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Neuromuscular diseases in children: a practical approach

This issue of Pediatric Anesthesia contains reviews of the

most recent knowledge in the clinical and anesthetic

management of pediatric patients with several different

neuromuscular disorders as well as essays on related

clinical topics. Many neuromuscular disorders are rare

inherited conditions. Usually, these are diagnosed

during infancy, childhood, or adolescence.

The goal of basing clinical practice on objective

evidence is difficult to attain in the case of rare condi-

tions, because it is difficult to collect data in an unbiased

fashion from a large number of patients. However,

secure web-based portals have been developed, which

allow patients to enter their own medical history and

choose the level of confidentiality that they wish to

maintain regarding their interaction with investigators.

Genetic Alliance (www.geneticalliance.org, 7 July, 2013)

has an example of this. When patients and their families

choose to participate in such registries, research in their

rare condition is accelerated. For example, the National

Registry of Myotonic Dystrophy and Facioscapulohu-

meral Muscular Dystrophy has acquired 1611 members

and facilitated 24 studies of these rare disorders in

8 years (1). There are efforts to make such registries

international in scope. Language may appear to be a

barrier, but as modern information technology becomes

more widely accepted and available, worldwide partici-

pation can become a reality.

Concerns of anesthesiologists caring for a patient with

a rare disease may not be addressed by registries devel-

oped by other medical professionals or patient-driven

groups. The OrphanAnaesthesia project aims to address

this issue through a portal that has been accessed daily

by 20 000 people using six European languages (2).

OrphanAnaesthesia provides short reports in a standard-

ized format, peer-reviewed by anesthesiologists (www.

orphananesthesia.eu, 7 July, 2013). This results from

strategy developed during the past 10 years at national

and European Union levels to support improvement in

care for those with rare diseases. (www.eucerd.eu, 7

July, 2013). This work was begun as Orphanet in France

in 1997, with government support.

Anesthesia is often administered to pediatric

patients who have signs or symptoms suggestive of

neuromuscular disease, but no diagnosis. Thus, two

different clinical situations are presented to the anes-

thesiologist:

1 Consider the possibility of significant muscle disease

due to the presence of some signs or symptoms in an

apparently healthy ASA 1 or 2 patient.

2 Consider the care of a child with a known or

suspected muscle disease.

During the preanesthetic evaluation, the items noted

in Table 1 should alert us that a muscular problem is

possible. Of course, none of these signs or symptoms are

specific to the presence of a muscle disease, but their

presence should encourage discussion with the pediatric

neurologist before planning anesthesia. Are any of the

diseases listed in Table 2 likely to be present? Similarly,

the occurrence of any of the perianesthetic events listed

in Table 3 should elicit concern that a muscle problem is

present.

When the diagnosis is known or suspected, the anesthe-

siologist usually tries to obtain an answer to the follow-

ing questions: Is there an increased risk of a malignant

hyperthermia (MH) crisis? Is there an increased risk

of anesthesia-induced rhabdomyolysis? Is there an

increased risk of an adverse cardiac or respiratory event?

In fact, the answers to these questions are rarely

straightforward. First, progress in molecular genetics

shows the limits of the classification of muscle diseases

in use today: There is indeed a wide overlap between

genotypes and phenotypes (3). Different mutations of

the same gene can produce muscle diseases classified in

different categories based on clinical presentation or his-

tologic picture and vice versa: For example, mutations

of the selenoprotein N (SEPN1) gene on 1q36 can pro-

duce multiminicore myopathy (a congenital myopathy

associated with MH if caused by a RYR1 mutation),

rigid spine syndrome (a congenital muscular dystrophy),

a myofibrillar myopathy with desmin inclusions, or a

familial cardiomyopathy with almost no skeletal muscle

involvement. Furthermore, the identical mutation may

have different phenotypic presentations.

Secondly, the genetics of the infant or child are usu-

ally unknown at the time anesthesia is required. Thirdly,

the anesthetic literature is often confusing. Case reports

are useful to read but present potential biases:

• We do not know how many unpublished or undiag-

nosed similar cases were anesthetized uneventfully;

• Data on the molecular genetics of the published case

(s) are generally absent;

• Authors often used a non-MH-triggering technique

considering there is a risk of MH when any myopathic

feature is present;

• Cases of so-called MH are often poorly documented:

Hyperthermia is a late sign of MH and should be con-

sidered malignant only in the presence of other signs
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such as increased CO2 production, mixed acidosis,

muscle rigidity, and signs of rhabdomyolysis; more-

over, abnormal muscle structure or metabolism can

affect the results of contracture tests with halothane

and caffeine;

• When a complication is described, it is usually impos-

sible to differentiate between a cause–effect relation-
ship and simple association (4).

