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Abstract. We here present the case of a patient with a congenital myasthenic syndrome (CMS) due to pathogenic variants
in the RAPSN gene. During childhood he experienced recurrent episodes of respiratory failure during respiratory infections.
This and other cases were reported as isolated dystrophy of the diaphragmatic musculature. In adulthood, whole exome
sequencing revealed two heterozygous pathogenic variants in the RAPSN gene. This led to the revision of the diagnosis to
rapsyn CMS11 (OMIM:616326, MONDO:0014588). EMG, muscle ultrasound and the revision of muscle biopsies taken in
childhood support this diagnosis. After the revision of the diagnosis, treatment with pyridostigmine was started. This resulted
in a reduction of fatigability and an improvement in functional abilities and quality of life.
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INTRODUCTION

In 1993, our centre reported a boy with slight
postnatal asphyxia related to isolated dystrophic
diaphragmatic musculature [1]. Neonatal and early
childhood development was complicated by mul-
tiple episodes of bronchopneumonia necessitating
invasive ventilation. Multiple diagnostic tests were
performed. Eventually, he was diagnosed with
diaphragm muscular dystrophy. The authors referred
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to five similar cases of diaphragm muscular dystro-
phy, all of which had died in infancy [2-5].

In this report we present the 30-year follow-
up of this patient and the diagnostic proceedings
which have led to the diagnosis of congenital myas-
thenic syndrome (CMS) due to pathogenic variants
in the RAPSN gene (NM_005055.5). CMS is a het-
erogenous group of genetic diseases that lead to a
dysfunction of transmission of signals in the neuro-
muscular junction [6-9]. We additionally performed
an EMG with repetitive nerve stimulation (RNS),
ultrasound of the diaphragm and a revision of the
biopsies. This report illustrates how this case and
most likely other cases initially were classified before
genetic testing became widely available and shows
the long-term follow-up and treatment effect.
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CASE REPORT

A 28-year old man presented at the neurology
outpatient department for analysis of increased fluc-
tuating fatigable muscle weakness. He was born at
37 weeks by caesarian section after a pregnancy that
was complicated by preeclampsia, breech position
and decreased antenatal movements. Postnatally, he
experienced a short period of hypoxia and general-
ized hypotonia. Physical examination showed mild
resistance to passive movements of the elbows and
hips. No muscular atrophy or muscle weakness was
observed. A chest X-ray showed upwards displace-
ment of the diaphragm on the right side, which was
surgically corrected at 19 months with a diaphragm
plication.

During the first two years of his life, he received
physical therapy. He reached normal motor devel-
opmental milestones. Up to the age of six, he was
admitted to the ICU eight times for respiratory weak-
ness during episodes of bronchopneumonia. Each
time, he was mechanically ventilated. After the age
of six, he was hospitalized twice more with similar
symptoms but without a need for ventilation.

Since early childhood he experienced fatigable
muscle weakness, especially in periods of warm
weather. Sports activities, such as gymnastics in
school, posed difficulties. The fluctuating muscle
weakness had been gradually progressive over the
years.

Many diagnostic tests had been performed in early
childhood. Laboratory tests of blood and CSF showed
no abnormalities. Biochemical muscle tests showed
lower oxidation speeds and decreased activity of
some enzymes, though these results were inconclu-
sive. Nerve conduction studies and electromyography
were performed twice and were normal. The nerve
conduction studies were performed without RNS. A
neostigmine test was performed, which was negative.

In total, three muscle biopsies were performed.
Two of these muscle biopsies were taken from the
quadriceps muscle, one perioperatively from the
diaphragm. The biopsies from the quadriceps mus-
cle were performed at 17 days and 14 months after
birth. They did not show any dystrophic character-
istics, nor did immunohistochemical staining reveal
any abnormalities. The biopsy of the diaphragm was
taken during the surgical correction of the diaphragm
(at 19 months). It showed a dystrophic aspect with
many hypertrophic muscle fibers in a matrix of con-
nective tissue. Most of these muscle fibers were type [
muscle fibers, others resembled type IIC fibers. Some

of these fibers contained round vacuoles filled with
a basophilic substance. No fat cells or fiber splitting
was observed (Fig. 2). Ultramicroscopic examination
showed normal motor endplates. These findings led
to the diagnosis of a dystrophy of the diaphragmatic
musculature [1].

