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Case Report
Anesthetic management using remimazolam  
in a patient with atrial flutter: a case report
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Abstract: Remimazolam is a new intravenously administered ultra-short-acting benzodiazepine used in anesthesia 
or sedation. Remimazolam offers several advantages over other short-acting sedatives, including an organ-inde-
pendent metabolism and rapid and predictable onset and recovery. Furthermore, remimazolam shows less car-
diovascular-inhibitory effects than other anesthetics. Atrial flutter is a form of cardiac arrhythmia that is associated 
with serious health-related outcomes and a substantial economic burden. Acute onset of atrial flutter can cause 
cardiac dysfunction, hypotension, and myocardial ischemia. Moreover, patients with atrial flutter are likely to have an 
increased risk of both atrial fibrillation and stroke. In this case report, a patient with a 1-year history of atrial flutter 
underwent general anesthesia for robot-assisted laparoscopic prostatectomy. Using continuous remimazolam infu-
sion, anesthesia and surgery were successfully completed without sudden changes in the patient’s blood pressure, 
heart rate, or electrocardiogram. This case report describes the first reported use of remimazolam to induce general 
anesthesia in a patient with atrial flutter. The findings suggest that remimazolam can reduce the hemodynamic 
risk during anesthesia in patients with arrhythmias such as atrial flutter, and is a suitable option for anesthesia in 
patients with arrhythmias.
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Introduction

The different methods of inducing and main-
taining general anesthesia include inhalation, 
and intravenous administration, each of which 
has unique characteristics. The method of 
anesthesia is determined on the basis of the 
patient’s age, sex, underlying disease, and pro-
cedure type. Among the existing methods, 
intravenous anesthesia does not cause an 
excitatory phase during induction [1, 2]. Re- 
mimazolam is a new ultra-short-acting intrave-
nously administered benzodiazepine for anes-
thesia or sedation that shows a simulated con-
text-sensitive half-life of 6.8 ± 2.4 min after a 
4-h infusion [3].

Atrial flutter was first recorded on an electrocar-
diogram (ECG) by Einthoven in 1906 [4]. Atrial 
fibrillation and atrial flutter are cardiac arrhy- 
thmias associated with serious health-related 
outcomes and substantial economic burden 
[5]. Although the risk of stroke caused by atrial 

flutter is still unclear, Gula et al. [5] reported 
that patients with isolated atrial flutter had a 
greater risk of atrial fibrillation and stroke than 
the general population. In patients with cardiac 
arrhythmia, hemodynamic changes or sudden 
changes in heart rate (HR) during anesthesia 
can be life-threatening. Therefore, when induc-
ing anesthesia in patients with an arrhythmia 
such as atrial flutter, various factors, including 
cardiac function, must be considered.

The patient in this case study had a malignant 
neoplasm of the prostate and elected to under-
go a robot-assisted laparoscopic prostatec- 
tomy (RALP). He had undergone an aortic valve 
replacement 6 years previously and had nor- 
mal ECG findings since then. However, atrial 
flutter was observed approximately 1 year prior 
to prostate surgery, and the patient was pre-
scribed anticoagulant therapy to prevent an 
arrhythmia-induced stroke. Because the pa- 
tient had atrial flutter, hemodynamic instability 
caused by factors such as an uncontrolled HR 

http://www.ajtr.org


Anesthetic management using remimazolam

5755	 Am J Transl Res 2022;14(8):5754-5759

Figure 1. Preoperative electrocardiogram showing the atrial flutter, variable atrioventricular block, right bundle 
branch block, and lateral ischemia.

or decreased blood pressure (BP) could result 
in the transition from atrial flutter to atrial fi- 
brillation [6]. Therefore, remimazolam, which 
has relatively few cardiovascular-depressant 
effects [7], was used to induce general anes-
thesia. The use of remimazolam during anes-
thesia has been reported previously [8-12]. 
However, only a few reports have described 
continuous anesthesia using remimazolam in 
patients with arrhythmia. To the best of our 
knowledge, this is the first case report des- 
cribing induction of general anesthesia using 
remimazolam in a patient with atrial flutter.

Case report

This case report was approved by the Chungbuk 
National University Hospital Clinical Research 
Review Committee (approval number 2022-01-
019-001). The patient provided informed con-
sent for its publication.

