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In this issue of Seminars in Pediatric Neurology, each chapter will focus on the features and
management of individual congenital myopathies. This introductory chapter will provide an
overview of the clinical features that alert the clinician to the likely diagnosis of a congenital
myopathy, and specific features on history and examination that are characteristic of a
specific genetic subtype. Most congenital myopathies share a common pattern of clinical
features, which makes it difficult to predict the genetic cause in a patient by clinical
assessment alone. Although no single feature is specific for the congenital myopathies, the
presence of this common pattern highlights patients in whom a muscle biopsy is likely to
provide important diagnostic information. The diagnosis of a specific congenital myopathy
should only be made when the defining morphologic feature is the predominant pathologic
change, other possible causes have been excluded, and the clinical course is nonprogres-
sive or only slowly progressive.
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The congenital myopathies are a group of genetic muscle
disorders that are characterized by a range of distinctive

abnormalities in the muscle biopsy. The pathologic changes
originate within the myofiber, whose structural diversity al-
lows for an enormous repertoire of pathologic changes.1

Genes that cause congenital myopathies often encode protein
components of the skeletal muscle contractile apparatus (the
sarcomere) and proteins involved in Ca2� signaling, resulting
in inefficient muscle contraction. In contrast, all muscular
dystrophies have the same “dystrophic” pathologic picture
associated with degeneration of muscle fibers and replace-
ment with connective tissue. Muscular dystrophy genes often
encode components of the muscle membrane and extracel-
lular matrix and lead to an increased susceptibility to muscle
damage. In congenital myopathies, degenerating and regen-
erating fibers are not a prominent feature, there is usually not
a marked increase in fibrous connective tissue (although
there are some exceptions), and there is no storage of glyco-
gen or lipids, allowing them to be differentiated from mus-
cular dystrophies and metabolic myopathies.

The common forms of congenital myopathy can be subdi-
vided based on the predominant pathologic feature observed
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under light and electron microscopy into the following cate-
gories:2

Myopathies with protein accumulations: Accumulations of
Z-line proteins known as nemaline bodies or rods are
the defining feature of nemaline myopathy (NM).3,4 Cap
disease, zebra body myopathy, intranuclear rod myop-
athy, and actin myopathy are best classified as variants
of NM. Accumulations of myosin thick filaments occur
in myosin storage (hyaline body) myopathy.

Myopathies with cores: Cores are regions devoid of oxida-
tive activity and, depending on the morphology of the
core, are a feature of central core and multiminicore
disease (MmD). Cores and rods can occur together in
core–rod myopathy.

Myopathies with central nuclei: Abnormally localized,
usually centrally placed nuclei are the predominant fea-
ture in the autosomal and X-linked (myotubular) forms
of centronuclear myopathy.5

Myopathies with fiber size variation: Congenital fiber-type
disproportion (CFTD) is characterized by selective atro-
phy of type 1 (slow twitch) fibers, in the absence of other
structural changes that define the other forms of con-
genital myopathy (eg, rods, cores, or central nuclei).6

Small type 1 fibers are a common feature in congenital
myopathies, and there is overlap between the genetic
basis of CFTD and the other congenital myopathies

listed earlier in the text.
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The relationship between each congenital myopathy,
defined on histologic grounds, and the genetic cause is
complex. Most congenital myopathies can be caused by
mutations in more than one gene, and many of the caus-
ative genes are associated with more than one histologic
diagnosis ((Goebel, see pages 213-215 in this issue;) Table
1). In addition, the histologic abnormalities on biopsy can
evolve, and a patient’s diagnosis may therefore change
over time as additional biopsies are performed. Thus, de-
tailed clinical evaluation, identification of specific diag-
nostic clinical clues, and ancillary investigations such as
muscle imaging, in addition to muscle biopsy findings,
play an increasingly important role in prioritizing gene
testing and in reaching a final genetic diagnosis.

Clinical Features of
Congenital Myopathies
Clinically, the congenital myopathies have the following
common features: generalized weakness, hypotonia, hypore-
flexia, poor muscle bulk, and dysmorphic features secondary
to the myopathy (eg, pectus carinatum, scoliosis, foot defor-
mities, a high-arched palate, and elongated facies). Most con-
genital myopathies present at birth or in early infancy; how-
ever, it is now recognized that there can be a wide variation in
clinical severity within each subtype, ranging from neonates
with profound generalized weakness to patients with subtle
weakness that first manifests during childhood with delayed
motor milestones or even adult onset.

