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I NFANTS with hypotonia of unknown etiology pose 
a unique challenge as many of the potential diagnoses 

have major, often conflicting, anesthetic management impli-
cations. The differential diagnosis of hypotonia is long and 
includes possibilities such as Duchenne muscular dystrophy, 
central core disease, and multiminicore disease. Intravenous 
anesthetic techniques are recommended because hyperkale-
mia or malignant hyperthermia is associated with the use 
of volatile anesthetics. However, the differential diagnosis 
of infants with hypotonia also includes mitochondrial dis-
orders. In children with mitochondrial disorders, an intra-
venous anesthetic technique that includes propofol could 
lead to metabolic decompensation because propofol alters 
mitochondrial electron transfer. This dilemma is often 
encountered when hypotonic infants require anesthesia for 
diagnostic tests such as magnetic resonance imaging and 
muscle biopsies for definitive diagnosis.

Case Scenario
A 4-week, 3.7-kg infant presented for a muscle and skin 
biopsy. The infant was full term and had been discharged 
from the hospital with her mother 24 h after delivery. Three 
weeks later she was admitted for poor feeding and weight 

gain. At that time she was noted to be hypotonic and som-
nolent, with laboratory studies indicating a metabolic acido-
sis with a base excess of −10 mm and lactate of 12 mm. Over 
the next week, an extensive set of testing including a serum 
amino acid profile, urine organic acids, newborn screen for 
fatty acid oxidation disorders, mitochondrial point muta-
tion mapping, electroencephalogram, echocardiogram, and 
retina examination were all reported as normal. A head 
magnetic resonance imaging revealed hyperintensity in the 
bilateral thalami, basal ganglia, and frontal lobe white matter 
consistent with a mitochondrial myopathy. After infusion of 
dextrose containing intravenous fluids, she became more 
alert and interactive, but remained hypotonic with a persis-
tent metabolic acidosis with a pH of 7.3, base excess of −6.0 
mm, and lactate of 6.0 mm. A muscle biopsy was planned to 
further direct therapy.

In the operating room, anesthesia was induced with 5 mg 
propofol, 5 μg fentanyl, and 3 mg rocuronium. A propofol 
infusion at 200 μg·kg−1·min−1 was used to maintain anes-
thesia (44 mg propofol total). She returned to the intensive 
care unit intubated. During the 6 h after anesthesia, she 
became more alert but remained intubated and ventilated 
with a respiratory and metabolic acidosis. A capillary blood 
gas measured at that time indicated a pH of 7.14, pCO2 
of 54 mm, and base excess of −10.7 mm. Her blood lactate 
levels had increased to 12.8 mm. Over the next 72 h, she 
became more somnolent and developed a sinus bradycardia, 
presumed to due to worsening lactic acidosis. A bicarbon-
ate infusion and an enteral sodium citrate/citric acid mixture 
were initiated. One week after surgery, her capillary blood 
gas measured a pH of 6.83 and base excess of −24.3 mm. 
The infant died 2 weeks after admission after withdrawal 
of mechanical ventilation. The muscle biopsy confirmed a 
mitochondrial abnormality.

Discussion
What Was the Primary Preoperative Dilemma Concerning 
This Patient’s Anesthetic?
Hypotonia is a common presenting feature in a variety of 
congenital, metabolic, and neuromuscular disorders. The 
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initial assessment and laboratory testing often suggest the 
etiology; however, in those infants who have a neuromus-
cular cause of hypotonia, the potential diagnoses have dif-
fering anesthetic implications. Neuromuscular disorders can 
affect any component of the nervous system from the ante-
rior horn of the spinal column to the muscle fiber (table 1).1 
Each of these diseases can affect multiple organ systems with 
overlapping symptoms and varying clinical presentations.

