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Abstract

Background: Remimazolam is a benzodiazepine which, like mida-
zolam, has sedative, anxiolytic, and amnestic properties. Ester me-
tabolism results in a half-life of 5 - 10 min, a limited context sensitive
half-life, and rapid recovery when the infusion is discontinued.

Methods: Following the Institutional Review Board (IRB) approval,
we performed a retrospective chart review of patients who received
remimazolam in the cardiac catheterization, cardiac magnetic reso-
nance imaging (MRI), and electrophysiology suites. The primary ob-
jective was to assess efficacy and safety. The secondary objective was
to describe bolus and infusion dosing of remimazolam and the need
for adjunctive agents to optimize procedural sedation conditions.

Results: The study cohort included 26 patients with a median age of 18
years and a total of 33 anesthetic encounters. The most common pro-
cedures were endomyocardial biopsy or isolated hemodynamic assess-
ment (right or left heart catheterization). Remimazolam was the pri-
mary agent for sedation in 82% of the procedures. The majority of cases
(25 encounters, 76%) included a bolus dose of remimazolam prior to
the start of an infusion. For those patients who received a starting bo-
lus dose, dosing typically ranged between 30 and 110 pg/kg. Continu-
ous infusion rates of remimazolam varied from 5 to 20 pg/kg/min. No
adverse hemodynamic or respiratory effects were noted. Midazolam,
fentanyl, and dexmedetomidine were the most frequently used adjunc-
tive agents. One patient required transition to general anesthesia due to
the need for a surgical intervention based on the findings of the cardiac
catheterization. All other patients were effectively sedated.

Conclusions: Our preliminary experience demonstrates that remima-
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zolam effectively provided sedation for diagnostic and therapeutic
cardiovascular procedures. Future studies are needed to further define
dosing parameters for both bolus dosing and continuous infusion as
well as to compare remimazolam to other commonly used for proce-
dural sedation in patients with congenital and acquired heart disease.
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nous anesthesia; Congenital heart disease

Introduction

Remimazolam is a novel, ester metabolized derivative of the in-
travenous benzodiazepine, midazolam [1-3]. Like midazolam,
it has sedative, anxiolytic, and amnestic properties and can be
used as a primary agent or adjunct for procedural sedation and
general anesthesia [4-7]. Remimazolam undergoes metabolism
by tissue esterase with a half-life of 5 - 10 min thereby limiting
its context sensitive half-life. These properties allow for its ad-
ministration by bolus and continuous infusion, providing a deep
level of sedation/anesthesia while allowing for rapid awaken-
ing when the infusion is discontinued. Preliminary experience
in adults has demonstrated remimazolam to be an effective and
safe agent for procedural sedation during upper and lower gas-
trointestinal endoscopy [1-3]. Success in these clinical arenas
suggests its potential utility for other types of procedures.
Patients undergoing diagnostic or therapeutic procedures
in the cardiac catheterization, operating rooms (ORs), and ra-
diology areas may require procedural sedation to provide pa-
tient comfort and facilitate timely completion of the procedure.
We present preliminary experience with the use of the novel
benzodiazepine, remimazolam, as a primary agent for sedation
or as an adjunct to general anesthesia in a cohort of pediatric
and adult patients with acquired or congenital heart disease un-
dergoing cardiac diagnostic and therapeutic procedures.

Materials and Methods

This study was approved by the Institutional Review Board of
Nationwide Children’s Hospital (Columbus, Ohio). All study
procedures were conducted in accordance with the guidelines
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of the Declaration of Helsinki. As a retrospective study with
minimal risk, the need for individual written informed consent
was waived. Patient confidentiality was maintained by the use
of deidentified data and storage of data in a secure location on
a password-protected network. Access to data was available
only to collaborators directly involved in the study.

Prior to the addition of remimazolam to the OR formulary,
departmental education was completed including discussion of
the medication at a faculty and staff meeting, dissemination of
published reports regarding its clinical use, and the develop-
ment of departmental guidelines for preparation by pharmacy
and dosing. For clinical use, remimazolam was dispensed from
the OR pharmacy in a concentration of 20 mg/8 mL (2.5 mg/
mL). It was reconstituted using normal saline from a lyophi-
lized powder according to the manufacturer’s recommenda-
tions. After an order was placed using the electronic medical
record for intraoperative use, the medication was delivered to
the OR in a syringe and administered by an infusion pump.

