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Simple Summary: This study explores the optimal dose of flumazenil to address respi-
ratory distress in patients undergoing sedation with remimazolam during endoscopic
submucosal dissection (ESD). When monitored anesthesia care (MAC) is performed with
remimazolam, a benzodiazepine, respiratory distress caused by excessive sedation can be
resolved by administering flumazenil, a benzodiazepine reversal agent. However, this also
reverses the sedative state, potentially disrupting the procedure and requiring additional
time to re-establish sedation. By determining the effective dose of flumazenil that alleviates
respiratory issues without interrupting sedation, this research provides valuable insights
for clinicians. The result of this study determined that the ED90 of flumazenil for selectively
alleviating respiratory distress in patients undergoing MAC with remimazolam during en-
doscopic submucosal dissection (ESD), without reversing consciousness, was 76.7 mcg. The
findings will help enhance patient safety during procedures requiring sedation, especially
those performed under MAC.

Abstract: Background: Patients undergoing endoscopic submucosal dissection under
monitored anesthesia care (MAC) with remimazolam may develop respiratory distress
during the procedure. In these cases, low doses of flumazenil improved respiratory distress
without completely reversing sedation, which is a novel phenomenon. This study aimed
to explore the ED90 of flumazenil to selectively improve respiratory distress in patients
with MAC treated with remimazolam. Methods: Flumazenil dose determination followed
a biased-coin up-and-down design. Starting with a dose of 5 mcg, if respiratory distress
improved, the biased-coin method was used to give the same dose in the next patient with
a probability of 8/9, and a decreased dose of 5 mcg in the next patient with a probability
of 1/9. Any improvement in respiratory distress within 30 s of flumazenil administration
was recorded. After the procedure, patients were asked whether they had any memory
recall during the procedure. Centered isotonic regression was used to determine the ED90
of flumazenil. Results: Sixty patients were included in the study. The estimated ED90
was 76.72 mcg (95% CI: 68.07-102.62). Memory recall occurred in two of thirteen patients
(15%) near the ED90 dose range (75 mcg and 80 mcg). None of the patients developed
major postoperative complications (bleeding, perforation, or aspiration) within the 2-day
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postoperative period. Conclusions: This study determined that the ED90 of flumazenil for
effectively alleviating respiratory distress in patients undergoing MAC with remimazolam
was 76.7 mcg, without reversing consciousness. These findings provide valuable guidance
for the care of patients undergoing sedation.

Keywords: flumazenil; remimazolam; respiratory distress; monitored anesthesia care;
sedation; sedation reversal; endoscopic submucosal dissection; anesthesia safety

1. Introduction

Monitored anesthesia care (MAC) is an anesthesia management approach used for
surgeries or procedures that neither involve significant surgical stimulation nor require
general anesthesia via intubation [1-3]. Remimazolam, a novel ultrashort-acting benzodi-
azepine that has been recently used in clinical practice, has the advantage of causing fewer
hemodynamic changes and fewer respiratory disturbances in patients compared to propo-
fol and midazolam and can be reversed quickly with flumazenil, a specific benzodiazepine
receptor antagonist [4-6]. These characteristics are particularly beneficial for patients who
are not intubated and undergo MAC procedures.

Endoscopic submucosal dissection (ESD) is advantageous in treating early gastric
neoplasms, providing quick recovery, stomach preservation, and reduced hospitalization,
thereby enhancing quality of life and yielding favorable oncologic outcomes [7-9]. At
our center, remimazolam is widely used for sedation in patients undergoing ESD. A
previous study demonstrated that MAC for ESD procedures was effectively achieved by
administering intravenous infusion of remimazolam and appropriate fentanyl dosing based
on the patient characteristics, representing the standard MAC regimen for ESD procedures
at our institution [10].

