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Abstract 

MELAS syndrome is an acronym so named because of 

the characteristic clinical and pathophysiologic features 

including mitochondrial encephalo-myopathy, lactic aci-

dosis, and stroke-like episodes.  As the disorder impacts 

mitochondrial function and oxidative phosphorylation, 

clinical symptoms characteristically involve tissues and 

organ systems with high energy requirements including 

the skeletal muscle, the heart, and the central nervous sys-

tem.  Classically considered in the group of disorders 

known as mitochondrial myopathies, specific periopera-

tive concerns must be considered in such patients given 

the effect of various anesthetic agents including propofol 

or the volatile anesthetic agents on patients with myopa-

thic conditions or disorders of mitochondrial function.  

 

 

We report an 1-year-old with MELAS syndrome who re-

quired anesthetic care during eye muscle surgery.  Due to 

potential concerns with volatile anesthetic agents and 

propofol, we used the novel benzodiazepine, remimazo-

lam, with dexmedetomidine and remifentanil to provide 

maintenance anesthesia. Previous reports of anesthetic 

care in patients with MELAS syndrome are reviewed and 

the use of the novel benzodiazepine, remimazolam, is dis-

cussed. 
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Keypoints 

1. The acronym, MELAS, first reported as a specific clinical entity in 1984, refers specifically to the hallmark 

clinical and pathophysiologic features including mitochondrial encephalo-myopathy, lactic acidosis, and 

stroke-like episodes. 

2. Abnormal mitochondrial function with impaired oxidative phosphorylation impairs the function of tissues de-

pendent on high energy output including the skeletal muscle, the heart, and the central nervous system. 

3. In addition to the perioperative implications related to the end-organ involvement of MELAS syndrome, the 

volatile anesthetic agents and propofol may be relatively or absolutely contraindicated in this patient population 

dependent on the exact cellular or genetic abnormality. 

4. Remimazolam provides sedation, amnesia, and anxiolysis through the gamma-aminobutyric acid (GABA) sys-

tem.  As an ester-based benzodiazepine, it is hydrolyzed quickly with a more rapid offset than midazolam and 

a limited context-sensitive half-life.   
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Introduction 

MELAS syndrome, first reported in 1984 by Pavlakis et 

al, is a multisystem disorder characterized by stroke-like 

episodes, mitochondrial dysfunction with lactic acidosis, 

ragged-red fibers on muscle biopsy, and at least two of 

the following clinical features: focal or generalized sei-

zures, dementia, recurrent headaches, or vomiting.1 The 

acronym, MELAS, refers specifically to the hallmark 

clinical and pathophysiologic features including mito-

chondrial encephalo-myopathy, lactic acidosis, and 

stroke-like episodes. As a disorder affecting mitochon-

drial function, clinical symptoms characteristically in-

volve tissues and organ systems dependent on high en-

ergy output via oxidative phosphorylation including the 

skeletal muscle, the heart, and the central nervous system. 

MELAS is the result of point or microdeletion mutations 

in mitochondrial DNA.2 As the majority of mitochondrial 

DNA is maternally derived during initial fertilization, in-

heritance follows the maternal lineage. The most com-

mon mutation associated with MELAS syndrome is a sin-

gle point mutation (adenine to guanine) in the MT-TL1 

gene encoding for mitochondrial tRNA.  Impairment of 

mitochondrial translation and protein synthesis affects 

mitochondrial function and the mitochondrial electron 

transport chain leading to impaired mitochondrial energy 

production.  The inability of dysfunctional mitochondria 

to generate sufficient energy to meet the needs of various 

high energy tissues results in the multi-organ dysfunction 

observed in MELAS syndrome.  Deficient energy pro-

duction in the mitochondria or smooth muscle and endo-

thelial cells of small blood vessels leads to impairment of 

the microvasculature including deficient nitric oxide pro-

duction causing angiopathy and stroke-like episodes. 

Given the multi-organ involvement of MELAS syn-

drome, surgical interventions may be required to address 

associated comorbid organ system involvement.  In such 

cases, effective perioperative care mandates the identifi-

cation of associated organ involvement and selection of 

anesthetic agents based on the potential impact of the un-

derlying disruption of mitochondrial function. We report 

a 12-year-old girl with MELAS syndrome who required 

anesthetic care during eye muscle surgery.  Previous re-

ports of anesthetic care are reviewed, options for choice 

of anesthetic agent discussed, and use of the novel ben-

zodiazepine, remimazolam, is discussed. 

