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Background: Remimazolam is a novel ultra-short-acting benzodiazepine sedative that has the potential to be an alternative for 
procedural sedation due to its rapid sedation and recovery, no accumulation effect, stable hemodynamics, minimal respiratory 
depression, anterograde amnesia effect, and specific antagonist. Here, we aimed to compare the safety and efficacy of remimazolam 
with dexmedetomidine for awake tracheal intubation by flexible bronchoscopy (ATI-FB).
Methods: Ninety patients scheduled for ATI-FB were randomly divided into three groups, each consisting of 30 cases: dexmedeto-
midine 0.6 µg/kg + sufentanil (group DS), remimazolam 0.073 mg/kg + sufentanil (group R1S), or remimazolam 0.093 mg/kg + 
sufentanil (group R2S). The primary outcome was the success rate of sedation. Secondary outcomes were MOAA/S scores, 
hemodynamic and respiratory parameters, intubation conditions, intubation time, tracheal intubation amnesia, and adverse events.
Results: The success rates of sedation in groups R2S and DS were higher than that in group R1S (93.3%, 86.7%, respectively, vs 
58.6%; P = 0.002), and intubation conditions were better than those in group R1S (P < 0.05). Group R2S had shorter intubation times 
than groups R1S and DS (P = 0.003), and a higher incidence of tracheal intubation amnesia than group DS (P = 0.006). No patient in 
the three groups developed hypoxemia or hypotension, and there were no significant differences in oligopnea, PetCO2, or bradycardia 
(P > 0.05).
Conclusion: In conclusion, both DS and R2S had higher success rates of sedation, better intubation conditions, and minor respiratory 
depression, but R2S, with its shorter intubation time, higher incidence of anterograde amnesia, and ability to be antagonized by specific 
antagonists, may be a good alternative sedation regimen for patients undergoing ATI-FB.
Keywords: remimazolam, dexmedetomidine, difficult airways, awake tracheal intubation

Introduction
Awake tracheal intubation (ATI) is a recommended technique for airway management in patients with predictable 
difficult airways.1–3 However, when ATI induces a strong stress response in the body, patients may experience malignant 
cardiovascular events due to a sharp increase in catecholamine concentrations, as well as severe complications such as 
airway injury or failure of intubation due to coughing, irritability, and trunk twisting.4 As a result, in addition to perfect 
airway local anesthesia, appropriate sedatives and analgesics should be administered before intubation to reduce patients’ 
stress reaction and discomfort during tracheal intubation, thereby increasing patients’ tolerance of tracheal intubation, 
reducing complications, and improving the success rates of intubation.5,6 To ensure safety, patients with difficult airways 
need to maintain spontaneous breathing and minimize airway collapse during tracheal intubation. Hence, sedatives and 
analgesics should be quickly metabolized, minimally respiratory depressing, and can be antagonized.
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Currently, frequently used regimens of sedatives and analgesics for awake tracheal intubation by flexible broncho-
scopy (ATI-FB) include midazolam and dexmedetomidine alone or combined with opioids. Dexmedetomidine is the most 
widely used therapeutically for ATI because it results in arousable sedation and has little respiration and hemodynamic 
effects.7 Dexmedetomidine, on the other hand, has a slow metabolism and no specific antagonist. As a result, over- 
sedation with dexmedetomidine can be fatal in patients with difficult airways. Furthermore, dexmedetomidine has no 
pharmacologic anterograde amnesia, and patients may remember the unpleasant tracheal intubation procedure, which can 
have psychological consequences. Therefore, it is of great clinical significance to seek safe, effective, and comfortable 
sedatives for ATI-FB.

Remimazolam is a novel type of ultra-short-acting benzodiazepine that acts on the gamma-aminobutyric acid type 
A (GABAA) receptor,8,9 has a fast action onset, rapid metabolism, no accumulation, stable hemodynamics, mild 
respiratory depression, anterograde amnesia,10 and can be antagonized by flumazenil.8 Several clinical multicenter 
studies have shown that remimazolam is an ideal sedative for painless gastroenteroscopy and painless bronchoscopy, 
with good sedation, minimal respiratory depression and hemodynamic fluctuations, and few adverse events.11–14 

However, no studies have been conducted to investigate the safety and efficacy of remimazolam for sedation undergoing 
ATI-FB. Therefore, this study aimed to compare the sedative effect, intubation conditions, intubation amnesia, and 
adverse events of remimazolam and dexmedetomidine for ATI-FB to provide a reference basis for further research into 
optimal sedatives for ATI-FB.

