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Abstract

Background Compared to midazolam, remimazolam has a faster onset and offset of hypnotic effect, as well as
cardiorespiratory stability, this study aims to determine the 90% effective dose (ED90) of remimazolam to inhibit
responses to insertion of a duodenoscope during endoscopic retrograde cholangiopancreatography (ERCP).

Methods A dose-response study was carried out undergoing ERCP who received remimazolam-alfentanil anesthesia
using 10 pg/kg of alfentanil between September 2021 and November 2021. The initial dose of remimazolam was

0.2 mg/kg. The dose was then decided based on the responses of earlier patients by exploiting the sequential

ascend and descend according to a 9: 1 biased coin design. Upon failure, the dose of remimazolam was increased

by 0.025 mg/kg in the next patient. When the insertion was successful, the succeeding patient was randomized to

an identical dose or a dose that was lower by 0.025 mg/kg.The ED90 of remimazolam for inhibiting responses to the
insertion of a duodenoscope during ERCP was calculated. Adverse events and complications of remimazolam were
recorded.

Results A total of 55 elderly patients (age > 65) were included in the study. 45 successfully anesthetized patients,
and 10 unsuccessfully. The ED90 of remimazolam was 0.300 mg/kg (95% Cl=0.287-0.320). ED95 was 0.315 (95%
C1=0.312-0.323) and ED99 was 0.323 (95% Cl=0.323-0.325). Among the patients, 9 patients developed hypotension,
2 patients developed bradycardia and 1 patient developed tachycardia, and hypoxia occurred in 2 patients.

Conclusions A loading dose of 0.300 mg / kg of remimazolam for elderly patients undergoing ERCP can safely,
effectively, and quickly induce patients to fall asleep and inhibit responses to the insertion of a duodenoscope.

Trial registration The study protocol was registered at the website ClinicalTrials.gov on 22/09/2021(NCT05053763).
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Introduction

A fundamental technique for diagnosing and managing
pancreaticobiliary conditions is endoscopic retrograde
cholangiopancreatography (ERCP) [1]. About one-
third to half of the patients receiving ERCP under pro-
cedural sedation report feeling discomfort and pain [2].
To reduce laryngeal reflexes and avoid undesired body
movements, nausea, coughing, and gagging, adequate
sedation depth is required. A popular inducer adminis-
tered during ERCP is propofol since it possesses sedation
inhibitory properties [3, 4]. Unwanted responses cannot
be fully inhibited by the anesthetic effects of propofol
alone, while an overdose of propofol can impair the car-
diorespiratory system unintentionally. To diminish the
propofol demand and hemodynamic alterations, strong
and short-acting opioids (e.g., alfentanil or fentanyl) are
usually co-administered with propofol during ERCP.
However, administering such opioids might increase the
occurrence of hypoxia.

As a new short-acting benzodiazepine [5-10], remima-
zolam provides effective procedural sedation with supe-
rior success rates and recovery profile compared with
midazolam [9]. However, comparing remimazolam to
propofol for general anesthesia, the time to loss of con-
sciousness and extubation were significantly longer in the
remimazolam group [8]. Although the overall incidence
of adverse drug reactions was similar in the remima-
zolam and propofol groups, fewer patients experienced
hypotension in remimazolam group [8].

We conducted a randomized trial evaluated the efficacy
and safety profiles of the remimazolam combined with
alfentanil for sedation during ERCP procedures [11]. As
a pilot study of this clinical trial, we determined the ED90
of remimazolam among elderly patients receiving ERCP.

Methods

This study was approved by the Tianjin Nankai Hospi-
tal's Clinical Trial Ethics Committee (NKYY_YXKT_
IRB_2020_063_01) and registered on the website
ClinicalTrials.gov on 22/09/2021(NCT05053763). All
patients who took part in the study provided written
informed consent.