Considerations for MAC in ESD procedures include the challenge of quickly securing
the airway, given that the endoscope is inserted through the mouth. Moreover, the painful
nature of dissecting gastric neoplasms requires deeper sedation and analgesia than other
diagnostic endoscopic procedures, increasing the risk of respiratory distress due to the
high doses of sedatives and opioid doses. Together, this puts the patient at a high risk of
hypoxemia due to the difficulty in rapid airway securement.

The general treatment for respiratory distress during MAC is to discontinue seda-
tion and opioids first and assist ventilation with oxygen using maneuvers such as jaw
thrusts or airway device insertion to secure the airway. When MAC is performed with
remimazolam, the benzodiazepine reversal agent, flumazenil, can be used to awaken the
patient from anesthesia in the event of acute respiratory distress. However, fully awak-
ening the patient mid-procedure presents practical difficulties, including interrupting the
procedure, inconveniencing the patient and operator, and requiring re-anesthesia to resume
the procedure.

In our experience, when respiratory distress occurs due to remimazolam overdose dur-
ing MAC for ESD, flumazenil administered at small doses below the standard dose for full
awakening can alleviate respiratory distress without returning the patient to consciousness.
To the best of our knowledge, this effect of flumazenil, specifically in improving respiratory
distress at low doses, has not been previously reported. If more than necessary flumazenil
is administered, the patient will return to full consciousness, whereas improvement in
respiratory distress will not be achieved with too little flumazenil. Therefore, it is crucial
to determine the precise dose that selectively alleviates respiratory distress without fully
awakening the patient. Should this study provide evidence for the novel effects of flumaze-
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nil, it is anticipated to significantly benefit clinical practice for patients undergoing MAC
procedures using benzodiazepine-based sedatives such as remimazolam. Thus, this study
aimed to determine the ED90 of flumazenil that ameliorates respiratory distress during
MAC with remimazolam in patients undergoing ESD.

2. Materials and Methods
2.1. Patients

This prospective single-center study was conducted at a tertiary hospital. The study
protocol was approved by the Institutional Review Board of Severance Hospital, Yonsei Uni-
versity Health System (approval number: 2022-4348-001) and registered at ClinicalTrials.gov
(NCT06563063). This study was designed and conducted following CONSORT 2010 guide-
lines. Patients were informed about the study before ESD and enrolled after obtaining
informed consent. The inclusion criteria were as follows: (1) American Society of Anesthe-
siologists (ASA) class I-111, 19 years of age or older, scheduled for gastric ESD; (2) scheduled
to undergo MAC with remimazolam; (3) hemodynamically stable; and (4) development of
respiratory distress during the procedure. The exclusion criteria were as follows: (1) the
presence of airway-related anatomic abnormalities and (2) administration of any sedative
other than remimazolam during the procedure (e.g., propofol or dexmedetomidine). Pa-
tients fully awakened from anesthesia for any other reason during the procedure were
planned to be excluded from the study.

2.2. Procedure

Blood pressure and heart rate measured in the pre-procedure room were defined
as baseline vital signs. After the patient was admitted to the procedure room, routine
monitoring (noninvasive blood pressure cuff, electrocardiogram, and pulse oximetry) was
performed. Remimazolam (Byfavo inj, remimazolam besylate, 20 mg/vial, Hana Pharm
Co., Ltd., Seoul, Republic of Korea) 5 mg dosage was administered intravenously over
1 min to initiate sedation, followed by a continuous intravenous infusion of remimazolam
at a rate of 0.1 to 0.4 mg-kg~!-h~! during the procedure, aiming for a Modified Observer’s
Assessment of Alertness/Sedation Scale (MOAA /S) score of 2-3. Fentanyl (Fentanyl inj,
fentanyl citrate, 100 mcg/2 mL/ampule, Hana Pharm Co., Ltd., Seoul, Republic of Korea)
50 mcg dosage was initially administered with remimazolam for pain control.

