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Purpose: This study aimed to evaluate the efficacy and safety of remazolam compared with propofol in patients who underwent
laryngeal mask airway (LMA) insertion without the use of muscle relaxant agents during hysteroscopic surgery.

Patients and Methods: A total of 72 patients undergoing hysteroscopy with LMA insertion were assigned to two groups. The
patients in the remazolam group received 0.3 pg/kg sufentanil, 0.3 mg/kg remazolam and 1.2 mg/kg remifentanil, whereas the patients
in the propofol group received 0.3 pg/kg sufentanil, 2.0 mg/kg propofol and 1.2 mg/kg remifentanil for insertion of the LMA. The
primary endpoint was the summed score of the insertion conditions. The secondary endpoints included hemodynamics, the duration of
induction, the duration of insertion, tidal volume, plateau pressure and adverse events.

Results: No difference was identified between the propofol group and remazolam group in the median summed score [18.0 (18.0,
18.0), 18.0 (17.0, 18.0), respectively, P > 0.05]. The induction duration was significantly longer (P < 0.05) in the remazolam group
than propofol group. The cost of dopamine (P < 0.05) was significantly lower in the remazolam group compared with the patients in
the propofol group, while the plateau pressure (P < 0.05) and the incidence of transient mild laryngospasm (P < 0.05) were
significantly higher in the remazolam group. No differences were identified between the two groups in terms of heart rate, tidal
volume, injection pain or hiccups (P > 0.05).

Conclusion: Remazolam provided similar insertion conditions and better hemodynamic stability than propofol during LMA insertion
without the use of muscle relaxant agents. However, a higher incidence of transient mild laryngospasm was found in the remazolam
group, which should be considered.
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Introduction

Hysteroscopy is one of the most common minimally invasive techniques to detect and treat intrauterine diseases.' Due to
the severe discomfort, the majority of patients require anesthesia.” However, sedation for endoscopy may cause severe
morbidity,® especially respiratory depression.* Therefore, airway management is important.

The laryngeal mask airway (LMA) is an effective ventilatory tool. Laryngeal mask airway insertion is more reliable
than mask oxygen delivery and less damaging than tracheal intubation in hysteroscopy.” Without the use of neuromus-
cular blocking agents, the patient can wake up without their effects. However, the insertion of LMA requires a sufficient
depth of anesthesia to suppress the upper airway reflexes when induced without muscle relaxant.®

Propofol, which has excellent sedative properties, is commonly used as an induction agent. Studies have shown that
propofol can provide suitable conditions for LMA insertion compared to other intravenous induction agents.” However,
when propofol is used alone, undesirable events such as gagging, coughing, and head or limb movements occur
frequently.” In addition, the success rate of insertion decreases when using propofol alone. Therefore, opioids have

been used together with propofol to improve the insertion conditions and success rate of inserting an LMA.®
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Nevertheless, propofol has some unfavorable adverse effects, including pain noted during intravenous injection and dose-
related cardiovascular depression. These side effects have led to the evaluation of new sedatives.

Remazolam, an ultrashort-acting benzodiazepine hypnotic, appears to be an effective and safe sedative for induction.
Remazolam has a short half-life, which results in quick onset and recovery. Most importantly, the cardiovascular system is
least negatively affected by remazolam, which is associated with less injection pain.” ! However, there is a scarcity of data for the
efficacy and safety of remazolam for LMA insertion without the use of muscle relaxants. Given these advantages of remazolam,
we decided to perform this trial by evaluating patients undergoing hysteroscopy surgery that required LMA insertion in our
hospital.

Materials and Methods

Trial Design

The study protocol was approved by the Ethics Committee of Renmin Hospital of Wuhan University (WDRY?2022-K111)
and was registered in the Chinese Clinical Trial Registry (ChiCTR2100052136). This single-center, prospective,
randomized study was conducted from July to December 2022. Signed informed consent was obtained from all
participants before enrollment. This study complied with the Declaration of Helsinki.

Patients

In the East Hospital, Renmin Hospital of Wuhan University, Wuhan, China, 80 patients who were scheduled for elective
hysteroscopic surgery under general anesthesia were recruited into this study. The inclusion criteria of the patients were
age between 18 and 60 years, American Society of Anesthesiologists (ASA) score of I or II and body mass index (BMI)
between 19 and 30 kg/m®. Patients were excluded if they abused alcohol or drugs; had hypertension; had a known
sensitivity to general anesthetic drugs; or had clinically significant cardiovascular, respiratory, or liver disease.

