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Introduction

Congenital muscular dystrophies (CMDs) are a heteroge-
neous group of disorders presenting early in life during infancy
or soon after birth with muscle weakness and hypotonia, some-
time associated to severe brain involvement and histologically
presenting with dystrophic lesions. They are classified on the
basis of the clinical features, pathologic findings and pattern of
inheritance. In fact most of these disorders are inherited and
linked to specific genes. Several CDMs classifications have been
proposed [1-3]. The main CMD subtypes, classified by patho-
genic gene, are laminin alpha-2 (merosin) deficiency (MDC1A),
collagen Vi-related CMD (COL6-RD), the dystroglycanopa-
thies -such as Walker-Warburg syndrome (WWS), Fukuyama
CMD (FCMD), and muscle-eye-brain disease (MEB)-, SELENON
(SEPN1)-related CMD, and LMNA-related CMD (L-CMD) [4]. The
incidence and prevalence of CMDs in various populations is
not sufficiently known and may have been underestimated in
early published CMD surveys owing to more limited diagnos-
tic means available. Point prevalence in various studies ranges
from 0.56 to 2.5 per 100,000 [5-10]. The relative frequency of

CMD subtypes also varies in different populations. The most
common CMD subtypes are laminin-a2 related CMD and dys-
troglycanopathies, followed by collagen Vli-related CMD. The
forms of congenital muscular dystrophy related to mutations in
SEPN1 and LMNA are less frequent [9,11]. CMDs are often auto-
somal recessive, but some cases have been found to follow au-
tosomal dominant patterns, by direct inheritance, spontaneous
mutations, or mosaicism. Clinical genetic testing is available for
virtually all genes known to be associated with CMDs. However,
many affected individuals remain without a genetic diagnosis,
an indicator that novel disease genes have yet to be identified
[3]. Differential diagnosis of patients presenting with weakness
in early infancy includes: Congenital myopathies like central
core, nemaline road, and centronuclear myopathy and those
secondary to metabolic disorders; Disorders of the myoneural
junction including congenital myasthenia gravis and infant bot-
ulism and Neuropathies like spinal muscular atrophy (SMA) and
hereditary motor sensory neuropathy (HMSN) [12]. Nowadays
the diagnosis is based on clinical presentation, laboratory tests
and genetic investigations. Muscular biopsy can be an impor-
tant diagnostic tool if genetic tests are not available. Brain MRI
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and muscular MRI are performed if available. We discuss brain
MR imaging findings in our patients with CMDs trying to outline
common features and differences in order to aid in the diagno-
sis of these rare disorders before performing genetic tests.

Materials and methods

Four children with CMDs were retrospectively analyzed:
n.1 with merosin-deficient CMD (MDC1A); n.2 and n.3 with
Walker Warburg syndrome (WWS); n.4 with Ullrich myopathy
(COL6-RD). Two were boys and two were girls. Case n.2 and
n.3 were siblings. Parental consanguinity was found in all the
families. One family was Turkish, the other two were Moroc-
can. All the patients showed general hypotonia and muscle
weakness at birth. In patients with merosin-deficient CMD and
Walker Warburg myopathy phosphokinase (CPK) concentra-
tion was markedly elevated (>1000 U/I, normal range<175 U/I),
while was only mildly elevated in patient with COL6-RD. Genetic
tests were performed in two of the four patients, one patient
(n.2) was dead at the time of the study, her parents refused
genetic tests for their daughter still alive. Children were studied
with MRI of the brain. MRI were obtained on a 1.5-T imager.
T1-weighted sagittal and axial images, T2-weighted sagittal and
coronal images were obtained in all four patients. The MRI stud-
ies were analyzed for structural abnormalities of the cerebrum
and cerebellum, cortical migration anomalies and white matter
disorders. We also determined the presence of enlarged sub-
arachnoid spaces, ventriculomegaly, abnormalities of the brain
stem.