Children with mitochondrial diseases may present with a 
variety of clinical signs and symptoms such as developmental 
delay, hypotonia, seizures, cardiomyopathy, respiratory mus-
cle weakness, renal or hepatic insufficiency, and lactic acide-
mia,2 but disruption of the mitochondrial respiratory chain 
is the root cause of all these abnormalities. Some of these 
same symptoms can be seen in infants who are susceptible 
to either malignant hyperthermia or profound hyperkalemia. 
malignant hyperthermia is a rare but known complication 
seen when children with congenital myopathies including 
central core disease and multiminicore disease are exposed to 
succinylcholine or volatile anesthetics.3 A different pathology 
causing rhabdomyolysis and profound hyperkalemia can also 
be seen in patients with muscular dystrophy undergoing inha-
lational anesthesia. For this reason, many anesthesiologists 
avoid inhalation anesthetics and succinylcholine in infants 
with hypotonia. However, due to the effect of propofol on 
mitochondrial electron transfer pathways, many experts rec-
ommend avoiding propofol in children with mitochondrial 
diseases. However, several case reports and small case series 
suggest that propofol can be used in this population.4–6

This case highlights a frequent, but challenging anesthetic 
circumstance when a hypotonic infant who does not have 
a confirmed diagnosis is scheduled for an operation.7 In this 
patient, the clinical picture led to a presumed diagnosis of mito-
chondrial myopathy; however, other causes such as a congenital 
myopathy or muscular dystrophy could not be ruled out.

What Is the Basic Science Behind Mitochondrial 
Disorders?
mitochondria are intracellular organelles that have multiple 
functions including adenosine triphosphate (ATP) synthe-
sis, tricarboxylic acid cycle, urea cycle, β-fatty acid oxida-
tion, and lipid and cholesterol synthesis.4 mitochondria 
produce energy using a series of enzyme complexes on the 
inner mitochondrial membrane. Named Complexes I–IV, 
these components comprise the electron transport chain that 
moves electrons from electron donors such as nicotinamide 
adenine dinucleotide to electron receivers such as oxygen. In 
doing so, a proton gradient is created across the inner mito-
chondrial membrane that is used by ATP synthase to turn 
adenosine diphosphate to ATP.8 This ATP is broken down to 
adenosine diphosphate by ATPase, and the energy released 
in this reaction is used for various cellular functions.

mitochondria are unique in that they have their own 
DNA that encodes proteins used in its own processes. 
Nuclear DNA encodes the majority of the proteins that are 
required for normally functioning mitochondria. In fact, 
only 13 proteins, 22 transfer RNAs, and 2 ribosomal RNAs 
are encoded by mitochondrial DNA (mtDNA). The rest of 
the mitochondrial proteins are encoded by nuclear genes.8

Every cell contains between 1,000 and 100,000 copies 
of mtDNA. These copies are homogenous within one indi-
vidual, termed homoplasmy. Any duplication, deletion, or 
mutation of this mtDNA is potentially pathogenic. Both 
pathogenic and normal mtDNA can reside within one 
cell, termed heteroplasmy. Part of the phenotypic variation 
observed in mitochondrial disorders can be explained by this 
heteroplasmy. Unlike in nuclear DNA mutations that affect 
every cell in the body equally, the percentage of mutant 
mtDNA can vary from cell to cell and organ to organ. mito-
chondrial dysfunction only sets in when a certain percent-
age of pathogenic mtDNA is reached.9 This leads to the 

Table 1. Partial Differential Diagnoses of Hypotonia

Neural Defects Myopathies

Spinal muscular atrophies
 Type I (Werdnig–Hoffmann disease)
 Type III (Kugelberg–Welander disease)
Poliomyelitis

Congenital myopathies
 Central core disease
 Multiminicore disease
 Nemaline myopathy

Neurometabolic disorders
 Leukodystrophies
 Mucopolysaccaridoses
 Organic and amino acid disorders

Muscular dystrophies
 Limb girdle muscular dystrophy
 Emery–Dreifuss muscular dystrophy
 Myotonic dystrophy
 Dystrophinopathies (Duchenne, Becker)