A 68-year-old man (height, 171 cm; weight, 81 
kg) was scheduled to undergo a RALP for a 
malignant neoplasm of the prostate. The pa- 
tient had undergone an aortic valve replace-
ment for severe aortic stenosis 6 years previ-
ously and was followed up in the cardiology 
department. There were no abnormal ECG find-
ings after heart surgery. However, atrial flutter 
was diagnosed 1 year prior to the RALP, and 
anticoagulant therapy was prescribed. 

Our preoperative ECG evaluation identified atri-
al flutter with a variable atrioventricular block, 

right bundle branch block, and lateral ischemia 
(Figure 1). Preoperatively, the patient reported 
no symptoms, such as palpitations. The ECG 
and BP were monitored in the operating room, 
and a left radial arterial line was placed under 
ultrasonographic guidance to monitor hemody-
namic parameters. The ECG indicated a rhythm 
of atrial flutter. The HR and BP were 56-60 
beats/min and 137/94 mmHg, respectively, 
prior to the induction of anesthesia. The bis- 
pectral index (BIS) was monitored to assess 
sedation during surgery.

Remimazolam (6 mg/kg/h) was administered 
to induce anesthesia and no occurrence of pain 
at the injection site or other adverse symptoms 
were noted. The HR was maintained at 60-65 
beats/min, and the BP was 124/68 mmHg.  
As the patient lost consciousness, a remifent-
anil infusion at 0.3 μg/kg/min was initiated,  
followed by intravenous rocuronium (50 mg); 
glycopyrrolate was not administered. After intu-
bation, the HR and BP increased to 75 beats/
min and 165/100 mmHg, respectively, and 
subsequently decreased to 55-60 beats/min 
and 104/69 mmHg, respectively, after 10 min. 
Thereafter, no sudden changes in HR, BP, or 
ECG findings were observed during surgery 
(Figure 2); Remifentanil was infused at 0.1-
0.15 μg/kg/min and remimazolam was ad- 
ministered at 1 mg/kg/h to maintain sedation 
under BIS monitoring.

The total operative time was 310 min, and  
muscle relaxation was reversed using sugam-
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Figure 2. Blood pressure and heart rate changes during surgery.

madex (Bridion, Merck & Co., Inc., Kenilworth, 
NJ, USA). Postoperative HR and BP were 70-75 
beats/min and 151/96 mmHg, respectively. No 
changes were observed in the postoperative 
ECG.

The patient was transferred to the general 
recovery room and observed for 30 min by ECG 
and BP monitoring. The ECG revealed no chang-
es. HR and BP were maintained at approxi-
mately 60 beats/min and 135/80 mmHg, res- 
pectively. The patient was conscious and able 
to communicate without difficulty. No abnormal 
symptoms, such as chest pain or palpitations 
were observed. The patient was then trans-
ferred to the hospital ward.

On postoperative day 1, ECG indicated the 
presence of atrial flutter with variable atrio- 
ventricular block, right bundle branch block, 
and lateral ischemia (Figure 3). Observation  
by a cardiologist revealed no significant chang-
es in cardiac function. On postoperative day 7, 
the patient was discharged and scheduled for 
follow-up assessments at the cardiology and 
urology departments.

Discussion

Atrial flutter is caused by macro-re-entry 
between the free wall of the right atrium and 
the atrial septum containing the cavotricuspid 
isthmus located between the tricuspid annulus 
and inferior vena cava [13]. Atrial flutter differs 
from atrial fibrillation, which is caused by a 

The acute onset of atrial flutter can impair car-
diac function, reduce BP, and cause myocardial 
ischemia. Permanent atrial flutter with rapid 
ventricular beating can lead to tachycardia-
mediated cardiomyopathy [13]. High-risk fac-
tors for atrial flutter include male sex, older age, 
and the presence of underlying heart failure or 
chronic obstructive pulmonary disease [16].

Song et al. [6] reported a case in which atrial 
flutter was observed immediately after general 
anesthesia induction; atrial flutter converted to 
atrial fibrillation and necessitated postpone-
ment of surgery. This shows that atrial arrhyth-
mia is likely to occur during anesthesia induc-
tion. In addition, Amar [17] reported that pre- 
operative heart rate, preoperative sympathetic 
dominance, autonomic dysfunction, and inflam-
matory changes in the atrial myocardium were 
risk factors in patients aged ≥ 60 years; these 
factors may be possible mechanisms of atrial 
arrhythmias in this patient demographic.

