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CASE REPORT

Long-term delayed emergence 
after remimazolam-based general anesthesia: 
a case report
Tsubasa Takemori, Yoshimasa Oyama*  , Takenori Makino, Seigo Hidaka and Takaaki Kitano 

Abstract 

Background: Remimazolam is an ultra-short-acting benzodiazepine anesthetic that is antagonized by flumazenil, 
and it is typically expected to be applied in anesthesia with the purpose of ensuring early postoperative recovery. We 
report a case of long-term delayed emergence with re-sedation even after three times of flumazenil administration.

Case presentation: A 71-year-old man was scheduled for a robotic-assisted laparoscopic radical prostatectomy for 
prostate cancer. We used remimazolam for anesthetic induction and maintenance. The intraoperative bispectral index 
(BIS) was 30–50. Flumazenil was administered as patient emergence was delayed after surgery; however, re-sedation 
was observed. This finding persisted till 12 h after surgery, and the patient awakened on postoperative day 2.

Conclusions: Remimazolam is a short-acting anesthetic, but long-term delayed emergence with re-sedation may 
occur even after flumazenil administration. Anesthesia using remimazolam requires anesthesia management that 
takes into account the individual differences in sensitivity and metabolism, with BIS as the indicator.
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Background
Remimazolam is an ultra-short-acting benzodiazepine 
anesthetic, and it is expected to be applied in manage-
ment with the purpose of achieving early postoperative 
emergence as it can also be antagonized by flumaze-
nil. However, 1.3–8.0% of delayed emergence has been 
reported in clinical trials in Japan [1, 2]. Herein, we report 
a case of long-term delayed emergence with re-sedation 
even after three times of flumazenil administration.

Case presentation
We obtained the patient’s written consent for the pub-
lication of this case. The patient was a 71-year-old man 
with a height of 169.5  cm, body weight of 71.5  kg, and 

body mass index of 24.9 kg/m2. He was scheduled for a 
robotic-assisted laparoscopic radical prostatectomy fol-
lowing the diagnosis of prostate cancer. He had no his-
tory of medication prior to the surgery. His comorbidities 
were bilateral adrenal tumors (nonfunctional), bronchial 
asthma, and fatty liver. The blood test revealed decreased 
kidney function with a serum creatinine of 1.14  mg/
dL and estimated glomerular filtration rate of 49.3  ml/
min/1.73  m2, but no other abnormal findings including 
liver function.

We initiated continuous administration of remima-
zolam 1  mg/kg/h and remifentanil 0.25  μg/kg/min after 
installing a bispectral index (BIS) monitor on the patient. 
We confirmed that the patient fell asleep during the 
administration of 4  mg remimazolam, after which the 
administration rate of remimazolam was reduced to 
0.6  mg/kg/h and 50  mg rocuronium was administered. 
We subsequently adjusted the administration rates of 
remimazolam at 0.25–0.6 mg/kg/h and remifentanil aim-
ing for BIS values of approximately 40–60. The patient’s 
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mean blood pressure generally remained at ≥ 65 mmHg. 
We then administered remifentanil 0.3  μg/kg/min, and 
the BIS values were approximately 30–50. We gradually 
reduced remifentanil after the completion of the surgery, 
and the total amount of fentanyl administered during sur-
gery was 300 μg. BIS value immediately before the com-
pletion of remimazolam administration was 61. Surgery 
time was 7 h and 35 min, and the total amount of remi-
mazolam used was 346  mg. We confirmed the patient’s 
spontaneous breathing 1 min after the completion of the 
remimazolam administration. Even though the patient 
did not open his eyes to our call, his respiratory condition 
was stable; thus, we extubated him 23 min after the com-
pletion of the remimazolam administration. The patient’s 
breathing and circulation were stable even after extuba-
tion; however, he did not respond to a command. We 
administered 0.5-mg flumazenil 5  min after extubation. 
The patient promptly awakened and responded to a com-
mand after receiving 0.5 mg flumazenil, but subsequently 
became drowsy 13  min after flumazenil administration. 
We then administered 0.5 mg flumazenil, and the patient 
re-awakened. However, he became drowsy again 15 min 
after flumazenil administration. As the patient’s circula-
tion and breathing were stable, he was placed under fol-
low-up care at the ward. The patient was drowsy even in 
12 h after surgery, and we administered flumazenil again. 
However, even though the patient’s consciousness level 
improved temporarily for 30  min, his re-sedation and 
amnestic symptoms persisted afterwards. Considering 
this, we suspected the presence of residual remimazolam. 
We performed a head MRI examination to search for the 
cause of delayed emergence, but no abnormal findings 
were observed. The patient could recall his birth date 
17 h after surgery (Fig. 1). He could finally have normal 
conversations on postoperative day 2 and started taking 
meals and leaving his bed. The patient did not show any 
problems in particular problem; he was discharged on 
postoperative day 10 and he walked unaided.

