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Abstract

Over the past decade there have been major advances in defining the genetic basis of the majority of congenital myopathy subtypes.
However the relationship between each congenital myopathy, defined on histological grounds, and the genetic cause is complex. Many of
the congenital myopathies are due to mutations in more than one gene, and mutations in the same gene can cause different muscle
pathologies. The International Standard of Care Committee for Congenital Myopathies performed a literature review and consulted
a group of experts in the field to develop a summary of (1) the key features common to all forms of congenital myopathy and (2) the
specific features that help to discriminate between the different genetic subtypes. The consensus statement was refined by two rounds
of on-line survey, and a three-day workshop. This consensus statement provides guidelines to the physician assessing the infant or
child with hypotonia and weakness. We summarise the clinical features that are most suggestive of a congenital myopathy, the major
differential diagnoses and the features on clinical examination, investigations, muscle pathology and muscle imaging that are
suggestive of a specific genetic diagnosis to assist in prioritisation of genetic testing of known genes. As next generation sequencing
becomes increasingly used as a diagnostic tool in clinical practise, these guidelines will assist in determining which sequence
variations are likely to be pathogenic.
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1. Introduction

The congenital myopathies are a group of genetic
muscle disorders characterised clinically by hypotonia
and weakness, usually from birth, and a static or slowly
progressive clinical course. Historically the congenital
myopathies have been classified on the basis of the major
morphological features seen on muscle biopsy – e.g., rods
(nemaline myopathy), cores (central core disease and
multiminicore disease), central nuclei (centronuclear/
myotubular myopathy) and selective hypotrophy of type
1 fibres (congenital fibre type disproportion). Over the
past 15 years, the genetic basis of many of the different
forms of congenital myopathy has been identified –
although it is evident that there are still many additional
genes to be discovered. The relationship between each
congenital myopathy, defined on histological grounds,
and the genetic cause is complex for a number of reasons:

(1) Many of the congenital myopathies can be caused by
mutations in more than one gene (genetic
heterogeneity). For example, there are currently
eight known genetic loci for nemaline myopathy.

(2) Mutations in the same gene can cause different
muscle pathologies. For example, mutations in
a-skeletal actin can result in nemaline myopathy [1,2],
intranuclear rod myopathy [3], actin accumulations
[4], congenital fibre type disproportion (CFTD) [5],
cap disease [6], and zebra body myopathy [7].

(3) There are examples of the same genetic mutation
leading to different pathological features in
members of the same family or in the same
individual at different ages. Notably, this has been
demonstrated for mutations in the ryanodine
receptor gene (RYR1) and has been reproduced in a
mouse model of a RYR1 mutation [8].

In this overview, we will provide an approach to the
diagnosis of congenital myopathies and a guide to
identifying the genetic basis for an individual patient
based on clinical clues, muscle imaging (MRI) and
histological features on muscle biopsy. It is acknowledged
that the increasing use of exome, targeted sub-exomic
and whole genome sequencing as a diagnostic tool in
clinical practise is likely to reduce the need for muscle
biopsy as a first line investigation. However a systematic
approach to clinical diagnosis will remain essential in the
initial assessment of patients and their families, and in
the interpretation of sequencing results to determine
which changes are likely to be pathogenic.

2. Approach to developing this consensus statement

We initially performed a literature review and consulted
a group of experts in the field of congenital myopathies to
describe:

(1) the key clinical features common to all forms of
congenital myopathy that help to differentiate them
from other causes of muscle hypotonia and
weakness and

(2) the specific clinical features, muscle MRI findings and
pathological changes that help to discriminate between
the different genetic subtypes for each of the congenital
myopathies that may assist in prioritizing diagnostic
testing (a “syndromic approach” to diagnosis).

We divided the phenotypic descriptions into two
age-groups to reflect the different combinations of signs
the clinician is likely to be confronted with at the initial
evaluation of an infant or an older patient.

To complement the “expert” opinion, we developed a
questionnaire that was circulated to a wider group of
clinicians who care for patients with neuromuscular
disorders. The questionnaire focused on the features
that clinicians consider specific to congenital myopathies
(or were useful to exclude potential differential
diagnoses), as well as the phenotypic features that
distinguished the different subtypes. In addition, we
surveyed current clinical practise and access to specific
investigations e.g., electron microscopy, muscle MRI,
genetic testing.

This final “consensus” document combines the
information obtained by both approaches and will focus
on the following major forms of congenital myopathy:

� Nemaline myopathy (including cap disease and zebra
body myopathy and core-rod myopathy since these
appear to be pathological variants of nemaline
myopathy).

� Core myopathies (including central core disease and
multi-minicore disease).

� Centronuclear myopathies.
� Myosin storage myopathy (also known as hyaline

body myopathy).
� Congenital fibre type disproportion.

We have specifically excluded three disorders that have
historically been grouped with the congenital myopathies
but which we no longer consider appropriate to be
classified in this way.

(1) Sporadic adult onset nemaline myopathy has a late
onset and rapidly progressive course. It is unclear
whether this entity has a genetic basis and some
cases are associated with a monoclonal gammopathy.

(2) Spheroid body myopathy and sarcotubular
myopathy due to mutations in TRIM32 and
myotilin (MYOT) should be classified with the
limb girdle muscular dystrophies and myofibrillar
myopathies respectively.

(3) Reducing body myopathy due to mutations in FHL1

has a rapidly progressive, severe course that is
atypical of a true congenital myopathy.
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