Acute atrial flutter can be treated using drugs 
or electrical cardioversion, depending on the 
patient’s hemodynamic stability [13]. The drug 
acts by decreasing the duration of the circula-
tory wave front by prolonging the refractory 
period in the tachycardia circuit without slow- 
ing conduction; generally this is achieved by 
administering class III antiarrhythmics such as 
ibutilide, dofetilide, azimilide, and sotalol [13]. 
Class I drugs (flecainide, procainamide, quini-
dine), class III drugs, and amiodarone are used 
to prevent the recurrence of atrial flutter, and 

giant regression path and 
multiple regression wave 
fronts [14, 15]. 

Few studies have investigat-
ed the epidemiology of atrial 
flutter in the general popula-
tion, and the overall inci-
dence of atrial flutter adjust-
ed for the U.S. population is 
88 per 100,000 [16]. The 
prevalence of atrial flutter 
has been reported to be 
1.25% in men, 0.59% in 
women, and 0.88% in the 
general population [16]. The 
incidence of atrial flutter 
increases with age [16].
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external electrical cardioversion has also been 
used for atrial flutter termination [13].

Several methods can be used to induce anes-
thesia. Among these, intravenous anesthetics 
are generally used for induction and mainte-
nance of general anesthesia because they elic-
it no excitatory phase during induction, cause 
less nausea and vomiting after surgery, are 
associated with no risks of pollution, and are 
relatively simple to administer [1, 2]. The most 
frequently used intravenous anesthetic is pro-
pofol, which has a rapid onset time and allows 
quick cognitive recovery. However, propofol has 
several disadvantages, including cardiovascu-
lar depression, injection-related pain, metabol-
ic acidosis, and propofol infusion syndrome [2]. 
In addition, the use of lipid formulations of  
propofol can predispose patients to bacterial 
infections. 

Midazolam, a benzodiazepine sedative, has 
been used to induce anesthesia. However, its 
long half-life and resultant accumulation over 
the course of continuous administration may 
cause arousal delays [18]. Thus, midazolam is 
not used for maintenance of anesthesia [18]. 
However, remimazolam, a midazolam deriva-
tive that functions as an ultra-short-acting ben-
zodiazepine agonist with high binding affinity to 
the γ-aminobutyric acid (GABA) receptor, can be 
used to maintain anesthesia [3]. Because of its 
organ-independent metabolism as well as rapid 
and predictable onset and recovery, remima-

zolam offers potential advantages over other 
fast-acting sedatives such as midazolam and 
propofol [19-21]. Moreover, remimazolam has  
a similar sedation effect profile as midazolam, 
and multiple-dose studies have reported remi- 
mazolam-induced sedation and rapid revers-
ibility that were adequate for colonoscopies 
[22]. Moreover, remimazolam does not cause 
pain when administered. Although the general 
use of flumazenil is not recommended due to 
the possible need for re-sedation, it may be 
used in emergencies to reverse sedation [23].

Doi et al. [7] reported that remimazolam could 
be safely and effectively used in surgery for 
patients with ASA class III. In their study, re- 
mimazolam did not cause a dose-dependent 
decrease in BP, and both 6 mg/kg/h and 12 
mg/kg/h doses were considered equally safe 
for hemodynamic stability. Similarly, Saito et al. 
[8] reported a case in which the patient was 
anesthetized using remimazolam during cardio-
pulmonary bypass for cardiac surgery.