There are some general rules that should guide man-

agement of these complex cases.

1 All muscle diseases are multiorgan diseases.

When planning anesthesia in a pediatric patient with

a known or suspected muscle disease, one should keep

in mind the following reasons:

• The heart is usually affected by the muscular disease.

The presence of conduction defects, arrhythmias and

cardiomyopathy should be excluded by EKG and

echocardiography. The relationship between the sev-

erity of cardiac and muscular involvement is unpre-

dictable. For example, patients with Becker muscular

dystrophy (BMD), myotonic dystrophy, or Emery–
Dreifuss disease can present with severe cardiac prob-

lems with almost no muscular symptoms.

• Ventilatory function is often altered because the dia-

phragm, intercostal, and accessory muscles are weak.

Pharyngeal muscle tone is decreased, and chest infec-

tions are frequent (chronic aspiration). Examine the

patient for retractions during normal breathing, eval-

uate the strength of cough, test pulmonary function

if possible, and perform night oximetry to detect

obstructive sleep apnea.

• Other organs can be involved, not only in the presence

of a mitochondrial disorder but also in other muscle

diseases. For example, brain anomalies are present in

muscle–eye–brain disease, and in myotonic dystrophy

type 1, gastrointestinal dysfunction complicates dys-

trophinopathy, myotonic dystrophy type 1, and some

mitochondrial diseases.

Last but not least, the other aspects of the usual

preoperative assessment should not be overlooked: aller-

gies, upper airway infection, possible difficult intuba-

tion, or venous access.

2 Who is at risk of malignant hyperthermia?

Malignant hyperthermia susceptibility (MHS) is

transmitted as an autosomal dominant trait in humans.

In the absence of core myopathies, MHS is asymptom-

atic. MH episodes are more common in males below the

age of 18 years. Questioning about any familial history

of unexplained death under general anesthesia is part of

our routine during the preanesthetic interview. How-

ever, a review of voluntarily reported MH cases showed

that a family history was present in only 6.5% of cases,

but was frequently not known preoperatively and that

50.7% of the patients had undergone two uneventful

Table 3 Perianesthetic events that should prompt searching for pre-

viously unsuspected pathology of muscle

Sudden unexpected cardiac arrest: think hyperkalemia or long QT

Cardiac arrhythmias with no obvious cause (such as abnormal

hypoxemia, hypercarbia, or preoperative electrolytes): think

hyperkalemia

Abnormally prolonged curarization or muscle weakness (18)

Emission of cola-colored urine (fastest point of care test is chemstrip

test of urine (if the test is negative for blood, there is no significant

myoglobinuria) check myoglobinuria, CK, and plasma K)

CK, creatine kinase.

Table 1 Clinical signs and symptoms possibly associated with a

muscle disease

Familial history Muscle disease in the family

Personal history Hypotonia (‘floppiness’) in the neonatal period

Arthrogryposis

Delayed motor development (walking at more

than 2 years of age)

Painful cramps

Emission of cola-colored urine following exercise

or general anesthesia

Examination Enlarged firm calves

Contractures

Amyotrophy

Inexpressive facies (‘carp mouth’)

Walking like a duck

Tachycardia at rest

Paraclinical Asymptomatic elevation of CK or SGOT

EKG: atrioventricular conduction problem with

no history of previous cardiac surgery

CK, creatine kinase.

Table 2 Muscular causes of elevated plasma creatine kinase levels

in asymptomatic or paucisymptomatic infants and children adapted

from Kyriakides et al. (22)

Exclude: trauma, strenuous exercise, IM injection, recent surgery,

drugs (heroin, cocaine)

Dystrophinopathies: Duchenne, Becker

Female carrier of the dystrophin mutation on X

All core myopathies (minicore, multiminicore, core-rod)

Myotonic dystrophy 1 or 2

All autosomic recessive limb-girdle muscular dystrophies (LGMD2)

Caveolinopathy (LGMD1 or rippling muscle disease)

Some metabolic myopathies

Polymyositis

MH susceptibility (~30% of MHS people have chronic CK elevation

at rest)

CK, creatine kinase; MH, malignant hyperthermia; MHS, malignant

hyperthermia susceptibility.
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general anesthetics with triggering agents before devel-

oping a MH crisis (5). A negative familial or personal

history for MH is thus of little value and vigilance

should remain the rule (Table 4).

