
Yamadori et al. JA Clinical Reports            (2022) 8:75  
https://doi.org/10.1186/s40981-022-00564-x

CASE REPORT
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Abstract 

Background: Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS) is a mitochondrial 
disease. We report here the safe use of remimazolam in a pediatric MELAS patient.

Case presentation: A 10-year-old girl (118 cm, 16 kg) was scheduled for an open gastrostomy to improve nutrition 
and epileptic seizure control. We induced and maintained general anesthesia with remimazolam, remifentanil, fenta-
nyl, and rocuronium. We also performed a bilateral subcostal transversus abdominis plane block before the surgery. 
The surgery finished uneventfully. After we discontinued remimazolam administration, the patient woke up immedi-
ately but calmly without flumazenil. Epileptic seizures did not occur during intra- and early post-operative periods.

Conclusion: Remimazolam enabled us to provide a pediatric MELAS patient with general anesthesia without caus-
ing delayed emergence or epileptic seizures.
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Background
Mitochondrial encephalomyopathy, lactic acidosis, and 
stroke-like episodes (MELAS) is a rare mitochondrial 
disease (16–18 per 100,000) [1, 2]. MELAS presents vari-
ous clinical manifestations: stroke-like episodes, epilepsy, 
dementia, recurrent headaches, hearing impairment, 
myopathy, lactic acidemia, diabetes, cardiac conduction 
abnormalities, cardiomyopathy, and short stature [1, 2]. 
Because of the infrequency of MELAS and the lack of 
prospective studies, anesthetic management of MELAS 
must rely on recommendations from case reports. Pre-
vious reports on mitochondrial disease have demon-
strated several anesthetic hazards, including malignant 

hyperthermia associated with inhaled anesthetics [3, 
4] and propofol infusion syndrome (PRIS) [5]. Further-
more, seizure-like activities induced by sevoflurane have 
been reported, especially in children [6]. The choice of 
anesthetic agents for patients with MELAS and epilepsy 
remains controversial.

Remimazolam is an ultrashort-acting benzodiazepine 
with similar pharmacological properties to midazolam, 
including anti-epileptic and less circulatory depression 
effects, and has a specific antagonist (flumazenil) [7–9]. 
To our knowledge, this is the first report on the use of 
remimazolam in a pediatric MELAS patient. This case 
report follows the CARE guidelines [10].

Case presentation
A 10-year-old girl (height, 118 cm; weight, 16 kg) had 
been treated regularly by a doctor for autistic disor-
der since she was 2 years old. She had epilepsy since 6 
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years of age and was diagnosed as MELAS by genetic 
testing, which indicates the point mutation in mito-
chondrial DNA (3243A to G mutation). She had hyper-
lactatemia (preoperative blood lactate level 25 mg/dL; 
normal range 4–16 mg/dL), gastrointestinal symptoms 
(repeated constipation and vomiting), Wolff–Parkin-
son–White syndrome, and short stature. Due to pro-
gressive loss of motor skills and mental retardation, 
oral intake and medication adherence became difficult, 
including placement of peripheral venous catheters and 
feeding tubes. Therefore, feeding tubes were inserted 
once or twice daily at home or outpatient clinic to 
administer a small amount of nutrition and medication, 
including anti-epileptics (lacosamide and zonisamide). 
Her condition was unstable, and she experienced recur-
rent clonic seizures lasting 30 s to 1 min, several times a 
day. To improve her nutritional and epileptic situations, 
an open gastrostomy was scheduled.

General anesthesia (GA) was required because her 
cooperation could not be expected. Considering the 
risks reported [3–6], it was better to avoid inhaled 
anesthetics and propofol, if possible. Previous reports 
demonstrated that midazolam is safe as a general anes-
thetic in patients with mitochondrial diseases [11]. 
Midazolam has an anti-epileptic action; however, it 
can cause delayed awakening and respiratory depres-
sion because of its long half-life [12]. To avoid its dis-
advantages, we selected remimazolam, which has a 
significantly short half-life and potent anti-epileptic 
effect [7–9]. We planned to avoid the use of flumaze-
nil because it could diminish the anti-epileptic action 
of benzodiazepines and complicate postoperative man-
agement. Premedication was not planned because of 
difficulties regarding its administration. Remifentanil 
and fentanyl were selected for intraoperative analgesia 
and rocuronium for muscle relaxation because they are 
considered safe for patients with mitochondrial dis-
eases [11]. To reduce perioperative opioid use, a bilat-
eral subcostal transversus abdominis plane (TAP) block 
was planned. We intended to measure the depth of 
anesthesia by bispectral index (BIS) monitor (186-0195-
NK, Covidien, Minneapolis, MN, USA) with a target 
BIS value of 40 and that of muscle relaxation by electro-
myographic module (AF-101P, Nihon-Kohden, Tokyo, 
Japan) with a target value of train-of-four (TOF) count 
1 or less. We selected saline as an intraoperative infu-
sion fluid to prevent exacerbation of hyperlactatemia 
[13, 14] and precipitation that is formed by the com-
bination of remimazolam and Ringer’s lactate/acetate 
solution [15]. The use of a warm-air heating device was 
designed to maintain body temperature during anes-
thesia and prevent shivering-induced hyperlactatemia 

