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Abstract

Background: Remimazolam is a benzodiazepine that has recently 
been released for clinical use. Similar to midazolam, it has sedative, 
anxiolytic, and amnestic properties. However, its metabolism is dif-
ferent as it undergoes metabolism by tissue esterases with a half-life 
of 5 - 10 min and a limited context-sensitive half-life.

Methods: We retrospectively reviewed our experience with the use 
of remimazolam as an adjunctive to general anesthesia during spine 
surgery.

Results: The study cohort included 40 patients, ranging in age from 
11 to 35 years and in weight from 21 to 126 kg. Remimazolam was 
added as an adjunct to maintenance anesthesia with propofol, des-
flurane, or dexmedetomidine/ketamine at a starting dose of 2.5 - 10 
µg/kg/min (median dose 5 µg/kg/min). Maintenance doses ranged 
from 1.5 to 30 µg/kg/min (median dose 8 µg/kg/min). Remimazolam 
was infused for an average of 5.1 h per patient or a total of 203 h of 
infusion in the 40 patients. With the infusion of remimazolam, the 
requirements for the volatile agent or propofol were decreased by 
approximately 40-50%. No adverse effects related to remimazolam 
were noted.

Conclusions: Remimazolam is an effective adjunct to general an-
esthesia during spinal surgery, resulting in a significant decrease in 
requirements for propofol or volatile anesthetic agents.

Keywords: Remimazolam; Neurophysiological monitoring; Poste-
rior spinal fusion; General anesthesia; Benzodiazepine

Introduction

Remimazolam is an ester metabolized derivative of the intra-
venous benzodiazepine, midazolam [1, 2]. It received FDA ap-
proval for use in adults in 2020. Its sedative, anxiolytic, and 
amnestic properties are similar to other benzodiazepines in-
cluding midazolam. However, it has a novel metabolic path-
way with ester hydrolysis providing a half-life of 5 - 10 min 
and a limited context-sensitive half-life. Preliminary clinical 
experience has demonstrated its efficacy in the adult popula-
tion as a primary agent for procedural sedation or as an adjunct 
to general anesthesia [3-6]. To date, there are limited data re-
garding the use of remimazolam in pediatric-aged patients. We 
present our preliminary experience using remimazolam as an 
adjunct to general anesthesia during spinal surgery in children 
and adolescents.

Materials and Methods

This retrospective study was reviewed and approved by the 
IRB of Nationwide Children’s Hospital (Columbus, Ohio) and 
conducted in accordance with the guidelines of the Declaration 
of Helsinki. Given the retrospective nature of the study, the 
need for individual written informed consent was waived. Pa-
tient 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 col-
laborators directly involved in the study.

In January 2022, remimazolam was added to the operat-
ing room formulary with initial use restricted to patients ≥ 10 
years of age and ≥ 40 kg in weight. From the hospital-based 
pharmacy database, patients presenting for anesthetic care dur-
ing spinal surgery who received a continuous intraoperative 
remimazolam infusion as an adjunct to either total intravenous 
anesthesia (TIVA) or a volatile anesthesia-based technique 
with desflurane were identified and included in subsequent 
analysis.

We utilized our previously published departmental prac-
tice pathway for intraoperative anesthetic care during posterior 
spinal fusion including neurophysiological monitoring with 
motor-evoked potentials (MEPs) and somatosensory-evoked 
potentials [7]. Preoperative medications included placement 
of a scopolamine patch and the oral administration of aprepi-
tant (40 mg) as prophylaxis against postoperative nausea and 
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vomiting (PONV). Oral gabapentin was administered as an 
adjunct to postoperative analgesia. Anesthetic induction was 
accomplished by the inhalation of sevoflurane or the ad-
ministration of intravenous propofol. Following anesthetic 
induction, a neuromuscular blocking agent (rocuronium 0.2 
- 0.3 mg/kg) was administered to facilitate endotracheal in-
tubation. Two peripheral intravenous cannulas and an arterial 
cannula were then placed. Maintenance anesthesia consisted 
of inhaled desflurane, adjusted to maintain the bispectral 
index (BIS) at 40 - 60 to ensure amnesia. Methadone (0.1 
mg/kg) and an opioid infusion (remifentanil or sufentanil) 
were then administered. The opioid infusion was adjusted to 
maintain the mean arterial pressure (MAP) at 55 - 65 mm 
Hg. Clevidipine or labetalol was administered as needed as 
adjuncts for MAP control. Blood avoidance techniques in-
cluded control of the MAP, intraoperative blood salvage, 
and the administration of tranexamic acid. Acetaminophen 
(15 mg/kg up to 1 g) was administered intraoperatively as 
an adjunct to postoperative analgesia. Additional prophylaxis 
against PONV included intravenous ondansetron (4 mg) and 
dexamethasone (8 mg).