Materials and Methods
Study Design
This was a prospective, randomized, double-blind controlled study, which followed the ethical standards of the institu-
tional and national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable 
ethical standards. This study was approved by the Ethics Committee of the Hospital of Stomatology, Guangxi Medical 
University, and registered in the Chinese Clinical Trial Registry on Aug. 28, 2021 (ChiCTR2100050502). All patients 
signed a written informed consent form before the procedures.

Patients
Patients who underwent maxillofacial surgery at the College of Stomatology, Hospital of Stomatology, Guangxi Medical 
University from March 2022 to December 2022 were recruited for this study. Patients enrolled in this study had to meet 
the following inclusion criteria: American Society of Anesthesiologists (ASA) grade I–III; age 18–65 years; body mass 
index (BMI) ≤ 30 kg/m2; predictable difficult airway (Modified Mallampati grade III-IV).15,16 Patients with a long 
history of preoperative sedation or drug abuse, those with severe cardiac, pulmonary, hepatic, or renal disease prior to 
surgery, those with allergies to anesthetics, and those who were enrolled in another study within the 4 weeks before this 
trial were excluded. All patients included in this study were identified as having Modified Mallampati grade III-IV by 
experienced anesthesiologists during the preoperative interview. At the morning session on the day of the surgery, all 
anesthesiologists came to a consensus regarding whether or not the patient required awake tracheal intubation. Once it 
was determined that the patients required awake tracheal intubation, the researcher assessed the participant’s eligibility 
and signed written informed consent if the participant met the inclusion criteria and volunteered to participate in the trial.

Randomization and Blinding
Before this study, a research assistant who was not participating in this study generated random numbers in a 1:1:1 ratio 
for remimazolam groups (group R1S and group R2S) and dexmedetomidine group (group DS) using the Microsoft Excel- 
generated random number table. The results of randomization were sealed in sequentially numbered and opaque 
envelopes. After confirming the eligibility of the participants, an anesthesia assistant opened an envelope in sequence, 
prepared the intervention drug according to the instructions in the envelope, and performed anesthesia induction, who did 
not participate further in this study for blinding. To double-blind, the total volume of both dexmedetomidine and 
remimazolam liquids was configured as 25 mL, and there is no significant difference in their appearance. A researcher 
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(an experienced anesthesiologist), unaware of the group assignment, was responsible for signing the patient’s informed 
consent, intubation procedures, and data collection. In addition to this researcher, patients, and the investigator who 
conducted the statistical analysis of the data were blinded. If there is a need to know about interventions for emergency 
rescue situations during the study, blindness will be broken.

Procedures
All patients in the three groups were awake nasotracheal intubated by flexible bronchoscopy (Zhejiang Youyi Medical 
Equipment Co. Ltd., model No. TIC-SD-III) under conscious sedation and local anaesthesia. Mask pre-oxygenation 
(100%, more than 6 L/min) was performed after the patients entered the operating room. The patency of the two nostrils 
was observed, and the nostrils with the better patency were selected for endotracheal intubation. Ephedrine and furacilin 
nasal drops were used to constrict nasal blood vessels on the intubated side, and 4% lidocaine aerosol (II) was sprayed 
along the surface and base of the patient’s tongue for 3–5 times (no more than 100 mg of lidocaine) for surface anesthesia. 
The absence of pain when suctioning secretions from the throat indicated that the supraglottic airway was perfectly 
anesthetized. At the beginning of anesthesia, patients in three groups received intravenous injections of penehyclidine 
hydrochloride 0.5 mg, and target-controlled infusions of sufentanil (Yichang Renfu Pharmaceutical Co. Ltd., approval 
No. H20054172, drug concentration configuration 2.5 μg/mL) 0.2 ng/mL. Meanwhile, patients in groups R1S and R2 

S received intravenous injections of remimazolam (Yichang Renfu Pharmaceutical Co. Ltd., approval No. H20200006, 
drug concentration configuration 1.0 mg/mL) 0.073 mg/kg and 0.093 mg/kg, respectively for 10 min. The doses of 
remimazolam in groups R1S and R2S are the ED50 and ED95 doses for sedation undergoing ATI-FB, respectively, which 
were determined by Dixon’s modified up-and-down method,17,18 and details were provided in Supplemental Data 1. 
Patients in group DS received intravenous injections of dexmedetomidine (Yangzijiang Pharmaceutical Group Co. Ltd., 
approval No. H20183219, drug concentration configuration 4 μg/mL) 0.6 μg/kg for 10 min. Endotracheal mucosal 
surface anesthesia was achieved by infusing 2% lidocaine 2 mL via cricothyroid puncture during the administration of 
sedatives and analgesics. At the end of the sedative infusion, the patient’s Modified Observer’s Assessment of Alertness/ 
Sedation (MOAA/S) score was assessed (Table 1), and nasotracheal intubation by flexible bronchoscopy was initiated. 
Considering that over-sedation may result in an emergency airway, if the level of sedation was insufficient, the 