Patient 1 was the third child of a Moroccan couple. There
was a history of consanguinity in parents (first cousins). Preg-
nancy and delivery were uneventful. At birth he had severe
hypotonia and muscle weakness but he did not require venti-
latory assistance. His head circumference was normal, no dys-
morphic features were present. At the age of nine months (last
follow up) he was still unable to hold his head up. He did not
have respiratory problem. He was able to eat by mouth but his
weight gain was poor. On examination he had myopathic facies
and pectus carinatum. He was hypotonic with absent deep ten-
don reflexes and joint contractures of distal lower extremities.
Speech development was normal (babbling). At birth his serum
CPK was 46540 U/I. His echocardiogram was normal. EEG was
unremarkable. We analyzed the LAMA2 gene sequencing and
revealed a homozygous mutation c.3976C>T. The same muta-
tion was found in both the parents in heterozygosis. Due to the
result of genetic test, muscle biopsy was not performed. Mag-
netic resonance imaging (MRI) of the brain, performed when he
was 5 months, showed diffuse high signal in the periventricular
and subcortical white matter especially in the parieto-occipital
lobes (Figure 1).

The patient 2 and 3 were sisters. Their parents were con-
sanguineous (first cousins), the family came from Morocco. The
patient 2 was born at term. During pregnancy a severe cerebral
malformation was revealed by prenatal ultrasound. From birth
she exhibited marked hypotonia with generalized muscle weak-
ness and respiratory difficulties. CPK was elevated (1100 U/I).
She underwent a brain MRI which revealed cortical dysplasia
(type Il lissencephaly, Cobblestone type), multiple heterotopic
subependymal nodules, mid brain kinking, cerebellum hypo-
plasia, high signal in the periventricular and subcortical white

matter, hydrocephalus, occipital meningocele (Figure 2). Echo-
cardiography was normal. She was unable to breath without
support. She was unable to suck so a nasogastric tube for feed-
ing was necessary. On examination the patient was hypotonic,
deep tendon reflexes were diminished. She had joint contrac-
tures of upper and lower extremities, myopathic facies, mi-
crophthalmia. Her head circumference was normal at birth but
increased due to hydrocephalus. Parents did not give consent
for ventriculoperitoneal shunt. In the following years her motor
milestones were markedly delayed. She was unable to hold her
head up and to sit alone. Language was absent. She died when
she was five years old. Clinical and radiological aspects were
suitable for Walker Warburg syndrome.

a N\

Figure 1: axial T2-weighted MR images of Patient 1. Diffuse pro-
longed signal is present in the white matter especially in the pari-
. eto-occipital lobes. )

Figure 2: axial T2-weighted MR images of Patient 2. Cerebral corti-
cal dysplasia (type Il lissencephaly, Cobblestone type), high signal

. inthe periventricular and subcortical white matter, hydrocephalus.
\ ),
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The patient 3 was the sister of patient 2. Her problems were
the same. She was born at term, by caesarian section per-
formed for cerebral malformation revealed by prenatal ultra-
sound. She had global hypotonia, generalized muscle weakness
and respiratory difficulties. Her head circumference was normal
at birth but increased due to hydrocephalus. She showed two
small occipital and parietal meningoceles. Her serum CPK level
was 4370 U/I. EEG showed hypostructured activity with bilat-
eral slow waves. Cerebral MRI revealed cortical dysplasia (type
Il lissencephaly, Cobblestone type) over temporo-occipital ar-
eas, cerebellar hypoplasia especially of the vermis, mid brain
kinking, small posterior fossa, high signal in the periventricu-
lar and subcortical white matter. Triventricular hydrocephalus
with partial pellucid sept agenesis and hypoplasic optic bulbs
with abnormalities of the crystalline and vitreous, retinal de-
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tachment were also present (Figure 3). Clinical and radiological
aspects were suitable for Walker Warburg syndrome. The head
circumference increased since the first days of life and a ventric-
uloperitoneal shunt was necessary. At the last visit the child was
12 months. Her motor milestones were markedly delayed. She
was unable to hold her head up and to sit alone. Language was
absent. She was able to breath without support but she was fed
by nasogastric tube. Clinical and radiological aspects were suit-
able for Walker Warburg syndrome.The parents refused to do
genetic tests for both.