 

Case report 

Review of this case and presentation in this format fol-

lowed the guidelines of the Institutional Review Board of 

Nationwide Children’s Hospital (Columbus, Ohio).  A 

12-year-old, 52.6 kg child presented for anesthetic care 

during right eye surgery (resection of the lateral and me-

dial rectus muscle) due to alternating exotropia and di-

plopia.  The patient has a family history of MELAS syn-

drome and she was diagnosed with having the MELAS 

pathogenic variant (m.3243A>G) in a blood sample 

showing a 56% heteroplasmic state.  She had been clini-

cally asymptomatic and had no developmental concerns, 

but underwent genetic testing for MELAS syndrome as 

her brother was diagnosed at 9 years of age when he pre-

sented with a stroke.  Additional pertinent past medical 

history included insomnia, cystic fibrosis carrier (found 

on a newborn screening), and an unvaccinated condition 

due to parental refusal.   At 5 years of age, the patient had 

been hospitalized for treatment of streptococcus pneu-

moniae pneumonia, which was complicated by a pleural 

effusion requiring tube thoracostomy. Current medica-

tions that the patient took included Miralax® (polyeth-

ylene glycol), Zyrtec® (cetirizine), and nasal Flonase® 

(fluticasone).  The patient had no allergies, other than 

medication alerts due to the associated MELAS syn-

drome (see below).  

Preoperative vital signs revealed temperature 36.8oC 

(98.2oF), pulse rate 62 beats/minute, respiratory rate 18 

breaths/minute, blood pressure (BP) 105/62 mmHg, and 

room oxygen saturation 100%.  The pre-operative physi-

cal exam revealed a thyromental distance of more than 3 

fingerbreadths, adequate mouth opening, and a Mallam-

pati grade 2. Respiratory and cardiovascular examination 

were unremarkable. The patient’s most recent 
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echocardiogram and electrocardiogram were unremarka-

ble. The patient was held nil per os for 8 hours.  She was 

transported to the operating room and routine American 

Society of Anesthesiologists’ monitors were placed.  Ad-

ditionally, a depth of anesthesia monitor (bispectral index 

or BIS) was placed.  After the inhalation of 50% nitrous 

oxide in oxygen, a peripheral intravenous catheter was 

placed. Anesthesia was induced with dexmedetomidine 

(0.2 µg/kg),  remifentanil (1 µg/kg), and etomidate (0.3 

mg/kg). Glycopyrrolate (0.2 mg) was administered 

prophylactically to prevent an oculocardiac reflex during 

eye muscle retraction. Endotracheal intubation was facil-

itated by the administration of rocuronium (25 mg).  

Maintenance of anesthesia included infusions of dexme-

detomidine (0.5-1 µg/kg/hr), remifentanil (0.3-0.4 

µg/kg/min), and remimazolam (5-10 µg/kg/min).  A sec-

ond dose of glycopyrrolate (0.2 mg) was administered in-

traoperatively following a brief episode of significant 

bradycardia (heart rate 30 beats/minute) during retraction 

on the eye muscle.  After the administration of the second 

dose of glycopyrrolate, the patient had an exaggerated 

blood pressure response with a blood pressure of 140/ 90 

mmHg.   During this time, no change was noted in the 

BIS number.  Blood pressure was controlled by the ad-

ministration of midazolam (2 mg) and fentanyl (100 µg).  

No other intraoperative concerns were noted.  The surgi-

cal procedure lasted approximately 60 minutes.  On-

dansetron (4 mg) was administered for the prevention of 

postoperative nausea and vomiting. Postoperative anal-

gesia was provided by hydromorphone (0.5 mg).  Resid-

ual neuromuscular blockade was reversed with sugam-

madex (200 mg).  Intraoperative fluids included normal 

saline (600 mL).  The patient’s trachea was extubated in 

the operating room and she was transported to the post-

anesthesia care unit (PACU).  The remainder of her post-

operative course was unremarkable and she was dis-

charged home. 

