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Early Muscle MRI Findings in a Pediatric Case of
Emery-Dreifuss Muscular Dystrophy Type 1
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Introduction

Emery-Dreifuss muscular dystrophy (EDMD) is a rare disease characterized by early
contractures, progressive muscle weakness, and cardiac abnormalities. Different sub-
types of EDMD have been described, with the two most common forms represented by
the X-linked EDMD1, caused by mutations in the EMD gene encoding emerin, and the
autosomal EDMD2, due to mutations in the LMNA gene encoding lamin A/C. A clear
definition of the magnetic resonance imaging (MRI) pattern in the two forms, and
especially in the rarer EDMD1, is still lacking, although a preferential involvement of the
medial head of the gastrocnemius has been suggested in EDMD2. We report a 13-year-
old boy with mild limb girdle muscle weakness, elbow and ankle contractures, with
absence of emerin at muscle biopsy, carrying a hemizygous frameshift mutation on the
EMD gene (c.153dupC/p.Ser52Glufs*9) of maternal inheritance. Minor cardiac rhythm
abnormalities were detected at 24-hour Holter electrocardiogram and required -blocker
therapy. MRI scan of the thighs showed a mild diffuse involvement, while tibialis anterior,
extensor digitorum longus, peroneus longus, and medial gastrocnemius were the most
affected muscles in the leg. We also provide a review of the muscular MRI data in EDMD
patients and highlight the relative heterogeneity of the MRI patterns found in EDMDs,
suggesting that muscle MRI should be studied in larger EDMD cohorts to better define
disease patterns and to cover the wide disease spectrum.

gressive muscle weakness and atrophy, and cardiac abnor-
malities." Contractures, most prominently involving neck

Emery-Dreifuss muscular dystrophy (EDMD)is arare clinical ~ extension, elbow flexion, and heel cord tightening, frequent-
entity characterized by the triad of early contractures, pro- ly develop in the first decade of life, before muscle weakness.
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The latter usually presents in the second or third decade,
with a “humeroperoneal” pattern, affecting proximal arms
and distal leg muscles. Cardiac complications, namely, atrial
standstill, supraventricular tachycardia (SVT), multifocal
atrial arrhythmia, and dilated cardiomyopathy in a minority
of patients, develop independently from the neuromuscular
findings, do not correlate with the extent of skeletal muscle
involvement,? and often lead to permanent pacemaker or
implantable cardioverter-defibrillator (ICD) implantation.3'4

Different subtypes of EDMD have been described according
to the mutated gene and inheritance.” The most frequent forms
are the X-linked EDMD1, due to mutations in the emerin (EMD)
gene, and the autosomal dominant (AD) EDMD?2 associated to
defects on the lamin A/C (LMNA) gene; the EDMD3 subtype,
very rare, is also due to LMNA defects, with an autosomal
recessive inheritance. Other rare AD forms are the EDMD4 and
EDMD5 associated to mutations in the spectrin repeat con-
taining nuclear envelope protein (SYNE1 and SYNE2), respec-
tively. The EDMDG is an X-linked subtype due to mutations in
the four and a half LIM domains 1 (FHL) gene, while the AD
EDMD7 is associated to the transmembrane protein 43
(TMEMA43) gene. Titin (TTN) mutations have been also associ-
ated to a EDMD phenotype in few reports.>’

The two main EDMD subtypes, resulting from mutations
in EMD and LMNA, show clinical overlap, although some
peculiar features are recognizable. EDMD2 is usually charac-
terized by a more severe progression of muscular weak-
ness,”> and in EDMD1 the onset of muscular symptoms
usually precedes cardiac complications. Muscle biopsy is
also helpful in identifying the absence of emerin expression
in the nuclei of EDMD1 patients, although it is not able to
characterize EDMD2 subjects by immunohistochemistry
since lamin A/C is normally expressed in these patients.'
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Muscle magnetic resonance imaging (MRI) has also
been suggested to help discriminating between the two
forms. Specifically, MRI pattern involvement of gastrocne-
mius was indicated as a possible disease marker, with
early studies suggesting that EDMD2 subjects show medial
gastrocnemius involvement and sparing of the lateral
head, at variance with EDMD1patients.® However, later
studies have reported EDMD1 patients with medial gas-
trocnemius involvement.>°

Here, we report a EDMD1 13-year-old boy with minor
cardiac rhythm abnormalities and a peculiar MRI which not
entirely recapitulates what have been reported in previous
MRI series, highlighting the need for muscle MRI studies on
larger EDMDs cohorts to better define a possible disease
pattern.