Participants

We prospectively enrolled patients undergoing ERCP
under non-intubation sedation from September 2021 to
November 2021 at Nankai Hospital, Tianjin, China. The
inclusion criteria were as follows: age range of 65-85
years; ASA physical status of grades I-11I; BMI of 18-<30.
The exclusion criteria were as follows: unable to provide
consent; pregnancy; seriously abnormal renal function;
previous report of abnormal surgical anesthesia recov-
ery; consumption of antidepressant or monoamine oxi-
dase inhibitor within 15 d; prolonged use of psychotropic
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substances or analgesics due to chronic pain; alcohol
abusers, with known drug allergy, patients with antici-
pated difficult airway management, attended another
medical trial within three months, or unable to commu-
nicate properly with the researchers.

Intervention

The ERCP was performed with the patient placed at the
left lateral decubitus position. During the procedure,
supplemental oxygen (6 L/min) was administered to the
patient by nasal cannula. Topical anesthesia was applied
using 100 mg of dacronin spray, facilitating the endos-
copy insertion before the sedation. At the same time, the
heart rate (HR), electrocardiogram (ECG), end-tidal CO,,
and peripheral oxygen saturation (SpO,) were constantly
monitored. Also, every 5 min, noninvasive blood pres-
sure (NIBP) was monitored automatically.

An anesthesiologist and an anesthetic nurse were
responsible for the patient during the whole procedure.
According to our institute protocols,,alfentanil (dosage of
10 pg/kg; Yichang Renfu Pharmaceutical Co., Ltd.) was
first administered for 3 min before administering seda-
tive medication, and for definening the dose of remima-
zolam, we set the dose at 0.2 mg/kg for the first enrolled
patient. Subsequently, in case the anestheisa induction
was insufficient, we increased the dose of remimazolam
by 0.025 mg/kg. If the sedation induction in a patient
was successful, the following patient was randomized to
either an identical dose (probability: 1-b=0.89) or the
dose was lowered by 0.025 mg/kg (probability: b=0.11)
according to the biased coin design up-and-down
sequeential method (BCD-UDM) (Fig. 1).

The insertion of a duodenoscope was considered
unsuccessful if the gross muscular movement was pur-
poseful or when a patient coughed or vomited during
the insertion. After 3 min of administering intravenous
remimazolam, if modified observer’s assessment of alert-
ness/sedation (MOAA/S) was >1 and BIS was >75, the
induction was also considered unsuccessful and rescue
sedation 1 mg/kg of propofol was administered. After
the anestheisa induction, the sedation was maintained
by continuous infusion of 0.2 to 1 mg/kg/h of remima-
zolam and 0 to 1 pg/kg/min of alfentanil to maintain the
MOAA/S ranging between 1 and 2 [11].

During the procedure, hypotension was defined as
MAP<65 mmHg or a decrease of 20% from baseline,
while hypertension was defined as MAP>105 mmHg or
an increase of 20% from baseline [11].Patients with hypo-
tension and increased heart rate received a bolus dose
of 50 pg phenylephrine, which was then titrated to BP
and heart rate. In contrast, those with hypotension and
HR <60 bpm received a bolus dose of 10 mg ephedrine,
which was then titrated to BP and heart rate. A bolus
dose of 5 mg urapidil was administered and titrated
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Assessed for eligibility

Fulfilled the inclusion criteria

0.2 mg/kg remimazolam for the first enrolled patient

The remimazolam | if succeed Evaluation of If failed The remimazolam
dose was lowered duodenoscope dose was increased
by 0.025 mg/kg by insertion by 0.025 mg/kg

BCD-UDM

( The number of )
successful cases

reached 45

|

‘ Statistical analyses ‘

Fig. 1 The flowchart of the participants in the study. BCD-UDM: Biased coin design up-and-down sequential method

to BP in hypertensive patients. If the HR was reduced
to <45 bpm, a 0.25 mg IV bolus dose of atropine was
administered and titrated to HR. If it reached>110 bpm,
a bolus dose of esmolol (10 mg IV) was given and titrated
to HR.