There were a total of five endoscopists involved in this study. When the MAC induction
agent was injected, an endoscope was inserted, the lesion location was confirmed, and
circumferential marking was performed. Submucosal injections of a solution consisting
of epinephrine (0.01 mg/mL), 0.8% indigo carmine, and normal saline were administered
and a mucosal incision was made, followed by submucosal layer dissection. A dual knife
(KD-650Q; Olympus, Tokyo, Japan) or an insulated-tip knife (KD-610L; Olympus Optical,
Tokyo, Japan) was used for lesion incision and dissection. After ESD, the bleeding site
was ablated using hemostatic forceps (Coagrasper; Olympus Co., Tokyo, Japan), and the
procedure was completed.

During the procedure, if the patient’s blood pressure increased (>20% of baseline
systolic blood pressure), pulse rate increased (>20% of baseline heart rate), or the patient
moved, the patient was considered to have responded to the pain stimulus, and another
bolus of 25 mg fentanyl was administered. Respiratory distress occurring during the
procedure was defined as follows: (1) sustained hypoxia (S5pO, < 94%) lasting more than
15 s, or (2) excessive irregular breathing with heavy chest and abdominal movements,
including hiccups, which made it difficult for the endoscopist to perform the procedure, as
determined by the endoscopist’s judgment. In the event of respiratory distress, flumazenil
(Lumasate inj, flumazenil, 0.5 mg/5 mL/ampule, Hana Pharm Co., Ltd., Seoul, Republic
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of Korea) was administered, and the patient was monitored. The dose level set in this
study (5 mcg) was highly particular compared to the original concentration of flumazenil
(0.1 mg/mL, i.e., 100 mcg/mL). Therefore, to ensure accurate dosing of flumazenil, flumaze-
nil was pre-diluted to one-tenth of its original concentration before the procedure. This
dilution yielded a solution where the desired dose level corresponded to 0.5 mL of the
diluted solution. Improvement in respiratory distress was defined as the recovery of hy-
poxia (SpO; > 95%) and improvement in respiratory pattern—loss of excessively irregular
breathing and subdued chest and abdominal movement—within 30 s after flumazenil
administration to the extent that the procedure could be resumed.

2.3. Dose Level Determination: Biased-Coin Up-and-Down Design

The dosing of flumazenil followed a biased-coin up-and-down design, which is widely
used in dose-finding studies [11-15]. The biased up-and-down method, an application of
the up-and-down method first proposed by Dixon et al., can achieve robust results with
significantly fewer samples compared to older dose-finding experiment designs [16,17].
Starting with an initial dose of 5 mcg, if there was no improvement, the next patient was
given a 5 mcg increase. If respiratory distress improved, the biased-coin method was used
to administer the same dose to the next patient with a probability of 8/9 and a decreased
dose of 5 mcg to the next patient with a probability of 1/9. To determine the probability,
a random number generator randomly generated a number from 1 to 9. If the randomly
generated number was 1 to 8, the dose was maintained, and if the number was 9, the
dose was reduced. As no previous studies were available to guide the setting of the dose
range, we set the dose range based on doses that have been used empirically to improve
respiratory distress without awakening consciousness at our institution. The minimum
level of dose range was 5 mcg and the maximum level was 150 mcg.

If there was no respiratory improvement with flumazenil treatment, conventional
airway management was initiated, including a 30% reduction in the remimazolam rate, jaw
thrust, and insertion of a nasopharyngeal airway device if respiratory distress persisted.
Once the respiratory distress improved, the procedure was resumed. At the end of the
procedure, patients were moved to the recovery unit and asked whether they had any
memory recall during the procedure. The primary endpoint of the study was the dose
of flumazenil required to improve respiratory distress, and the secondary endpoint was
the number of recall events during sedation. Other patient demographics, clinicopatho-
logical characteristics of the neoplasms, and major postoperative complications (bleeding,
perforation, and aspiration) within the 2-day postoperative period were also collected.

