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CLINICAL HISTORY

A 31-year-old man, with no family history of neuromuscular
diseases, received muscle biopsy for slowly progressive muscle
weakness. The first symptom he had was difficulty dorsiflexing
his feet at age 20 years, which was followed by gradual devel-
opment of gait disturbance. At age 27 years, he started using a
handrail to climb up stairs. At age 28 years, he developed dys-
phagia for liquid, in addition to difficulty raising arms, which
led him to have aspiration pneumonia later in the same year. At
age approximately 30 years, he developed dyspnea on exertion.
Arterial blood gas analysis revealed hypoxemia (65 mmHg, at
room air) and hypercapnia (82 mmHg), with a vital capacity
decreased to 780 mL, leading to the diagnosis of chronic type 2
respiratory failure, and non-invasive ventilation was started. At
age 31 years, he was unable to walk without aid and required a
wheelchair for long distances. Physical examination revealed
moderate muscle weakness and atrophy in an asymmetric limb-
girdle distribution, together with marked muscle atrophy in the

tibialis anterior muscles and weakness in ankle dorsiflexion
with Medical Research Council grade 1. Mild neck muscle
weakness was also noted. Serum creatine kinase level was 375
IU/L (normal: <287 IU/L). Electromyography showed myo-
pathic changes. Skeletal muscle CT demonstrated remarkable
fat tissue replacement in the semitendinosus muscles (Figure
1A, arrows) at the thigh level.

PATHOLOGY

Skeletal muscle pathology from the biceps brachii demon-
strated myopathic changes with moderate fiber size variation,
mildly disorganized myofibrillar networks, some fibers with
cytoplasmic bodies, which were often located in line in subsar-
colemmal region of a muscle fiber (Figure 1B, modified
Gomori trichrome stain), and a few fibers with rimmed
vacuoles. What is your diagnosis? What is the next test to
confirm it?

Figure 1.
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DIAGNOSIS

Hereditary myopathy with early respiratory failure (HMERF).
The diagnosis was confirmed by gene analysis showing a hetero-

zygous titin gene (TTN) mutation g.284701T>C (p.Cys31712Arg)
in the FN3 119 domain in the A-band region (ENST00000589042).

DISCUSSION

HMERF is a hereditary myopathy caused by mutations in the A-
band region of TTN (1, 2). Since the causative gene was reported
in 2012, an increasing number of patients with HMERF have been
identified worldwide (5).

HMERF is clinically characterized by adult-onset muscle weak-
ness with respiratory insufficiency from an early, typically ambu-
lant stage of the disease. A common initial symptom is gait
disturbance because of distal (especially the anterior compartment)
and/or proximal lower limb muscle weakness. Weakness of ankle
dorsiflexion is prominent, leading to easy tripping and foot drop.
There is no or minimal, if any, weakness in the upper limbs at dis-
ease onset. Respiratory insufficiency subsequently appears after a
median of six years post-onset (range: 0 2 16 years) (5), although
respiratory symptoms can be the initial manifestation in 24%236%
of patients (1, 5). Most patients are ambulant when they need noc-
turnal ventilation (1). To date, clinically evident primary cardiomy-
opathy has not been reported in patients with HMERF, although
right heart failure secondary to severe respiratory failure is occa-
sionally observed. Nevertheless, a recent study found cardiac con-
duction abnormalities in 32% (7/22) of patients with the
p.Cys31712Arg mutation of TTN and imaging evidence of other-
wise unexplained asymptomatic cardiomyopathy in 18% (4/22) (3).
The autosomal dominant trait is common, although a few homozy-
gous patients with severe symptoms have been reported. Some
patients have no apparent positive family history (5).

Skeletal muscle imaging demonstrates that the semitendinosus
muscles and the anterior compartment of the lower legs (preferen-
tially, the peroneus longus muscles) are selectively involved in the
early stage (1, 2, 5). Indeed, the selective involvement of the sem-
itendinosus muscles is often observed (93%2100%) (2, 5). The
pattern is a radiological clue for diagnosis of HMERF, although it
can be observed in other muscle diseases, including desminopathy,
aB-crystallinopathy, and anoctaminopathy (4).

The pathological hallmark of HMERF is necklace cytoplasmic
bodies; at cross section, a number of cytoplasmic bodies are often
circumferentially aligned in the subsarcolemmal region in muscle
fibers, mimicking a necklace (5). The finding of necklace cytoplas-
mic bodies is highly specific for HMERF (sensitivity: 82%, speci-
ficity: 99%) (5). Rimmed vacuoles are also sometimes observed
but less specific.

Since TTN encodes the largest known protein consisting of
35,991 amino-acid polypeptides in 363 exons among those recog-
nized so far, sequence analysis of all the exons requires consider-
able labor. Even if next generation sequencing is available for the
genetic analysis, it would still be difficult to determine which vari-
ant is truly pathogenic because TTN is a highly polymorphic gene.
Despite this, all HMERF patients reported so far carry a mutation
in exon 343 encoding the FN3 119 domain in the A-band region
(ENST00000589042). Therefore, exon 343 should be considered
as the primary target for genetic diagnosis of HMERF.

When a patient shows the pathological finding of necklace cyto-
plasmic bodies, sequencing of exon 343 of TTN should be consid-
ered for definite diagnosis of HMERF, even though the patient
does not exhibit respiratory problems at that time. If the patient has
a mutation in exon 343 of TTN, the patient will eventually develop
a severe respiratory insufficiency. Early diagnosis of the disease
would enable earlier recognition of asymptomatic respiratory insuf-
ficiency and appropriate intervention without delay (eg, nocturnal
ventilation).
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