Statistical analyses

For normally distributed data, continuous variables were
presented as meantstandard deviation (SD). The number
of positive responses necessary for computing ED90 was
at least 45. Thus, patients were prospectively enrolled
until the number of successful insertions reached 45, and
the number of opened envelopes (containing random
dose assignments for successful insertions) totaled 44. A
resident who did not participate in this study prepared
the envelopes. Isotonic regression was used for estimat-
ing ED90, while the 95% CI was evaluated based on 2,000
bootstrap replicates. By using isotonic regression com-
bined with bootstrapping CI, the data were further ana-
lyzed to determine the minimum effective dose necessary
for successful sedation of 95% and 99% of the patients
(ED95 and ED99). The dose estimator was used, which
referred to the interpolated dose with an anticipated

Table 1 Patients'characteristics

Variables All(n=55) Success(n=45) Failure(n=10)
Sex(M/F) (23/32) (22/23) (1/9)
Age(years) 735+53 737+54 726+49
ASA physicalstatus(l/  (4/42/9) (3/34/8) (1/8/1)
1/111)
Weight(kg) 648+11.0 66.2+10.6 5844106
Height(cm) 163.7+£79 1644+7.7 1604+85
BMI(kg/m2) 240426 244426 226+2.3
BIS reach 75 time(s) 1394+123 1393+124 139.8+12.2
Cause of failure

Gross purposeful - - 8
movement

Coughing - - 2

probability of effect equivalent to 0.9 in this study. The R
4.2.2 was used for performing statistical analyses.

Results

In total, 55 patients participated in this study (Table 1).
Among them, the procedure failed in 10 patients during
or after insertion of the duodenoscope, eight patients
showed gross purposeful movement, and two patients
experienced coughing. The up-and-down sequence with
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Fig. 2 Graph of successful (solid spot) and failed (hollow spot) blocks with different dose of remimazolam. The horizontal line is the calculated effective
dose of remimazolam providing successful insertion of a duodenoscope in 90% of patients during ERCP; error bars represent 95% Cl

Table 2 Observed and pooled-adjacentviolators algorithm-
adjusted response rates

Assigned Successful Trials Observedre- PAVA-
dose insertion sponse rates  adjusted

response

rates
0.175 4 6 0.667 0.667
0.200 5 6 0.833 0.789
0.225 4 5 0.800 0.789
0.250 3 4 0.750 0.789
0.275 12 15 0.800 0.789
0.300 6 8 0.750 0.789
0325 1 1 1.0 1.0

PAVA, pooled-adjacent-violators algorithm.

Table 3 Hemodynamic changes during anesthesia induction in
successful duodenoscopyinsertion(n=45)

T0 T1 T2 T3
MAP(mmHg) 99.0+10.1 873+98% 848+10.7% 874+9.6*
HR(beats/min) 76.1+104  69.1+83*  69.2+8.0* 725105+
SpO2(%) 99.9+0.3 99.9£0.3 99.9+£04 99.8+£0.6
BIS 96.9+18 958+24*  625+38*F  659+6.5%tF

*P<0.05 compared with T0,tP<0.05 compared with T1, $£<0.05 compared with
T2.Values are meanststandard deviation. MAP, mean arterial blood pressure;
HR, heart rate; Sp0O2,0xygen saturation; BIS, bispectral index; TO,base linevalue;
T1,after remimazolam ministration; T2,immediately before duodenoscopy
insertion; T3,5 min after duodenoscopy insertion.

the biased coin design is shown in Fig. 2. ED90 was found
to be 0.300 (95% CI :0.287-0.320). Further estimation
showed that the ED95 was 0.315 (95% CI :0.312-0.323)
and the ED99 was 0.323 (95% CI:0.323-0.325).