Patient 4 was the fifth child of healthy consanguineous (first
cousins) Moroccan parents. His head circumference was nor-
mal. Global hypotonia, proximal elbow and knee contractures
and hyperlaxity of the distal joints were noted at birth. He had
congenital hip dislocation. He acquired ambulation, showing a
mild delay (18 months). At last follow up clinical examination
showed bilateral proximal muscle weakness, affecting the upper
more than the lower limbs, distal laxity in the wrist and in the
extensor of the fingers, proximal contractures, spinal involve-
ment with kyphosis and severe scoliosis, talipes equinovarus.
Muscle weakness was stable up to 5 years; then progressively
worsened with increasing age, resulting in frequent falls, diffi-
culty in standing up and raising arms above the shoulders. He
presented severe tendon Achilles tightness, corrected by surgi-
cal lengthening at 6 years old; after surgery, he didn’t restart
walking. Cognitive, language and social development were ap-
propriate. Examinations of the respiratory systems (spirometry)
was normal; echocardiography and serial EKG were normal. Se-
rum creatine kinase (CK) levels was only mildly elevated (max
493 U/1). Other hematological test results were normal. Electro-
myography (EMG) presented mild myopathic abnormalities and
motor and sensory nerve conduction study was normal. The
muscle biopsy (H&E stain, modified Gomori Trichrome, oxida-
tive stains, ATPase stains) showed the typical histological pat-
tern of muscle anomalies of dystrophic lesions. Immunohisto-
chemical examination showed a complete absence of collagen
VI immunoreactivity. Genetic tests found an homozygous dele-
tion c.6284delG (p. Gly2095Alafs*12) in exon 18 of the COL6A3
coding sequence (encoding the a3 chains of collagen VI) carry-
ing a pathogenetic significance. Brain MRI findings were normal.

Results

Case summaries for all four children are presented in Table
1land 2.

. small posterior fossa. J
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Figure 3: sagittal T1-weighted MR images of Patient 3. Cerebral
cortical dysplasia (type Il lissencephaly, Cobblestone type), triven-
tricular hydrocephalus, cerebellar hypoplasia, mid brain kinking,
small posterior fossa. )

Figure 4: sagittal T1-weighted MR images of Patient 3. Cerebral
cortical dysplasia (type Il lissencephaly, Cobblestone type), triven-
tricular hydrocephalus, cerebellar hypoplasia, mid brain kinking,

e
[ Table 1: Case summaries.
\\;

Patient . Age 'at Clinical symptoms at birth
diagnosis/sex

1 2 months hypotonia and muscle weakness; joint contractures

5 1 month hypc?tonla and muscle weakness; feeding and
respiratory problems

3 1 month hypc?tonla and muscle weakness; feeding and
respiratory problems

4 8 months hypotonia and hyperlaxity of the distal joints

CPK: creatine phosphokinase. No: not performed

CPK (U/1) Genetic diagnosis

LAMA2 gene homozygous

46540 U/ mutation ¢.3976C>T
1100 U/I no

4370 U/I no

493 U/ COL6A3 gene homozy-

gous deletion c.6284delG
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| Table 2: Brain MRI findings.

AN

White matter Cerebral cortical Cerebellar Hypoplasia of Ventriculo- Hydroce- Enlarged .
Case R . R . subarachnoid Other
abnormality dysplasia abnormality brain stem megaly phalus space
diffuse high
signal in the
1 periventricular No No No No No No No
and subcortical
WM
high signal in the ) multiple hetero-
. . lissencephaly . L .
periventricular K Cerebellum mid brain kink- topic subependymal
2 . with cobblestone . ) No Yes No L
and subcortical hypoplasia ing nodules, occipital
cortex
WM encephalocele
high signal in lissencenhal small posterior
the periventricu- K phaly cerebellar mid brain kink- fossa, partial pel-
3 .| with cobblestone ) ) No Yes No . ]
lar and subcorti- hypoplasia ing lucid sept agenesis,
cortex
cal WM encephaloceles
4 No No No No No No No No

MRI: magnetic resonance imaging; WM: white matter

Discussion

Congenital muscular dystrophies (CMDs) are genetically and
clinically heterogeneous hereditary myopathies. Congenital
hypotonia and muscular weakness, decreased or absent deep
tendon reflexes, delayed motor milestones, CPK elevation and
white matter and grey disorders on brain MR are common fea-
tures.