Table 1 MOAA/S Score, Intubation Comfort Score, Cough Score, Post-Intubation Score, and Satisfaction

Score 0 1 2 3 4 5

MOAA/S scorea Does not 
respond to 

painful trapezius 

squeeze

Responds only 
after painful 

trapezius squeeze

Responds only 
after mild 

prodding or 

shaking

Responds only after 
name is called loudly 

and/or repeatedly

Lethargic 
response to name 

spoken in normal 

tone

Responds readily 
to name spoken 

in normal Tone

Intubation 

comfort score

– No reaction Slight grimacing Severe grimacing Verbal objection Defensive 

movements

Cough score No cough Slight cough (no 
more than two 

cough in 

sequence)

Moderate 
cough (3–5 

cough in 

sequence)

Severe cough (> 5 
cough in sequence)

– –

Post-intubation 

score

Co-operative Minimal 

resistance

Severe resistance 

(requiring immediate 

general anesthesia)

– –

Anesthesiologist 

satisfaction score

The subjective perception evaluation was conducted according to the patient’s degree of sedation, intubation conditions, and 

adverse events during intubation. The score was 0–10, 0 was the worst and 10 was the best.
Patient 

satisfaction score

The subjective perception was evaluated according to the comfort level during endotracheal intubation on a scale of 0 to 10, 

with 0 being the worst and 10 the best.

Notes: a0–1, loss of consciousness; 2–4, sedation; 5, alert. 
Abbreviation: MOAA/S, Modified Observer’s Assessment of Alertness/Sedation Scale.
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anesthesiologist sprayed the rescue local anesthetic 2% lidocaine 3 mL in the vocal cords or/and trachea as needed during 
the operation, and the rescue sedative etomidate 6 mg intravenously could be administered after the flexible broncho-
scopy entered the trachea, if necessary. After the tracheal bulge was visualized under direct vision, the tracheal tube was 
inserted while withdrawing the flexible bronchoscopy. The anesthesia machine was connected immediately after the exit 
of the flexible bronchoscopy to observe and record the tidal volume (the average of three consecutive tidal volumes), and 
the location of the tracheal tube was determined by monitoring the partial pressure of end-tidal carbon dioxide (PetCO2) 
and auscultation of both lungs. Then propofol 2 mg/kg and cisatracurium 0.2 mg/kg were administered intravenously for 
anesthesia induction, followed by machine-controlled breathing. Tracheal intubation was performed by the same 
anesthesiologist in the three groups, who also assessed sedation scores, intubation conditions and satisfaction, and 
other data collection. Oligopnea was defined as respiratory rate (RR) < 8 breaths/min.19 Hypoxemia was defined as 
peripheral pulse oxygen saturation (SpO2) < 90% for at least 10 s.20 In the presence of oligopnea and hypoxemia, the 
following maneuvers were carried out as required: verbal and tactile stimulation, oxygen delivery increased to 10 L/min, 
chin lifts, face mask, and manual ventilation. Hypotension was defined as systolic blood pressure (SBP) < 90 mmHg or 
20% lower than baseline,21 and was treated with intravenous dopamine 2–4 mg. Hypertension was defined as SBP > 180 
mmHg or 20% higher than baseline, and was treated with intravenous urapidil 5–10 mg. Bradycardia was defined as 
heart rate (HR) < 50 beats/min,22 and was treated with intravenous atropine 0.25–0.5 mg. Tachycardia was defined as HR 
> 120 beats/min and was treated with intravenous esmolol 10–20 mg. Patients were followed up 24 hours postoperatively 
for tracheal intubation amnesia and adverse events. Complications of sore throat and hoarseness were not included in this 
study because some patients underwent tracheotomies or indwelling endotracheal tubes after surgery, which is 
a significant influencing factor of postoperative sore throat and hoarseness.