Dosing recommendations for bolus and infusions rates were
determined from the available literature and provided in pg/kg
or ng/kg/min based on our usual practice for OR infusions in a
tertiary care pediatric hospital, not mg/kg or mg/kg/h as initially
reported in the adult literature. Preliminary guidelines included
a bolus dose of 50 - 200 pg/kg (maximum of 5 mg) and an infu-
sion starting at 3 - 5 pug/kg/min with an increase up to 30 pg/
kg/min as needed. As part of an ongoing departmental quality
assurance program, patients who received remimazolam for
procedural sedation or as an adjunct to general anesthesia were
identified by the pharmacy department on a quarterly basis. This
list was reviewed to ensure adherence to initial departmental
guidelines. This list of patients was used as the basis for the ret-
rospective review reported in this manuscript.

The following demographic data were obtained by manual
chart review: age, weight, body mass index and gender. Pro-
cedural information included the type of procedure, duration,
intraoperative concerns, anesthetic and sedative agents used,
and mode of administration (continuous or intermittent). In-
traoperative and postoperative adverse effects including hypo-
tension requiring intervention, bradycardia, respiratory arrest,
apnea, or hypoventilation were identified. Additionally, the
use of rescue medications including anticholinergic agents (at-
ropine or glycopyrrolate), or vasoactive agents (epinephrine,
phenylephrine, vasopressin, or ephedrine) was noted, or the
need to pause the infusion was observed in association with
hemodynamic changes. Information regarding remimazolam
dosing included the dose, changes in dosing during the intra-
operative period, mode of administration (intermittent or con-
tinuous), and duration of infusion. Efficacy was determined by
areview of subjective assessments from the electronic medical
record, including the need for adjunctive sedatives, analgesic
agents, recall and/or need to convert to general anesthesia. De-
scriptive study statistics for this retrospective study include the
number, mean + standard deviation (SD), median, and range.

Results

The study cohort included 26 individual patients who required
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procedural sedation and anesthesia care for 33 procedures. The
patients ranged in age from 0 to 59 years (median age 18 years)
and in weight from 5.9 to 185 kg (Table 1). The most common
procedures were endomyocardial biopsy following a heart
transplant or isolated hemodynamic assessment (right and/or
left heart catheterization) in the cardiac catheterization suite.

Remimazolam was the primary agent for sedation dur-
ing 27 of the 33 encounters (82%) (Table 2). In the remaining
six instances, remimazolam was used as an adjunct to either a
volatile anesthetic agent (n = 3) or dexmedetomidine (n = 3).
The majority of cases (25 encounters, 76%) included a bolus
dose of remimazolam prior to the start of an infusion. For those
patients who received a bolus dose, doses typically ranged be-
tween 30 and 110 pg/kg. However, in two patients, the bolus
dose provided (490 and 250 pg/kg) was 2.5 - 5 times higher
than the typical bolus dose. The highest bolus dose (490 nug/
kg) was the result of a pump programing error that resulted in a
10-fold increase of the intended dose. The infusion in both pa-
tients was started immediately after the bolus, although at mid
to lower ranges (10 and 8 pg/kg/min, respectively). Neither
patient experienced hemodynamic or respiratory compromise
related to the higher bolus dose.

Remimazolam infusion rates varied widely from 2 to 20
png/kg/min (Fig. 1). Infusions were rarely started at less than 10
pg/kg/min (12%) while approximately one-third (39%) were
started at 10 pg/kg/min. Adjunct sedative or analgesic agents
were used in the majority of cases, most commonly fentanyl
and/or dexmedetomidine (Table 2). Over time, following its
addition to our hospital formulary, remimazolam was used
in patients of younger ages. The two youngest patients that
received remimazolam were during the last 2 months of the
retrospective review period of this report.