The patient in this report had previously under-
gone heart surgery and showed no major com-
plications subsequently. He developed atrial 
flutter a year prior to RALP and was prescribed 
anticoagulation therapy. The history of atrial 
flutter was one of the factors to consider during 
anesthesia and surgery, since an increase in 
HR or sudden changes in BP during anesthesia 
induction or surgery may have affected the 
patient’s hemodynamic stability. Thus, caution 

Figure 3. On postoperative day 1, electrocardiogram showing the atrial flutter, variable atrioventricular block, right 
bundle branch block, and lateral ischemia.
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was required to avoid the possibility of atrial 
flutter progressing to ventricular fibrillation. The 
administration of propofol may have resulted in 
an increased HR and a decreased BP due to its 
cardiovascular-depressant effects. Therefore, 
remimazolam, which has lower cardiovascular-
depressant effects than propofol, was used in 
anesthesia induction and maintenance. Glyco- 
pyrrolate was not administered because of its 
potential to inhibit vagus nerve stimulation. No 
sudden changes in HR or BP were observed 
during anesthesia maintenance with remima-
zolam, except immediately after intubation and 
after waking the patient. BIS monitoring showed 
that the patient was in a sleeping state with- 
out abnormalities until the end of the surgery. 
Sugammadex was used at the end of anesthe-
sia to quickly reverse muscle relaxation and 
avoid the use of glycopyrrolate, which is gener-
ally used at the end of anesthesia.

In summary, remimazolam is an ultra-short-
acting benzodiazepine-class drug that can be 
used to overcome the limitations of midazolam 
for maintaining anesthesia. As highlighted in 
this case report, remimazolam can induce, and 
maintain, hemodynamically stable anesthesia 
in patients with arrhythmia; therefore, it can be 
a safe alternative to the conventionally used 
propofol. Additional studies and larger datasets 
are needed to corroborate these findings and 
to develop guidelines for the clinical use of 
remimazolam in patients with arrhythmia or 
heart disease.

Acknowledgements

We would like to thank Editage (www.editage.
com) for English language editing.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Young Duck Shin, 
Department of Anesthesiology and Pain Medicine, 
Chungbuk National University Hospital, College of 
Medicine, Chungbuk National University, 776, 1 
Sunhwan-ro, Seowon-Gu, Cheongju, Chungbuk, 
28644, Korea. Tel: +82-010-5482-0133; Fax: +82-
43-272-0264; E-mail: yydshin@naver.com

References

[1]	 Reves JG, Glass P, Lubarsky D, McEvoy M and 
Martinez-Ruiz R. Intravenous anesthetics. In: 

Miller RD, editor. Miller’s anesthesia. 7th edi-
tion. San Francisco: Elsevier; 2010. pp. 719-
768.

[2]	 Jacobi J, Fraser GL, Coursin DB, Riker RR, Fon-
taine D, Wittbrodt ET, Chalfin DB, Masica MF, 
Bjerke HS, Coplin WM, Crippen DW, Fuchs BD, 
Kelleher RM, Marik PE, Nasraway SA Jr, Murray 
MJ, Peruzzi WT and Lumb PD; Task Force of the 
American College of Critical Care Medicine 
(ACCM) of the Society of Critical Care Medi- 
cine (SCCM), American Society of Health-Sys-
tem Pharmacists (ASHP), American College of 
Chest Physicians. Clinical practice guidelines 
for the sustained use of sedatives and analge-
sics in the critically ill adult. Crit Care Med 
2002; 30: 119-141.

[3]	 Schüttler J, Eisenried A, Lerch M, Fechner J, 
Jeleazcov C and Ihmsen H. Pharmacokinetics 
and pharmacodynamics of remimazolam (CNS 
7056) after continuous infusion in healthy 
male volunteers: Part I. Pharmacokinetics and 
Clinical Pharmacodynamics. Anesthesiology 
2020; 132: 636-651.

[4]	 Einthoven W. The telecardiogramme. Arch In-
ternat Physiol 1906; 4: 132-141.

[5]	 Gula LJ, Redfearn DP, Jenkyn KB, Allen B, 
Skanes AC, Leong-Sit P and Shariff SZ. Elevat-
ed incidence of atrial fibrillation and stroke in 
patients with atrial flutter-A population-based 
study. Can J Cardiol 2018; 3: 774-783.

[6]	 Song JC, Suk EH, Cho JH, Ju W, Lee CS and Lim 
YS. Development of atrial flutter after induc-
tion of general anesthesia and conversion to 
atrial fibrillation. Anesth Pain Med 2017; 12: 
62-67.