The most severe forms of congenital myopathy present
in infancy—the “floppy infant”—with hypotonia and gen-

Table 1 The Differential Diagnosis of the “Floppy Infant”

Disorder D

Congenital muscular dystrophy Facial sparing, di
dystroglycanop
hyperintensity
dystroglycanop

Congenital myotonic dystrophy Affected mothers
documented, e
testing for DM1
show central n
myopathy.

Metabolic myopathies Organomegaly (li
Metabolic acid
acid screen. Gl
biopsy. CNS in

Congenital myasthenic
syndromes*

Can present with
Single-fiber EM

Spinal muscular atrophy Tongue fascicula
ongenital hypomyelination
neuropathy

Abnormal sensor
studies. Nerve

rader-Willi syndrome Marked hypotoni
testing—chrom

CK, creatine kinase; MRI, magnetic resonance imaging; EMG, ele
AChR, acetylcholine receptor.

*Disorders most closely mimicking congenital myopathies because
eralized muscle weakness, and a “frog leg” posture, often
in association with respiratory and bulbar weakness.
Other common clinical signs in infancy are prominent
facial weakness (including ptosis) and associated dysmor-
phic facial features such as dolichocephaly, long face, and
high-arched palate. Ophthalmoparesis (ie, involvement of
the extraocular muscles) is a feature of several congenital
myopathies, and may be present at presentation or de-
velop during childhood. Most infants have depressed deep
tendon reflexes and normal intelligence, and many have
difficulty swallowing and sucking. Weakness is most often
generalized or more prominent in limb-girdle and proxi-
mal limb muscles, although some congenital myopathies
have prominent axial and/or respiratory muscle weakness
or weakness of ankle dorsiflexion.6 In patients with severe

eakness, respiratory insufficiency is common, and the
ost severely affected infants require continuous ventila-

ion for survival.

Investigations
Creatine kinase levels are within normal limits or only mildly
elevated (although it must be noted that creatine kinase levels
can be nonspecifically elevated in the first week of life). Elec-
tromyography results are either normal or myopathic (al-
though neuropathic changes can be observed with severe
neonatal weakness or in distal muscles later in the disease
course). Nerve conduction study results are normal.

Muscle imaging, particularly muscle magnetic resonance
imaging (MRI), can be particularly helpful to differentiate
between different forms of congenital myopathy by identify-
ing patterns of selective muscle involvement associated with

entiating Features and Investigations

xity (collagen VI), calf hypertrophy (�-
), raised CK, abnormalities on cranial MRI: T2-
in-�2), neuronal migration defects (�-
), dystrophic muscle biopsy
e clinically asymptomatic. If family history is not
mother clinically and by EMG for myotonia. Genetic

e that facial weakness is common, and muscle biopsy can
eminiscent of X-linked centronuclear (myotubular)

d heart) in Pompe disease. Raised serum or CSF lactate.
levated ammonia, abnormal urinary amino and organic
n or lipid accumulation, ragged red fibers on muscle
ent clinically or on cranial MRI.
weakness, ptosis, ophthalmoplegia, and bulbar weakness.
repetitive nerve stimulation. Maternal AChR antibodies.

facial sparing. Denervation on EMG. SMN1 gene testing.
ngs. Denervation on EMG, slowing on nerve conduction
.
ciated with bulbar weakness and failure to thrive. Gene
15q methylation studies.

ography; CSF, cerebrospinal fluid; CNS, central nervous system;
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practical way to image muscle at the bedside; however, it is
reliant on the expertise and experience of the ultrasonogra-
pher. Muscle imaging is usually used in conjunction with
results from a muscle biopsy to prioritize gene testing.7 Spe-
cific MRI patterns of muscle involvement will be reviewed
under specific disorders and in the chapter by Quijano-Roy et
al (See pages 221-229 in this issue) on muscle imaging.

Muscle biopsy is usually performed when the clinical as-
sessment is highly suggestive of a primary myopathic process
and once other appropriate investigations have been per-
formed to exclude the more common differential diagnoses
(mentioned later in the text).

