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Abstract
Purpose Remimazolam, an ultra-short-acting
benzodiazepine, was recently approved in numerous

Jjurisdictions as an induction drug for general anesthesia.
We aimed to determine the doses of remimazolam that
would allow placement of a supraglottic airway device
(SGD) in 50% and 95% of nonparalyzed patients (EDsg
and ED95).

Methods In this prospective study, 30 American Society of
Anesthesiology Physical Status I-1I grade female patients
scheduled for hysteroscopic surgery were enrolled.
Anesthesia was induced with 1 ug-kg™" of fentanyl and
continuous infusion of  remimazolam without
neuromuscular blockade. An i-gel® SGD was inserted
2.5 min after the start of remimazolam infusion. We used
Dixon’s up-and-down method and isotonic regression to
determine the EDsy and EDgs of remimazolam for insertion
of an SGD.

Results Twenty-eight patients were included in the final
analysis. The EDsy and EDgs of remimazolam required for
successful i-gel insertion were 8.8 mg-kg™'-hr™" (95%
confidence interval [CI], 6.3 to 10.6) and 10.7
mg-kg™-hr™" (95% CI, 10.6 to 11.7), respectively. A
nonfully relaxed jaw was found in 7/13 patients (54%) in
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the success group and 14/15 patients (93%) in the failure
group (difference in proportions, 40%, 95% CI, 7 to 65;
P = 0.02). Bucking or other movements during SGD
insertion only occurred in the failure group (11/15, 73%).
Conclusion In 95% of nonparalyzed female patients
undergoing  hysteroscopy,  10.7 mgkg "-hr~!  of
remimazolam with 1 ug-kg™" of fentanyl facilitates i-gel
insertion. Remimazolam showed a high incidence of poor
jaw relaxation and bucking or other movements during
SGD insertion.

Study registration Clinical Trial Registry of the Republic
of Korea (KCT0006527, https://cris.nih.go.kr; registered 1
September 2021; principal investigator: Ji Seon Jeong).

Résumé

Objectif Le remimazolam, une benzodiazepine da action
ultra-breve, a recemment ete’ approuve dans de nombreuses
Jjuridictions comme agent d’induction pour [’anesthesie
generale. Notre objectif etait de determiner les doses de
remimazolam qui permettraient 'insertion d’un dispositif
supraglottique (DSG) chez 50 % et 95 % des patients non
paralyses (DEs et DEgs).

Méthode Dans cette etude prospective, 30 patientes de
physique  I-11 Society  of
Anesthesiology  devant  beneficier chirurgie
hysteroscopique ont ete recrutees. L’anesthesie a ete
induite avec 1 pg-kg™' de fentanyl et une perfusion
continue de remimazolam sans bloc neuromusculaire. Un
DSG i-gel® a ete insere 2,5 minutes apres 'amorce de la
perfusion de remimazolam. Nous avons utilise’ la methode
de ’escalier de Dixon et la regression isotonique pour

statut selon [’American

d’une
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determiner la DEsy et DEogs de remimazolam pour
linsertion d’un DSG.

Résultats Vingt-huit patientes ont et incluses dans
U'analyse. Les DEsy et DEos du remimazolam requises
pour une insertion reussie de ['i-gel etait de 8,8
mg-kg~!-h™! (intervalle de confiance [IC] d 95 %, 6,3 d
10,6) et 10,7 mgkg™-h™" (IC 95 %, 10,6 a 11,7),
respectivement. Une mdchoire non completement
detendue a ete observee chez 7 patientes sur 13 (54 %)
dans le groupe d’intubation reussie et chez 14/15 patientes
(93 %) dans le groupe d’echec d’intubation (difference de
proportions, 40 %; IC 95 %, 7 a 65; P = 0,02). Le
flechissement ou d’autres mouvements pendant l’insertion
du DSG ne se sont produits que dans le groupe d’echec de
Uinduction (11/15, 73 %).