Case Presentation

A 13-year-old child came to our attention because Achilles
tendon contractures noted few years before. He was born at
term, after an uneventful pregnancy, from nonconsangui-
neous parents. Family history was positive for an uncle on
maternal side (=Fig. 1A, subject 1I-6) who suffered from
elbows contractures, mild muscular weakness, and cardiac
rhythm abnormalities from his youth, leading to an ICD
implantation at 50 years of age. Moreover, an aunt
(=Fig. 1A, subject II-3) and the grandmother (~Fig. 1A,
subject 1-2), both on maternal side, developed respectively
a cardiac arrhythmia, requiring ablation of the abnormal
electrical pathway, and heart failure in their adult age.

He showed normal cognitive and motor development.
Neurological examination showed elbow and Achilles ten-
don contractures, mild pelvic girdle weakness with waddling

patient

control

Fig. 1 Family pedigree, showing the proband, subject lll-1, the affected uncle, subject II-6, and the mother carrier, subject 1I-2 (A). Quadriceps
muscle biopsy revealed absence of nuclear emerin expression by immunofluorescence study in patient’s sample (B) compared with the positive
control (C). Deoxyribonucleic acid (DNA) sequence electropherograms showing nucleotide mutations in the subject (upper panel) and the

mother (lower panel) (D).
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gait, associated with mild distal hypotrophy of lower limbs,
and reduced deep tendon reflexes. Heel ambulation was not
possible, and he presented a mild scoliosis. No neck extensor
muscles contractions were noted. At the 6-minute walk test
he walked 409 m, and he scored 28/34 at the North Star
Ambulatory Assessment scale. An initial restrictive respira-
tory disorder was documented by pulmonary function tests
as the forced vital capacity measured 2.7 1 (76%), and the
forced expiratory volume in the 1st second 2.4 1 (83%).

Quadriceps muscle biopsy performed at 13 years showed
mild dystrophic changes consisting of mild fiber size vari-
ability, and a few necrotic fibers. ATPase pH 9.4 displayed
good fibral type differentiation, with predominance of type Il
fibers without overt fiber grouping. Nuclear emerin expres-
sion by immunofluorescence study was absent in patient’s
sample (~Fig. 1B, C).

Direct sequencing of the EMD gene displayed a hemizy-
gous frameshift mutation (c.153dupC/p.Ser52Glufs*9) pre-
viously reported'® (~Fig. 1D). The mother resulted a carrier
of the variant (=Fig. 1A, subject 1I-2). Considered uncle
clinical history, he was also tested showing the same muta-
tion (=Fig. 1A, subject II-6).

At 13 years of age a 24-hour Holter electrocardiogram
monitoring showed SVT requiring B-blocker therapy, while
echocardiography was unremarkable.

Whole body muscle MRI showed tongue involvement
(=Fig. 2A), fatty infiltration of paraspinal muscles at the
lumbar level but not at the thoracic level (~Fig. 2B, C). Thigh
muscles showed a mild diffuse involvement (= Fig. 2D), while
in the lower leg the anterolateral compartment (tibialis
anterior, extensor digitorum longus, peroneus longus) and
medial gastrocnemius were mostly affected, the latter with a
subfascial rim of fatty replacement, with sparing of the
lateral gastrocnemius (=Fig. 2E). Soleus was affected to a
lesser extent, more prominently in the distal part (~Fig. 2E).

The family of patient gave the consent for research studies
on muscle specimens and for publication of this report and
accompanying images. All procedures were performed in
accordance with the ethical standards as stated in the
Declaration of Helsinki.