Clinical examination and muscle imaging (MRI or ultra-
sonography) can be used to select the most appropriate mus-
cle for biopsy if muscle involvement is patchy. Muscles that
are weak, but are not at the end stage of the degenerative
process, are the best for biopsy. Muscle biopsy can be per-
formed as an open procedure or as a needle biopsy (if the
practitioner is experienced), and, if possible, the biopsy
should be processed in a specialized center by personnel
experienced in handling muscle tissue and interpreting mus-
cle pathology and performing specialized staining.8 A single
biopsy site is usually sufficient; the most commonly biopsied
muscles are vastus lateralis, deltoid, and biceps.

Most congenital myopathies can be diagnosed using
light microscopy. Immunohistochemical studies are rarely
needed, unlike in cases of muscular dystrophies, for which
immunohistochemistry and Western blotting are often es-
sential to characterize which muscle proteins are absent or
reduced (eg, absence of laminin-�2 [merosin] in congen-
tal muscular dystrophy type 1A). Electron microscopy is
ndicated to clarify or confirm equivocal abnormalities ob-
erved under light microscopy or to exclude subtle mor-
hologic changes (such as small rods or cores) in patients
ith CFTD.
Genetic testing for different congenital myopathies is

sually prioritized based on a combination of information
ained from clinical presentation and examination, family
istory, and muscle biopsy, with or without muscle MRI.
enetic testing before muscle biopsy is usually only con-

idered to exclude an alternative diagnosis (mentioned
ater in the text), or when there is a severely ill infant or
hild in whom muscle biopsy is considered to be a risky
rocedure, and the decision to withdraw care is being
onsidered. Genetic testing for myotubularin (MTM1),
ongenital myotonic dystrophy (DM1), and �-skeletal ac-

tin (ACTA19,10 responsible for 50% of severe congenital
ethal cases of NM) may be appropriate if a biopsy cannot
e obtained antemortem. All of these disorders are recog-
ized to be associated with severe congenital-onset muscle
eakness, with a relatively poor prognosis. In these cir-

umstances, it is advisable to collect muscle and blood for
iopsy and DNA testing, respectively, and to establish a
broblast cell line immediately after death so that addi-
ional diagnostic testing can be performed to guide genetic

ounseling. t
Common Differential Diagnoses
There is marked clinical overlap between congenital my-
opathies and other neuromuscular disorders, including
the muscular dystrophies, congenital myotonic dystrophy,
metabolic myopathies such as Pompe disease, congenital
myasthenic syndromes, spinal muscular atrophy, congen-
ital hypomyelination neuropathy, and Prader–Willi syn-
drome, all of which can present in the newborn period
with marked hypotonia. As noted earlier in the text, con-
genital myopathies are often a diagnosis of exclusion, and
sometimes other investigations are warranted before con-
firming the diagnosis by muscle biopsy. Investigations to
exclude the common differential diagnoses are summa-
rized in Table 1.

The differential diagnosis is similar in patients presenting
in childhood or later with delayed motor milestones or more
subtle weakness, with the addition of the limb-girdle muscu-
lar dystrophies, myotonic dystrophy, other forms of heredi-
tary motor and sensory neuropathy, less severe forms of spi-
nal muscular atrophy (eg, spinal muscular atrophy type 3),
and acquired inflammatory and autoimmune disorders (eg,
viral myositis, autoimmune myasthenia gravis, Guillain–
Barre syndrome).

Increased reflexes or central nervous system dysfunction
makes the diagnosis of a congenital myopathy unlikely, al-
though weak infants have an increased risk of perinatal as-
phyxia and may have coexisting hypoxic encephalopathy.
The presence of dysmorphic features, other than those due to
myopathic facies, should prompt the clinician to consider
other diagnoses and perform chromosomal analysis includ-
ing comparative genomic hybridization array.

Clinical Clues to the
Diagnosis of Specific
Subtypes of Congenital Myopathy
As outlined previously (Goebel, Introduction: Table 1), the
congenital myopathies are genetically heterogeneous. For ex-
ample, there are currently 7 known genetic loci for NM. In
addition, mutations in the same gene can cause different
muscle pathologies. Mutations in the ryanodine receptor 1
gene (RYR1) are classically associated with dominant central
core disease, relatively mild late-onset weakness, and in-
creased risk of malignant hyperthermia; however, recent
studies have shown that recessive (and some dominant) RYR1
mutations can result in a much more severe clinical pheno-
type associated with MmD, centronuclear myopathy, CFTD,
and even congenital muscular dystrophy.11,12 Thus, clinical
lues that suggest a specific genetic cause are invaluable in
uiding and prioritizing additional investigations including
enetic testing.