No significant hemodynamic or respiratory adverse effects
were noted in any patient. For 28 of the procedures, a native air-
way with a nasal canula was the only airway support provided.
In three of the procedures, there was pre-existing airway support
(endotracheal intubation, a tracheostomy, or bilevel positive air-
way pressure). One patient, who received remimazolam as an
adjunct to general anesthesia, required endotracheal intubation
to tolerate transcatheter aortic valve replacement. One patient
required endotracheal intubation after initial procedural sedation
with remimazolam and a native airway due to findings during
the cardiac catheterization assessment that required surgical in-
tervention. One patient required placement of a nasal trumpet
for upper airway obstruction. In this patient, adjuncts included
ketamine and dexmedetomidine. No other change in airway
management was required due to the depth of sedation. No pa-
tient required the administration of vasoactive agents, anticho-
linergic agents, or fluid to treat hemodynamic changes. There
was no documented report of recall in any patient regardless of
age. Conversion to general anesthesia was required only if the
requirements of the procedure itself changed and not based on
an inadequate level of sedation.

Discussion

Our preliminary experience demonstrates that remimazolam is
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Table 1. Demographic Date of the Retrospective Study Cohort

Procedures and anesthetic encounters
Number of patients
Patient age (years)
0-1
>2-8
>9-18
>19
Age (years; mean + SD, median)
Weight (kg; mean + SD, median)
Body mass index (kg/m?; mean + SD, median)
Procedure
Post-transplant endomyocardial biopsy
Hemodynamic left and/or right heart catheterization
Cardioversion/transesophageal echocardiogram
Pericardial drain placement
Transcatheter aortic valve replacement
Pacemaker battery replacement
Cardiac magnetic resonance imaging
Automatic implantable cardiac defibrillator placement
Airway
Native or nasal canula
Non-invasive ventilation
Endotracheal intubation for procedure

Tracheostomy

33
26

18
13
19.1£9.6, 18.0
73.5+£9.6,63.9
26.2+7.31,24.1

18

— = = o= N W o

29

SD: standard deviation.

Table 2. Remimazolam Dosing and Use of Adjuncts

Primary pharmacologic therapy

Remimazolam bolus (% and number of patients)

Remimazolam infusion rate (ng/kg/min, mean + SD, median)

Starting infusion dose (png/kg/min; number of patients)

5

8

10

15

20
Total infusion time (min; mean = SD, median)
Total anesthesia time (min; mean = SD, median)
Adjuncts use (number of cases)

Fentanyl

Dexmedetomidine

Midazolam

Ketamine

Volatile anesthetic agent

82% (27)
76% (25)
7+3,7

91.2+59.8, 75
135+76, 115

25
15
10

SD: standard deviation.
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Figure 1. Remimazolam infusion rates by procedural sedation encounter.

an effective agent for procedural sedation and as an adjunct to
general anesthesia during investigative and diagnostic cardiac
procedures, including cardiac catheterization in patients with
congenital or acquired heart disease. The median bolus dose
was 50 ng/kg, followed by an infusion at 2 - 20 pg/kg/min. In
the majority of patients, remimazolam was the primary seda-
tive agent during a variety of diagnostic and therapeutic car-
diac procedures with maintenance of spontaneous ventilation
and a native airway. No significant hemodynamic or respira-
tory adverse events were noted.

Pediatric cardiac catheterization was first reported in 1947
and has seen increased use beginning in 1968 with the advent
of balloon atrial septostomy [8, 9]. Over the past two decades,
there has been a significant increase in the availability of in-
terventional procedures in lieu of open surgical procedures.
During cardiac catheterization and other diagnostic and thera-
peutic cardiac procedures, there are a wide variety of practice
models and a diverse array of agents that have been used to
provide sedation, analgesia, and general anesthesia [10, 11].
In addition to providing sedation and analgesia, a limited im-
pact on hemodynamic and electrophysiologic function is a key
component of agents chosen during cardiac catheterization and
other procedures in patients with congenital and acquired heart
disease [11, 12]. As many of these procedures are performed
with a native airway, a limited impact on respiratory function
and upper airway parent is mandatory.