Discussion
Remimazolam is an ultra-short-acting benzodiazepine 
intravenous anesthetic, and early emergence and recov-
ery from anesthesia are expected. However, a few percent 
of delayed emergence has been reported in clinical trials 
in Japan [1, 2], and coping with it is an important issue. 
This is possibly the first report on a case of delayed emer-
gence up to a few days that cannot be fully antagonized 
by flumazenil after total intravenous anesthesia using 
remimazolam.

Remimazolam acts on the benzodiazepine binding site 
of γ-aminobutyric acid (GABA) A receptors to exhibit 
anesthetic and sedative effects. Remimazolam is rapidly 
metabolized into inactive metabolites by carboxylester-
ase mainly in liver tissues, and its duration of action is 
short. In addition, as the affinity of remimazolam metab-
olites to GABA receptors is extremely weak at approxi-
mately 1/400 of that of remimazolam, it is easy to predict 
recovery time [3, 4]. Furthermore, the half-life of remi-
mazolam is hardly extended even in long-term adminis-
tration [5]. However, 1.3–8.0% of delayed emergence has 
been reported in clinical trials in Japan [1, 2]. In cases 
with delayed emergence in the clinical trials, all patients 
awakened 1–2  min after the administration of flumaze-
nil, and re-sedation was not reported. However, a case in 
which re-sedation was confirmed after anesthesia with 
remimazolam has also been reported [6], but the cause 
and frequency remain unknown.

In this case, the patient lost consciousness during the 
administration of 4  mg (0.055  mg/kg) remimazolam, 
and this dose was smaller less than the doses used in a 
Japanese phase IIb/III trial (0.17 ± 0.04  mg/kg) and a 
subsequent randomized controlled trial (0.16 ± 0.04 mg/
kg) [1, 2]. Furthermore, even though the mean adminis-
tration rate of remimazolam in anesthetic maintenance 
was 0.5 mg/kg/h, which was less than those of previous 
reports, BIS remained relatively low at 30–50. Based 
on these doses, we inferred that this patient had a high 

Fig. 1 Changes in postoperative consciousness level over time. Arrows show flumazenil administration timings. Solid lines show awake periods, 
while dashed lines show drowsy periods
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sensitivity to remimazolam. In fact, individual differences 
in sensitivity to benzodiazepine have been reported. In 
the report, 0.075 mg/kg midazolam was administered to 
healthy individuals, and the lowest modified Observer’s 
Assessment of Alertness/Sedation Scale score was within 
3–4; however, individual differences in sedation scale 
were observed, and similar individual differences were 
also observed with remimazolam [3]. Chae reported the 
efficacy and safety of IV bolus remimazolam adminis-
tration during anesthesia induction [7]. In this rand-
omized controlled trial, both the 50% effective dose and 
95% effective dose of remimazolam bolus dose caus-
ing loss of consciousness were lower in the population 
aged ≥ 65  years than in the population aged < 65  years. 
Moreover, they demonstrated a large margin of safety 
between loss of consciousness and hypotension. Thus, 
although there are individual differences in sensitivity 
to remimazolam, because there is little onset of hypo-
tension with anesthesia using remimazolam, it was dif-
ficult to detect individual differences in remimazolam in 
hemodynamics.