Hereditary motor sensory neuropathies
 Charcot–Marie–Tooth
Acute inflammatory neuropathy
 Guillain–Barre
Myasthenia gravis
Botulism

Metabolic myopathies
 Channelopathies
  Hypokalemic periodic paralysis
  Sodium channelopathies
 Mitochondrial
 Lipid myopathies
  Systemic carnitine deficiency
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large number of phenotypic variation that can be found in 
mitochondrial myopathies. This also increases the difficulty 
of diagnosis. Specific point mutations have been described 
for multiple mitochondrial diseases.9 Targeted point muta-
tion mapping can be used to determine the presence of these 
specific variants, but many patients with a mitochondrial 
myopathy do not have any specific mutation identified. The 
large numbers of nuclear genes that encode mitochondrial 
proteins along with heteroplasmy increase the difficulty in 
definitively diagnosing these disorders. Even if a novel muta-
tion is discovered, it may or may not be the cause of the 
pathology seen in the patient.

How Common Are Mitochondrial Myopathies? How 
Common Are Mitochondrial Myopathies in Patients Having 
Muscle Biopsies?
The reported overall incidence of mitochondrial myopathies 
varies from 11.5 to 25 per 100,000.1,5,7 Even though mito-
chondrial myopathies are an uncommon diagnosis in the 
general population, the incidence is potentially much higher 
in those infants presenting for selected diagnostic proce-
dures such as magnetic resonance imaging or muscle biopsy. 
We reviewed the anesthetic management of 40 infants who 
required muscle biopsy to diagnose hypotonia over a 5-yr 
period from 2005 to 2010. mitochondrial myopathy was 
the final diagnosis in 8 of the 40 infants (20%) . In the 
other 32 infants, 8 were diagnosed with congenital myopa-
thies, 1 with muscular dystrophy, 3 with cardiomyopathy 
of unknown etiology, 9 had inconclusive testing, and 11 
had miscellaneous diagnoses such as infantile botulism and 
arthrogryposis.

How Do You Diagnose Mitochondrial Myopathies?
Due to the heteroplasmy as described previously, the defini-
tive diagnosis of this disorder continues to require an open 
muscle biopsy to look for the pathognomonic sign of ragged 
red fibers. As abnormal mitochondria accumulate in the 
muscle fibers, Gomori trichrome stain will show increased 
red coloring at the periphery of the muscle fiber. This look is 
described as ragged red fibers. Laboratory studies and clinical 
picture are not sufficient for a diagnosis due to the genetic 
and clinical variation seen in mitochondrial myopathies.4,10 
Improved blood and cerebrospinal fluid testing to diagnose 
many of these diseases may eliminate the need for perform-
ing muscle biopsy.1,11

How Does Propofol Affect Mitochondria?
Propofol has been described to have several effects on the 
respiratory chain, including inhibition of Complex I and II 
along with modification of ATPase, which allows a proton 
leak reducing the proton gradient (fig. 1).2,12 The decreased 
production of ATP leads to decreased gluconeogenesis, 
increased glycogenolysis, increased glycolysis, and increased 
oxygen uptake.13 Increased glycolysis increases lactate and 
pyruvate production, which may be one reason that propofol 

could cause increased metabolic acidemia after an intrave-
nous-based anesthetic technique.

Case reports in both children and adults have described 
a syndrome of metabolic acidosis, bradycardia, myocardial 
failure, rhabdomyolysis, and renal failure associated with 
propofol infusions. The etiology of propofol infusion syn-
drome is still not completely understood though it is known 
that high doses of propofol additionally inhibit Complex IV 
and carnitine palmitoyltransferase and also causes mitochon-
drial apoptosis.14,15 Propofol infusion syndrome and the aci-
dosis seen with mitochondrial myopathies likely have related 
underlying pathologies.

