general anesthesia [22].

Strengths and weaknesses

This study had certain advantages. Remimazolam alone, or
in combination with dexmedetomidine, did not cause nau-
sea or vomiting in patients. One day post-operative patient
satisfaction scores were not significantly different among
the three sedation regimens. Compared with propofol, rem-
imazolam alone or in combination with dexmedetomidine
resulted in significantly lower bronchoscopist satisfaction
scores. There are three possible reasons for these results.

Table 4 Safety and efficacy

‘ . Group Coughing score Limb movement score MOAA/S score

assessment of different sedative

regimens Tl T2 T1 T2 T1 T2 T5
C group 1.97+0.56 137+0.56 1.83+0.59 123+0.43 0.83+0.59 0.13+0.35 3.83+0.38
R group 2.03+0.61 1.33+055 1.87+0.68 1.07+0.25 0.86+0.68 0.10+0.31 3.63+0.49
RD group 1.97+0.57 1.23+043 1.73+£0.64 1.06+0.24 0.73+0.64 0.10£0.25 3.67+0.48
F value 0.134 0.546 0.354 2.656 0.354 0.361 1.684
P 0.875 0.581 0.703 0.076 0.703 0.698 0.192

C group: patients with propofol; R group: patients with remimazolam; RD group: patients with remima-
zolam plus dexmedetomidine; modified Observer's Assessment of Alertness/Sedation, MOAA/S

Table 5 Sedative satisfaction
and MMSE score of different

groups

Parameter C group R group RD group F value P-value

Patient satisfaction score 9.13+0.86 8.97+0.96 9.00+0.91 0.280 0.756
Bronchoscopist satisfaction score 9.67+0.71 8.30+0.84% 8.07+091%  33.141 <0.001
Preoperative MMSE score 26.7+3.8 255+4.4 273+2.9 1.641 0.096
Postoperative MMSE score 26.9+3.7 25.6+4.3 27.7+2.8 2.410 0.200

C group: patients with propofol; R group: patients with remimazolam; RD group: patients with remima-
zolam plus dexmedetomidine; Mini Mental Examination Scale, MMSE. #P <0.05 vs. C group
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First, dexmedetomidine infusion prior to remimazolam
infusion prolongs the waiting time of bronchoscopists.
Second, patients receiving remimazolam alone or in com-
bination with dexmedetomidine had a significantly longer
time to awake and longer time to ambulation, which con-
sequently reduced the turnover rate because the number of
beds in the resuscitation room was limited. Third, bron-
choscopists were not blinded to the groupings.

Interpretation

Stable sedation is important, especially for complex and per-
sistent therapeutic endoscopic surgery. Patients’ involuntary
movements under sedation can result in surgery-related com-
plications. In addition, the need for higher doses of sedatives
to suppress involuntary movements may increase the risk
of sedation-related adverse events and prolong the duration
of surgery [23]. Lee et al. [24] demonstrated that continu-
ous infusion of propofol during therapeutic endoscopic ret-
rograde cholangiopancreatography has an advantage over
intermittent bolus injection in maintaining a constant level
of sedation without increasing the frequency of adverse
events. Another study explored the pharmacokinetics and
pharmacodynamics of remimazolam after continuous infu-
sion and found that remimazolam was characterized by a
pharmacokinetic-pharmacodynamic profile with rapid onset,
fast recovery, and moderate hemodynamic side effects [25,
26]. Therefore, in our study, we chose continuous infusion
of sedatives in order to maintain a constant level of sedation
during painless bronchoscopy.

Hypoxemia frequently occurs during flexible bronchos-
copy and requires the termination of the bronchoscopy
procedure until it is corrected. Previous studies have dem-
onstrated that the incidence of hypoxemia is 30-50% dur-
ing flexible bronchoscopy with propofol sedation [27, 28].
Similarly, in our study, hypoxemia was reported in 46.7%
of patients receiving propofol sedation only. Remimazolam
alone or in combination with dexmedetomidine resulted in
markedly decreased incidences of hypoxemia, simulated
artificial ventilation, and mask ventilation compared with
propofol. These observations suggested that remimazolam
exerts a milder suppressive effect on the respiratory system
than propofol.

Hypotension is a common complication during bronchos-
copy using propofol sedation [29, 30]. Remimazolam shows
a low incidence of hypotension for the induction and main-
tenance of general anesthesia, indicating milder circulatory
suppression [22]. Consistently, our study found that hypo-
tension was more frequent with propofol than with remima-
zolam alone or in combination with dexmedetomidine at T,
T;, and T,,. The incidences of hypertension and bradycardia
were not significantly different between propofol and remi-
mazolam administration.

Dexmedetomidine is an all-in-one drug with sedative,
analgesic, anxiolytic, sympatholytic, and opioid-sparing
properties, and has been widely applied as an anesthetic
adjunct in diverse applications [31]. The onset time of dex-
medetomidine is generally 10-15 min, and the peak time
is 25-30 min. In clinical practice, we observed that dur-
ing sedation with dexmedetomidine, the blood pressure of
patients generally increased or changed slightly, and the
HR did not decrease significantly when the drug load was
administered. With the extension of time (after maintaining
the dose for more than half an hour), the blood pressure
and HR tended to decrease [32, 33], while our experimen-
tal operations (painless bronchoscopy) generally ended in
approximately 15 min. In this study, the effects of remima-
zolam on circulation and respiration were much lower than
those of propofol. When combined with dexmedetomidine,
the dosage of remimazolam was reduced, and the incidence
of hypotension in the dexmedetomidine group was lower
than that in the propofol group. In our study, although the
actual incidence of bradycardia in the dexmedetomidine
group was higher than that in the other two groups, the dif-
ference was not statistically significant.

Additionally, dexmedetomidine induces less delirium,
causes minimal respiratory depression and provides stable
hemodynamics [34]. We also found that although remima-
zolam alone or in combination with dexmedetomidine had
a significantly longer time to LoC and time to awake than
propofol, the combination with dexmedetomidine led to a
shorter time to LoC than remimazolam alone, indicating a
more rapid onset of action. Because the half-life of dexme-
detomidine during continuous infusion was longer than that
of propofol and remimazolam, the waking time and time
to leaving the resuscitation room in the dexmedetomidine
group were longer than those in the other two groups [26,
33, 34], which could lead to prolonged turnover time and
decreased work efficiency, especially in endoscopic rooms of
busy grade III, class A, hospitals. Considering that dexme-
detomidine (which is inexpensive) can reduce the dosage of
remimazolam (an expensive drug) to shorten the onset time,
the combination of remimazolam and dexmedetomidine still
has clinical significance.

Further research

Our findings suggested that the two drugs described here
exhibit a good synergistic effect on sedation during bron-
choscopy. Dexmedetomidine improves POCD in elderly
patients with colorectal cancer under general anesthesia
[35]. However, in our study, POCD was not induced by any
of the three sedation regimens. Therefore, further studies are
warranted to investigate additional regimens.
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Conclusion

Taken together, remimazolam has similar results to propofol
in terms of safety and efficacy for sedation during bronchos-
copy, without inducing POCD. Although it prolongs time
to awake and time to ambulation, dexmedetomidine has a
synergistic effect with remimazolam, decreases induction
and maintenance doses of remimazolam, and shortens the
time to LoC. These findings provide a theoretical basis for
remimazolam alone or in combination with dexmedetomi-
dine in painless bronchoscopy.
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