Conclusion Chez 95 % des patientes non paralysees
beneficiant d’une hysteroscopie, 10,7 mg-kg™'-h™" de
remimazolam avec 1 ugkg™' de fentanyl ont facilite
Uinsertion d’un dispositif i-gel. Le remimazolam a montre’
une incidence elevee de mauvaise relaxation de la
mdchoire et de flechissement ou d’autres mouvements
lors de l'insertion du DSG.

Enregistrement de I’étude Registre des essais cliniques
de la Republique de Coree (KCT0006527, https://cris.nih.
go.kr; enregistree le ler septembre 2021; chercheur prin-
cipal : Ji Seon Jeong).

Keywords Dixon’s up-and-down method -
General anesthesia - Remimazolam -
Supraglottic airway device

Remimazolam besylate (Byfavo injection in the Republic
of Korea, ByfavoTM in the USA, Anerem® in Japan,
Aptimyda™ in the EU, and Ruima® in China), an ultra-
short-acting benzodiazepine, was approved in the USA (in
July 2020), the EU/EEA/UK (in March 2021), the Republic
of Korea (in August 2021), and China (in July 2020) for
procedural sedation and in Japan (in January 2020) and the
Republic of Korea (in January 2021) for general
anesthesia. It has the desirable features of rapid onset
and offset of action, no injection pain, and the availability
of a reversal agent.2 These features provide a chance to
reconsider benzodiazepine as the principal anesthetic for
general anesthesia. Previous studies have reported that
remimazolam is just as effective as propofol, but has a
slower offset without reversal and produces less
hypotension and pain on injection.4 In particular,
regarding reversal at the end of surgery in cirrhotic
patients, remimazolam has a faster recovery and produces
less hypoxia and hypotension.s Because remimazolam is a
new drug, limited data are available regarding the dosing
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for various clinical needs during general anesthesia. The
licensed prescribing information of remimazolam specifies
an initial dose of 6 or 12 mg-kg '-hr~' for induction of
general anesthesia. Previous studies have determined the
induction dose either according to the manufacturer’s
recommendation or with arbitrary doses not previously
supported by clinical evidence. -°

There are data concerning the dosing of other induction
agents for placement of supraglottic airway devices (SGDs)
without neuromuscular blockade (NMB). These dose
requirements vary according to whether adjuvants, such
as opioids or neuromuscular blocking agents, are used.’, ®
Nevertheless, no study has yet reported the optimal dose of
remimazolam for successful insertion of an SGD in
nonparalyzed patients. Therefore, we aimed to evaluate
the effective dose of remimazolam to successfully insert an
SGD in 50% and 95% (EDs, and EDys) of nonparalyzed
patients who had also received fentanyl.

Methods

This study was conducted at Samsung Medical Center
(Seoul, Republic of Korea), a quaternary-level university
teaching hospital, and was approved by the Samsung
Medical Center Institutional Review Board (IRB no. SMC
2021-06-091, 2 September 2021) and registered in the
Clinical Trial Registry of the Republic of Korea on 1
September 2021 (KCT0006527, https://cris.nih.go.kr;
principal investigator: Ji Seon Jeong) before recruitment of
the first participant.

Study population

From 11 November 2021 to 10 December 2021, we
screened consecutive adult female patients aged 19-65 yr
with an American Society of Anesthesiology Physical
Status of I or II who were scheduled for elective
hysteroscopic surgery under general anesthesia. We
obtained written informed consent from all participants
before any protocol-specific procedures were performed.
The study exclusion criteria were body mass index > 30
kg-m? or < 18.5 kg-m™%; lactation or pregnancy; severe
liver disease; neuromuscular disease; mental illness;
metabolic  disease; drug or alcohol addiction;
contraindication to benzodiazepine drugs, sevoflurane,
opioid, or dextran 40 (including allergies to these drugs
or a history of a hypersensitivity reaction); acute narrow-
angle glaucoma; shock or coma; genetic problems such as
galactose intolerance, Lapp lactase deficiency, and
glucose—galactose malabsorption; and severe or acute
respiratory failure.


