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INTRODUCTION
Remimazolam besylate (ByFavo™ in the USA 

and in South Korea, Anerem® in Japan, Apti-
myda™ in EU, and Ruima® in China) is an intrave-
nous, short-acting, and ultrafast onset 
benzodiazepine (nonanalgesic) with potent 
sedative-hypnotic, anxiolytic, anticonvulsant, 
and muscle relaxant properties. As its name 
suggests, the makers of the drug have 
attempted to combine the familiarity and thera-
peutic effects of midazolam with the unique 
metabolism of remifentanil. 

So far, remimazolam has found a clinically 
impactful role in procedural sedation in Asia 
and Europe since its release in China in 2019 for 
use in gastrointestinal endoscopy. In Japan and 
Korea, its use has now been approved for gen-
eral anesthesia, and, in Belgium, remimazolam 
was used for ICU sedation.1,2 In the United 
States, the FDA approved remimazolam for 
induction and maintenance of sedation in 
adults undergoing procedures lasting 30 min-
utes or less in July 20203 with non-FDA-
approved uses being reported extensively in 
the literature. Despite this, few centers have 
acquired the drug, formulated internal guide-
lines for its use, and applied it to a large clinical 
practice.

As of publication of this article, our institution, 
the Mayo Clinic, is one of the first major aca-
demic centers in the United States to widely 
adopt remimazolam into the perioperative and 
periprocedural practice. We have used it in over 
5,000 patients with over 20,000 doses admin-
istered. We are in the process of investigating 
definite clinical areas where remimazolam has 
an important practice-changing role including 
possibilities for safe clinical expansion. 

In this review, we combine the available liter-
ature with our institutional experience on 
remimazolam’s patient safety profile amongst 
various clinical practices. We specifically dis-
cuss the unique pharmacokinetics and pharma-
codynamics of remimazolam and outline some 
important nuances about its known limitations, 
adverse advents, and contraindication for use. 
We summarize key clinical practice implications 
and elucidate important knowledge gaps for its 
safe, widespread adoption including its role in 
anesthesia as well as nurse-driven sedation. 
We conclude with lessons learned regarding 

From a pharmacokinetic standpoint, remima-
zolam has relatively high clearance, a small 
steady-state volume of distribution, shorter 
elimination half-life, and a short context sensi-
tive half time compared to other benzodiaze-
pines or propofol.6 Remimazolam is highly 
bound to protein and extensively metabolized 
primarily by liver carboxylesterase being 
excreted primarily in the urine.7,8 As such its 
structural modifications are similar to remifent-
anil in that it is a faster onset, titratable shorter-
acting benzodiazepine.7

Remimazolam is water-soluble and when 
diluted into a solution becomes a painless injec-
tate. It is most soluble in slightly acidic environ-
ments and can precipitate in lactated or 
acetated Ringers solution (Figure 1).9,10 It is com-
patible with y-site co-administration of common 
anesthetic drugs including remifentanil, fen-
tanyl, dexmedetomidine, midazolam, and 
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what is known and unknown about remima-
zolam’ s meaningful clinical outcomes, effects 
on practice efficiency, and patient safety profile. 

PHARMACOLOGY: A BRIEF REVIEW
Remimazolam’ s mechanism of action is com-

parable to other benzodiazepines in that it 
enhances the gamma-aminobutyric acid type A 
(GABAA) inhibitory receptor leading to 
increased frequency of opening of ligand-gated 
chloride ion channels. It has desirable pharma-
codynamics and exhibits minimal cardiac or 
respiratory depression. It has faster onset and 
dose dependent sedation than midazolam4 and 
is approximately half as potent5 for procedural 
sedation (Table 1). Like other benzodiazepines, 
its sedative effects can be reversed using flu-
mazenil which have comparable active dura-
tions of effect.
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Table 1: Quick Reference Guide for pharmacology and dosing for remimazolam. 

Abbreviations: FDA = Food and Drug Administration (U.S.), min = minutes, multi = multiple, mg = milligram, sec = 
seconds.
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• Administration and practice guided by non-
anesthesia professionals: Midazolam is a 
commonly administered drug by periproce-
dural nursing staff. While gastrointestinal 
endoscopic studies have described safe use 
of remimazolam by nonanesthesia profes-
sionals, we have found adapting to primary-
remimazolam from a primary-midazolam 
sedative nursing practice can take significant 
time, training, and cultural shifts. 