2.4. Statistical Analysis

According to a recently published paper, the recommended number of samples for
obtaining the ED90 by a biased-coin up-and-down design is between 50 and 60 [11]. Based
on this guidance, we set the required sample size at 60 for the statistical analysis. Using data
from all 60 cases, the ED90 was determined through centered isotonic regression, a method
employed in dose-finding studies, where the proportion of patients who responded at each
dose level is used to obtain a cumulative distribution function of the proportion of patients
responding to the dose [17]. This method was used to determine the point estimate and
the 95% confidence interval of the ED90 of flumazenil for improving respiratory distress.
The probability of the secondary endpoint (intraprocedural recall) at ED90 was calculated
by assessing the proportion of patients with a recall at dose levels immediately above
and below ED90. The overall flow of this study, as described above, is illustrated in the
schematic diagram provided in Figure 1.
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Figure 1. Schematic diagram of the study. ESD, endoscopic submucosal dissection; ASA, American
Society of Anesthesiologists; MAC, monitored anesthesia care; ED90, 90% effective dose.
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3. Results
3.1. Patient Demographics

Informed consent was obtained from 132 patients before ESD, of whom 60 (45%)
developed respiratory distress during the procedure. The demographic data of the 60
patients are shown in Table 1. The mean age of the patients was 66.7 years and 63.3% were
male. The proportions of ASA classes I, II, and Il were 11.7%, 80.0%, and 8.3%, respectively.

Table 1. Patient demographic data.

Variables Value
Age, mean (SD), yr 66.7 (8.9)
Sex Female: 22 Male: 38
Weight, mean (SD), kg 67.3 (10.5)
Height, mean (SD), cm 164.0 (8.8)
BMI, mean [range] (SD), kg~m_2, 25.0 [18.7-37.7] (3.0)
ASA class [ 711: 48 11I: 5
Location Upper: 5 Mid: 14 Lower: 41
Length of neoplasm measured by endoscopy, 15
. . (10-20)
median (interquartile range), mm
Histology :3411: 16 III: 6 IV: 4
Anesthesia time, median (interquartile range), min 30 (20-40)
Total remimazolam dose, mean (SD), mg 14.8 (5.6)
Total fentanyl dose, mean (SD), mcg 118.8 (67.0)

BMI, body mass index; ASA, American Society of Anesthesiologists. The location groups were upper (cardia and
fundus), middle (body), and lower (antrum and pylorus). The histology groups were as follows: I, dysplasia
(epithelial dysplasia, low or high grade); II, differentiated cancer (tubular adenocarcinoma, well or moderately
differentiated); III, undifferentiated cancer (tubular adenocarcinoma, poorly differentiated; gastric carcinoma,
poorly cohesive or signet ring cell type); and IV, other (neuroendocrine tumor).

The pathological characteristics of the neoplasms were also recorded. The locations
of the neoplasms were divided into three groups with the number of cases in each group
as follows: upper (cardia, fundus)—>5 (8.3%); mid (body)—14 (23.3%); and lower (antrum,
pylorus)—41 (68.3%). The median length of the neoplasm, measured using endoscopy,
was 15 mm. Histology of the neoplasms was confirmed by pathology and categorized into
four groups, with the number of cases in each group as follows: I, dysplasia (epithelial
dysplasia, low or high grade)—34 (56.7%); 1I, differentiated cancer (tubular adenocarci-
noma, well or moderately differentiated)—16 (26.7%); I1I, undifferentiated cancer (tubular
adenocarcinoma, poorly differentiated; gastric carcinoma, poorly cohesive or signet ring
cell type)—6 (10.0%); and 1V, other (neuroendocrine tumor, etc.)—4 (6.7%).

The median anesthesia time was 30 min. Additionally, the mean total dosage was
14.8 mg for remimazolam and 118.8 mcg for fentanyl. Detailed demographic data and
outcomes of all patients are attached as a Supplementary File Table S1.