https://cris.nih.go.kr
https://cris.nih.go.kr
https://cris.nih.go.kr

Remimazolam for i-gel insertion with opioid

345

Study protocol

No patients received premedication. After the patient
arrived in the operating room, we applied standard
monitors, including an electrocardiogram, noninvasive
blood pressure monitor (NIBP), pulse oximetry device,
end-tidal carbon dioxide, and Bispectral Index™ (BISTM;
Covidien LLC, Mansfield, MA, USA) monitor. Blood
pressure was monitored every minute until five minutes
after insertion of an i-gel® SGD (Intersurgical,
Wokingham, Berkshire, UK). At the start of
preoxygenation, 1 pg-kg™ of fentanyl was administered
as a bolus. Preoxygenation was performed for at least one
minute. Then, remimazolam (Byfavo; Hana Pharm Co.,
Ltd., Seoul, Republic of Korea) of a predetermined dose
using Dixon’s up-and-down method was started using a
continuous-infusion mode of the anesthesia pump
(Injectomat MC Agilia; Fresenius Kabi, Bad Homburg,
Hessen, Germany). Patients were asked to count from one
at the initiation of remimazolam administration. When they
stopped counting, their shoulders were shaken every ten
seconds to verify consciousness and a loss of consciousness
(LOC) was defined when the patient could not show any
movement to the shoulder stimuli. When apnea appeared,
ventilation was assisted using 80% oxygen and 20% air
before insertion of the i-gel. An i-gel coated with a water-
soluble lubricant was inserted 2.5 minutes after the start of
remimazolam. An anesthesiologist (J. K.) with experience
performing > 300 procedures inserted the i-gel according
to the manufacturer’s instructions. The anesthetic agent
was switched to sevoflurane after insertion of the SGD and
titrated to keep the BIS in the range of 40-60.

Using the modified Dixon’s up-and-down method, we
determined the remimazolam dose for each patient using
the response of the previous patient.9 Dixon’s up-and-down
methodology requires that the starting dose be the
minimum dose expected to result in a positive response,
which is the successful insertion of the i-gel in this case.
Because of the lack of previous research on this topic, we
set the remimazolam dose for the first patient at 9
mg-kg™"-hr™!, which is the median value of the induction
doses recommended by the manufacturer. Depending on
the response of the preceding patient, the infusion rate of
remimazolam was increased or decreased by 0.6
mg-kg~"-hr™', which is 10% of the minimum induction
dose. If we judged the preceding patient’s response to be a
“failure,” we increased the infusion rate by 0.6
mg-kg™"-hr™'; if we judged the preceding response to be
a “success,” !

1

we decreased the dose by 0.6 mg-kg™"hr".
The success of placement of the SGD was determined
using the Muzi score, which is a grading system modified
from Scheller et al.m, ' For the SGD, there were two
categories of Muzi score: jaw mobility and

coughing/movement. Jaw mobility was evaluated as
follows: 1 = fully relaxed, 2 = mild resistance, 3 = tight
but opens, and 4 = closed. Coughing/movement was
evaluated as follows: 1 = none, 2 = one or two coughs, 3 =
three or more coughs, and 4 = bucking or movement.
Because the Muzi score did not specify the definition of
movement, we added some practical criteria. When the
movement occurred at the shoulder, hip, elbow, or knee
joints, we gave a score of 4. To achieve a “success” rating
for SGD placement, the scores could not exceed 2 for any
of the conditions or responses. We defined a “failure” as
failure to achieve LOC by 2.5 minutes after the start of
remimazolam, or any Muzi score > 2 in response to device
insertion.7, ' Meanwhile, “success” was defined as the
absence of the abovementioned reactions. An
anesthesiologist unaware of the remimazolam dose
inserted the i-gel and evaluated the insertion conditions.
For the safety and comfort of the study participants, when
the anesthesiologist failed to insert the i-gel, rescue
sevoflurane was administrated to induce anesthesia.

From the start of administration of remimazolam until
five minutes after i-gel insertion, we recorded the highest
and lowest mean blood pressure and heart rate values.
Hypotension was defined as a > 20% decrease in mean
blood pressure compared with baseline NIBP or a mean
blood pressure lower than an absolute value of 65 mm Hg.lz
In case of hypotension, 5 mg of ephedrine was injected.
Bradycardia was defined as a pulse rate less than 50 beats
min~' and treated at the discretion of the attending
anesthesiologist. We recorded BIS before i-gel insertion
and documented any events, including spontaneous
ventilation, breath-holding, expiratory stridor, or tearing.
All patients were interviewed in the recovery room to
assess memory recall using the modified Brice
questionnaire and postoperative nausea and vomiting
(PONV) profile.