For intraoperative administration, remimazolam was 
prepared according to the manufacturer’s recommendation 
from a lyophilized powder. It was diluted in normal saline to 
a final concentration of 20 mg/8 mL (2.5 mg/mL) and pro-
vided to the anesthetic providers in a syringe. Intraoperatively, 
the medication was administered by an infusion pump. Our 
dosing preference of using µg/kg/min and not mg/kg/h was 
determined based on our usual intraoperative practice for the 
majority of continuous intravenous infusions. Based on dosing 
information from the adult literature (mg/h), we extrapolated 
weight-based dosing with recommendations for a bolus dose 
of 50 - 200 µg/kg (maximum of 5 mg) and an infusion start-
ing at 3 - 5 µg/kg/min with an increase up to 30 µg/kg/min as 
needed.

Demographic data included age, weight, body mass index, 
associated comorbid conditions, and gender. Intraoperative in-
formation collected included the surgical procedure, surgical 
duration, anesthetic and sedative agents used, their dose, and 
mode of administration (continuous or intermittent). Intraoper-
ative and postoperative adverse effects including hypotension, 
bradycardia, respiratory arrest, apnea, or hypoventilation were 
identified. Additional information regarding intraoperative ad-
verse effects was identified by the need for rescue medications. 
The latter included anticholinergic agents or vasoactive agents 
(epinephrine, phenylephrine, vasopressin, or ephedrine). Infor-
mation regarding remimazolam was identified and collected 
including its starting dose, average maintenance dose, changes 
in dosing during the intraoperative period, and duration of the 
infusion. The electronic medical record was also reviewed for 
adverse effects that could be specifically identified related to 
remimazolam by noting any temporary pauses in the infusion 
or decreases in the infusion rate that coincided with adverse 
hemodynamic effects. Efficacy was determined by a review 
of data from intraoperative depth of anesthesia monitors (BSI) 
when available, as well as the dosing requirements for adjunc-
tive sedative and analgesic agents. Descriptive study statistics 
for this retrospective study include the number, mean ± stand-
ard deviation (SD), and range.

Results

The study cohort included 40 patients presenting for posterior 
spinal fusion to treat idiopathic or neuromuscular scoliosis. 
The patients ranged in age from 11 to 35 years (mean 15.3 
± 4.2 years) and in weight from 21 to 126 kg (mean 55.2 ± 
21.1 kg). There were 11 male and 29 female patients. The 
primary technique for general anesthesia included a volatile 
agent-based technique in 27 patients (desflurane in 26 patients 
and sevoflurane in one patient) and TIVA in 13 patients, 11 
of whom received propofol as the primary agent while two 
received a combination of ketamine and dexmedetomidine. 
The maintenance anesthesia (volatile-based or TIVA) includ-
ed a continuous opioid infusion with sufentanil (17 patients), 
remifentanil (22 patients), or both sufentanil and remifentanil 
(one patient) over the course of their procedure. Additionally, 
39 of the 40 patients received a single intraoperative dose of 
methadone (0.1 - 0.15 mg/kg).