Outcome Measures
The primary outcome was the success rate of sedation, which needed the following requirements to be satisfied at the 
same time: a. collaborate to accomplish tracheal intubation; b. no rescue sedative; c. no rescue local anesthetic. 
Secondary outcomes included the following: ① Mean arterial pressure (MAP), HR, SpO2, and RR at T0 (5 min after 
arrival in the operation room, baseline level), T1 (immediately before intubation), T2 (immediately after intubation), T3 
(1 min after intubation), and T4 (5 min after intubation). ② MOAA/S score at T0, T1, T2, and T3. ③ The concentrations 
of serum epinephrine and norepinephrine at T0 and T3 (venous blood was collected from patients and detected by 
ELISA). ④ Patients’ intubation conditions, including intubation comfort score, cough score, and post-intubation score 
(Table 1). ⑤ Intubation time (from insertion of the flexible bronchoscope into the nostril to exit of the flexible 
bronchoscope from the nostril after successful tracheal intubation). ⑥ Tracheal intubation amnesia assessed by the 
Modified Brice Scale23 at 24 hours postoperatively. ⑦ Anesthesiologist satisfaction score and patient satisfaction score 
(Table 1). ⑧ Respiratory depression-related parameters and adverse events, including PetCO2, tidal volume, oligopnea, 
hypoxemia, tongue base retropulsion, bradycardia, tachycardia, hypotension, hypertension, and postoperative nausea and 
vomiting (PONV).

Statistical Analysis
The sample size was calculated based on the success rates of sedation. According to our preliminary results (unpub-
lished), the success rates of sedation in groups DS, R1S, and R2S were 67%, 50%, and 95%, respectively. Assuming an α 
level of 0.05 and a power of 0.90, PASS software (version 15) was used to estimate that 77 patients in total were required 
in our study. Considering the dropout rate was 10%, we assessed 91 patients in total. Finally, 90 patients were enrolled 
after 1 patient declined to participate.

Statistics were performed with SPSS software (version 25.0). Shapiro–Wilk test was used to test the normality of the 
data distribution. Levene’s test was used to test the homogeneity of variance. Data with normal distribution were 
presented as mean ± standard deviation (SD) and compared using analysis of variance, and subsequent pairwise 
comparisons were conducted using LSD-t test. Data with abnormal distribution were presented as median (25th and 
75th percentile) and compared by Kruskal–Wallis test, and subsequent pairwise comparisons were performed by 
Nemenyi test. Categorical variables were described as n (%) and compared by Chi-square test, and subsequent pairwise 
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comparisons were performed using Bonferroni correction. Repeated-measures data were statistically analyzed by 
repeated-measures analysis of variance. P value < 0.05 was considered statistically significant.

Results
The ED50 and ED95 Doses of Remimazolam for Sedation Undergoing ATI-FB
The ED50 and ED95 doses of remimazolam for sedation undergoing ATI-FB using Dixon’s modified up-and-down 
method were 0.073 (95% CI: 0.066–0.080) mg/kg and 0.093 (95% CI: 0.083–0.149) mg/kg, respectively (Figure S1).

Baseline Data and Airway Assessment in the Three Groups
Among the 90 patients enrolled, 1 case in group R1S that underwent tracheotomy after severe airway obstruction was 
excluded, and finally, 30 cases in group DS, 29 cases in group R1S, and 30 cases in group R2S were included (Figure 1). 
There were no significant differences in sex, age, BMI, ASA grade, mouth opening, head and neck movement, Modified 
Mallampati grade, thyromental distance, or disease types among the three groups (P > 0.05, Table 2).

Figure 1 Enrollment flow diagram.
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Comparison of the Success Rates of Sedation and the Stress Response to 
Endotracheal Intubation Among the Three Groups
The success rates of sedation in groups R2S and DS were 93.3% and 86.7%, respectively, which were higher than that in 
group R1S (58.6%) (P = 0.002), and rescue local anesthetics were less than group R1S (P = 0.001). There were no 
statistically significant differences in the rescue sedative, and the concentrations of serum epinephrine and norepinephrine 
at T0 and T3 among the three groups (P > 0.05, Table 3). MOAA/S score, MAP, HR, SpO2, and RR changed over time in 
the three groups of patients, as shown in Figure 2. MOAA/S scores were lower in group R2S at T1, T2, and T3 compared 
to groups DS and R1S (P < 0.001), while the differences between groups DS and R1S at each time point were not 
statistically significant (P > 0.05). Compared to group DS, HR was higher in group R1S at T1, T2, T3, and T4, and higher 
in group R2S at T1 (P < 0.05). Compared to group R1S, HR was lower in group R2S at T2 (P < 0.05). There were no 
significant differences in MAP, SpO2, or RR among the three groups at each time point (P > 0.05, Table 4).