Sample size calculation and statistical analysis

This study was a modified Dixon’s up-and-down sequential
allocation trial. According to previous studies, without
calculating the exact sample size, at least 2040 patients
are required, and the study must have a stopping rule.’
Dixon’s up-and-down method requires at least six
independent pairs of failure/success to reliably estimate
the EDsg and EDgs of remimazolam.  In the present study,
30 patients were collected based on Dixon’s method.

We used IBM SPSS Statistics for Windows version 27
(IBM Corp., Armonk, NY, USA) and R statistical software
version 3.3.2 (R Foundation for Statistical Computing,
Vienna, Austria; http://www.R-project.org/) for statistical
analysis. Categorical variables are presented as numbers
(%). Continuous variables with normal distribution are
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presented as mean (standard deviation), and those with
skewed distribution are presented as median [interquartile
range]. The normality of continuous data was assessed
using the Shapiro-Wilk test. The EDsy and EDgs of remi-
mazolam for successful i-gel insertion were calculated
using isotonic regression.9 An adjusted response probability
was calculated using the pooled adjacent-violators algo-
rithm (PAVA).Q The 95% confidence interval (CI) for
isotonic regression was estimated using the recursive
algorithm by Morris for ordered-binomial point esti-
mates. , '° We used paired ¢ tests or the Wilcoxon signed-
rank test to compare blood pressure and heart rate at
baseline with their maximal and minimal values during the
study period. We used Pearson’s correlation to evaluate
correlations between doses of remimazolam and time to
LOC, the maximum reduction in mean blood pressure, and
the maximum reduction in heart rate from baseline to the
lowest value. We considered a P value less than 0.05 to
indicate statistical significance.

Results

We screened 30 patients consecutively and all of them
agreed to participate in this trial. Nevertheless, we
excluded two patients because we found that
remimazolam was administered longer than intended.
Finally, we included 28 patients in the analysis based on
Dixon’s method.

Table 1 presents the preoperative characteristics.
Figures 1 and 2 show the up-and-down results in
consecutive patients and the PAVA response rate,
respectively. The EDsy and EDgs of remimazolam were
8.8 mgkg “hr' (95% CI, 63 to 10.6) and 10.7
mgkg "hr™' (95% CI, 10.6 to 11.7 mgkg "hr '),
respectively.

Table 1 Preoperative characteristics

Variable N =28

Female, n/total N (%) 28/28 (100%)

Age (yr), mean (SD) 46 (10)

Height (cm), mean (SD) 159 (6)

Weight (kg), mean (SD) 59 (8)

Body mass index (kg-m'z), mean (SD) 23.1 (2.7)

ASA PS I/I1, n/total N (%) 8/28 (29%)/20/28 (71%)
Hypertension, n/total N (%) 2/28 (7%)

Diabetes mellitus, n/total N (%) 1/28 (4%)

Smoking, n/total N (%) 0/28 (0%)

ASA PS = American Society of Anesthesiologists Physical Status
classification; SD = standard deviation

@ Springer

Thirteen of 28 patients experienced successful insertion
of the i-gel. Even in the failure group, we accomplished
effective airways on the first attempt in all except two
patients.

The induction and recovery profiles are presented in
Table 2. Sore throat and traumatic insertion were not
reported, even in the “failure” group. No patient
experienced intraoperative recall even though some
showed BIS values greater than 60 before i-gel insertion
(16/28, 57%) and vigorous movements during i-gel
insertion (11/28, 39%). A few patients (3/28, 11%)
reported PONV, and two of these required antiemetics.