Randomization and Intervention

The eligible participants were randomized into the remazolam group or the propofol group by a computer-generated
coding system. The group assignment was placed in an opaque envelope by a masked investigator. This is a single-blind
trial. Because the appearance and volume of the drug made double-blind difficult. The grouping allocation was unblinded
to the anesthesiologists who induce the general anesthesia and insert the laryngeal mask. The one who inserted the LMA
collected the data. The data analysis was completed by another anesthesiologist who had no knowledge of the grouping.
All surgeons and patients were blinded to group allocation.

In the operation room, vital signs (noninvasive blood pressure, heart rate and pulse oxygen saturation) were
monitored. Remazolam (remazolam Tosilate for Injection, 36 mg, SFDA No. 20190034, Jiangsu Hengrui Medicine
Co., Ltd., LianYungang, JiangSu) was diluted with 36 mL of normal saline, and propofol (propofol injectable emulsion,
0.2 g: 20 mL, SFDA No. 19990282, Xi’an Libang Pharmaceutical Co., Ltd., XiAn, ShanXi, CHN) was drawn into
a 20 mL syringe. Sufentanil was diluted to 0.25 pg/mL, and remifentanil was diluted to 10 pg/mL.

All patients received oxygen delivered via a mask at a rate of 6 L/min. The patients in the remazolam group received
half of the 0.3 pg/kg sufentanil, half of the 0.3 mg/kg remazolam, and half of the 0.15 mg/kg remifentanil in sequence,
and then the remaining halves of the drugs were administered in that order for induction. The induction time was finished
within 85-95 s, and the drugs were given via the dorsum hand vein. The propofol group received a similar induction
sequence, but 2.0 mg/kg of propofol was administered instead of 0.3 mg/kg of remazolam in these patients.

In all the patients, 3-size laryngeal masks were inserted by the same attending anesthesiologist. The LMA insertion
conditions were evaluated according to mouth opening (3 = full, 2 = partial, 1 = none), swallowing (3 =nil, 2 =mild, 1 =
severe), coughing (3 = nil, 2 = mild, 1 = severe), head or body motion (3 = nil, 2 = mild, 1 = severe), laryngospasm (3 =
none, 2 = mild, 1 = severe), and ease of LMA insertion (3 = easy, 2 = difficult, 1 = impossible).'? The scores were
summed. The insertion condition was considered poor if the total sum was 16 or less, satisfactory if 17, and excellent if
18. However, only a total score of 17 or 18 is considered clinically feasible for LMA insertion.
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Also, 0.5 mg/kg of propofol or 0.1 mg/kg of cisatracurium was then added before the next attempt if any severe
involuntary movements or severe laryngospasm appeared during LMA insertion. These patients were excluded.

Two minutes after successful LMA insertion, anesthesia was maintained by sevoflurane 1-1.5% and remifentanil
0.08-0.15 pg/(kg.min). Mechanical ventilation and volume control mode (7 mL/kg) were used after LMA insertion. The
end-tidal carbon dioxide concentration was maintained at 35-45 mmHg by adjusting the ventilatory frequency.

Noninvasive blood pressure (systolic blood pressure (SBP), diastolic blood pressure (DBP)) and heart rate (HR) were
recorded after the patient had entered the operating room (T1), before induction (T2), before LMA insertion (T3),
immediately after LMA insertion (T4), and the first (T5), second (T6) and third minute (T7) after LMA insertion.

Outcomes
Primary Outcome
The primary outcome of this study was the summed scores of the LMA insertion conditions.

Secondary Outcome

The patients’ vital sign data fluctuations, including SBP, DBP and HR, were recorded. Complications such as injection
pain, muscle rigidity or hiccups were noted. Bradycardia (HR < 50 beats)'® was treated with 0.3 mg of atropine each
time. Considering that infusion of remifentanil may cause post-induction bradycardia,'* 2 mg of dopamine was chosen to
treat post-induction hypotension (SBP < 95 mmHg) in our study. The dose of atropine or dopamine was recorded. The
induction duration (time from administration to insertion of LMA) and the number of successful insertion attempts were
recorded. The tidal volume and airway pressure were recorded immediately after LMA insertion.