All 40 patients also received remimazolam with a start-
ing dose ranging from 2.5 to 10 µg/kg/min (median dose 5 
µg/kg/min). Maintenance doses of remimazolam ranged from 
1.5 to 30 µg/kg/min (median dose 8 µg/kg/min). The differ-
ences in the initial infusion rates, maintenance infusion rates, 
and overall infusion rates of remimazolam in all 40 patients are 
outlined in Table 1. Remimazolam was infused for an average 
of 5.1 h per patient (range 2.6 to 9.13 h) for a total of 203 h of 
infusion in the 40 patients. The differences in the initial infu-
sion rate and maintenance infusion rates between the volatile-
based, propofol-based, and dexmedetomidine-ketamine-based 
techniques are outlined in Table 2. The depth of anesthesia was 
monitored by the BIS and the volatile agent or propofol was 
adjusted to maintain the BIS at 40 - 60. With the infusion of the 
remimazolam, the inspired concentration of the volatile agent 
was decreased from a starting value of 3.5-4% to 2-2.6% and 
the propofol infusion was decreased from a starting infusion 
rate of 150 - 200 to 70 - 100 µg/kg/min.

No patients experienced adverse hemodynamic effects 
related to remimazolam, no downward titration of the in-
fusion was required due to adverse effects, and no vasoac-
tive agents were administered to treat hemodynamic effects 
that were primarily related to the remimazolam infusion. No 
patients received anticholinergic agents. Although three pa-
tients received epinephrine, three received norepinephrine, 
29 received phenylephrine, and two patients received vaso-
pressin; none of these medications were given to treat hemo-
dynamic adverse effects related to remimazolam but to treat 
hypotension related to blood loss and other intraoperative 
events. Additional intraoperative medications administered 
are noted in Figure 1.

Table 1.  Remimazolam Infusion Rates (µg/kg/min)

Mean ± SD Median Range
Overall 8.1 ± 5.2 6 1.5 - 30
Starting dose 7.0 ± 3.0 5 2.5 - 10
Maintenance dose 8.6 ± 5.5 8 1.5 - 30

SD: standard deviation.
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Discussion

Our preliminary experience demonstrates that remimazolam is 
an effective adjunct to general anesthesia with either a volatile 
agent or TIVA during spine surgery. In our cohort of patients, 
starting doses generally ranged from 1.5 to 30 µg/kg/min with 
a median maintenance infusion rate of 6 µg/kg/min. With the 
use of remimazolam as an adjunct to general anesthesia, the 
requirements for the volatile agent (desflurane) or propofol 
were decreased by approximately 25-30% [7, 8]. The lower 
dose requirements for either the volatile agent or propofol may 
mitigate some of the concerns of these agents that are routinely 
used for maintenance anesthesia during spine surgery includ-
ing effects on neurophysiological monitoring (volatile agents) 
or prolonged awakening due to context-sensitive half-life 
(propofol), which may impact rapid recovery from anesthesia 
which may be necessary to when a wakeup is needed intraop-
eratively or to ensure intact neurologic function at the comple-

tion of the surgical procedure [9-12]. Additionally, our anec-
dotal experience demonstrates no clinically significant impact 
on neurophysiologic monitoring including elicitation of MEPs 
and in fact, subjectively improved monitoring when combined 
with a volatile-based technique as it allows a reduction in the 
expired concentration of desflurane required to maintain gen-
eral anesthesia as assessed by the BIS.

Preliminary clinical data with remimazolam have dem-
onstrated it to be effective in providing procedural sedation 
in adults during invasive bronchoscopy as well as upper and 
lower gastrointestinal endoscopy [13-15]. During these inva-
sive procedures, remimazolam by bolus dosing or continuous 
infusion, has been shown to have an efficacy similar to that 
of propofol with a limited adverse effect profile. Beneficial 
physiologic effects include a limited impact on hemodynamic 
function, no pain with intravenous administration, a reduction 
of nausea and vomiting following the procedure, and a rapid 
return to baseline neurologic function when administration is 

Table 2.  Remimazolam Infusion Rates based on Anesthetic Technique (µg/kg/min)

Mean ± SD Median Range
Propofol (n = 11)
  Starting dose 8.5 ± 2.7 10 3 - 10
  Maintenance dose 11.3 ± 6.8 10 3 - 30
Volatile-based (n = 26)
  Starting dose 6.1 ± 2.8 5 2.5 - 10
  Maintenance dose 6.8 ± 3.9 5 1.5 - 15
Dexmedetomidine-ketamine (n = 2)
  Starting dose 10 ± 0 10 10 - 10
  Maintenance dose 9.2 ± 3.8 10 5 - 15

SD: standard deviation.