3 Who is at risk of anesthesia-induced rhabdomyolysis?

This concept was introduced following the observa-

tion of cases of acute hyperkalemic cardiac arrest in chil-

dren with undiagnosed Duchenne muscular dystrophy

(DMD) or BMD who had received succinylcholine. Sim-

ilar cases were also rarely observed when only haloge-

nated agents were used (6,7). Dystrophin, the protein

that is lacking or defective in DMD and BMD, respec-

tively, is a key protein of the glycoprotein–dystrophin
complex that maintains the integrity of the muscle mem-

brane during and after contraction. Its malfunction

leads to chronic tearing of the muscle membrane with

loss of creatine kinase (increased plasma CK), local

inflammation and necrosis, and finally fibrosis. The gen-

eralized depolarization and fasciculations produced by

succinylcholine are obvious causes of increased muscle

membrane damage. Additionally, in many myopathies

with CK elevation, there are often regenerating muscle

fibers that are not innervated. Extrajunctional acetyl-

choline receptors that transmit more potassium in

response to succinylcholine, may be present (8). The

means by which halogenated agents increase breakdown

of myopathic muscle is uncertain. Inhalation agents may

cause a slight depolarization of the sarcolemma, which

increases the entry of calcium into the sarcolemma

during depolarization. A current hypothesis is that myo-

pathic muscles are at increased risk of rhabdomyolysis

of any cause because the chronic accumulation of ion-

ized Ca leads to modification of the normal RYR1

receptor and to some reduction in the metabolic capac-

ity of mitochondria (9). In fact, acute anesthesia-induced

rhabdomyolysis has long been confused with MH in the

literature and some still consider DMD patients to be at

risk of MH. Although the practical endpoint, that is,

avoidance of succinylcholine and halogenated agents, is

the same, the clinical implications are different because

dantrolene is of no help to treat a hyperkalemic cardiac

arrest: Only the administration of calcium and resuscita-

tion maneuvers are lifesaving.

It is noteworthy that the incidence of anesthesia-

induced rhabdomyolysis is much lower than the

incidence of DMD and BMD, and the uneventful

administration of a halogenated agent to DMD patients

has been reported. For example, in a retrospective study,

263 children received a halogenated agent uneventfully

to undergo a muscle biopsy: seven of them finally had

DMD, 2 BMD, and two of these had even received suc-

cinylcholine! (10) Moreover, we do not know whether

the same risk exists for diseases involving other proteins

of the dystrophin–glycoprotein complex. For example,

all autosomal dominant limb-girdle muscular dystro-

phies (LGMD2) are caused by mutations of proteins of

this complex such as sarcoglycans, titin, telethonin,

TRIM32, and calpain 3. Other muscular diseases

involved in the dystrophin–glycoprotein complex are

myotilin (LGMD1A or myofibrillar myopathy), laminin

2 (congenital muscular dystrophies), and collagen 6

(Bethlem myopathy).

In clinical practice, in the presence of a muscle disease

and elevated CK, avoiding halogenated agents and

preparing the anesthesia machine in the same way as for

MHS patients (11) may be the first choice, but the use of

inhalation agents for induction of anesthesia until

venous access is obtained is acceptable (6,7,12,13).

4 Whenever a muscle disease is known or suspected,

avoid using succinylcholine.

This is a well-known safety rule. Succinylcholine can

indeed trigger MH, produce rhabdomyolysis in fragile

muscles and life-threatening hyperkalemia in situations

where acetylcholine nicotinic receptors are spread out-

side the neuromuscular junction (8,14). Succinylcholine

is nowadays easily replaced with a nondepolarizing

muscle relaxant even if a (modified) rapid sequence

induction is necessary. Careful monitoring of neuromus-

cular function is of course mandatory.

5 The clinical presentation of some diseases is different

in infancy and childhood.

For example, the clinical presentation of the neonatal

and childhood-onset forms of myotonic dystrophy is

totally different from the adult form, as described in

textbooks of neurology. The main complaints in early

life are either hypotonia with respiratory problems or

learning difficulties with dysarthria, but myotonia is not

observed before 5–6 years of age (15). Similarly, congen-

ital myasthenia is different from juvenile or adult myas-

thenia gravis: The later is caused by autoantibodies

directed against neuromuscular Ach receptors. A rare

neonatal form of myasthenia gravis does exist: It is tran-

sitory and caused by transplacental passage of maternal

antibodies. Congenital myasthenic syndromes are more

complex diseases that are difficult to diagnose and to

treat (16). They are caused by an anomaly of the neuro-

muscular junction that can be as follows:

• Presynaptic (5%): the production of acetylcholine is

decreased;

• Synaptic (10%): there is a deficit in acetylcholinester-

ase activity and overactivation of the Ach receptors;

• Postsynaptic (70%): the Ach receptors function

abnormally because their number is decreased or
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they are either overstimulated (slow channel) or

understimulated (fast channel). Some syndromes are

caused by mutations of the fetal c-subunit of Ach

receptors and cause hypomobility in utero and pres-

ent with arthrogryposis and/or multiple pterygia

(Escobar syndrome): Muscular function in these

cases improves soon after birth when the fetal sub-

unit is replaced with the ɛ-subunit, but the deformi-

ties caused by poor in utero mobility remain for life

(17)

• Caused by defective endplate development or mainte-

nance (15%), impairing signal transmission to the

muscular membrane.