One of the causes of delayed emergence is remima-
zolam overdose because the patient’s intraoperative BIS 
values remained lower than the range considered appro-
priate. During remimazolam administration, an electro-
encephalogram (EEG) showed an increased β-wave [8], 
and an increase in β wave is the calculation criteria for 
high BIS values. BIS values during remimazolam admin-
istration at appropriate doses were higher than those 
during other anesthetics, with some patients showing 
BIS > 60 [9]. Thus, the BIS values of 30–50 in this case 
may indicate an overdose of anesthesia using remima-
zolam. Furthermore, it has been reported that BIS values 
are weakly correlated with the depth of anesthesia when 
benzodiazepines are used instead of propofol [10], so it 
is preferable for anesthesiologists to interpret EEG wave-
forms without relying solely on BIS values, and a new 
EEG analysis algorithm during remimazolam use should 
be developed.

Another cause of delayed emergence is the effect of 
remimazolam on drug metabolism. Carboxylesterase, 
the metabolizing enzyme of remimazolam, is mainly 
found in the liver, and severe liver dysfunction causes 
delayed remimazolam metabolism [11]. Furthermore, 
carboxylesterase has interindividual variabilities and 
drug interactions [12]. Hydrolysis efficiency by car-
boxylesterase is higher in women than in men, and the 
difference was significant even when body weight dif-
ferences had been corrected [13]. In  vitro, diltiazem, 
one of the carboxylesterase inhibitors, exhibits an 
inhibitory effect on remimazolam metabolism; how-
ever, the concentration of diltiazem that inhibits remi-
mazolam metabolism is above clinical dose; thus, it is 

considered clinically nonsignificant. In clinical situa-
tions, it is difficult to measure carboxylesterase activ-
ity because the collection of liver tissues is required for 
measuring carboxylesterase activity.

In this case, the patient awakened after flumazenil 
had been administered; however, he was resedated. One 
of the causes of re-sedation is attributable to the differ-
ences in the binding sites of benzodiazepine and fluma-
zenil. Benzodiazepine anesthetics act on benzodiazepine 
binding sites that are situated at the extracellular domain 
(α-γ) interface and transmembrane domain (β-α, γ-β) 
interfaces, which are  GABAA receptor subunits. How-
ever, flumazenil acts on the extracellular domain (α-γ) 
interface of  GABAA receptors [14]. Flumazenil is believed 
to open the gap of the γ-β subunit interface, indirectly 
destabilizes the receptor structure and consequently 
antagonizes the action of benzodiazepine [15]. In other 
words, flumazenil does not directly antagonize benzodi-
azepine. However, under situations of long-term residual 
benzodiazepine, it can be a factor of delayed re-sedation 
and amnestic symptoms, as observed in the present case.

In the present report, we performed total intravenous 
anesthesia using remimazolam in a robotic-assisted lapa-
roscopic radical prostatectomy and encountered a case of 
long-term delayed emergence that cannot be fully antag-
onized by flumazenil. The cause of postoperative delayed 
emergence could be individual differences in sensitivity, 
and the cause of re-sedation could be the action mecha-
nism of flumazenil, but case accumulation and further 
studies are warranted.

Abbreviations
BIS: Bispectral index; EEG: Electroencephalogram; GABA: γ-Aminobutyric acid.

Acknowledgements
We would like to thank Enago (https:// www. enago. jp/) for English language 
editing.

Authors’ contributions
TT and YO drafted the original manuscript. TM, SH, and TK advised and revised 
the manuscript. All authors discussed the contents of the manuscript and 
contributed to the revision of the manuscript. The authors have read and 
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data used in this case report are available from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report.

https://www.enago.jp/


Page 4 of 4Takemori et al. JA Clinical Reports            (2022) 8:86 

Competing interests
The authors declare that they have no competing interests.

Received: 12 August 2022   Revised: 13 October 2022   Accepted: 15 Octo-
ber 2022

References
 1. Doi M, Morita K, Takeda J, Sakamoto A, Yamakage M, Suzuki T. Efficacy 

and safety of remimazolam versus propofol for general anesthesia: a 
multicenter, single-blind, randomized, parallel-group, phase uki remima. J 
Anesth. 2020;34:543–53.