(Child-Pugh score ≥10) as they appear to 
have reduced drug clearance.16 No dose 
adjustments are needed for those with renal 
disease.16 Currently there is no pediatric 
labeling for general anesthesia or sedation, 
but off-label case reports of its use, predomi-
nately as an adjunct to general anesthesia, 
have been summarized in the literature.17 We 
have not found any reported cases of its use 
in pregnant patients.

From “Remimazolam,” Preceding Page

common neuromuscular blockers such as 
rocuronium and vecuronium.11 Currently, 
ByFavo® remimazolam is prepared in a 20 mg 
powder vial which is meant to be drawn up into 
8.2 mL sterile 0.9% sodium chloride, making it 
2.5 mg/ml after being reconstituted. The FDA 
labeling recommends 2.5–5 mg push injection 
over a one-minute time period followed by sup-
plemental doses of two 1.25–2.5 mg aliquots 
intravenously over a 15-second time period 
after at least two minutes.3 In our experience, 
for procedural sedation, we typically dose 2 mg 
IV every 15 seconds as needed with or without 
analgesic adjuncts including ketamine or opi-
ates (Figure 2). For induction of general anes-
thesia, we have employed a 0.2–0.4 mg/kg 
induction dose followed by 1–2 mg/kg/hr 
(Figure 2).12 Remimazolam has very low bio-
availability (<2%).8 

UNKNOWN PATIENT SAFETY 
CONSIDERATIONS FOR REMIMAZOLAM

Remimazolam appears to be a relatively safe 
medication. However, we likely do not fully 
understand the impact of remimazolam on clini-
cal outcomes after specific surgeries or proce-
dures or within specific patient populations. 
Given its relative novelty and limited clinical use 
thus far, we advise continued caution recogniz-
ing that much remains unknown. Reporting 
unexpected serious adverse events is encour-
aged. Some patient safety considerations or 
questions that should be elucidated are as fol-
lows: 

• Recovery in neurologically vulnerable 
patients: Most common benzodiazepines 
are considered to promote the development 
of delirium. Therefore, they should be admin-
istered with caution in neurologically vulner-
able patients, particularly in the elderly. 
Current studies describing postoperative 
delirium after remimazolam are limited and 
likely not generalizable to larger populations 
or procedure types. Furthermore, the rela-
tionship between remimazolam administra-
t ion and long- term postoperat ive 
neurocognitive disorder has not been estab-
lished. We have described the most recent 
literature on remimazolam in a recent JNA 
2023 review article (Figure 2).13,14

• Adverse reactions in specific patient popu-
lations and surgical subtypes:  The pharma-
cokinetic properties of remimazolam appear 
to not be significantly altered in elderly or 
those patients with higher ASA scores.15 We 
follow the FDA recommendations for slight 
dose reduction and will also reduce the dose 
in those with severe hepatic impairment 
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Figure 1: Photograph of 20 mg remimazolam (ByFavo™) drawn into 12 mL syringe of 10 mL plasmalyte. Yellow arrows 
highlight precipitate formation.

Figure 2: Remimazolam pharmacokinetic and pharmacokinetic profile adapted with permission from Figure 2 from 
Teixeira et al. “The role of remimazolam in neurosurgery and in patients with neurological diseases: a narrative 
review.” J Neurosurg Anesthesiol, May 31, 2023. 

Abbreviations: mg = milligram, kg = kilogram, hr = hour.

Remimazolam and Patient Safety
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• Cost and Access: Currently, remimazolam is 
invariably more expensive than more 
common sedative medications like mid-
azolam and propofol. However, faster recov-
ery times may facilitate increased procedural 
throughput and counter increased costs.5,18

ADVERSE REACTIONS AND 
CONTRAINDICATIONS

Overall, remimazolam appears to be a safe 
anesthetic drug as its adverse reactions tend to 
be mild, short-lived, and reversible by a single 
dose of flumazenil. Despite its relatively short 
context-sensitive half-life, care must be taken to 
ensure adequate reversal in those with pro-
longed infusions, patients with significant liver 
disease, and congruent opioid administration. 
Resedation from remimazolam after reversal 
with flumazenil is unlikely but has been 
reported.19

Common adverse reactions include blood 
pressure and heart rate variations, body move-
ment, nausea, dizziness, and headaches.2,3 To 
put these into context, when compared to pro-
pofol, these risks have been reported as less 
likely, but similar to midazolam use.20,21 Impor-
tantly, remimazolam when co-administered with 
other central nervous system depressants 
including opioids, may lead to synergistic 
effects and may lead to significant respiratory 
depression. Also, anaphylaxis is possible and 
has been reported.22 The use of remimazolam 
is specifically contraindicated in patients with 
known severe hypersensitivity reactions to 
Dextran 40.3