3.2. ED90 of Flumazenil for Remimazolam to Alleviate Respiratory Distress During ESD

The sequence of the patient response results obtained using the biased-coin up-and-
down method is shown in Figure 2. The dose of flumazenil was varied within a range of
5 to 85 mcg. The estimated ED90 from the data was 76.72 mcg (95% CI: 68.07-102.62). The
estimated centered isotonic regression model is shown in Figure 3.
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Figure 2. Responses (improvement of respiratory distress) of 60 consecutive patients who received
flumazenil for improving respiratory distress while maintaining sedation under MAC with remima-

zolam during the ESD procedure.
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3.3. Secondary Endpoints

Among the total patients, four patients developed memory recall (7%): one at 70 mcg,
two at 80 mcg, and one at 85 mcg. Recall occurred in two of the thirteen patients (15%)
at dose levels adjacent to ED90. None of the patients developed major postoperative
complications (bleeding, perforation, or aspiration) within the 2-day postoperative period.

4. Discussion

In this study, we explored the ability of the ED90 of flumazenil to selectively improve
respiratory distress without fully restoring consciousness during the procedure in patients
undergoing ESD under MAC with remimazolam. The estimated ED90 of flumazenil for
this effect was 76.72 mcg, and memory recall at ED90 occurred in 2 of 13 patients (15%).
The findings of this study substantiate the novel effect of flumazenil to improve respiratory
distress only at low doses, offering significant clinical benefits in sedation procedures in
which respiratory distress may occur unpredictably.

The primary aim of this study was to investigate the ED90 of flumazenil, which
improves respiratory distress in patients undergoing ESD under MAC with remimazolam.
This means that administering flumazenil at the ED90 to patients experiencing respiratory
distress in such conditions will result in significant alleviation of respiratory distress in
90% of such patients. During endoscopic procedures, such as ESD with MAC, respiratory
distress can occur at any time if a sedative agent is administered without an invasive airway.
This dangerous situation can lead to hypoxia, resulting in serious complications if not
managed appropriately. Moreover, to prevent complications such as bleeding or perforation
during ESD, it is crucial for endoscopists to maintain optimal visibility during dissection.
Also, deep sedation with remimazolam can lead to respiratory distress characterized by
excessive irregular breathing with heavy chest and abdominal movements or hiccups [18].
These respiratory fluctuations may obstruct the endoscopist’s visual field and increase the
risk of ESD-related complications. Therefore, reducing respiratory distress is essential to
achieve a safe and efficient ESD procedure. Additionally, if the maneuverability of the
scope is unstable due to this paradoxical movement, the procedure time may significantly
increase [19]. Therefore, if respiratory distress occurs during sedation, immediate action
is required, and flumazenil, at its ED90, can be administered to improve the patient’s
breathing and prevent hypoxia.

Benzodiazepines exert sedative effects by acting on gamma-aminobutyric acid
(GABA), receptors to enhance GABA, a crucial inhibitory neurotransmitter in the central
nervous system [20]. Flumazenil serves as an antidote to the benzodiazepines’ sedative
effects by functioning as a competitive antagonist [21]. Currently, it remains unclear why a
small dose of flumazenil selectively improves respiratory distress in patients sedated with
remimazolam, although we can propose a hypothesis. Remimazolam typically provides
reliable sedation at standard doses, with respiratory depression occurring in only a few
patients [22,23]. This suggests that, while consciousness can be effectively suppressed, res-
piratory function is less prone to suppression from remimazolam administration. Therefore,
when sedation reaches a depth sufficient to induce both unconsciousness and respiratory
depression, a low dose of flumazenil may potentially reduce sedation to a level where
consciousness is still suppressed while restoring the function of the respiratory center.
This hypothesis is supported by the findings of this study, though further well-designed
research is necessary to ascertain the precise mechanism underlying this effect.