Neurological examination at the age of 28 showed
mild limb-girdle muscle weakness (MRC 4), mild
contractures of the knees and a mild ophthalmople-
gia of the right eye with upward-outward gaze. No
muscle atrophy was observed (Fig. 1). Whole exome
sequencing revealed two variants in the RAPSN
gene (c.264C>A p.(Asn88Lys) and c.737C>T
p-(Ala246Val). The pathogenicity of the variants was
established using ACMG/AMP guidelines for variant
interpretation [10]. The p.(Asn88Lys) variant is con-
sidered pathogenic, because it is present in multiple
patients (>30) with CMS11 in both the homozygous
and compound heterozygous states, shows defec-
tive intracellular trafficking, and is not present in
the homozygous state in large control populations,
such as gnomAD (v2.1.1), despite its high allele
frequency of 0.002579 in Europeans (Non-Finish)
[11-13]. The p.(Ala246Val) variants was considered
likely pathogenic, because it has been described in six
other patients in the compound heterozygous state
with the pathogenic p.(Asn88Lys) variant or with
another likely pathogenic variant [12, 14-16]. It is
extremely rare in controls (only four heterozygotes in
gnomAD v.2.1.1 (246,778 alleles; allele frequency in
non-Finish Europeans of 0.00005434). Segregation
analysis showed that the parents are carriers, indi-
cating that the patient is compound heterozygous for
the two variants [11-13]. The patient (#00424068)
and variants were submitted to the LOVD database
[17]. EMG with RNS at the age of 33 showed a
decrement of the compound muscle action poten-
tial amplitude of the trapezius muscle (Fig. 1). These
findings confirm the genetic diagnosis of congeni-
tal myasthenic syndrome. The patient’s diaphragm
and 16 limb and axial muscles were examined using
(quantitative) muscle ultrasound. The ultrasound of
the diaphragm showed severe muscle atrophy of the
right hemidiaphragm (Fig. 1) and no thickening dur-
ing inspiration. This is most likely the result of the
corrective surgery of the diaphragm on the right side.
The left hemidiaphragm did not show any abnor-
malities: thickness at end-expiration is 1.7 mm and
thickening ratio during inspiration is 3.1. Quantita-
tive muscle ultrasound showed no signs of atrophy
and echo intensity was normal. Spirometry showed
restrictive pulmonary function as a result of the paral-
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Fig. 1. Top left: Clinical photographs, taken at the age of 32, showing a mild ophthalmoplegia of the right eye with upward-outward gaze and
a lack of muscular atrophy. Top right: EMG with RNS showing decrement of CMAP amplitude of the trapezius muscle. Bottom: Ultrasound
of right and left side of the diaphragm. The right side of the diaphragm shows severe muscle atrophy and no thickening during inspiration.
The left side shows no abnormalities. The thickness at end-expiration is 1.7 mm and thickening ratio during inspiration is 3.1.

ysis of the right hemidiaphragm: FVC was 3.0 L (54%
of predicted) with a normal FEV1/FVC of 86%.

Next, we reanalyzed the biopsy samples of
both quadriceps biopsies and the diaphragm. Light
microscopy of both quadriceps biopsies showed only
minimal structural abnormalities. The first quadri-
ceps biopsy showed type II predominance (82 %)
and the range of muscle fiber diameters was smaller
than normal, but the variability was not increased.
The second quadriceps biopsy showed normal fiber
diameters (Fig. 2), a slightly increased percentage of
type I fibers, but no predominance.

In the diaphragm muscle, type I fibers were present.
The exact percentage could not be calculated due to
variable staining intensities with the ATPase stain,
but oxidative enzyme stains suggest dominance of
type I activity. Furthermore, diffuse infiltration of
neutrophils and a clearly dystrophic aspect caused
by endomysial fibrosis, many rounded hypertrophic
fibers (Fig. 2), and sporadically an atrophic fiber were
observed.

Electron microscopy of the diaphragm muscle
revealed endomysial fibrosis, hypertrophic fibers,
some fibers with core-like Z-line streaming central in
the fiber, and occasionally a central region filled with
myelin figures pointing to local necrosis. Further-
more, 5 abnormal neuromuscular junctions (NMlJs)

from 3 motor endplates were seen with severe loss of
secondary synaptic clefts (Fig. 2).