Comparison of Intubation Conditions, Tracheal Intubation Amnesia, and Satisfaction 
Among the Three Groups
Good intubation conditions were defined as intubation comfort score ≤ 2, cough score ≤ 1, and post-intubation 
score = 1. Compared with group R1S, groups R2S and DS had more patients with intubation comfort score ≤ 2 (18 

Table 2 Baseline Characteristics and Airway Assessment

Groups Group DS  
(n=30)

Group R1S  
(n=29)

Group R2S  
(n=30)

P-value

Sex (male/female) 24/6 21/8 23/7 0.790

Age (y) 48.97±10.01 46.59±14.36 43.33±15.33 0.270

BMI (kg/m2) 21.63±3.94 21.66±2.73 20.70±2.77 0.424
ASA (I/II/III) 3/25/2 4/24/1 9/20/1 0.316

Mouth opening (cm) 1.0 (0.5, 1.6) 1.0 (0.4, 1.5) 1.0 (0.9, 1.5) 0.423

Head and neck movement (≥ 90°/< 90°) 4/26 8/21 9/21 0.260
Modified Mallampati grade (III/IV) 10/20 11/18 14/16 0.562

Thyromental distance (cm) 4.95±0.93 5.17±0.79 5.10±0.93 0.619
Disease types, n (%) 0.259

Maxillofacial tumors 14 (46.7%) 13 (44.8%) 10 (33.3%)

Maxillofacial fracture 6 (20%) 10 (34.5%) 14 (46.7%)
Others 10 (33.3%) 6 (20.7%) 6 (20.0%)

Notes: Values presented as mean ± SD, median (interquartile range), or number of patients (%). 
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

Table 3 Comparison of the Success Rates of Sedation, the Rescue Local Anesthetic and Sedative, and the 
Concentrations of Serum Epinephrine and Norepinephrine Among the Three Groups

Groups Group DS  
(n=30)

Group R1S  
(n=29)

Group R2S  
(n=30)

P-value

The success rate of sedation, n (%) 26 (86.7%) 17 (58.6%) & 28 (93.3%) # 0.002

Rescue local anesthetic, n (%) 3 (10.0%) 11 (37.9%) & 1 (3.3%) # 0.001
Rescue sedative, n (%) 2 (6.7%) 5 (17.2%) 1 (3.3%) 0.159

Epinephrine (pg/mL)

T0 300.8 (196.6, 414.0) 312.6 (196.9, 628.6) 281.6 (186.4, 519.1) 0.861
T3 270.7 (216.8, 453.9) 321.9 (218.0, 591.9) 301.8 (185.1, 464.7) 0.651

Norepinephrine (pg/mL)

T0 590.3 (368.1, 964.8) 539.1 (391.2, 734.0) 567.2 (389.7, 779.3) 0.635
T3 543.6 (320.4, 873.5) 389.4 (205.3, 661.4) 558.5 (295.8, 767.7) 0.220

Notes: Values presented as median (interquartile range) or number of patients (%). &P<0.05 vs Group DS; #P<0.05 vs Group R1S.
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vs 30, 27, respectively, P < 0.001), cough score ≤ 1 (17 vs 28, 26, respectively, P = 0.002), and post-intubation 
score = 1 (17 vs 27, 26, respectively, P = 0.006). When compared to groups R2S and DS, the differences in 
intubation comfort score ≤ 2, cough score ≤ 1, and post-intubation score = 1 were not statistically significant (P > 
0.05). The success rates of nasotracheal intubation were 100% in the three groups. The intubation time in group 
R2S was significantly shorter than that in groups R1S and DS (P = 0.003), and the rate of tracheal intubation 
amnesia was higher than that in group DS (P = 0.006). The anesthesiologist satisfaction score in group DS was 
higher than that in group R1S (P = 0.02). The difference in patient satisfaction score was not statistically 
significant in any of the three groups (P > 0.05, Table 5).

Figure 2 Comparison of MOAA/S score (A), MAP (B), HR (C), SpO2 (D), and RR (E) at different time points among the three groups; T0, 5 min after arrival in the 
operation room, baseline level; T1, immediately before intubation; T2, immediately after intubation; T3, 1 min after intubation; T4, 5 min after intubation. 
Abbreviations: MOAA/S, Modified Observer’s Assessment of Alertness/Sedation; MAP, Mean arterial pressure; HR, Heart rate; SpO2, peripheral pulse oxygen saturation; 
RR, respiratory rate.