Discussion

We report a pediatric case of EDMD1 presenting with joint
contractures and mild lower limb muscle weakness, due to a
frameshift mutation in the EMD gene.

Neuromuscular findings and age of onset were similar to
those reported,”-!" with joint contractures emerging before
muscle weakness. Muscle’s biopsy results were consistent
with previous data, displaying unspecific mild dystrophic
changes,' with the anti-emerin antibody showing absence of
staining of the nuclear membrane at the immunofluorescence
study.

Conversely, muscle MRI pattern did not entirely recapitu-
late previous reports. MRI studies on EDMD1 are limited
(summarized in =Supplementary Fig. S1, available online
only), and pediatric MRI data are scarce. The first MRI study
on genetically determined EDMDs aimed to detect a specific
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Fig. 2 Representative images of T1-weighted whole body muscle
magnetic resonance imaging (MRI) scans at 13 years of age are shown.
Cranial scans displayed fatty substitution of the tongue (white arrow)
(A). Paraspinal muscles were spared at the thoracic level (black
arrows) (B) while involved at the lumbar one (black arrows) (C). Thigh
scans showed a mild diffuse involvement (D); in the lower leg, the
anterolateral compartment (tibialis anterior, extensor digitorum
longus, peroneus longus) (white arrows) and medial gastrocnemius
were mostly affected (white thick arrows), the latter with a subfascial
rim of fatty replacement, with sparing of the lateral gastrocnemius
(white asterisk). Soleus was affected to a lesser extent, more promi-
nently in the distal part (black asterisk) (E).

pattern to discriminate between EDMD1 and EDMD?2 in a
cohort of pediatric and adult patients (7 EDMD1 and 11
EDMD?2). The authors reported a preferential involvement of
the medial head of the gastrocnemius in EDMD2 patients,
not present in the EDMD1 subjects.?
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Another study, on a larger cohort of adult EDMDs (10
EDMD1 and 32 EDMD2), concluded that peroneus muscle
involvement, more frequently affected in patients with muta-
tions in the EMD gene (88% of EDMD1 patients, compared with
the 40% of the EDMD2), could be useful to orientate the
diagnosis between the two forms.'? This work also carefully
described muscular fatty replacement through several body
regions, highlighting that the paravertebral muscles were
involved in all EDMD subtypes, and the gluteii muscles were
mildly infiltrated in 80% of all EDMD patients. In the thigh area
the semimembranosus and the long head of the biceps femoris
muscles were the most frequently involved muscles, while
rectus femoris, gracilis, and sartorius were relatively spared,
without differences between EDMD1 and EDMD?2 patients. Of
note, they found that muscular fatty substitution was sym-
metrical through all the body regions.

Interestingly, tongue involvement was first reported in
a 65-year-old EDMD1 patient manifesting with adult
onset axial weakness, camptocormia, and minimal joint
contractures.’

A recent study reported MRI data in 6 adolescent to adult
EDMD1 patients, with 3 of those displaying selective fatty
degeneration of the soleus and medial head of gastrocnemius
in their early stage of the disease, while another study
described for the first time edema-like abnormalities detected
by short tau inversion recovery sequences affecting the vasti,
hamstrings, and gastrocnemius muscles in a 22-year-old
EDMD1 patient, suggesting that these edema-like changes
may be a marker of early muscle pathology in EDMD1."3

Our patient diverged from the original description of the
pediatric cases® by the absence of sparing of medial gastroc-
nemius, while confirming the involvement of the peroneus
and the sparing of rectus femoris and gracilis.s'g'12 Therefore,
we confirm that the presence of anterolateral leg compart-
ment involvement should raise the suspicion of mutations in
EMD rather than in LMNA in a patient with a suggestive
phenotype.

Conclusion

In conclusion, with this report and the revision of the muscle
MRI data available, we underline the relative variability of
the MRI patterns in EDMD and the partial overlap between
the different forms, opening the way for further, large cohort
studies in these diseases to better define the whole disease
spectrum of involvement.
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