After CMS was diagnosed, he started with pyri-
dostigmine (up to 4 times 60 mg). This treatment
proved to be successful, as the patient reported a
reduction of the experienced muscle fatigability, an
improvement in all daily activities and quality of life.
No side effects of this treatment were reported. At the
latest follow-up (age 33) he worked fulltime and was
physically active in leisure activities (Table 1).

DISCUSSION

In this retrospective follow-up study of 30 years,
we have reported the genetic diagnosis, the disease
course and (non-)pharmacological treatments of a
patient initially diagnosed with a dystrophic myopa-
thy of the diaphragm. Genetic testing revealed two
pathogenic variants of the RAPSN gene, compatible
with the diagnosis of CMS type 11. The findings of
physical examination, EMG with RNS of the trapez-
ius muscle, and reevaluation of the muscle biopsy
confirmed this diagnosis.

The recurrent episodes of severe respiratory weak-
ness during pulmonary infections in infancy and early
childhood are typical for rapsyn CMS [6, 7, 9, 18].



Table 1

Overview of course of including life events, treatments, and symptoms

0-3 years

4-6 years

7-27 years

28-34 years

Life events

Treatment + side effects

Motor milestone delay
Motor function UE
Motor function LE

Axial weakness

Axial stiffness
Urological dysfunction
Diplopia

Ptosis

Bulbar function

Sleep disturbances
Respiratory function

Fatigue

Initial diagnosis of isolated
myopathy of the diaphragm

Physical therapy

Surgical correction of the
diaphragm

5 ICU admissions due to
respiratory insufficiency
during bronchopneumonia
Contractures of elbows
Contractures of hips

3 ICU admissions due to
respiratory insufficiency

during bronchopneumonia

Easily fatigued, limited
exercise tolerance

2 admissions to hospital ward
due to bronchopneumonia

Restrictive respiratory
function

Easily fatigued, limited
exercise tolerance

Diagnosis of CMS based on
pathogenic variants in
RAPSN gene
Pyridostigmine treatment

60 mg four times per day. No
side effects were reported

Mild limb-girdle weakness
Mild limb-girdle weakness
Contractures of knees

Mild hypercapnia at night
Restrictive respiratory
function

Easily fatigued, limited
exercise tolerance (reduction
of symptoms reported by
patient since the start of
pyridostigmine treatment)

“

=no information available, UE = upper extremities, LE =lower extremities, ICU =intensive care unit, CMS = congenital myasthenic syndrome.
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Fig. 2. Top left: Original image of muscle biopsy of the diaphragm showing a dystrophic aspect with many hypertrophic muscle fibers
in a matrix of connective tissue, as published in the report by Leijten et al. Top right: Muscle biopsy from the quadriceps muscle (A)
and diaphragm muscle (B). Quadriceps muscle is normal. However, the diaphragm shows a dystrophic picture with hypertrophic fibers and
increase of endomysial connective tissue. Bar: 50 micron. Hematoxilin-Phloxine (HP) stain. Bottom: Ultrastructure of a normal neuromuscular
junction (NMJ) from a 11-month-old girl (Figure A). Figures B, C, and D show abnormal NJMs in the diaphragm of the patient in this report.
Arrows point to the primary cleft between the neuronal (n) and muscular (m) part of the NMJs (Figure A, B, C, and D). The neuronal part
(n) of the NMJs contains mitochondria and small vesicles with acetylcholine. Note the presence of many secondary clefts invaginating the
muscular part (Figure A) and the almost complete absence of these invaginations in the abnormal NMJs.

A possible explanation for these respiratory crises
becoming less frequent with age is the maturing of
the immune system with age. More immunity for
respiratory pathogens is acquired as a person ages.
Furthermore, young children are more likely to pass
on pathogens to each other due to their social behav-
ior [19, 20]. The respiratory weakness experienced

at birth, generalized hypotonia, contractures of the
elbows and hips, and the positive response to pyri-
dostigmine treatment are also commonly reported in
patients with RAPSN CMS. Ophthalmoplegia is less
common. Bulbar symptoms, motor deficit and finger
contractures, typical characteristics of RAPSN CMS,
were not observed in this patient [6-8].
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Muscle biopsies are often abnormal in CMS,
including type I fiber dominance, increased fiber
size variation, and cores or minicores and mild local
endomysial fibrosis [11, 16, 21-26]. The patient
in this report showed some variation of fiber size
in the first quadriceps biopsy, but no type I fiber
dominance. However, the light microscopy of the
diaphragm biopsy was very abnormal, resulting in
the initial diagnosis of dystrophic myopathy of the
diaphragm.