Table 4 The Fluctuation of MOAA/S Score, MAP, HR, SpO2, and RR in the Three Groups

Groups T0 T1 T2 T3 T4 Ptime- 
value

Pdrug- 
value

Ptime × 

drug-value

MOAA/S score DS (n=30) 5.00±0.00 3.57±0.73 3.63±1.03 3.63±1.03 – <0.001 <0.001 <0.001

R1S (n=29) 5.00±0.00 3.52±0.74 3.55±0.74 3.10±1.08 –

R2S (n=30) 4.97±0.18 2.70±0.92 &# 2.57±1.01 &# 2.50±0.97 &# –

P-value 0.378 <0.001 <0.001 <0.001

MAP (mmHg) DS (n=30) 101.57±11.39 94.97±10.43 99.00±12.68 93.33±12.20 85.17±11.31 <0.001 0.328 0.314

R1S (n=29) 99.17±8.48 95.07±7.93 102.03±11.80 94.59±12.26 87.86±11.20

R2S (n=30) 97.10±11.77 92.63±10.13 95.80±10.42 91.67±13.13 83.27±11.12

P-value 0.273 0.542 0.128 0.670 0.292

HR (beats/min) DS (n=30) 79.70±9.11 71.03±11.55 77.10±16.20 74.13±14.29 69.43±12.07 <0.001 0.009 0.001

R1S (n=29) 81.41±12.89 81.28±11.35 & 91.48±14.32 & 84.21±12.68 & 81.28±12.26 &

R2S (n=30) 79.27±13.78 77.97±13.64 & 82.67±15.82 # 78.43±13.44 75.43±13.56

P-value 0.772 0.006 0.002 0.019 0.002

(Continued)
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Comparison of Respiratory Depression-Related Parameters and Adverse Events 
Among the Three Groups
In group R1S, the incidence of hypertension was higher than that in group R2S (P = 0.002), and the incidence of tachycardia was 
higher than that in group DS (P = 0.032). The tidal volume in group R2S was lower than that in group R1S (P = 0.001). No patient 
in the three groups developed hypoxemia or hypotension, and there were no significant differences in oligopnea, tongue base 
retropulsion, PetCO2, bradycardia, or PONV among the three groups (P > 0.05, Table 6).

Table 4 (Continued). 

Groups T0 T1 T2 T3 T4 Ptime- 
value

Pdrug- 
value

Ptime × 

drug-value

SpO2 (%) DS (n=30) 99.03±1.07 99.73±0.58 99.63±0.67 99.73±0.64 99.97±0.18 <0.001 0.414 0.375

R1S (n=29) 99.24±1.06 99.69±0.85 99.86±0.44 99.97±0.19 100±0.00

R2S (n=30) 99.50±0.73 99.47±1.87 99.6±0.89 99.87±0.35 99.97±0.18

P-value 0.177 0.672 0.296 0.127 0.619

RR (breaths/min) DS (n=30) 18.30±1.84 14.60±3.00 15.00±3.76 15.13±3.95 <0.001 0.740 0.455

R1S (n=29) 18.38±2.96 14.03±3.72 16.07±4.37 15.38±3.22

R2S (n=30) 18.93±2.60 15.23±3.74 16.00±2.89 14.77±3.22

P-value 0.569 0.424 0.465 0.794

Notes: Values presented as mean ± SD. &P<0.05 vs Group DS; #P<0.05 vs Group R1S. T0, 5 min after arrival in the operation room, baseline level; T1, immediately before 
intubation; T2, immediately after intubation; T3, 1 min after intubation; T4, 5 min after intubation. 
Abbreviations: MOAA/S, Modified Observer’s Assessment of Alertness/Sedation; MAP, Mean arterial pressure; HR, Heart rate; SpO2, peripheral pulse oxygen saturation; 
RR, respiratory rate.

Table 5 Comparison of Intubation Conditions, Amnesia for Tracheal Intubation, and Satisfaction Among the 
Three Groups

Groups Group DS  
(n=30)

Group R1S  
(n=29)

Group R2S  
(n=30)

P-value

Intubation comfort score (≤2/>2) 27/3 18/11 & 30/0 # <0.001

Cough score (≤1/>1) 26/4 17/12 & 28/2 # 0.002

Post-intubation score (1/≥2) 26/4 17/12 & 27/3 # 0.006
Intubation time (s) 100.67±48.73 109.07±47.40 71.30±29.14 &# 0.003

Tracheal intubation amnesia, n (%) 15 (50.0%) 22 (75.9%) 26 (86.7%) & 0.006

Anesthesiologist satisfaction score (score) 8.67±1.09 7.59±1.80 & 8.33±1.47 0.020
Patient Satisfaction score (score) 8.83±1.44 9.14±1.13 9.47±0.90 0.120

Notes: Values presented as mean ± SD or number of patients (%). &P<0.05 vs Group DS; #P<0.05 vs Group R1S.