There are early conflicting and limited data 
regarding remimazolam and its potential link to 
postoperative nausea and vomiting. It likely 
leads to a reduction in the incidence of postop-
erative nausea and vomiting when compared 
to volatile anesthesia alone,23 but not when 
compared to propofol.20

CLINICAL PRACTICE IMPLICATIONS
Anecdotally, at our institution, remimazolam 

has quickly found a significant role in almost 
every area of practice—particularly in clinical 
areas with more clinically complex patients and 
procedures. Here are specific clinical areas 
where remimazolam has found a significant 
role in our practice and within the medical litera-
ture:

• Complex Cardiovascular or Hemodynami-
cally Unstable Patients: Remimazolam has 
limited impact on respiratory depression, sys-
temic vascular tone, and inotropic, dromo-
tropic, or chronotropic function. Therefore, 
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many anesthesia professionals in our prac-
tice use it in the cardiac catheterization lab 
(routinely for cardioversions) and during car-
diac surgery and trauma cases in patients 
with limited cardiopulmonary reserve.24 

• Non-Operating Room Anesthesia (NORA)

 – GI and Pulmonary Endoscopic Procedures: 
Some of the largest body of literature for 
remimazolam exists in endoscopy at this 
time. These trials have shown comparable 
efficacy for procedural sedation with a 
safety profile notable for fewer effects on 
hemodynamic function, a lack of pain with 
intravenous administration, reduction of 
postprocedure nausea and vomiting, and 
a rapid return to baseline neurologic func-
tion. 22,25,26

 – Interventional Radiology: Patients requir-
ing sedation under anesthesia care for 
interventional radiology often carry com-
plex comorbidities, require deeper levels 
of sedation, or are too unstable for open 
surgical management. Moreover, these 
procedures often have limited, intermit-
tent periods of discomfort. Remimazolam 
may have a significant role in providing 
sedation, amnesia, and anxiolysis during 
these procedures. 

 – Magnetic Resonance Imaging (MRI): 
Some patients require anesthesia support 
for MRI due to a variety of reasons, (e.g., 
claustrophobia, musculoskeletal discom-
fort, tremors, etc.) Remimazolam, in some 
patients, has been a uniquely valuable 
tool for MRI sedation. Anesthesia profes-
sionals have also used dexmedetomidine 
in conjunction with remimazolam for moni-
tored anesthesia care in the MRI environ-
ment.27 In some patients with back pain, 
specifically central spinal cord stenosis, 
we are concerned that supine positioning 
under anesthesia could lead to prolonged 
or permanent spinal cord ischemia. 

Intermittent remimazolam boluses for 
sedation have allowed us to achieve a 
level of sedation adequate for accurate 
scans while at the same time, permitting 
intermittent neurologic exams. Small 
doses can provide enough patient anxiol-
ysis while maintaining a patent airway to 
complete a brain MRI. At the time this arti-
cle was written, we do not formally have 
nurses performing sedation with remima-
zolam.

• Neurosurgical Procedures: We recently 
reviewed our institution’s use of remima-
zolam in neurosurgery14 including its known 
effects on neuromonitoring and processed 
EEG. Particularly advantageous in neurosur-
gery, the pharmacokinetics and pharmaco-
dynamics of remimazolam allow for rapid 
amnestic sedation and anxiolysis followed 
closely by a rapid meaningful neurologic 
exam. As such, we have used remimazolam 
for the following procedures: awake craniot-
omies for periods of discomfort during pin 
placement, local anesthetic administration, 
urethral catheter placement, and surgical 
incision.

LOOKING AHEAD:  
REMIMAZOLAM’ S IMPACT ON 

PERIOPERATIVE PATIENT SAFETY
In the two years of clinical experience with 

remimazolam, we have seen rapid expansion 
of its clinical use. This is likely attributed to its 
attractive pharmacokinetics, relative respiratory 
and hemodynamic safety profile, and its ability 
to be rapidly reversed. We predict this trend will 
continue as we expand its use to nurse seda-
tion practice, especially within outpatient and 
ambulatory settings. Anesthesia professionals 
have a unique opportunity to identify patient 
safety practice guidelines, clinical guardrails, 
and safety algorithms for remimazolam. More 
large patient cohort safety data are forthcoming 
to truly delineate its safety profile compared to 
the other commonly used sedatives in the 
anesthesia professionals’ arsenal. 
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