Ultrastructural investigations of NMJs in CMS11
are limited to 10 patients, all of which were reported
to contain abnormal NMJs with severe to almost
complete disappearance of the secondary clefts [11,
24-26]. Our observations of the NMJ ultrastructure
are in agreement with these findings. The finding of
an isolated normal NMJ [24] may explain why end-
plates were reported as normal in the first publication
of our patient.

The abnormal NMJ structure is considered to be
a direct consequence of the function of rapsyn: it
binds and anchors the acetylcholine receptor (AChR)
to the postsynaptic membrane. In accord, it inter-
acts with the AChR and a range of proteins that
regulate the cytoskeleton. Rapsyn also interacts with
signaling molecules. Recent studies show that it pos-
sesses E3 ligase activity that is required for NMJ
formation, revealing a novel function of this clas-
sic adaptor protein. Identifying rapsyn as a signaling
molecule [27, 28]. This has increased the under-
standing of the mechanisms of NMJ formation and
maintenance.

Equally severe changes in the diaphragm muscle
could not be found in literature on CMS11. Fur-
thermore, these changes contrast to the changes in
both quadriceps biopsies. The diaphragm muscle
is clearly dystrophic with hypertrophic fibers and
severe fibrosis. This may be explained by the contin-
uous strong activity of the diaphragm muscle needed
for respiration. This condition may be compared to
so-called excessive exercise training. This type of
training may result in fiber hypertrophy, muscle dam-
age and neutrophil infiltration, fiber regeneration, and
endomysial fibrosis [29, 30].

We here added muscle ultrasound of the diaphragm
and limb and axial muscles. We found right hemidi-
aphragm paralysis as a result of the corrective surgery
in early childhood resulting in a restrictive lung func-
tion. There were no abnormalities in quantitative
muscle ultrasound of the limb and axial muscles.
There is no literature available on quantitative muscle
ultrasound in CMS due to pathogenic variants of the

RAPSN gene. However, muscle magnetic resonance
imaging (MRI) showed mixed findings of the degree
of muscle fat infiltration in three patients with these
pathogenic variants in the RAPSN gene, ranging from
normal to marked [31].

In the report on this case, Leijten et al. referred
to a number of similar cases of children with an
isolated myopathy of the diaphragm. All these chil-
dren had passed away in the neonatal period. One of
these reports was by Bergen et al. [2]. They described
a girl who, shortly after birth, experienced respi-
ratory distress and generalized hypotonia. A chest
X-ray and stimulation of the phrenic nerve showed
there was no movement of the right diaphragm. She
died during an episode of pneumonia at the age of
three months. The findings in this case report are
similar to the findings in the patient in our centre,
which might point to a diagnosis of (rapsyn) CMS
in her.

Other patients with the same pathogenic variants
as the patient in our report have been described in lit-
erature. In their paper, Miler et al. describe a patient
whose phenotype is like that of our patient, present-
ing at birth with arthrogryposis and requiring ICU
admission in childhood during a varicella infection.
Like the patient in our report, this patient also showed
a positive response to treatment with pyridostigmine
[26].

Congenital myasthenic syndromes are rare. One
study showed a prevalence of 9.2/1,000,000 in chil-
dren in the UK [32]. It is likely that this is an
underestimation because CMS may manifest only
with mild symptoms or may be overlooked by clin-
icians due to a lack of knowledge on the subject. It
is estimated that about 20% of all CMS are caused
by pathogenic variants in the RAPSN gene [7]. The
RAPSN ¢.264C>A variant is a highly prevalent vari-
ant in the Western and Central European population
[8]. Furthermore, many adult patients with CMS have
received other diagnoses in the pre-genetic era. It is
therefore likely that there are many more people with
CMSI11 that have gone undiagnosed. Correct diagno-
sis is crucial because many CMS subtypes respond
well to treatment with pyridostigmine or other drugs.
There should be a lower threshold for genetic test-
ing in patients with symptoms of CMS. Patients with
symptoms of CMS who received an alternative diag-
nosis in the pre-genetic era may be re-analysed. We
expect that early diagnosis enabled by next gener-
ation sequencing and adequate treatment leads to a
significant improvement in the quality of life of these
patients.
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