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics software, version 25. Shapiro—Wilk tests were used to
assess the data distribution. Normally distributed continuous variables were reported as the means + standard deviations
(SD) and analyzed using Student’s z-test. Nonnormally distributed continuous variables were expressed as the medians
and interquartile ranges and analyzed using the Mann—Whitney U-test. Qualitative data are presented as frequencies and
percentages. Between-group comparisons of categorical data were analyzed using the chi-square test or Fisher’s exact
test. P < 0.05 was considered to indicate statistical significance.

Upon reviewing the literature, the previous success rate for LMA placement with 2.0 mg/kg propofol combined with
remifentanil has been reported to be 100%.” We assumed a success rate of 80% for remifentanil, which could be counted as
a high feasibility. If a=0.05 and =0.2, using the two-sample rate comparison formula, at least 36 patients would be needed in each

group.

Results

A total of 80 patients were screened for eligibility, and 72 patients were finally included in this study (Figure 1). No
patient was excluded from our study due to a severe adverse event. There were no significant differences in age, BMI or
ASA between the two groups (Table 1).

The LAM insertion summed score was 18.0 (18.0, 18.0) in the propofol group and 18.0 (17.0, 18.0) in the remazolam
group. These scores were comparable (P > 0.05) (Table 2). Thirty-six (100%) patients had a satisfactory or an excellent score in
the propofol group compared with thirty-four (94.4%) patients that had these scores in the remazolam group. The difference
was also not significant (P > 0.05) (Table 2). The incidence of transient mild laryngospasm was significantly higher in the
remazolam group than in the propofol group (19.4% vs 0.0%, P < 0.05) (Table 3). However, neither group required additional
propofol or cisatracurium and a second attempt for LAM insertion. There were no significant differences in the incidence of
mouth opening, swallowing, coughing, head or body motion or in the ease of LMA insertion between the two groups (Table 3).

The insertion durations were similar in the two groups (Table 2). However, the time from induction to successful
LMA insertion in the remazolam group (250.0 (223.0, 262.3) s) was significantly longer than that in the propofol group
(189.5.0 (169.0, 224.0) s) (P < 0.05) (Table 2). The plateau pressure in the remazolam group (15.5 (14.0, 21.8) mmHg)
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80 Patients assessed for eligibility

8 Excluded
2 Aged > 60 years
1 BMI> 30 kg/m?
2 Hypertension
3 Refused to participate

\4

72 Patients randomized

l

36 Assigned to receive 36 Assigned to receive
remazolam propofo|
l ‘,
36 Included in analysis 36 Included in analysis

Figure | Patient screening, enrollment and randomization.

was significantly higher than that in the propofol group (14.0 (12.0, 15.8) mmHg) (Table 2). However, the tidal volumes
were similar in both groups (Table 2).

Figure 2 shows the trends of SBP, DBP and HR. There was a significant decrease in SBP (P < 0.05) but only
immediately after the insertion of the laryngeal mask in the propofol group compared with the remazolam group. The
patients in both groups had similar DBP and HR at all time points (P > 0.05). The cost of dopamine was significantly
lower in the 0.0 (0.0, 2.0) mg remazolam group than in the 2.0 (2.0, 4.0) mg propofol group (P < 0.05) (Table 2).

A greater number of patients had injection pain in the propofol group (8.0 (22.2%)) than in the remazolam group (3.0
(8.3%)), although this difference did not reach statistical significance (P > 0.05) (Table 4). Three patients in the
remazolam group had hiccups compared with none in the propofol group (Table 4).

Discussion
This research evaluated the feasibility and safety of LMA insertion by remazolam without using a neuromuscular
blocking agent in patients undergoing hysteroscopic surgery. The described methods of inserting an LMA are particularly

Table | Demographic Characteristics and Clinical Data of the Patients

Propofol (n = 36) Remazolam (n = 36) P value
Age (years) 36.6£10.9 39.449.0 0.244
BMI (kg/m?) 22.4+3.0 22.3+£3.0 0.899
ASA (I/11) 23/13 16/20 0.098

Notes: Variables are presented as the mean +SD or number of patients n (%).
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiology.
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Table 2 Difference in Summed Score, Satisfactory or Excellent Rate and Secondary Outcomes Between the

Two Groups
Propofol (n = 36) Remazolam (n = 36) P value
Summed score 18.0(18.0, 18.0) 18.0(17.0, 18.0) 0.237
Satisfactory or excellent rate 36.0(100%) 34.0(94.4%) 0.473
Insertion duration (s) 10.5(9.0, 14.8) 11.0(10.0, 16.8) 0.334
Induction duration (s) 189.5(169.0, 224.0) 250.0(223.0, 262.3) 0.000*
Plateau pressures after insertion 14.0(12.0, 15.8) 15.5(14.0, 21.8) 0.001*
Set tidal volume 410.8+£58.7 404.1+56.8 0.620
Actual tidal volume 413.1£57.0 399.5+52.5 0.295
Dose of atropine 0.0(0.0, 0.0) 0.0(0.0, 0.0) 0.558
Dose of dopamine 2.0(2.0, 4.0) 0.0(0.0, 2.0) 0.001*

Notes: Variables are presented as the mean +SD, median (interquartile range) or number of patients n (%). *P < 0.05, compared with the
propofol group.

