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Remimazolam, an ultra-short-acting benzodiazepine, is a new intravenous anesthetic used for sedation and general
anesthesia. Because remimazolam is primarily metabolized by carboxylesterases in the liver and other tissues including
the lung and has metabolites with little or no bioactivity, its anesthetic effect is not significantly influenced by renal
dysfunction. Therefore, remimazolam may be considered an appropriate agent for hemodialysis patients and may have
added benefits beyond midazolam and propofol. Remimazolam has also been suggested to cause less cardiac
depression than propofol. This case report presents an 82-year-old female hemodialysis patient with chronic heart
failure who underwent partial glossectomy for squamous cell carcinoma of the tongue under general anesthesia with
remimazolam and remifentanil. Hemodynamic control was stable during the anesthetic, which was safely completed
without any adverse events and resulted in a rapid, clear emergence without flumazenil. Remimazolam and
remifentanil may be appropriate as first-line general anesthetic agents for hemodialysis patients with heart failure.
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INTRODUCTION Because remimazolam’s metabolism is independent of
organ (i.e., renal) function, it may be considered an
Remimazolam, an ultra-short-acting benzodiazepine, appropriate agent for the anesthetic management of
was developed as a new intravenous (IV) agent for hemodialysis patients and may have added benefits
general anesthesia and sedation. It is rapidly metabo- beyond other IV anesthetics like midazolam and
lized by carboxylesterases (CES) in the liver and other propofol. However, to our knowledge, there has been
tissues including the lung. Combined with its rapid no report on general anesthesia using remimazolam in
onset, remimazolam’s unique metabolism facilitates easy hemodialysis patients with heart failure. This case report
and accurate titration, quick recovery, and few adverse presents the successful use of remimazolam for general
events.! In recent clinical trials, the pharmacokinetics anesthesia in a hemodialysis patient with a history of
and pharmacodynamics, efficacy, and safety of remi- chronic heart failure undergoing oral surgery. Written
mazolam were evaluated in patients undergoing general informed consent was obtained from the patient for this
anesthesia, demonstrating its usefulness as an IV report.

anesthetic.”* Remimazolam was approved in Japan
for use via continuous IV infusion for general anesthesia

in adult patients in 2020.° CASE PRESENTATION
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Table 1. Patient’s Echocardiographic Data.

Abnormal
Patient’s cutoff’
values values®
Left ventricular ejection fraction, % 70 <50
Septal ¢’, cm/s 5.0% <7.0
Lateral e/, cm/s 7.7* <10.0
Septal E/e’ 26.4% >15.0
Mitral regurgitation (MR) mild
Aortic regurgitation (AR) mild
Tricuspid regurgitation (TR) mild
Peak velocity of TR, m/s 2.7 >2.8
TR pressure gradient (TRPG), mm Hg 30 >40

Echocardiography demonstrated preserved left ventricular
function and diastolic dysfunction, although there were no
congestive findings. The patient appeared to have had chronic
diastolic heart failure with preserved ejection fraction. Her
echocardiographic data had remained stable for over 1 year.

* Abnormal values.

failure 11 years earlier and a diagnosis of atrial
fibrillation for which she was being followed by a
cardiologist. Her regular medications were amlodipine
(2.5 mg/day), diltiazem (200 mg/day), clopidogrel,
ascorbic acid/pantothenic acid combination tablets,
Enterococcus faecium/Clostridium butyricum/Bacillus
subtilis combination powder, lanthanum carbonate,
sennoside A+B, and nalfurafine.

An electrocardiogram and anterior-posterior chest
radiograph obtained during preoperative examination
~1 week before the scheduled surgery showed atrial
fibrillation and cardiomegaly, and her brain natriuretic
peptide (BNP) level at that time was 882 pg/mL (normal
<18.4 pg/mL). In addition to her BNP, we also
performed echocardiography to assess her known heart
failure. Echocardiography revealed her left ventricular
function was preserved with an ejection fraction of 70%
and diastolic dysfunction although there were no
congestive findings. Other significant findings on
echocardiography are presented in Table 1. Based on
the patient’s BNP level and echocardiography results,
she appeared to have chronic diastolic heart failure. The
echocardiography data had been maintained for a year
with no significant changes, and she demonstrated no
signs or overt symptoms of decompensation. Further-
more, the cardiologist judged that her heart function
was stable and that surgery was feasible, thus we decided
to proceed with the operation.

Surgery was scheduled for the day following one of
her regular hemodialysis sessions. All her regular
medications were continued preoperatively, and adher-
ence to standard fasting guidelines were confirmed. In
addition to the standard anesthetic monitoring, an
arterial line was inserted into her right radial artery
before induction of general anesthesia. The patient’s
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blood pressure (BP) and heart rate (HR) before
induction were 167/69 mm Hg and 65 beats per minute
(bpm), respectively.