In this study, the initial dose of flumazenil and the incremental dose differences be-
tween levels were set at 5 mcg. These doses were determined arbitrarily due to the absence
of prior studies. Based on our clinical experience before designing the study, we observed
that a dose of 10 to 20 mcg of flumazenil often improved respiratory distress in many
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patients. If no improvement occurred with the first dose, a second dose of the same amount
was frequently administered. Given these experiences, we anticipated that the ED90 of
flumazenil would fall within the range of 20 to 40 mcg, and thus decided to increment dose
levels by 5 mcg to obtain precise data. Additionally, we did not calculate flumazenil doses
based on body weight for the following reasons: Dosing in 5 mcg increments, given its
common availability as 100 mcg/cc, would necessitate complex drug dosing calculations.
Dividing doses by body weight would further require calculations in 0.1 mcg increments,
making dosing impractical and less feasible in a clinical setting.

All patients enrolled underwent ESD with MAC using remimazolam and fentanyl,
the standard sedation approach for ESD. As previously mentioned [4-6], remimazolam is
associated with fewer hemodynamic changes and less respiratory depression than other
sedatives, making it a suitable choice for MAC. We used fentanyl rather than ultrashort-
acting remifentanil for analgesia due to the unpredictable nature of ESD procedures, which
makes estimating their duration challenging. In shorter cases, an initial fentanyl bolus
provided sufficient analgesia. Depending on the course of the procedure, painful stimuli
of high intensity may occur, resulting in sudden spontaneous patient movement [24]. In
such instances, an additional fentanyl bolus effectively managed the pain. Administering a
bolus of remifentanil in response to sudden severe pain is likely to induce apnea. Therefore,
we preferred fentanyl to remifentanil as the standard opioid. Caution is advised when
extrapolating the results of this study to those of sedation using other agents.

At higher doses, flumazenil may completely reverse the sedative effects of remimazo-
lam, potentially leading to postprocedural memory recall. In this study, postprocedural
memory recall occurred in 4 of the 60 patients (7%). However, given the risk of respiratory
distress during MAC, prioritizing the maintenance of patient respiration is more critical
than preventing memory recall in a small number of cases. Additionally, all patients who
experienced recall had successful procedures, and no major adverse events were reported,
suggesting that recall did not impact their overall prognosis.

This study had several limitations. First, this was a single-center study conducted
exclusively on single-race patients (Asian) undergoing ESD with MAC, using specific
agents such as remimazolam and fentanyl. Consequently, caution should be exercised when
generalizing these results to other sedative practices. Second, providing highly objective
criteria for determining respiratory distress during sedation and assessing whether patients
experienced memory recall remains challenging. We used pulse oximetry to detect hypoxia
and monitored irregular breathing as well as heavy chest and abdominal movements that
could interfere with the procedure. However, evaluating the extent of irregular breathing
and movement involves a degree of subjective judgment by physicians. Furthermore,
since memory recall during the procedure ultimately relies on the patient’s self-report,
establishing a strictly objective evaluation is challenging. Third, the use of fentanyl and
remimazolam during sedation may have contributed to respiratory distress because opioids
can also affect respiration. Nonetheless, fentanyl was administered as a small bolus dose
to address inadequate analgesia, thereby minimizing its potential impact on respiration.
Finally, the confidence interval for the ED90 estimate is relatively wide (ED90: 76.72 mcg;
95% CI: 68.07-102.62). Despite this, this study provides valuable insights into the previously
unrecognized effects of flumazenil, and we are planning additional studies to determine
a more accurate ED90 and to explore the clinical utility of the newly identified effects of
flumazenil uncovered in this research.

5. Conclusions

This study determined that the ED90 of flumazenil for selectively alleviating respira-
tory distress in patients undergoing monitored anesthesia care (MAC) with remimazolam
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during endoscopic submucosal dissection (ESD), without reversing consciousness, was
76.7 mcg. Additional studies involving larger and more racially diverse populations will
be needed to more accurately determine the ED90 of flumazenil. The findings of this paper
highlight a novel clinical application of flumazenil that, to the best of our knowledge, has
not been previously reported. Specifically, the ability of flumazenil to selectively allevi-
ate respiratory distress could significantly enhance the clinical management of patients
undergoing MAC with remimazolam.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers17020321/s1, Table S1. Detailed information on all subjects
participating in the study.
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