and hypothermia-induced mitochondrial dysfunction 
[16].

A peripheral venous catheter and pulse oximeter were 
placed in the operating room. Following preoxygena-
tion, GA was induced with remimazolam bolus 0.2 mg/
kg, followed by a continuous infusion of 2.0 mg/kg/h and 
remifentanil 0.3 μg/kg/min. Monitoring of noninvasive 
blood pressure, electrocardiogram, BIS, and TOF (ulnar 
nerve stimulation) was initiated after loss of conscious-
ness. Rocuronium at a dose of 0.3 mg/kg extinguished 
the TOF response, and trachea was intubated without 
coughing. Bilateral subcostal TAP block (0.375% ropiv-
acaine 12 mL; 2.8 mg/kg) was performed after tracheal 
intubation. Remimazolam was reduced gradually from 
2.0 to 1.0 mg/kg/h; however, BIS value remained approxi-
mately 30. Remifentanil dose was adjusted to surgical 
stimulation between 0.1 and 0.25 μg/kg/min. Fentanyl 
bolus at a dose of 25 μg (1.5 μg/kg) was administered 
intravenously during surgery. Additional rocuronium 
was administered to maintain TOF count 1 or 0. The 
procedure was completed uneventfully. The duration of 
the surgery was 73 min. Total doses of remimazolam, 
remifentanil, fentanyl, and rocuronium were 48.5, 0.38, 
0.025, and 15.0 mg, respectively. Administration of sug-
ammadex 2 mg/kg confirmed TOF ratio > 0.9. Nineteen 
minutes after the discontinuation of remimazolam and 
remifentanil administrations, spontaneous breathing and 
eye-opening were observed, and trachea was extubated. 
The patient was calm after extubation but hated wearing 
an oxygen mask. She was not shivering and was in sta-
ble oxygen saturation (approximately 97%) with room 
air breathing. She was subsequently transferred to the 
ward without oxygen mask under pulse oximeter moni-
toring. Nine hours after surgery (11 h after TAP block), 
she experienced pain at the gastrostomy site, but it was 
improved by intravenous administration of acetami-
nophen at a dose of 150 mg (9.4 mg/kg). Epileptic seizure 
did not occur during intraoperative and immediate post-
operative periods. The control of epilepsy was improved 
by medications through the gastrostomy, which started 
the day after surgery; occasional epileptic seizures were 
noted after postoperative day 5, but the frequency was 
drastically reduced compared to that before surgery.

Discussion
The selection of general anesthetics for patients with 
mitochondrial diseases is a serious concern due to 
anesthesia-associated risks, including malignant hyper-
thermia related to inhaled anesthetics or depolarizing 
muscle relaxants [3, 4], PRIS [5], hyperlactatemia [13, 
14], and increased sensitivity to non-depolarizing mus-
cle relaxants [17]. Most pediatric anesthesiologists in 
the USA choose inhaled anesthetics for GA because 
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there is no clear evidence that they increase the risk of 
malignant hyperthermia in these patients [11]. Another 
report recommends propofol over inhaled anesthetics in 
patients with mitochondrial diseases because periopera-
tive lactic acidosis occurs more frequently with inhaled 
anesthetics than with propofol [14]. Moreover, propo-
fol is anti-epileptic, but some types of inhaled anes-
thetics are pro-epileptic [6]. Since propofol can depress 
mitochondrial function and cause PRIS [5], it should be 
administered carefully, especially in large doses or long-
term administration. Compared to propofol, midazolam 
(benzodiazepine) has several advantages, including less 
circulatory depression, less injection pain, and has a spe-
cific antagonist (flumazenil) [7–9]. Benzodiazepines, as 
well as propofol, have an anti-epileptic effect. GA with 
midazolam is reportedly safe in patients with mitochon-
drial diseases [11]. However, because of its long half-life, 
it can cause delayed awakening and long-lasting respira-
tory depression [12]. Flumazenil can antagonize mida-
zolam but also cause re-sedation and serious side effects, 
including epileptic seizures, by diminishing the benzodi-
azepine-related desirable effects [12].