These cases have highly variable clinical presentation:

arthrogryposis, neonatal hypotonia, respiratory failure

following fever or even general anesthesia (18), ophthal-

moplegia, bilateral vocal cord paralysis, fatigable weak-

ness of the ocular or bulbar muscles, etc. Treatment is

complex: Anticholinesterases are often used but are con-

traindicated in the overstimulation forms, and other

drugs such as ephedrine or salbutamol are potentially

helpful.

6 Monitoring of Neuromuscular Blockade.

Whenever a nondepolarizing neuromuscular blocker

(NDNMB) is given, monitoring should be used to titrate

dosage according to the patient’s response and to ensure

adequate recovery of neuromuscular transmission at the

end of the procedure. Amyotrophy, the presence of

extrajunctional nicotinic Ach receptors, and intrinsic mus-

cle disease can all influence the response to NDNMBs

and also monitoring of neuromuscular transmission. It

is thus important to check the patient’s baseline (‘nor-

mal’) response to train-of-four stimulation before

administering the NDNMB. Even if atrophic muscle is

avoided, calibration problems can occur and an uncali-

brated EMG response may be all that can be obtained.

Nevertheless, the uncalibrated response is useful because

it documents changes in the train-of-four ratio.

In adult patients with myotonic dystrophy, acceler-

omyography has been shown to underestimate the

importance of neuromuscular blockade in comparison

with mechanomyography (19).

7 The floppy infant challenge.

Taking care of a neonate or infant who is hypotonic

remains a challenge (20). We have to provide anesthesia

to help establish a diagnosis (muscle biopsy, MRI), to

palliate consequences of the disease (gastrostomy) or for

any unrelated surgical pathology (e.g., congenital pylo-

ric stenosis). The causes of excessive muscle weakness in

infancy are many (Table 5), and the diagnosis is usually

unknown at the time anesthesia is required. A simple

but safe approach is first to ask the pediatrician which

diagnosis is the most probable on the basis of clinical

examination and measurement of blood CK and lac-

tates. Second, one can base the anesthetic plan on blood

CK and lactates levels:

• If CKs are elevated, dystrophinopathy is the most fre-

quent diagnosis. DMD or another pathology possibly

at risk of anesthesia-induced rhabdomyolysis could be

present, and halogenated agents should be used with

great caution (see above and sections on DMD);

• If lactates are elevated, mitochondrial disease is most

probable. The risk of propofol infusion syndrome

may be increased in these patients (21). Inhalation

anesthetics may be used;

• Ketamine supplemented with nitrous oxide, and, if

feasible, a regional block may be useful.

To conclude, although the above-described approach

may appear simplistic, it is based on the present status

of knowledge and experience. A more evidence-based

approach will be possible if the anesthesia community

can pool individual experiences together. Pediatric anes-

thesia societies should consider setting up an interna-

tional registry in which anesthesiologists could encode

Table 4 Muscle diseases associated with MH susceptibility

Definite increased risk of MH; the presence of a known MH

causative mutation of RYR1

Central core disease

Minicore or multicore myopathy Core rod myopathy

King–Denborough syndrome

Native American myopathy (Lumbee tribe)

Uniform type I fibers myopathy (CNDMU1)

A minority of exertional rhabdomyolysis cases

Weak association, risk probably not increased

Carnitine palmitoyl deficiency II: only 1 case, pathology at risk of

rhabdomyolysis

Hypokalemic periodic paralysis

Brody’s disease: only contracture tests are positive

MH, malignant hyperthermia.

Table 5 Causes of excessive muscle weakness in the neonate and

infant adapted from Hammans (23)

Central nervous system disorders

Congenital myopathy: central core disease, myofibrillar myopathies

Congenital muscular dystrophy

Congenital form of myotonic dystrophy type 1

Spinal muscular atrophy

Myasthenic syndromes: neonatal transient myasthenia, congenital

myasthenia

Metabolic myopathies: mitochondrial myopathies, carnitine

deficiency

Neuropathies
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anesthetic and diagnostic data of patients with a known

muscle disease. Thus, a large body of experience could

be collected in a short period of time. The North

American MH Registry of MHAUS has provided useful

descriptions of the varied clinical presentations of MH

because anesthesia providers contributed many reports

of adverse events on the adverse metabolic/muscular

response to anesthesia (AMRA) form (see Downloads,

www.mhreg.org). A similar data collection system

should be available for all patients with any neuromus-

cular disease.
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