 

 

 

Discussion 

The mitochondria are double membrane organelles that 

are present in all nucleated human cells.  The inner mito-

chondrial membrane harbors the electron transport chain 

complexes that transfer electrons, translocate protons, 

and produce ATP through oxidate phosphorylation. The 

mitochondrial myopathies included respiratory chain de-

ficiencies; mitochondrial DNA mutations that include 

mitochondrial encephalopathy, lactic acidosis and stroke-

like episodes (MELAS), mitochondrial neuro-gastroin-

testinal encephalopathy (MNGIE) and myoclonic epi-

lepsy with ragged red fibers (MERRF) syndrome; and 

mitochondrial deletions such as Kearns-Sayre syn-

drome.1,2  Mitochondria contain their own extra-chromo-

somal DNA (mitochondrial or mDNA) which is mater-

nally derived during fertilization as the mitochondria re-

side in the cytoplasm, which is derived primarily from the 

oocyte.  Although only a small proportion of mitochon-

drial proteins are encoded by mDNA, significant mito-

chondrial dysfunction can occur due to mutations in 

mDNA resulting in disorders classified as mitochondrial 

myopathies. 

Our patient’s diagnosis of MELAS syndrome was based 

on the clinical manifestation of the disorder in her sibling 

who had a stroke followed by subsequent genetic testing 

to identify the point mutation in the mitochondrial DNA.  

Clinical symptoms most commonly (65-76% of affected 

individuals) manifest before 20 years of age with sei-

zures, recurrent headaches, failure to thrive, cortical vi-

sion loss, muscle weakness, recurrent vomiting, and 

stroke-like episodes.  With multiple organ systems af-

fected, there are a myriad of clinical, biochemical, radio-

logical, and histological findings.  As the syndrome pro-

gresses, at least 90% of affected patients develop demen-

tia, epilepsy, lactic acidosis, skeletal muscle involvement 

with exercise intolerance, and continued stroke-like epi-

sodes. Other common manifestations of MELAS include 

cardiac involvement (cardiomyopathy, conduction dis-

turbances, arrhythmias), endocrine dysfunction (diabetes, 

thyroid disorders), hepatic dysfunction, and peripheral 
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neuropathy. Biochemical features include elevated serum 

lactate, creatinine kinase, and alanine. Additionally, there 

are elevated levels of lactate and alanine in the CSF. Ra-

diological features include basal ganglia calcifications, 

cerebral atrophy and cortical infarcts. Histological fea-

tures seen under electron microscopy of muscle biopsy 

include ragged red fibers and mitochondrial proliferation.  