How Do You Manage Patients with Mitochondrial 
Myopathies?
The types of associated symptoms and signs observed in 
mitochondrial myopathies influence the choice of anes-
thetic management. Propofol is avoided primarily based on 
its effects on mitochondrial metabolism. In many of these 
children, any catabolic stress such as fasting, infection, or 
surgery rapidly leads to hypoglycemia and acidosis, so modi-
fications in the usual fasting recommendations and infusion 
of intravenous dextrose (either 5% or 10%) are included 
whereas solutions containing lactate are not recommended. 
Although there are no contraindications, the severity of 

Fig. 1. Sites of propofol action within the mitochondrion. 
Propofol* denotes sites that are affected with high doses of 
propofol. ADP = adenosine diphosphate; AMP = adenosine 
monophosphate; ATP = adenosine triphosphate; CACT = car-
nitine acyl carnitine translocase; CoA = coenzyme A; CPT = 
carnitine palmitoyl transferase; FADH2 = flavin adenine dinu-
cleotide; FFA = free fatty acid; NADH2 = nicotinamide adenine 
dinucleotide; TCA = tricarboxylic acid cycle.
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concomitant organ dysfunction associated with the mito-
chondrial disorder requires that an anesthetic plan be modi-
fied based on each patient’s disease including presence of 
seizures, hypoventilation, acidemia, cardiomyopathy, renal 
or hepatic dysfunction, and aspiration risk. Volatile anes-
thetics can be used safely, but patients may have increased 
sensitivity requiring lower concentrations.16 Both sensitivity 
and resistance to nondepolarizing muscle relaxants have been 
reported.6 Succinylcholine has been used without adverse 
event,4 but caution is advised because the reported number 
of patients is small. Diaphragmatic muscle fiber atrophy and 
dysfunction is known to occur in individuals after positive 
pressure ventilation.17,18 Though the exact amount of time 
that it takes for this to occur in patients with preexisting 
myopathy is unknown, it is prudent to consider minimizing 
time on positive pressure ventilation when possible.

How Do You Manage Patients with Hypotonia of Unknown 
Etiology?
In infants and children presenting with an unknown cause 
of hypotonia, anesthetic recommendations are often based 
on a presumptive diagnosis. If the infant has had recurrent 
episodes of hypoglycemia and/or acidosis, our approach is to 
manage it as a potential mitochondrial myopathy. At pres-
ent, in children who have mitochondrial myopathies, the 
approach is to use volatile anesthetics and avoid the use of 
propofol. In infants who do not have any metabolic abnor-
malities, propofol is used and succinylcholine and volatile 
agents are avoided. Regional anesthetic techniques as well 
as other induction anesthetic agents such as ketamine and 
etomidate could be considered, each with their unique pro-
files. Ketamine can cause increased intracranial and intra-
ocular pressure, so caution should be exercised in patients 
in whom this increased pressure could be a cause for con-
cern. Etomidate has the well-described effect of causing 
adrenocorticoid dysfunction even after a single dose, with 
prolonged use causing increased morbidity. The clinical sig-
nificance of this after a single dose is not clear because the 
suppression resolves quickly.19

What Knowledge Gap Still Remains?
Due to the multitude of potential diagnoses for hypotonia, 
it is often difficult to decide which anesthetic would be best 
for each patient. The potential for a definitive laboratory 
diagnosis for myopathies would be helpful in limiting the 
number of infants who have undiagnosed myopathy pre-
senting for anesthetic management. Additionally, if each 
mitochondrial myopathy’s effects on electron transfer were 
better understood, then more specific recommendations 
could be made about the use of propofol. There may be 
many types of mitochondrial myopathies in which propofol 
would not cause a deterioration in mitochondrial function. 
In addition, research is needed to understand the conditions 
and medications that exacerbate the potential for metabolic 
decompensation in mitochondrial myopathies as well as to 

determine what interventions are helpful in ameliorating 
those conditions.
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