Remimazolam may be a good choice in patients with 
mitochondrial diseases because it has midazolam-like 
pharmacological effects and an ultra-short-acting prop-
erty that can avoid flumazenil use. Flumazenil can cause 
re-sedation after the antagonism of remimazolam [18–
20] as well as midazolam [12]. In our report, the patient 
could wake up relatively soon (19 min) after remima-
zolam discontinuation without flumazenil use. Since she 
had low BIS values (approximately 30) intraoperatively, 
she might awaken more quickly if a lower dose of remi-
mazolam were used and higher BIS values had been 
maintained. Although she could not tolerate wearing the 
oxygen mask after extubation, she revealed good oxygen-
ation without oxygen supplement, indicating that remi-
mazolam can awake fully soon and has no long-lasting 
respiratory depression effect.

Opioids and local anesthetics (regional anesthesia) 
are considered to be safe in patients with mitochondrial 
diseases [11]. In our case, intraoperative analgesia was 
provided by remifentanil, fentanyl, and TAP block. TAP 
block provided good post-operative analgesia presum-
ably because the painful site was localized to the gastros-
tomy area. No requirement for post-operative opioids 
may be another reason for no postanesthesia respiratory 
depression.

Patients with mitochondrial diseases may have 
increased sensitivity to nondepolarizing muscle relax-
ants [17]. In this case, rocuronium at the dose of 
0.3 mg/kg extinguished the ulnar nerve-stimulated 
twitch response and cough reflex during intubation. 

In ordinary adults, this dose is the 95% effective dose 
(ED95) in the adductor pollicis muscle but less than 
ED95 in the diaphragm (0.5 mg/kg) [21]. This fact 
might represent the patient’s increased sensitivity to 
rocuronium; however, there was no other apparent evi-
dence of increased sensitivity, because the intraopera-
tive rocuronium requirement was almost the same as 
usual.

In August 2022, we searched the PubMed database 
using the following keywords: <remimazolam> AND 
<MELAS> or <mitochondrial disease>. The results 
yielded two case report articles [22, 23], neither of 
which reported on pediatric cases. Since MELAS is a 
very rare disease, further reports are desirable for more 
appropriate anesthetic management.

In conclusion, we safely managed GA with remima-
zolam in a pediatric MELAS patient undergoing open 
gastrostomy. No intraoperative or early postopera-
tive epileptic seizures occurred. Remimazolam could 
be a new anesthetic option for MELAS patients with 
epilepsy.

Abbreviations
MELAS: Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like 
episodes; PRIS: Propofol infusion syndrome; GA: General anesthesia; TAP: 
Transversus abdominis plane; BIS: Bispectral index; TOF: Train-of-four; ED95: 
95% effective dose.

Acknowledgements
Not applicable.

Authors’ contributions
Y. Yamadori and Y. Yamagami were responsible for the anesthetic man-
agement of the patient. Y. Yamadori wrote the draft of the manuscript. Y. 
Yamagami, Y. Matsumoto, M. Koizumi, A. Nakamura, D. Mizuta, K. Yasuda, and 
G. Shirakami helped in writing the manuscript. All authors read and approved 
the final manuscript.

Funding
No funding.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

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

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

Author details
1 Department of Anesthesiology, Takamatsu Red Cross Hospital, 4-1-3 Bancho, 
Takamatsu City, Kagawa 760-0017, Japan. 2 Department of Anesthesia and Pain 
Medicine, Kagawa University Hospital, 1750-1 Ikenobe, Miki-cho, Kagawa 
761-0793, Japan. 



Page 4 of 4Yamadori et al. JA Clinical Reports            (2022) 8:75 

Received: 22 July 2022   Revised: 6 September 2022   Accepted: 8 Septem-
ber 2022

References
 1. Majamaa K, Moilanen JS, Uimonen S, Remes AM, Salmela PI, Kärppä M, 

et al. Epidemiology of A3243G, the mutation for mitochondrial encepha-
lomyopathy, lactic acidosis, and strokelike episodes: prevalence of the 
mutation in an adult population. Am J Hum Genet. 1998;63:447–54. 
https:// doi. org/ 10. 1086/ 301959.