[7]	 Doi M, Hirata N, Suzuki T, Morisaki H, Morimat-
su H and Sakamoto A. Safety and efficacy of 
remimazolam in induction and maintenance of 
general anesthesia in high-risk surgical pa-
tients (ASA Class III): results of a multicenter, 
randomized, double-blind, parallel-group com-
parative trial. J Anesth 2020; 34: 491-501.

[8]	 Saito K, Ohno S, Maeda M, Hirata N and Ya-
makage M. Remimazolam anesthesia for car-
diac surgery with cardiopulmonary bypass: a 
case report. JA Clin Rep 2021; 7: 21.

[9]	 Horikoshi Y, Kuratani N, Tateno K, Hoshijima H, 
Nakamura T, Mieda T, Doi K and Nagasaka H. 
Anesthetic management with remimazolam 
for a pediatric patient with Duchenne muscu-
lar dystrophy. Medicine 2021; 100: e28209.

[10]	 Nakayama J, Ogihara T, Yajima R, Innami Y and 
Ouchi T. Anesthetic management of super-el-
derly patients with remimazolam: a report of 
two cases. JA Clin Rep 2021; 7: 71.

[11]	 Fukuda M, Tachibana S, Nishihara N and Ya-
makage M. Remimazolam for a patient with 
myotonic dystrophy type 1 who underwent en-
doscopic retrograde cholangiopancreatogra-



Anesthetic management using remimazolam

5759	 Am J Transl Res 2022;14(8):5754-5759

phy under general anesthesia: a case report. 
JA Clin Rep 2021; 7: 17.

[12]	 Furuta M, Ito H and Yamazaki M. Anaesthetic 
management using remimazolam in a patient 
with severe aortic stenosis: a case report. BMC 
Anesthesiol 2021; 21: 202.

[13]	 Wellens HJ. Contemporary management of 
atrial flutter. Circulation 2002; 106: 649-652.

[14]	 Ortiz J, Niwano S, Abe H, Rudy Y, Johnson NJ 
and Waldo AL. Mapping the conversion of atri-
al flutter to atrial fibrillation and atrial fibrilla-
tion to atrial flutter. Insights into mechanisms. 
Circ Res 1994; 74: 882-894.

[15]	 Roithinger FX, Karch MR, Steiner PR, Sippens-
groenewegen A and Lesh MD. Relationship be-
tween atrial fibrillation and typical atrial flutter 
in humans: activation sequence changes dur-
ing spontaneous conversion. Circulation 1997; 
96: 3484-3491.

[16]	 Granada J, Uribe W, Chyou PH, Maassen K, Vi-
erkant R, Smith PN, Hayes J, Eaker E and Vidai-
llet H. Incidence and predictors of atrial flutter 
in the general population. J Am Coll Cardiol 
2000; 36: 2242-2246.

[17]	 Amar D. Perioperative atrial tachyarrhythmias. 
Anesthesiology 2002; 97: 1618-1623.

[18]	 Dundee JW, Collier PS, Carlisle RJ and Harper 
KW. Prolonged midazolam elimination half-life. 
Br J Clin Pharmacol 1986; 21: 425-429.

[19]	 Chitilian HV, Eckenhoff RG and Raines DE. An-
aesthetic drug development: Novel drugs and 
new approaches. Surg Neurol Int 2013; 4 Sup-
pl 1: S2-S10.

[20]	 Rogers WK and McDowell TS. Remimazolam, a 
short-acting GABA (A) receptor agonist for in-
travenous sedation and/or anesthesia in day-
case surgical and non-surgical procedures. 
IDrugs 2010; 13: 929-937.

[21]	 Gin T. Hypnotic and sedative drugs-anything 
new on the horizon. Curr Opin Anaesthesiol 
2013; 26: 409-413.

[22]	 Worthington MT, Antonik LJ, Goldwater DR, 
Lees JP, Wilhelm-Ogunbiyi K, Borkett KM and 
Mitchell MC. A phase Ib, dose-finding study of 
multiple doses of remimazolam (CNS 7056) in 
volunteers undergoing colonoscopy. Anesth 
Analg 2013; 117: 1093-1100.

[23]	 Steib A, Freys G, Jochum D, Ravanello J, Schaal 
JC and Otteni JC. Recovery from total intrave-
nous anaesthesia. Propofol versus midazolam-
flumazenil. Acta Anaesthesiol Scand 1990; 34: 
632-635.