Facial weakness has already been mentioned as an impor-
ant clinical sign for differentiating congenital myopathies
rom congenital muscular dystrophies and spinal muscle at-
ophy. Pronounced facial weakness, predominantly affecting

he lower face and mouth (resulting in an open mouth, drool-
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ing, articulation difficulties, tented upper lip, and high-
arched palate) is particularly associated with severe congen-
ital onset forms of NM (caused by mutations in ACTA1 and

EB) and severe forms of centronuclear (myotubular) myop-
thy (MTM1, DNM213, and RYR111). Facial weakness is often

accompanied by bulbar and respiratory muscle weakness,
and the same disorders tend to have significant respiratory
muscle involvement in the newborn period. The most impor-
tant differential diagnoses are congenital myotonic dystrophy
(DM1) and congenital myasthenic syndromes.

Ophthalmoparesis (involvement of the extraocular mus-
cles) is a feature of centronuclear myopathies (MTM1,
DNM214, RYR1), and the main differential diagnosis is con-
enital myasthenic syndrome.

Mutations in the gene encoding selenoprotein N
SEPN1) are associated with a range of muscle pathologies
eg, MmD, congenital muscular dystrophy) but present
ith a distinctive clinical phenotype with predominantly

xial weakness (pronounced head lag and early-onset sco-
iosis) and respiratory muscle involvement out of propor-
ion to skeletal muscle weakness. Typically, patients are
till ambulant when they require nocturnal ventilation.
he main differential diagnosis of pronounced axial weak-
ess is muscular dystrophy associated with mutation in
he gene encoding lamin A/C (LMNA). Patients with NM
aused by mutations in NEB, TPM3, or ACTA1 can also

develop respiratory muscle weakness out of proportion to
their skeletal muscle weakness, and they are at risk of
insidious nocturnal hypoxia if regular sleep studies are not
included as part of their disease surveillance.

Orthopedic complications such as kyphoscoliosis and
contractures can occur in all forms of NM,3 but are particu-
arly common in NM and RYR1-related myopathies. Hip dis-
ocation at birth is suggestive of RYR1 mutations, with colla-
en VI-related/-associated muscle dystrophy (Ullrich) as the
ain differential diagnosis. Fetal akinesia associated with ar-

hrogryposis can be caused by reduced fetal movement at any
evel of the neuraxis; however, among the congenital myop-
thies, mutations in skeletal muscle �-actin (ACTA1), nebu-

lin (NEB), ryanodine receptor (RYR1)11, and fast �-tropomy-
sin (TPM2) can present in this way.
Distal muscle involvement is observed in a subset of con-

enital myopathies, particularly those associated with muta-
ions in NEB, TPM3, MHY7, and DNM2, and can result in foot
rop and pes cavus. The main differential diagnosis is a pe-
ipheral neuropathy.

Cardiac involvement is unusual in congenital myopathies.
ardiomyopathies have rarely been reported in patients with
utations in ACTA1-related NM, but may be a predominant

eature of patients with mutations in the genes encoding titin
TTN) and myosin heavy chain 7 (MYH7).

Conclusion
Accurate genetic diagnosis is essential in guiding manage-
ment, for prediction of prognosis and recurrence risk, for
prevention through prenatal and preimplantation diagnosis,

for presymptomatic diagnosis, and, increasingly, for eligibil-
ity to participate in clinical trials of new therapeutic agents.
Historically, the congenital myopathies have been catego-
rized based on muscle biopsy findings, but the exponential
growth in our understanding of the genetic basis for these
disorders has revealed marked genetic heterogeneity and
overlap in the genes that can result in a specific ultrastruc-
tural findings on muscle biopsy. In fact, it is increasingly
evident that diverse pathologies, such as rods, cores, central
nuclei, and type 1 fiber hypotrophy, can be caused by a
variety of disease mechanisms and represent a limited re-
sponse of the muscle fiber to a range of pathologic processes.
Although muscle biopsy findings are an important factor in
reaching a diagnosis, specific clinical and muscle imaging
clues to the underlying genetic cause are of increasing impor-
tance. It is likely that the classification of congenital myopa-
thies will become “gene-based” rather than “muscle pathology-
based” in the future. This will become increasingly the case as
new methods of genetic analysis such as next-generation se-
quencing and muscle chip “array” technologies increase the
ease of mutation detection.
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