 2. Uusimaa J, Moilanen JS, Vainionpää L, Tapanainen P, Lindholm P, Nuutinen 
M, et al. Prevalence, segregation, and phenotype of the mitochondrial 
DNA 3243A>G mutation in children. Ann Neurol. 2007;62:278–87. https:// 
doi. org/ 10. 1002/ ana. 21196.

 3. Fricker RM, Raffelsberger T, Rauch-Shorny S, Finsterer J, Müller-Reible C, 
Gilly H, et al. Positive malignant hyperthermia susceptibility in vitro test 
in a patient with mitochondrial myopathy and myoadenylate deaminase 
deficiency. Anesthesiology. 2002;97:1635–7. https:// doi. org/ 10. 1097/ 
00000 542- 20021 2000- 00044.

 4. Nelson JH, Kaplan RF. Anesthetic management of two pediatric patients 
with concurrent diagnoses of mitochondrial disease and malignant 
hyperthermia susceptibility: A case report. A A Case Rep. 2017;9:204–6. 
https:// doi. org/ 10. 1213/ XAA. 00000 00000 000565.

 5. Kam PC, Cardone D. Propofol infusion syndrome. Anaesthesia. 
2007;62:690–701. https:// doi. org/ 10. 1111/j. 1365- 2044. 2007. 05055.x.

 6. Perks A, Cheema S, Mohanraj R. Anaesthesia and epilepsy. Br J Anaesth. 
2012;108:562–71. https:// doi. org/ 10. 1093/ bja/ aes027.

 7. Wesolowski AM, Zaccagnino MP, Malapero RJ, Kaye AD, Urman RD. Remi-
mazolam: pharmacologic considerations and clinical role in anesthesiol-
ogy. Pharmacotherapy. 2016;36:1021–7. https:// doi. org/ 10. 1002/ phar. 
1806.

 8. Sneyd JR, Rigby-Jones AE. Remimazolam for anaesthesia or sedation. Curr 
Opin Anaesthesiol. 2020;33:506–11. https:// doi. org/ 10. 1097/ aco. 00000 
00000 000877.

 9. Shioji N, Everett T, Suzuki Y, Aoyama K. Pediatric sedation using dex-
medetomidine and remimazolam for magnetic resonance imaging. J 
Anesth. 2022;36:1–4. https:// doi. org/ 10. 1007/ s00540- 021- 02957-1.

 10. Riley DS, Barber MS, Kienle GS, Aronson JK, von Schoen-Angerer T, Tug-
well P, et al. CARE guidelines for case reports: explanation and elaboration 
document. J Clin Epidemiol. 2017;89:218–35. https:// doi. org/ 10. 1016/j. 
jclin epi. 2017. 04. 026.

 11. Rafique MB, Cameron SD, Khan Q, Biliciler S, Zubair S. Anesthesia for 
children with mitochondrial disorders: a national survey and review. J 
Anesth. 2013;27:186–91. https:// doi. org/ 10. 1007/ s00540- 012- 1488-1.

 12. Brogden RN, Goa KL. Flumazenil. A reappraisal of its pharmacological 
properties and therapeutic efficacy as a benzodiazepine antagonist. 
Drugs. 1991;42:1061–89. https:// doi. org/ 10. 2165/ 00003 495- 19914 
2060- 00010.

 13. Footitt EJ, Sinha MD, Raiman JA, Dhawan A, Moganasundram S, Cham-
pion MP. Mitochondrial disorders and general anaesthesia: a case series 
and review. Br J Anaesth. 2008;100:436–41. https:// doi. org/ 10. 1093/ bja/ 
aen014.

 14. Miyamoto Y, Miyashita T, Takaki S, Goto T. Perioperative considerations 
in adult mitochondrial disease: a case series and a review of 111 cases. 
Mitochondrion. 2016;26:26–32. https:// doi. org/ 10. 1016/j. mito. 2015. 11. 
004.

 15. Sasaki H, Hoshijima H, Mizuta K. Ringer’s acetate solution-induced pre-
cipitation of remimazolam. Br J Anaesth. 2021;126:e87–9. https:// doi. org/ 
10. 1016/j. bja. 2020. 11. 021.