Table 6 Comparison of Respiratory Depression-Related Parameters and Adverse Events Among the 
Three Groups

Groups Group DS  
(n=30)

Group R1S  
(n=29)

Group R2S  
(n=30)

P-value

Oligopnea, n (%) 5 (16.7%) 2 (6.9%) 7 (23.3%) 0.194
Tongue base retropulsion, n (%) 2 (6.7%) 1 (3.4%) 4 (13.3%) 0.354

Hypertension, n (%) 1 (3.3%) 7 (24.1%) 0 (0.0%) # 0.002

Bradycardia, n (%) 4 (13.3%) 2 (6.9%) 2 (6.7%) 0.608
Tachycardia, n (%) 2 (6.7%) 10 (34.5%) & 7 (23.3%) 0.032

PONV, n (%) 3 (10.0%) 3 (10.3%) 3 (10.0%) 0.999

PetCO2 (mmHg) 43.63±4.47 44.69±6.08 45.03±5.62 0.584
Tidal volume (mL) 330.39±85.46 362.40±54.67 294.88±63.28 # 0.001

Notes: Values presented as mean ± SD or number of patients (%). &P<0.05 vs Group DS; #P<0.05 vs Group R1S. 
Abbreviations: PONV, postoperative nausea and vomiting; PetCO2, the partial pressure of end-tidal carbon dioxide.
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Discussion
This was a double-blind, randomized controlled study to comprehensively evaluate the efficacy and safety of remima-
zolam versus dexmedetomidine for patients with difficult airways undergoing ATI-FB. We determined the ED50 and 
ED95 doses of remimazolam for sedation undergoing ATI-FB using Dixon’s modified up-and-down method, which were 
0.073 mg/kg and 0.093 mg/kg, respectively (Figure S1). Therefore, the doses of remimazolam in groups R1S and R2 

S were 0.073 mg/kg and 0.093 mg/kg, respectively.
ATI-FB is an ideal intubation technique for dealing with predictably difficult airways.24,25 The patient’s quietness, 

compliance, and adequate local anesthesia of the airway are critical for the effective completion of this technique.1,26,27 

The results of this study showed that the differences of epinephrine and norepinephrine at T3 were not statistically 
significant in the three groups, indicating that the three groups effectively suppressed the stress response of tracheal 
intubation under local anesthesia combined with appropriate sedatives and analgesics. The MOAA/S scores in group R2 

S at T1, T2, and T3 were lower than that in groups DS and R1S. In addition, group R2S had a higher success rate of 
sedation, required fewer rescue local anesthetics, and had better intubation conditions than group R1S, while being the 
same as group DS. The results showed that a higher dose of remimazolam (0.093 mg/kg) resulted in excellent sedation 
and was not inferior to dexmedetomidine, which is similar to the results of several earlier studies.28–30 When the MOAA/ 
S score is > 2, the level of sedation is mild to moderate, and the patient can be aroused and maintain spontaneous 
respiration in this range of sedation, which can be considered to result in minimal risk of intubation for patients with 
difficult airways. The MOAA/S scores for the three groups were higher than 2, which is in line with the expected level of 
sedation. Group R2S had lower MOAA/S scores with deeper sedation, which may have rendered the patients more 
compliant during intubation, resulting in a shorter intubation time. Thus, remimazolam (0.093 mg/kg) combined with 
sufentanil provided better sedation and better intubation conditions for ATI-FB.

Respiratory depression-related parameters showed that the tidal volume in group R2S was lower than that in group R1 

S, but there was no difference compared with group DS. No patients in the three groups developed hypoxemia. SpO2 was 
maintained at over 99% at all time points. The incidence of oligopnea and tongue base retropulsion was similar among 
the three groups. The RR decreased over time but remained within the normal range, and there was no statistically 
significant difference in PetCO2 among the three groups. These results revealed that remimazolam caused dose- 
dependent respiratory depression; however, the respiratory depression was minor in all three groups and did not result 
in severe respiratory depression-related events. Chae et al31 also confirmed a significant dose dependence of remimazo-
lam from loss of consciousness to respiratory depression when administering a single intravenous injection of remima-
zolam for anesthesia induction, and the ED50/ED95 for respiratory depression induced by remimazolam was 0.14/ 
0.27 mg/kg, which is much higher than the remimazolam dose of 0.073/0.093 mg/kg in this study. Therefore, the doses of 
remimazolam used in both groups in this experiment caused minor respiratory depression. Although MAP and HR in all 
three groups tended to decrease over time, they were still within the normal range. After sedation, HR was higher in 
groups R1S and R2S than those in group DS immediately before intubation. As well, none of the three groups 
experienced hypotension, and the incidence rate of bradycardia was also similar among the three groups. But, in group 
R1S, patients had higher incidences of hypertension and tachycardia, as well as higher HR immediately after intubation, 
which was considered to be related to intubation stress. These results indicated that remimazolam had mild respiratory 
depression, minimal hemodynamic fluctuation, and no serious side effects, which were similar to the results of several 
previous clinical studies.32–34