To date, treatment options are limited, generally includ-

ing daily oral arginine supplementation.3As with all an-

esthetic care, the initial step is a thorough preoperative 

examination with identification of the acute and chronic 

end-organ involvement of the primary disorder.  Primary 

concerns with MELAS include cardiac involvement 

manifesting with arrhythmias including Wolf-Parkinson-

White syndrome, conduction disturbances with various 

degrees of atrioventricular blockade, and depressed my-

ocardial function.  The most prevalent cardiac complica-

tion is hypertrophic cardiomyopathy.  Although, cur-

rently not completely understood, it is hypothesized that 

the development of hypertrophic cardiomyopathy is a 

compensatory measure due to mitochondrial metabolic 

alterations resulting in ATP deficiency.4,5  Given these 

concerns, a thorough preoperative cardiac evaluation is 

indicated including a 12-lead electrocardiogram and 

echocardiogram to evaluate structure and function. Vari-

ous factors may impact respiratory function during the 

perioperative period in patients with mitochondrial dys-

function including respiratory depression from the resid-

ual effects of anesthetic agents and the associated myo-

pathic condition and skeletal muscle weakness.4,5  These 

respiratory concerns may be compounded by poor cough 

effort, chronic aspiration or recurrent pneumonia. Given 

these concerns, whenever feasible, short-acting anes-

thetic agents are recommended to allow for rapid awak-

ening and limited impact on postoperative upper airway 

and respiratory function.  The potential for perioperative 

respiratory failure may be increased by pre-existing res-

piratory dysfunction from hypotonia, poor cough effort, 

chronic aspiration or recurrent pneumonia. Given these 

concerns, continuous postoperative monitoring of 

respiratory function may be indicated following pro-

longed surgical procedures. In our patient, we choose to 

use remifentanil and remimazolam to allow for the in-

traoperative titration of an appropriate depth of anesthe-

sia while allowing for a rapid recovery given their rapid 

metabolism and limited context-sensitive half-life. Hypo-

tonia can significantly impact the choice of neuromuscu-

lar blocking agents (NMBAs).  Patients with pre-existing 

hypotonia related to mitochondrial disorders may be sen-

sitive to the effects of non-depolarizing NMBAs.6 Alt-

hough we chose to use rocuronium to facilitate endotra-

cheal intubation, even in the setting of hypotonia, sugam-

madex offers the potential to effectively reverse  signifi-

cant residual neuromuscular blockade in patients with 

neuromyopathic conditions.7  Additional CNS concerns 

include the presence of seizures, dementia, the potential 

increased risk of perioperative strokes, and residual CNS 

effects from previous strokes. Preoperative management 

to limit perioperative seizures includes optimizing anti-

convulsant medications prior to the surgical procedure 

and continuation of routine anticonvulsant medications 

during the perioperative period.  There is limited evi-

dence-based medicine to identify advantages of any spe-

cific agents for the induction and maintenance of anes-

thesia in this population.8 Endocrine involvement is also 

a frequent sequela of MELAS syndrome with accelerated 

apoptosis of pancreatic β-islet cells  leading to diabetes 

mellitus, the most prevalent endocrine abnormality. Thy-

roid dysfunction (hyperthyroidism or hypothyroidism) 

and hepatic involvement are common during the course 

of the disease.  Blood glucose, hepatic function tests, and 

coagulation parameters should be monitored periopera-

tively.  Since lactate metabolism is impaired and produc-

tion increased in patients with MELAS syndrome, intra-

venous fluids containing sodium lactate such as lactated 

Ringer’s should be avoided. The metabolic conversion of 

lactic acid to bicarbonate via the Cori cycle is required 

for lactate to act as a buffer.  As this process is impaired, 

the metabolism of the additional lactate may not be fea-

sible.  Given these concerns, we chose to use 0.9% saline 
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as the isotonic fluid for intraoperative administration.  

When more aggressive intraoperative fluid resuscitation 

is required, isotonic fluids such as Normosol® or Plasma-

lyte® with alternative buffering agents (acetate or glu-

conate) can be used to maintain a neutral pH and avoid 

the dilutional acidosis which may occur with the admin-

istration of larger volumes of 0.9% saline.9,10  Altered 

glucose metabolism is also commonly seen in MELAS 

syndrome.  Although diabetes mellitus and hyperglyce-

mia is commonly seen later in the course of the disease 

process, hypoglycemia may also occur in patients with 

mitochondrial dysfunction and impaired oxidative phos-

phorylation.  Hypoglycemia is most commonly encoun-

tered during acute illnesses or prolonged fasting without 

the administration of exogenous glucose.  To avoid hy-

poglycemia, NPO times should be limited and glucose 

containing fluids administered during prolonged surgical 

procedures.  Additionally, given the potential for hypo-

glycemia as well as hyperglycemia related to pancreatic 

dysfunction, periodic perioperative monitoring of serum 

glucose is recommended. One of the challenges when de-

signing an appropriate anesthetic for patients with mito-

chondrial myopathies is that these disorders may poten-

tially be related to a myriad of different genetic and cel-

lular defects.  As such, when selecting specific agents for 

the induction and maintenance of anesthesia in these pa-

tients, there is generally limited evidence-based medicine 

to guide optimal agent selection.4,5,11   One of the most 

challenging aspects of providing anesthetic care in the 

setting of a mitochondrial myopathy is that there are the 

potential theoretical concerns with the administration of 

both volatile anesthetic agents and propofol.5,11  While 

not absolutely contraindicated, both propofol and the vol-

atile agents have the ability to depress oxidative phos-

phorylation. Volatile anesthetic agents suppress oxida-

tive phosphorylation in a dose-dependent manner by im-

pacting complex I, coenzyme Q, and complex V of the 

mitochondrial respiratory chain.5,11-13  Additionally, pa-

tients with MELAS syndrome and mitochondrial dys-

function may have a heightened sensitivity to the effect 

of the volatile anesthetic agents on myocardial and CNS 

function.13,14 For prolonged or involved surgical proce-

dures, depth of anesthesia monitoring, as was used in our 

case, may be indicated.  Regardless of the agents chose, 

short-acting intravenous and volatile agents offer the ad-

vantage of ease of titration based on CNS and hemody-

namic effects as well as rapid awakening with limited 

postoperative effects.  Propofol alone has been shown to 

inhibit complexes I, II, and IV of the respiratory chain. 