The response rates for various doses of remimazolam
are presented in Table 2. The pooled-adjacent-viola-
tors algorithm (PAVA)-adjusted response rates were
also determined. Using these rates, the monotonically

non-decreasing response rates were generated for iso-
tonic regression. The intra-anesthesia hemodynamic
alterations during the successful insertion of a duodeno-
scope are presented in Table 3. Nine patients developed
hypotension 10-15 min after injecting remimazolam,
which was relieved by administering 5 mg of intravenous
ephedrine. Two patients developed bradycardia, and one
patient developed tachycardia. Hypoxia occurred in two
patients among the 55 patients.

For 45 successfully anesthetized patients, ERCP proce-
dure was successfully completed without any additional
sedative drugs during the induction phase of procedural
sedation. Among the 10 patients who underwent unsuc-
cessful duodenoscopy, most cases because of gross pur-
poseful movement, ony two cases experiencing coughing,
and 1 mg/kg of propofol was used as the additional seda-
tive drug.

Discussion

In this pilot study, we found that a loading dose of
0.300 mg/kg of remimazolam for elderly patients under-
going ERCP can safely, effectively, and quickly induce
patients to fall asleep and inhibit responses to the inser-
tion of a duodenoscope.

The ERCP was performed in patients by either sedation
or general anesthesia [12, 13]. Due to the advantages of
a shorter recovery time, better tolerance, and satisfaction
among patients, anesthesiologists prefer the combina-
tion of propofol and opioids for sedation [14]. However,
the major adverse consequence of propofol sedation is
hypoxemia. Remimazolam showed a quicker onset and
offset of the hypnotic effect, exhibiting cardiorespira-
tory stability [5]. Compared to midazolam, remimazolam
had a better procedural sedation effect, achieved higher
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rates of success, and had a superior recovery profile.
Most studies have emphasized the 50th quantile value of
anesthetic remimazolam based on the Dixon-Mood up-
and-down approach [15]. Clinically meaningful doses,
however, are at higher quantiles, such as ED90, ED95,
and ED99.

This is the first study to evaluate the ED90 of remima-
zolam for the insertion of a duodenoscope during ERCP.
Given the poor precision of the Dixon-Mood approach
at high quantiles, we used the biased coin up-and-down
design for direct EDy, estimation. Next, isotonic regres-
sion and boot-strapping were performed to extrapolate
ED90 to ED95 and ED99.

Although the administration of remimazolam-sufen-
tanil is effective, surgical anesthesia is reliably adminis-
tered, often by administering 0.1 ug/kg of sufentanil. In
this study, 10 ug/kg of alfentanil was first administered,
since a smaller dose was insufficient to precisely evalu-
ate the effective dose [16]. Based on the PAVA-adjusted
responses (Table 2), for patients aged 65-85 years,
0.3 mg/kg of remimazolam was suitable for effective
sedation while ensuring safety, since, among our patients,
the effectiveness of this dose was 75%. However, direct
effective dose estimation is possible at any quantile with
the biased coin design. Hence, direct estimation of ED95
and ED99 would be more accurate, although a large sam-
ple size might be required.None of the patients sedated
with remimazolam experienced intraoperative awareness
or painful injection during ERCP. Two patients developed
oxygen desaturation, which is generally well-tolerated
among patients with no underlying pulmonary problems.

Our results might not be universally applicable since
the medications were administered by a single veteran
anesthetist. Another shortcoming involves the definition
of successful sedation. Insertion of the duodenoscope
was considered unsuccessful when the gross muscular
movement was purposeful or when a patient vomited or
coughed during or after the insertion. When BIS was >75
after 3 min of remimazolam injection, the procedure was
considered to be a failure. Since the rate of success can
vary based on the definition of successful sedation pro-
vided by the researchers, different studies should be com-
pared with caution [17].

In conclusion, we found that the infusion of 10 pg/kg of
alfentanil and 0.300 mg/kg of remimazolam can be per-
formed for the sedation of 90% of aged patients under-
going ERCP for inhibiting responses to the insertion of a
duodenoscope.
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