 16. Hashimoto K, Sasaki T, Hachiya T, Onoguchi K, Takakura H, Oshiumi 
M, et al. Superior hepatic mitochondrial oxidation-reduction state in 
normothermic cardiopulmonary bypass. J Thorac Cardiovasc Surg. 
2001;121:1179–86. https:// doi. org/ 10. 1067/ mtc. 2001. 113599.

 17. Finsterer J, Stratil U, Bittner R, Sporn P. Increased sensitivity to rocuronium 
and atracurium in mitochondrial myopathy. Can J Anaesth. 1998;45:781–
4. https:// doi. org/ 10. 1007/ BF030 12149.

 18. Yamamoto T, Kurabe M, Kamiya Y. Re-sleeping after reversal of remima-
zolam by flumazenil. J Anesth. 2021;35:322. https:// doi. org/ 10. 1007/ 
s00540- 021- 02915-x.

 19. Godai K. What are mechanisms of re-sedation caused by remimazolam? J 
Anesth. 2021;35:466. https:// doi. org/ 10. 1007/ s00540- 021- 02926-8.

 20. Yamamoto T, Kurabe M, Kamiya Y. A mechanism of re-sedation caused 
by remimazolam. J Anesth. 2021;35:467–8. https:// doi. org/ 10. 1007/ 
s00540- 021- 02930-y.

 21. Cantineau JP, Porte F, d’Honneur G, Duvaldestin P. Neuromuscular effects 
of rocuronium on the diaphragm and adductor pollicis muscles in 
anesthetized patients. Anesthesiology. 1994;81:585–90. https:// doi. org/ 
10. 1097/ 00000 542- 19940 9000- 00010.

 22. Suzuki Y, Doi M, Nakajima Y. General anesthesia with remimazolam in a 
patient with mitochondrial encephalomyopathy: a case report. JA Clin 
Rep. 2021;7:51. https:// doi. org/ 10. 1186/ s40981- 021- 00454-8.

 23. Kitaura A, Kosumi R, Iwamoto T, Nakao S. Remimazolam anesthesia for 
transcatheter mitral valve repair in a patient with mitochondrial myopa-
thy, encephalopathy, lactic acidosis, and stroke-like episodes (MELAS) 
syndrome: a case report. JA Clin Rep. 2022;8:38. https:// doi. org/ 10. 1186/ 
s40981- 022- 00528-1.

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

https://doi.org/10.1086/301959
https://doi.org/10.1002/ana.21196
https://doi.org/10.1002/ana.21196
https://doi.org/10.1097/00000542-200212000-00044
https://doi.org/10.1097/00000542-200212000-00044
https://doi.org/10.1213/XAA.0000000000000565
https://doi.org/10.1111/j.1365-2044.2007.05055.x
https://doi.org/10.1093/bja/aes027
https://doi.org/10.1002/phar.1806
https://doi.org/10.1002/phar.1806
https://doi.org/10.1097/aco.0000000000000877
https://doi.org/10.1097/aco.0000000000000877
https://doi.org/10.1007/s00540-021-02957-1
https://doi.org/10.1016/j.jclinepi.2017.04.026
https://doi.org/10.1016/j.jclinepi.2017.04.026
https://doi.org/10.1007/s00540-012-1488-1
https://doi.org/10.2165/00003495-199142060-00010
https://doi.org/10.2165/00003495-199142060-00010
https://doi.org/10.1093/bja/aen014
https://doi.org/10.1093/bja/aen014
https://doi.org/10.1016/j.mito.2015.11.004
https://doi.org/10.1016/j.mito.2015.11.004
https://doi.org/10.1016/j.bja.2020.11.021
https://doi.org/10.1016/j.bja.2020.11.021
https://doi.org/10.1067/mtc.2001.113599
https://doi.org/10.1007/BF03012149
https://doi.org/10.1007/s00540-021-02915-x
https://doi.org/10.1007/s00540-021-02915-x
https://doi.org/10.1007/s00540-021-02926-8
https://doi.org/10.1007/s00540-021-02930-y
https://doi.org/10.1007/s00540-021-02930-y
https://doi.org/10.1097/00000542-199409000-00010
https://doi.org/10.1097/00000542-199409000-00010
https://doi.org/10.1186/s40981-021-00454-8
https://doi.org/10.1186/s40981-022-00528-1
https://doi.org/10.1186/s40981-022-00528-1

	General anesthesia with remimazolam for a pediatric patient with MELAS and recurrent epilepsy: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusion: 

	Background
	Case presentation
	Discussion
	Acknowledgements
	References