Usually patients with merosin-deficient CMD have normal
head circumference, normal or near-normal intelligence, and
high CPK levels. Contractures and joint deformities may be
present at birth [13]. Philpot et al [14] collected clinical features
and brain imaging in 24 cases of CMD in relation to the mero-
sin status. Magnetic resonance imaging of the brain was car-
ried out on 15 of the children. All eight merosin-positive cases
had normal scans whereas all seven of the merosin-deficient
cases had significant changes in the white matter. This study has
demonstrated that children with merosin-deficient CMD have
a more severe clinical phenotype and associated white matter
changes on brain imaging. Leite et al [15] evaluated 25 patients
with partial or total merosin deficiency using MRI. Bilateral WM
involvement was seen to be more prominent in the parietal,
frontal, and temporal regions of the brain. The brain stem and
internal and external capsules were less affected. Cerebellar
WM involvement was rare. This series of patients demonstrated
that there was no correlation between the extent of WM abnor-
mality on MRI and the clinical status and degree of merosin de-
ficiency (partial or total). Changes on follow-up imaging studies
did not correlate with the clinical status of the patient. Di Blasi
et al [16] revealed white matter changes in all cases on MRI per-
formed in 8 patients with merosin-negative CMD. Oliveira et al
[17] performed MRI in 22/26 patients with merosin-negative
CMD and revealed white matter changes in all cases. In addi-
tion, they detected other cerebral changes included abnormal
gyration in three patients. In patients with merosin-deficient
CMD Caro et al [18] suggested that the increased T2 prolunga-
tion time on brain MR may be caused by increased water con-
tent in the white matter due to an abnormal blood-brain barrier
rather than decreased or abnormal myelination. This finding
could be consistent with the normal or near-normal intelligence
seen in merosin-deficient CMD while leukodystrophies are usu-
ally associated with symptoms due to CNS involvement.

Clinical presentation of dystroglycanopathies is heteroge-
neous ranging from early and severe clinical involvements, as
demonstrated by the WWS, MEB, and FCMD, to later and less
pronounced muscle impairment and with/without comorbidity
with other body-organs [19-21]. The most severe forms are as-
sociated with head circumference above the average, mental
retardation and high CPK levels [22]. Fukuyama-type congenital
muscular dystrophy (FCMD), muscle-eye-brain disease (MEB),
and Walker-Warburg syndrome (WWS) are autosomal recessive
disorders characterized by congenital muscular dystrophy with
structural brain and eye abnormalities. Initially, alpha-DGP was
classified under congenital muscular dystrophies; however, the
clinical phenotype is now expanded to include a markedly wide
spectrum ranging from the most severe, lethal congenital mus-
cular dystrophy with severe brain deformity to the mildest limb
girdle muscular dystrophy with minimal muscle weakness. As
stressed by Martin [23] mutations in 6 genes are now known
to give rise to forms of congenital or limb-girdle muscular dys-
trophy where defects in O-linked glycosylation are responsible,
the so-called dystroglycanopathies. Genes for Walker Warburg
syndrome, muscle-eye-brain disease, Fukuyama congenital
muscular dystrophy, congenital muscular dystrophy 1C and 1D,
and limb girdle muscular dystrophy 2l have been identified. The
notion that each disorder is clinically distinct and is caused by
a mutation in a distinct gene, a theme prevalent in the early
literature, is incorrect. Some generalities, however, remain. For
example, WWS, MEB, and FCMD all share common brain mal-
formations in addition to muscular dystrophy, whereas brain
malformations are far less common in MDC1C and are not pres-
ent in LGMD2I. The most common brain finding in WWS, FCMD,
and MEB is type Il (cobblestone) lissencephaly. In WWS, the
brain can be almost completely agyric. Other brain findings can
include dilation of the cerebral ventricles, flattened brainstem,
absent corpus collosum, aberrant myelination, and occasional
occipital encephalocele. As stressed by Bonneman et al [24] the
hallmark of central nervous system involvement in the dystro-
glycanopathies, on brain MRl is represented by the cobblestone
complex, ranging from complete lissencephaly (type Il) to more
focal pachygyria or polymicrogyria showing a frontal predomi-
nance. Typical findings on brain MRI include high signal in the
white matter on T2 weighted and FLAIR images and are seen
in all patients but are most obvious in patients greater than 6
months of age. The internal capsule, corpus callosum, and other
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dense fiber tracts are usually spared, but there may be subcorti-
cal cyst formation. White matter abnormalities on MRI are also
seen in patients with incomplete deficiency, while patients with
very late adulthood onset may have normal brain MRI.