 2. Doi M, Hirata N, Suzuki T, Morisaki H, Morimatsu H, Sakamoto A. Safety 
and efficacy of remimazolam in induction and maintenance of general 
anesthesia in high-risk surgical patients (ASA Classt): results of a mul-
ticenter, randomized, double-blind, parallel-group comparative trial. J 
Anesth. 2020;34:491–501.

 3. Antonik LJ, Goldwater DR, Kilpatrick GJ, Tilbrook GS, Borkett KM. Placebo- 
and midazolam-controlled Phase I single ascending-dose study evaluat-
ing the safety, pharmacokinetics, and pharmacodynamics of remima-
zolam. Anesth Analg. 2012;115:274–83.

 4. Kilpatrick GJ, McIntyre MS, Cox RF, Stafford JA, Pacofsky GJ, Lovell GG, 
et al. CNS 7056: a novel ultra-short-acting Benzodiazepine. Anesthesiol-
ogy. 2007;107:60–6.

 5. Wiltshire HR, Kilpatrick GJ, Tilbrook GS, Borkett KM. A placebo-and 
midazolam-controlled phase I single ascending-dose study evaluating 
the safety, pharmacokinetics, and pharmacodynamic of remimazolam. 
Anesth Analg. 2012;115:284–96.

 6. Yamamoto T, Kurabe M, Kamiya Y. Re-sleeping after reversal of remima-
zolam by flumazenil. J Anesth. 2021;35:322.

 7. Chae D, Kim H-C, Song Y, Choi YS, Han DW. Pharmacodynamic analysis 
of intravenous bolus remimazolam for loss of consciousness in patients 
undergoing general anaesthesia: a randomised, prospective, double-
blind study. Br J Anaesth. 2022;129:49–57.

 8. Eisenried A, Schüttler J, Lerch M, Ihmsen H, Jeleazcov C. Pharmacokinetics 
and pharmacodynamics of remimazolam (CNS 7056) after continuous 
infusion in healthy male volunteers: Part II Pharmacodynamics of electro-
encephalogram effects. Anesthesiology. 2020;132:652–66.

 9. Shirozu K, Nobukuni K, Tsumura S, Imura K, Nakashima K, Takamori S, et al. 
Neurological sedative indicators during general anesthesia with remima-
zolam. J Anesth. 2022;36(2):194–200.

 10. Ibrahim AE, Taraday JK, Kharasch ED. Bispectral index monitoring during 
sedation with sevoflurane, midazolam, and propofol. Anesthesiology. 
2001;95:1151–9.

 11. Stöhr T, Colin PJ, Ossig J, Pesic M, Borkett K, Winkle P, et al. Pharmacoki-
netic properties of remimazolam in subjects with hepatic or renal impair-
ment. Br J Anaesth. 2021;127:415–23.

 12. Laizure SC, Herring V, Hu Z, Witbrodt K, Parker RB. The role of human 
carboxylesterases in drug metabolism: have we overlooked their impor-
tance? Pharmacotherapy. 2013;33:210–22.

 13. Vree TB, Dammers E, Ulc I, Horkovics-Kovats S, Ryska M, Merkx I. Differ-
ences between lovastatin and simvastatin hydrolysis in healthy male and 
female volunteers: gut hydrolysis of lovastatin is twice that of simvastatin. 
Sci World J. 2003;3:1332–43.

 14. Zhu S, Noviello CM, Teng J, Walsh RM, Kim JJ, Hibbs RE. Structure of a 
human synaptic GABAA receptor. Nature. 2018;559:67–72.

 15. Kim JJ, Gharpure A, Teng J, Zhuang Y, Howard RJ, Zhu S, et al. Shared 
structural mechanisms of general anaesthetics and benzodiazepines. 
Nature. 2020;585:303–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Long-term delayed emergence after remimazolam-based general anesthesia: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion
	Acknowledgements
	References