Table 3 Grading Conditions for Laryngeal Mask Airway Insertion Between the Two Groups

Grade Description Propofol Remazolam P value
Mouth opening 3 Full 36(100%) 36(100%) -
2 Partial 0 0
| None 0 0
Swallowing 3 Nil 36(100%) 36(100%) -
2 Mild 0 0
| Severe 0 0
Coughing 3 Nil 36(100%) 36(100%) -
2 Mild 0 0
| Severe 0 0
Head or body motion 3 Nil 36(100%) 35(97.2%) 1.000
2 Mild 0 1(2.8%)
| Severe 0 0
Laryngospasm 3 Nil 36(100%) 29(80.5%) 0.017*
2 Mild 0 7(19.4%)
| Severe 0 0
Ease of LMA insertion 3 Easy 29(80.6%) 32(88.9%)
2 Difficult 7(19.4%) 4(11.1%) 0.326
| Impossible 0 0

Notes: Variables are presented as the number of patients n (%). *P < 0.05, compared with the propofol group.

useful for patients with short-term surgery and who have contraindications for the use of neuromuscular blocking agents.
There are two important findings in our study. First, 0.3 mg/kg of remazolam is comparable to 2.0 mg/kg of propofol in
performing LMA placement without the use of a neuromuscular blocking agent. However, there was slightly poorer
inhibition of airway reflexes in the remazolam group. Second, remazolam has a lower incidence of hypotension and
a slower onset of action.

Remazolam is a rapidly metabolized benzodiazepine (BZD) that has been indicated to be an effective sedative
hypnotic during induction for general anesthesia.'>'® Previous study reported that a supraglottic airway could be
successfully intubated with the use of remazolam and remifentanil without a neuromuscular blocking agent.'” Our
induction also proved this. The LMA insertion conditions in the remazolam group were noninferior to those in the
propofol group in our study. Furthermore, in 34 patients (94.4%) in the remazolam group, excellent or satisfactory
conditions were achieved, while in 36 patients (100%) in the propofol group, excellent or satisfactory conditions were
achieved. However, the induction time was significantly slower and transiently elevated plateau pressure and laryngos-
pasm occurred more frequently in the remazolam group. These factors did not affect our procedures. Moreover, the
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1318

https:

Dove!

Drug Design, Development and Therapy 2023:17


https://www.dovepress.com
https://www.dovepress.com

Dove Tang et al

Table 4 Difference in Adverse Events Between the Two Groups

Propofol (n = 36) Remazolam (n = 36) P value
Injection pain 8(22.2%) 3(8.3%) 0.101
Hiccups 0(0%) 4(11.1%) 0.123
Laryngospasm 0(0%) 7(19.4%) 0.017*

Notes: Variables are presented as the number of patients n (%). *P < 0.05, compared with the propofol group.

induction duration was at a median of 250.0 (223.0, 262.3) seconds in the remazolam group compared to 189.5 (169.0,
224.0) seconds in the propofol group. The length of induction for both groups was statistically significant. However, it
was less clinically significant.

Some studies highlighted a lower incidence of hypotension in the remazolam group than in the propofol group.lg’lg
Our experiment also confirmed this result. Although a significant difference in SBP only occurred after immediate LMA
insertion in our study, additional dopamine was required significantly more frequently to stabilize the blood pressure in
the patients treated with sufentanil-propofol-remifentanil. Apparently, remazolam was associated with better hemody-
namic stability than propofol. The heart rate between both groups was not statistically significant. However, there was
a clinical decrease in the anesthetized subjects compared with the conscious subjects regarding blood pressure and heart
rate in both groups. In summary, remazolam may be more acceptable in elderly individuals or in patients with
cardiovascular disease to prevent fluctuations in blood pressure.