General anesthesia was induced with continuous IV
infusions of remimazolam at 6 mg/kg/h and remifentanil
at 0.25 pg/kg/min along with 100% oxygen (6 L/min)
via facemask. After the patient lost consciousness, the
remimazolam infusion rate was decreased to 1 mg/kg/h.
Neuromuscular blockade was performed with an IV
bolus of rocuronium (25 mg), and nasotracheal intuba-
tion was successfully performed without difficulty.
Before tracheal intubation, the patient’s lowest BP and
HR were 118/55 mm Hg and 62 bpm, respectively.
There were no significant hemodynamic changes during
induction or after tracheal intubation. General anesthe-
sia was maintained with continuous infusions of
remimazolam at 0.3 to 0.4 mg/kg/h and remifentanil at
0.05 to 0.3 pg/kg/min along with oxygen/air (0.7/2.3 L/
min). Ephedrine was administered via 4 mg boluses to
raise the patient’s BP twice, after induction and during
surgery. Prior to the start of the surgical procedure, 4
mL of 2% lidocaine with 1:80,000 epinephrine was
injected via infiltration into the surgical field at the start
of the surgery, with an additional 1.5 mL given 1 hour
later. The total dose of lidocaine and epinephrine were
110 mg and 68.75 pg, respectively. After local anesthetic
injection, modest elevations in BP and HR temporarily
occurred, ranging from a BP of 137/70 mm Hg and HR
of 77 bpm to a BP of 161/73 mm Hg and a HR of 105
bpm. However, the patient’s cardiovascular vital signs
quickly returned to their normal ranges.

Immediately after completion of the surgery, the
remimazolam and remifentanil infusions were discon-
tinued. Because residual muscle relaxation remained as
evident by the train-of-four (TOF) ratio of 0.38, an IV
bolus of sugammadex (80 mg) was administered, and 5
minutes later, the TOF ratio was ~1. Twelve minutes
after discontinuing the infusions, spontaneous breath-
ing, cough reflex, eye opening, and obedience to verbal
commands were observed, and the tracheal tube was
immediately removed. Flumazenil was not required to
help facilitate more rapid emergence from general
anesthesia. The total duration of the surgical procedure
was 1 hour and 13 minutes, and the total anesthesia time
was 2 hours and 21 minutes. For postoperative
analgesia, 600 mg of IV acetaminophen was adminis-
tered at the end of surgery. Thereafter, additional doses
(a total of 2) were administered at 6-hour intervals,
producing adequate postoperative pain control.

Postoperatively, modest tachycardia (a HR of 100-
120 bpm) was observed but improved with the
administration of diltiazem (100 mg), one of the
patient’s regular medications. Thereafter, her HR
remained around 70 to 80 bpm, and her cardiovascular
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Table 2. Comparing Midazolam and Remifentanil
Pharmacokinetic Parameters.

Midazolam Remimazolam
(0.075 mglkg) (0.01-0.30 mglkg)
t1» (hours) 4.290 0.597-0.804
CL (L/h) 23.02 70.24-75.35
Vg (L/kg) 81.78 28.80-44.60

The t;/, of remimazolam is considerably more rapid, and its
CL and Vgg are ~3 times and ~' that of midazolam,
respectively. Therefore, remimazolam is more rapidly metab-
olized and expected to promote more accurate titration and a
faster recovery than midazolam. t;,, terminal phase half-life;
CL, clearance; Vgs, volume of distribution at steady state.

condition stabilized rapidly during an otherwise un-
noteworthy recovery. The patient was discharged from
the hospital 12 days after the surgery.

DISCUSSION

In general, renal impairment can affect pharmacokinet-
ics, including distribution, metabolism, elimination, and
protein binding.” Chronic hemodialysis patients under-
going nonemergent surgeries are at significantly elevated
risks for perioperative complications and death,® and
anesthesiologists need to pay close attention to their
perioperative management. Importantly, remifentanil
and inhaled anesthetics like sevoflurane are not renally
metabolized or excreted. However, IV anesthetics, other
than remimazolam, as well as many other anesthesia-
related drugs can accumulate due to impaired renal
function, leading to enhanced or prolonged drug effects,
delayed awakening, and other unexpected adverse
events.’

Remimazolam is primarily metabolized by tissue
CES, primarily carboxylesterase 1 (CES1), which is
highly expressed in not only the liver but also the
gallbladder and the lungs as well as other tissues.
However, the liver has the highest genetic expression of
CES1, while the lung is second highest. So, rapid
metabolism of remimazolam is considered to be
conducted in the liver and other tissues including the
lung,” and its metabolic byproducts have virtually no
relevant bioactivity.