In July 2020, remimazolam received approval from the
United States Food and Drug Administration (FDA) for the
induction and maintenance of procedural sedation in adults. To
date, published studies outlining the use of remimazolam for
sedation during cardiac catheterization procedures are limited.
This may be a result of the use of limited sedation for cardiac
catheterization in adults and the lack of familiarity with remi-
mazolam use in pediatric-aged patients. However, there is a
growing body of literature outlining the use of remimazolam
as an adjunct to general anesthesia in patients with acquired

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

cardiac disease [13-18]. Hu et al compared etomidate with
remimazolam for the induction of anesthesia prior to cardiac
surgery [13]. In addition to its hemodynamic stability, there
was less pain on injection and decreased myoclonus with
remimazolam compared to etomidate. Similar hemodynamic
stability has been noted by other authors. When compared to
propofol in a prospective trial of 67 adult, American Society of
Anesthesiologists (ASA) physical status III surgical patients
undergoing general anesthesia, there was less hypotension
with remimazolam compared to propofol when used as part
of the regimen for general anesthesia [14]. In an open label
prospective trial, Nakanishi et al reported effective anesthesia
and hemodynamic stability with remimazolam for anesthetic
induction in a cohort of 20 adult patients (ASA physical clas-
sification IV) with aortic stenosis [15]. An additional reported
benefit of remimazolam is a decreased incidence of postopera-
tive delirium when compared to propofol [16-18].

Aside from its sedative properties, previous work has
investigated the effects of remimazolam on electrophysi-
ologic function [19, 20]. Kleiman et al reported no effect of
remimazolam (bolus doses of 10 mg and 20 mg administered
over 1 min) on repolarization and the QT/QTc ratio in healthy
control subjects [19]. We have previously reported anecdo-
tal experience with the use of remimazolam for procedural
sedation in the cardiac catheterization suite in three patients
with conduction abnormalities including first-degree heart
block and pacemaker dependency with right bundle branch
block [20]. In these patients, we postulated that remimazolam
would be advantageous over dexmedetomidine and propofol
given their negative effects on chronotropic and dromotropic
function.

Limitations to the current study include its retrospective
design without a comparator or control group. As such, we are
not able to make superiority comparisons between traditional
sedative agents and remimazolam-based sedation. Addition-
ally, as a retrospective study, specific adverse effects may not
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be readily available from chart review. Furthermore, specific
indications of the efficacy of the medication such as sedation
scores or information from depth of anesthesia monitors may
not be available for all patients. However, our clinical experi-
ence provides preliminary experience with the efficacy of rem-
imazolam and supports its limited effects on respiratory and
hemodynamic function as these procedures were accomplished
with a native airway and spontaneous ventilation. As our clini-
cal experience has demonstrated the efficacy of remimazolam
in this clinical scenario, we believe that future prospective,
randomized trials with a direct comparison to other commonly
used agents for procedural sedation may be indicated. Given
the retrospective nature of the report, definitive recommenda-
tions regarding dosing cannot be made as we noted variabil-
ity in dosing among the anesthesia providers. Most providers
chose to use a bolus dose followed by an infusion. The start-
ing infusion was 5 - 20 pg/kg/min with dosing titration in in-
crements of 2 - 5 pg/kg/min. Finally, as a large tertiary care
pediatric cardiac center, we care for a significant number of
adult patients with congenital heart disease. As such, there was
significant variation in the ages of the patients reported. Al-
though the median age was 18 years, the patients ranged in age
from infancy to 59 years of age. Future studies are also needed
to evaluate remimazolam dosing parameters, efficacy, and ad-
verse effects across various age ranges and procedure types in
pediatric and adult patients with congenital or acquired heart
disease. Over the course of the retrospective time frame of this
study, our group used remimazolam in younger and younger
patients. However, we did not specifically compare efficacy,
dosing parameters or adverse effect profile across age ranges
given the limited size of the various age groups.

The role of pediatric cardiac anesthesiologist in the car-
diac catheterization suite has evolved over the last 20 years
[19, 20]. With the ability to perform endovascular assessment
and, more recently, treatment options, this role will continue to
grow. Commonly chosen agents for sedation include propofol,
ay-adrenergic agonists such as dexmedetomidine, ketamine,
and opioids. As clinical experience increases, it is apparent that
there may be a role for remimazolam with its limited context
sensitive half-life and non-organ dependent metabolism and
elimination [21]. It may offer rapid emergence times due to
its novel tissue esterase-based metabolism. Clinical experience
has demonstrated limited effects on hemodynamic function,
electrophysiologic properties, and respiratory function within
FDA outlined dosing guidelines [22]. Its limited effects on air-
way and respiratory function generally allows maintenance of
a native airway and spontaneous ventilation during procedural
sedation.
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