Many studies have shown a higher incidence of injection pain with propofol than with remazolam.'®'” However, the
incidence of injection pain was not significantly different in our groups. This might be related to the first administration
of sufentanil during our induction, which, as previously reported, helps to reduce propofol injection pain.?>*' Injection
pain still occurred in the remazolam group in our study, but there were fewer patients that had injection pain in this group
than in the propofol group. The reasons for this may be that, first, sufentanil did not reduce the injection pain of
remazolam. Second, the bolus administration of remazolam resulted in a higher incidence of injection pain. Some studies
have shown that an infusion of remazolam did not cause injection pain either when opioids were given in advance or
during induction.'®'” The possible reasons for this discrepancy may be the differences in the rate, concentration, or
method of administration of remazolam or even could be due to the differences in the definition of injection pain across
studies. Accordingly, the detailed reasons could be explored.

A recent study suggested that hiccups occurred “frequently” when receiving remazolam at a 0.4 mg/kg bolus in 1
minus.?? Remazolam was reported to have a low incidence of hiccups in a continuous infusion study.?*** Hiccups were
observed in our study. We also induced with bolus injections. Therefore, the incidence of hiccups may also be related to
the rate or the method of remazolam administration during induction. Another possible reason for hiccups may be that
remazolam is a benzodiazepine.”> Benzodiazepines and corticosteroids are suspected to be the most frequent agents to
induce hiccups.?®?” Some studies have shown that midazolam also causes hiccups and can be reversed by flumazenil.**
However, the mechanism of hiccups induced by benzodiazepines has not been clearly explained. Hiccups may be
associated with GABA neurotransmitters, and benzodiazepines can stimulate GABA neurotransmitters to produce
various effects. Notably, the abrupt onset of hiccups may cause unexpected pulmonary aspiration or hamper endoscopic
investigations when patients are unconscious. However, the symptoms were self-limiting within several minutes and did
not affect our operations.

In addition, seven patients in the remazolam group presented with decreased pulmonary compliance, elevated plateau
pressures and slightly decreased tidal volumes during induction, which are results that are reported first in this study.
These symptoms were short-lasting and recovered spontaneously in a few minutes. We excluded opioid-induced chest
wall rigidity because of the lack of generalized muscle stiffness, and naloxone was not needed.>® One consideration may
be transient mild laryngospasm because pulmonary croup was also not heard by a stethoscope. Nevertheless, no studies
have been reported about upper airway reflexes when using remazolam.

Some studies have reported that opioids may cause laryngospasm.®'*? Therefore, we assumed that mild upper airway
reflexes might be induced by sufentanil and reversed by propofol in the propofol group.*> When mild upper airway
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reflexes occurred in the remazolam group, they could be resolved by continuous positive mask airway pressure during
induction rather than disappearing on their own. However, Zhao and Liu did not find laryngospasm when using opioids
first.'”3* Moreover, sufentanil is commonly used first in clinical practice, with less laryngospasm reported and more
coughing risk.>> Consequently, we presumed that laryngospasm was more likely to be induced by remazolam. In
addition, Davis reported midazolam-induced laryngospasm,?® and midazolam is also a benzodiazepine.

Since laryngospasm has not been reported when using remazolam. We speculate that the laryngospasm is related to

the mode of infusion, the low concentration of administration,'”

or the use of a neuromuscular blocking agent during
general anesthesia.’” Because our study used a bolus of 0.3 mg/kg remazolam within 95 seconds.

Therefore, whether sufentanil, remazolam or their combination caused upper airway reactions in our study are
unclear. The use of flumazenil, the use of naloxone or changes in the method and concentration of administration of
remazolam may lead to different conclusions. Consequently, further investigation is urged.

There are some limitations. First, this study included only women who underwent a hysteroscopy. A study including
men is necessary. Second, because of the physical appearance of propofol, the anesthesiologist who collected data was
unblinded to the patient’s assignment, and some potentially confounding factors may not have been excluded. Third,
different methods or dosages of administration were warranted due to the similar satisfactory rate with propofol but the
higher incidence of laryngospasm. Last, this was a single-center investigation with a relatively small sample size.
Multicenter, large sample-size studies are needed to improve our understanding of the findings. Thus, our conclusion
should be interpreted as conservative.

Conclusion

In summary, remazolam had similar sedative efficacy to propofol at the time of LAM insertion without neuromuscular
blocking agents. Moreover, remazolam provides a more stable arterial pressure. However, self-limiting laryngospasms and
hiccups should be considered when using remazolam without muscular blocking agents. Further investigation is needed.
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