The anesthetic effects of remimazolam are not
significantly influenced by renal dysfunction.’ Regard-
ing the effect of impaired renal function, the pharma-
cokinetics of remimazolam in patients with an estimated
Glomerular Filtration Rate (GFR) (uncorrected GFR
for body surface area) <30 mL/min were compared with
otherwise healthy subjects by measuring the blood
concentration of remimazolam up to 24 hours after
bolus administration.'® The results of that study
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indicated that remimazolam pharmacokinetics in pa-
tients with impaired renal function did not differ from
healthy patients. Furthermore, there was no delay in
awakening time and no adverse events in patients with
renal impairment.'® This suggests that remimazolam
may be a useful alternative for patients with severely
impaired renal function.

Midazolam, a short-acting benzodiazepine similar to
remimazolam, is used worldwide as an IV agent for
general anesthesia and sedation management. Unlike
remimazolam, midazolam is metabolized in the liver by
cytochrome P450 3A4, which leads to a slower
comparative rate of metabolism. Comparing the key
pharmacokinetic parameters for midazolam and remi-
mazolam,'" the terminal phase half-life of remimazolam
is considerably more rapid, and its clearance and steady
state volume of distribution are ~3 times and ~ ' that
of midazolam, respectively (Table 2).

Midazolam metabolism in patients with severely
impaired renal function reportedly does not differ
considerably from that in healthy subjects.'? However,
midazolam’s pharmacologically active metabolite, o-
hydroxymidazolam, is excreted by the kidneys."® Its
elimination can be prolonged in patients with renal
impairment."* On this point, the remimazolam’s car-
boxylic acid metabolite (CNS7054) has a benzodiaze-
pine binding site affinity ~300 times lower and exhibits
almost no bioactivity.! Therefore, the actions of
remimazolam and its metabolites are not affected by
excretory ability of the kidneys. Remimazolam is more
rapidly metabolized and expected to promote more
accurate titration and a faster recovery than midazolam,
even in patients with renal impairment.

Propofol is also often used as a general anesthetic and
sedative agent because it is quickly redistributed into
peripheral tissues and metabolized, resulting in the rapid
onset and disappearance of its anesthetic effects. Unlike
midazolam and remimazolam, propofol is not a
benzodiazepine although it does similarly act as a
positive allosteric modulator to enhance the actions of
GABA at GABA-A receptors and induce an anesthetic
action."”” The action of propofol on the GABA-A
receptors cannot be antagonized by a benzodiazepine
receptor antagonist (flumazenil) due to the different
binding sites that propofol and benzodiazepines have on
GABA-A receptors.'> Propofol is extensively metabo-
lized in the liver through the cytochrome P450 system
and glucuronidation, and less than 1% is excreted
unchanged." Because propofol exhibits a high systemic
clearance that exceeds hepatic blood flow, other organs
are thought to contribute to its extrahepatic clearance.'”
A past study'® demonstrated that renal clearance of
propofol was ~30% of total body clearance and
suggested the human kidneys play an important role in
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propofol elimination. However, another study'’ that
investigated the influence of renal impairment on
propofol metabolism reported that severe renal impair-
ment did not significantly affect the pharmacokinetic
and pharmacodynamic profiles of propofol. Therefore,
propofol may also be considered a useful anesthetic
agent when managing hemodialysis patients.

However, the patient in the present case had the
added complication of chronic diastolic heart failure.
Patients with chronic renal failure undergoing hemo-
dialysis frequently have cardiovascular complications.®
The occurrence of serious cardiovascular complications
during anesthesia needs to be considered in patients
with severely impaired renal function, especially
hemodialysis patients. Because propofol has been
demonstrated to depress cardiac function,'® it should
be administered cautiously to patients with heart
failure. On the other hand, remimazolam was reported
to have a lower incidence of hypotension and cumu-
lative norepinephrine doses during induction of general
anesthesia compared with propofol in patients under-
going cardiac surgery.'” Furthermore, the safe anes-
thetic management of a patient with severe
cardiovascular disease using remimazolam has also
been reported.”® These findings suggest that remima-
zolam causes less cardiac depression than propofol.
Therefore, we considered remimazolam to be a more
suitable option than propofol for the present patient
with chronic diastolic heart failure.

In the past studies,®* the initial remimazolam infusion
rate for general anesthesia was 6 or 12 mg/kg/h until loss
of consciousness, followed by an infusion maintenance
rate of 1 mg/kg/h. This method was applied during this
case without any significant hemodynamic changes
being observed during the induction of anesthesia, and
the patient’s hemodynamics were generally stable
throughout. There was no delay in awakening from
general anesthesia and no need to consider administer-
ing flumazenil. In the present case, anesthetic manage-
ment was performed safely using the combination of
remimazolam and remifentanil.

CONCLUSION

The effects and pharmacokinetics of remimazolam are
independent of renal function, and it appears that
remimazolam can be used safely for hemodialysis
patients with heart failure. In addition, the combina-
tion of remimazolam and remifentanil produced a
rapid and clear emergence from general anesthesia
without the need for reversal agents. Remimazolam
and remifentanil may be appropriate as first-line agents
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for the anesthetic management of hemodialysis patients
with heart failure.
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