Figure 1. Additional intraoperative medications administered to the patients in the study cohort. The x-axis lists the medication 
and the y-axis shows the number of patients from the cohort of 40 that received each medication.
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discontinued [16]. In addition to its use as the primary agent 
for procedural sedation, remimazolam has been shown to be 
an effective primary agent or adjunct to general anesthesia in 
adults [17-19]. To date, reports regarding the use of remima-
zolam in pediatric-aged patients have included only anecdo-
tal retrospective experiences from single case reports or small 
case series [20-26].

Two previous case reports have outlined the use of remi-
mazolam during neurophysiologic monitoring for spinal fusion 
[21, 27]. Kamata et al presented anecdotal experience with a 
combination of remimazolam and remifentanil for TIVA dur-
ing PSF in a 12-year-old girl with an egg allergy which led to 
the author’s use of remimazolam instead of propofol [21]. Ef-
fective MEPs were obtained during TIVA with remimazolam 
at 0.9 mg/kg/h and remifentanil at 0.35 µg/kg/min. A similar 
experience was reported by Kondo et al with intraoperative 
MEP monitoring during spinal fusion in two adult patients 
(70 and 76 years of age) [27]. Intraoperative dosing for case 
1 included remimazolam at 0.5 mg/kg/h and remifentanil at 
0.2 µg/kg/min. In the second case, remifentanil was infused at 
0.3 µg/kg/min; however, a higher dose of remimazolam was 
required. The remimazolam infusion was increased from 0.5 
to 1.5 mg/kg/h with no impact on the MEP signals. In these 
two cases, the remimazolam infusion was titrated to achieve 
a BSI of 40 - 60. The authors concluded that TIVA with infu-
sions of remimazolam and remifentanil was a viable option 
to provide intraoperative anesthesia during spine surgery with 
MEP monitoring.

Limitations of our current study include its retrospective 
nature which may result in difficulties with accurate identifica-
tion of all confounding variables. The design may have limited 
the identification of adverse hemodynamics to those that could 
be identified by the need to adjust the infusion rate or pause 
its administration. While vasoactive agents were occasion-
ally administered, causality cannot be ascribed to anesthetic 
agents alone, as adjustments to hemodynamics are commonly 
requested during posterior spinal fusion secondary to intraop-
erative changes in neuromonitoring or specific portions of the 
procedure. Additionally, without a prospective design and a 
control group, the delineation of true outcome data including 
the impact of remimazolam on volatile agent propofol dosing 
is limited. Finally, given the nature of our clinical patient pop-
ulation and the retrospective design, there was heterogeneity in 
the demographics (age and weight) of study cohort as well as 
the associated co-morbid conditions.

In adults for procedural sedation and intraoperative care, 
dosing regimens for remimazolam have included intermittent 
bolus dosing, bolus dosing followed by a continuous infusion 
or a continuous infusion alone. Remimazolam has been used 
as the sole agent for procedural sedation and as a supplement 
to volatile anesthetic agents during general anesthesia. In these 
clinical scenarios, the infusions, titrated to clinical effect, have 
varied from 1 to 2 mg/kg/h. These latter dosing ranges are sim-
ilar to the dosing range used in our current cohort of patients. 
For our cases, the medication was administered by a syringe-
based infusion pump through a separate intravenous site to 
avoid drug incompatibilities. In our clinical practice, dosing 
was calculated as µg/kg/min and not mg/kg/h.

In summary, remimazolam is an ultra-short acting benzodi-

azepine, approved in 2020 by the FDA for procedural sedation 
in adults. Although there is accumulating clinical experience 
with its use in pediatric-aged patients, it does not hold FDA 
approval for use in children. Our preliminary clinical experi-
ence demonstrates its utility as an adjunct to general anesthe-
sia during posterior spinal fusion. There are several additional 
ongoing studies registered at clinicaltrials.gov describing pro-
spective trials regarding the use remimazolam in various clini-
cal scenarios in pediatric-aged patients. These may provide ad-
ditional information regarding clinical utility, efficacy, safety, 
and dosing regimens in children and adolescents. Future pro-
spective studies with demographic and surgical site matched 
procedures are needed to further define intraoperative dosing 
requirement, impact on volatile agent and propofol require-
ments, and effects on neurophysiologic monitoring.
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