There was a significant reduction in blood pressure and
heart rate from baseline. The mean changes in blood
pressure and heart rate from baseline to the lowest values
were 13.6 mmHg (95% CI, 9.1 to 18.1; P < 0.001) and 9.8
beats min~" (95% CI, 6.3 to 13.2; P < 0.001), respectively.
There was a fair correlation between the maximum
decrease of mean blood pressure (%) and the infusion
rate of remimazolam (r = 0.46, P = 0.01). The correlation
between infusion rate of remimazolam and time to LOC
was not significant (P = 0.41), nor was the mean change of
heart rate (P = 0.19).

The observed parameters during i-gel insertion
conditions and the number of patients who had adverse
events are presented in Table 3. A nonfully relaxed jaw
was found in 7/13 (54%) in the success group and 14/15
(93%) in the failure group (difference in proportions, 40%;
95% CI, 7 to 65; P = 0.02). Bucking or other movements
during SGD insertion only occurred in the failure group
(11/15, 73%). Significant respiratory complications,
including laryngospasm, bronchospasm, regurgitation, or
aspiration, did not occur in any of the patients.

Discussion

This study reports the feasibility of remimazolam as an
anesthetic induction agent for SGD insertion in
nonparalyzed patients. We found that with 1 pgkg™" of
fentanyl, the EDsy and EDys of remimazolam required for
successful i-gel insertion without muscle relaxation were
8.8 and 10.7 mgkg '-hr', respectively. Remimazolam
also reduced the mean blood pressure in a dose-dependent
manner.

The EDsq and EDos of remimazolam for i-gel insertion
determined by this study were in the dosage range
recommended by the manufacturer (6-12 mg-kg™"hr™ ).
In current practice, propofol is the induction agent of
choice for SGD insertion without NMB, leading to fewer
pharyngeal morbidities and upper airway reflexes.”, 7
Also, it has been shown to have a relaxant effect on the
jaw.18 In previous studies, nearly all nonparalyzed patients
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receiving propofol showed a fully relaxed jaw.lq, 20

Nevertheless, in the present study, < 50% of the patients
(6/13, 46%) showed a fully relaxed jaw for i-gel insertion
even in the success group. Although a direct comparison is
difficult, remimazolam might be less effective at providing
satisfactory conditions for insertion of an SGD.
Nevertheless, there was no clinically significant rigidity
that made it difficult to insert the i-gel and no patients
reported sore throat or experienced a traumatic insertion
after the surgery. If remimazolam is contemplated for SGD
use without paralysis, more research should be conducted
for this use.

Remimazolam dose (mg kg™ hr')

As a new agent, the capability to maintain blood
pressure is a necessary characteristic to prevent
unfavorable end-organ damage. In healthy volunteers,
remimazolam had a moderate influence on blood
pressure. In a surgical population, remimazolam showed
a lower incidence of intraoperative hypotension (systolic
blood pressure < 80 mm Hg) than propofol did.”
Nevertheless, in this study, we adopted stricter definitions
for a hypotensive episode based on previous research
concerning organ injury.l2 We observed 13 hypotensive
events among 28 patients (46%). Also, correlation analysis
revealed a positive correlation between infusion rate of
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Table 2 Induction and recovery profiles

Variable N=28
Induction data
Time to loss of consciousness (sec), mean (SD) 92 (32)
Fentanyl dose (11g), mean (SD) 58 (8)
Total infused remimazolam (mg), mean (SD) 21 (4)
BIS over 60 before i-gel insertion, n/total N (%) 16/28 (57%)
Rescue drug,” n/total N (%) 2/28 (7%)
Hypotensive event, n/total N (%) 13/28 (46%)
Bradycardia (HR < 50/min), n/total N (%) 0/28 (0%)

Tachycardia (HR > 100/min), n/total N (%)
Postoperative data

PONV, n/total N (%)

Sore throat, n/total N (%)

Intraoperative recall, n/total N (%)

5/28 (18%)

3/28 (11%)
0/28 (0%)
0/28 (0%)

4Additional administration of sevoflurane after failed insertion of
supraglottic airway device

BIS = bispectral index; HR = heart rate; PONV = postoperative
nausea and vomiting; SD = standard deviation

remimazolam and maximum reduction in mean blood
pressure (%). Therefore, it is necessary to pay attention to
hemodynamic  compromise. The results of the
hemodynamic effect need to be validated in a large
number of patients.