Our results confirmed that remimazolam, like other benzodiazepines, had an anterograde amnesia effect,35–37 which was 
thought to be caused by the binding of remimazolam with the α1 of the GABAA receptor.38 Although intubation comfort 
scores, cough scores, and post-intubation scores were not lower in group DS than that in groups R1S and R2S, patient 
satisfaction scores seemed to be higher in groups R1S and R2S than that in group DS due to the rates of amnesia for tracheal 
intubation being higher in groups R1S and R2S. A similar outcome was also seen in the study,28 where the deeper, more 
consistent sedation and retrograde amnesia brought about by remimazolam resulted in median patient satisfaction scores that 
were higher in the remimazolam group than that in the dexmedetomidine group. The rate of intubation amnesia was more 
than 10% greater in the remimazolam high-dose group than that in the low-dose group, implying that remimazolam’s 
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anterograde amnesia may be dose-dependent. A previous study has also demonstrated that benzodiazepines cause transient 
selective anterograde amnesia in a dose-dependent manner.39 Overall, remimazolam 0.093 mg/kg exhibited a better ante-
rograde amnesic effect, which may contribute to higher patient satisfaction for ATI-FB.

Currently, there is debate about the benefit of additional sedation in patients with difficult airways. The main reason 
for this is that the depth of sedation used to perform “awake” tracheal intubation is a continuum from anxiolysis to almost 
complete loss of airway reflexes,40 and sensitivity to sedation varies among individuals, creating a gray zone between 
awake and sedated tracheal intubation and potentially resulting in the risks of tracheal intubation.27 One patient in group 
R1S developed airway obstruction after receiving intravenous remimazolam and sufentanil. Fortunately, the patient was 
fully conscious and resuscitated from danger after 2 minutes of intravenous flumazenil antagonizing remimazolam and 
intravenous nalmefene antagonizing sufentanil. Continued tracheal intubation of the patient may result in the risk of an 
emergency airway, so a tracheotomy was performed under local anesthesia before proceeding with the procedure, as the 
patient was scheduled to require a tracheotomy after surgery. At postoperative follow-up, the patient had no memory of 
the resuscitation as well as the tracheotomy procedure, again verifying that remimazolam had an excellent anterograde 
amnesia effect. “Awakening the patient” is one of the approaches used in the management of non-emergency airway/ 
emergency airway,2 which requires specific antagonists to antagonize the efficacy of sedatives/analgesics, so that the 
patient wakes quickly to maintain effective ventilation. Based on this, the Difficult Airway Society guidelines for ATI in 
adults suggest minimal dosages of benzodiazepines or opioids if sedation is necessary.1 As a result, an ideal sedative for 
ATI should have a specific antagonist. This requirement is fulfilled by remimazolam, which can be antagonized by 
flumazenil and may be safer for ATI-FB.

This study has the following limitations: ① This was a single-center randomized controlled study involving 
only patients undergoing maxillofacial surgery, and more multicenter, large-sample studies are needed to validate 
the benefits of remimazolam sedation for ATI-FB. ② The study was not designed to evaluate the effects of 
remimazolam or dexmedetomidine alone, but in combination with sufentanil. Opioids can also inhibit tracheal 
intubation stress and respiration and have a synergistic effect with sedatives. ③ We assessed whether patients 
forgot the tracheal intubation procedure at 24 hours postoperatively, but unfortunately, there was no further follow- 
up to analyze the psychological impact on patients who remembered the tracheal intubation procedure. ④ In this 
study, tidal volume and PetCO2 were not continuously monitored, and a single tidal volume and PetCO2 after 
successful endotracheal intubation do not provide a complete picture of the effect of anesthetics on respiratory 
depression, nor do they allow for timely identification of inadequate ventilation in patients for further intervention.

Conclusion
In conclusion, both DS and R2S had higher success rates of sedation, better intubation conditions, and minor respiratory 
depression, but R2S, with its shorter intubation time, higher incidence of anterograde amnesia, and ability to be 
antagonized by specific antagonists, may be a good alternative sedation regimen for patients undergoing ATI-FB. 
However, additional studies should be conducted to expand the sample size to better evaluate the benefits and risks of 
remimazolam for patients undergoing ATI-FB.
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