Specifically, propofol acts on complex I and IV inhibiting 

mitochondrial function and uncoupling oxidative phos-

phorylation of fatty acids. This inhibition of mitochon-

drial function by propofol may lead to the classic findings 

of propofol infusion syndrome including renal failure, 

rhabdomyolysis, myocardial dysfunction, and metabolic 

acidosis.15 With these concerns in mind, we chose to use 

total intravenous anesthesia (TIVA) with dexmedetomi-

dine, remifentanil, and remimazolam.  Dexmedetomidine 

is a α2-adrenergic agonist which has been approved by 

the United States Food & Drug Administration (FDA) in 

1999 for the sedation of adults during mechanical venti-

lation and in 2009 for monitored anesthesia care (MAC) 

or procedural sedation.  Although not formally FDA-

approved for use in children, there is significant clinical 

experience with its use for various perioperative clinical 

scenarios.16,17  While anecdotal experience suggests the 

efficacy of a combination of dexmedetomidine and rem-

ifentanil for intraoperative anesthetic care, a potential 

concern includes lack of firm data demonstrating the am-

nestic effects of dexmedetomidine.18-20  To ensure amne-

sia, we chose to add the ester metabolized benzodiaze-

pine, remimazolam as part of the TIVA regimen for our 

patient. Following FDA-approval for use in adults in 

2020, initial clinical trials have demonstrated the efficacy 

of remimazolam for sedation of adults during invasive 

procedures such as gastrointestinal endoscopy and bron-

choscopy.21-23  These trials have demonstrated its efficacy 

for procedural sedation as well as an acceptable safety 

profile with limited effects on hemodynamic function, 

lack of pain with intravenous administration, reduction of 
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post-procedure nausea and vomiting (PONV), and a rapid 

return to baseline neurologic function.  Similar to other 

benzodiazepines, remimazolam provides sedation, amne-

sia, and anxiolysis through the gamma-aminobutyric acid 

(GABA) system.  As an ester-based medication, it is hy-

drolyzed quickly with a more rapid offset than midazo-

lam and a limited context-sensitive half-life.  A previous 

case also outlines the combination of remimazolam and 

remifentanil for general anesthesia (TIVA) in a 54-year-

old woman with MELAS syndrome undergoing a coch-

lear implant.24 Anesthesia was induced by the intrave-

nous administration of a bolus of remimazolam (0.2 

mg/kg )followed by maintenance anesthesia with contin-

uous infusions of remimazolam (1 mg/kg/hr) and rem-

ifentanil (0.2 μg/kg/min).  Neuromuscular blockade was 

provided by intermittent doses of rocuronium with train-

of-four monitoring. Remimazolam dosing was titrated by 

depth of anesthesia monitoring (SEDLine®, patient state 

index). The patient’s trachea was extubated 8 minutes af-

ter discontinuation of the remimazolam infusion.  Recov-

ery of consciousness was accelerated by the administra-

tion of flumazenil. To date, there is limited anecdotal ex-

perience with its use in children.25-27   In our patient, we 

chose to use etomidate for induction of anesthesia given 

the potential followed hemodynamic compromise in pa-

tients with MELAS.  Maintenance anesthesia included an 

infusion of remimazolam, titrated from 5-10 µg/kg/min 

to maintain the BIS value at 50-60 along with infusions 

of dexmedetomidinie (0.5-1 µg/kg/hr) and remifentanil 

(0.3-0.4 µg/kg/min).  Adequate intraoperative anesthetic 

conditions were maintained without adverse effects.  An 

episode of bradycardia was noted; however, this was at-

tributed to an oculocardiac reflex with eye muscle retrac-

tion.  While many different anesthetic techniques and 

agents have been administered safely in patients with mi-

tochondrial disease, there remain anecdotal reports of 

life-threatening complications and death following anes-

thetic care and surgical procedures, regardless of the an-

esthetic regimen.  As a result, it is generally perceived 

that these patients are at increased risk following surgery. 

During the perioperative period, the primary implications 

of mitochondrial disorders include the potential for res-

piratory failure, depressed myocardial function, and car-

diac conduction defects.  Alterations in glucose homeo-

stasis (hypoglycemia or hyperglycemia) and acidosis 

may occur related to surgical stress, hypothermia, post-

operative nausea and vomiting or prolonged fasting. The-

oretical concerns exist that may contraindicate the use of 

both propofol and the volatile anesthetic agents which 

prompted the use of remimazolam in our patient.  Other 

medications are relatively or absolutely contraindicated 

in patients with MELAS as they may impact mitochon-

drial function including metformin, valproic acid, and 

linezolid.   
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