Our study included only women, and none were
smokers. According to the Apfel score predicting the risk
of PONV,” at least 39% of the patients were expected to
show PONV. Nevertheless, only three (3/28, 11%) reported
nausea and two required antiemetics, even though they did
not receive prophylactic antiemetics. Preoperative or
intraoperative intravenous midazolam has been linked to
a significant decrease in overall PONV.” As one of the
benzodiazepines, remimazolam could be considered to
have a similar antiemetic effect. Nevertheless, we could not
draw a definitive conclusion since our sample size was
small. Further evaluations about the effect of remimazolam
on PONV are required.

Previous studies compared propofol requirements
between different types of SGD with or without the use
of 0pi0ids.7, 2324 The dose requirement differed according
to the type of SGD and coadministration of opioid. The
depth of insertion and the area of the upper airway
stimulated by SGD vary depending on the shape of the
SGD and the presence of a cuff.” The i-gel airway has a
relatively small contact area and its cuffless design has less
airway stimulation, so the remimazolam requirement may
be less than with other SGDs. In addition, the use of
opioids affected the condition at the time of SGD insertion
and reduced the dose requirement.7, 25 26 Ip this study, we
used 1 pg-kg™" of fentanyl as a coadministered drug. We
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Table 3 Observed parameters for i-gel insertion conditions and the
number of patients with adverse events

Failure Success
N=15 N=13
Jaw mobility
1. Fully relaxed 1 6
2. Mild resistance 6 7
3. Tight but opens 8 0
4. Closed 0 0
Coughing, movement
1. None 4 13
2. One or two coughs 0 0
3. Three or more coughs 2 0
4. Bucking/movement 11 0
Other events
Spontaneous ventilation 4 3
Breath-holding 11 10
Expiratory stridor 1 0
Tearing 1 0

expected the dose of remimazolam required for successful
insertion of SGD might exceed the maximum
recommended dose without the aid of an opioid. We
decided to use opioids in our study design for safety
reasons. This may raise concerns that the coinduction dose
of fentanyl confounded the interpretation of the EDsy and
EDys requirements of remimazolam to successfully insert
the SGD.

Some limitations of our study should be noted. First, our
study population was limited to relatively healthy women
participants ranging in age from 33 to 65 yr undergoing
hysteroscopic procedures under general anesthesia.
Remimazolam requirements have been reported to
decrease with increasing patient age, although sex-based
differences have not yet been established.”, 2® This narrow
study population limits the generalizability of the study
results. Further research is required for a better
understanding of remimazolam in patients with
heterogeneous sex and age profiles. Second, one observer
(J. K.) determined the composition of the “success” and
“failure” groups, and there is a chance that a single
observer might have bias. Nevertheless, we tried to make
consistent judgements using an objective scoring system to
reduce potential bias. Third, the time interval between the
fentanyl injection and SGD insertion was not strictly
controlled in all participants and the variability in the
pharmacodynamic effect of fentanyl may have affected the
estimation of the effective dose of remimazolam. The peak
effect site concentration of fentanyl occurs 3.6 min after
injection.zg We administered the fentanyl bolus at the start
of preoxygenation and remimazolam infusion started after
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about one minute. SGD insertion was performed 2.5
minutes after remimazolam administration. Therefore, the
time of SGD insertion and the time of peak effect of
fentanyl would have been relatively similar. Nevertheless,
it is difficult to say that the use of fentanyl produces the
same response in all patients during SGD insertion. Further
studies will be needed using remimazolam alone or
controlling the administration time and dose of fentanyl.
Fourth, our study was conducted only during the
anesthesia-induction period and did not determine the
dose requirement for the maintenance of general
anesthesia. Despite these limitations, our findings might
be helpful to generate a hypothesis and provide valuable
data for future studies.

In conclusion, the EDsy and EDgs of remimazolam for
successful i-gel SGD insertion in nonparalyzed female
patients undergoing hysteroscopy were 8.8 and 10.7
mg-kg~"-hr™', respectively. Remimazolam showed a high
incidence of poor jaw relaxation and bucking or other
movements during SGD insertion.
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