Ullrich CMD typically presents in the newborn period with
striking distal joint hypermobility of the hands and often feet
with prominent calcanei, while talipes equinovarus can also
occur. Congenital hip dislocation is frequently present. Proxi-
mal elbow and knee contractures, kyphoscoliosis, and torticol-
lis may be also present at birth and may improve initially with
physical therapy and orthopedic treatment. Cognition is normal
and often advanced for age. CK is normal or mildly elevated.
Neonatal respiratory failure, severe feeding difficulties, con-
genital contractures or major joint hyperlaxity would be highly
unusual presenting features. Muscle biopsy showed dystrophic
changes with absent staining for collagen. Mutations in one of
the three COL6 alpha genes (COL6A1, COL6A2, and COL6A3) can
lead to the COL6-RD spectrum, ranging from early onset, severe
Ullrich CMD (UCMD) to an intermediate severity phenotype to
milder Bethlem myopathy (BM) [25]. Brain MR is not usually
performed in Ullrich CMD patients.

In our series MRI findings concerning white matter were
strikingly similar for three out of four patients. On T2-weighted
images three cases had a diffuse and symmetrical increase in
signal in the white matter of the cerebral hemispheres. Type
Il (cobblestone) lissencephaly, mid brain kinking, cerebellum
hypoplasia, hydrocephalus and occipital meningocele were
present in patient 2 and 3 as typically in WWS. The brain stem
and the cerebellum were structurally normal in patient 1 and
4. Our experience is similar to that found in the literature [18]
in that CNS involvement with MR white matter abnormalities
could be present without clinical evidence (see patient 1 with
normal cognition). As stressed by Kang et al [3], many studies
demonstrated that abnormal findings on brain imaging stud-
ies can predict the subtype-specific diagnosis in some cases,
especially in merosinopathy (white matter abnormalities) and
in some dystroglycanopathies (polymicrogyria, white matter le-
sions, pontine hypoplasia, and subcortical cerebellar cysts).

Conclusion

Several conditions may manifest with infantile hypotonia,
including anomalies of the central or peripheral nervous sys-
tem with involvement of the spinal cord, anterior horn cell, pe-
ripheral nerves, neuromuscular junction, and muscles. Differ-
ent muscular diseases share common clinical symptoms such
as hypotonia and weakness, contractures, delayed motor mile-
stones. The diagnostic evaluation is not easy mainly in differen-
tiating the various types of CMDs, and represents a challenge
for the neonatologists and pediatricians. Brain MRI findings play
an important role in suspecting a specific CMD subtype in order
to prioritize testing to arrive at a final genetic diagnosis. Brain
MR imaging findings may help the clinicians in the diagnosis of
rare disorders before performing genetic tests. Performing clini-
cal and molecular diagnosis is extremely important for genetic
counseling, prognosis, and anticipatory or prospective treat-
ment. Once the pathogenic variant(s) have been identified in
an affected family member, it is possible to perform prenatal
testing for a pregnancy at increased risk and preimplantation
genetic diagnosis for CMD.
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