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INTRODUCTION
Congenital myasthenic syndromes are a heterogeneous group of 
inherited disorders caused by abnormalities affecting proteins invol-
ved in neuromuscular transmission. Depending on the affected 
component, CMS can be classied broadly into presynaptic, synaptic, 

and postsynaptic disorders.¹,⁶,⁸

The clinical spectrum is broad. Children may present during infancy 
with hypotonia, feeding difculty, respiratory compromise, or delayed 
motor development, whereas older children may develop uctuating 
ptosis, ophthalmoplegia, limb weakness, exercise intolerance, gait 

7difculty, or bulbar dysfunction.³,  The variable phenotype can lead to 
diagnostic delay or misdiagnosis as cerebral palsy, congenital myo-
pathy, mitochondrial disease, or autoimmune myasthenia gravis.

The molecular heterogeneity of CMS is considerable. Variants in 
CHRNE, encoding the epsilon subunit of the acetylcholine receptor, 
are an important cause of postsynaptic CMS, including fast-channel 

1,5,6and acetylcholine-receptor deciency phenotypes.  Other genes, 
including MUSK and DPAGT1, produce distinct clinical and 

2,8pathological phenotypes.

Correct molecular diagnosis has direct therapeutic implications. 
Acetylcholinesterase inhibitors such as pyridostigmine are useful in 
several CMS subtypes, whereas adrenergic agonists such as 
salbutamol may provide additional benet in selected postsynaptic and 

1,9other CMS phenotypes.  Conversely, some CMS subtypes may 
deteriorate with inappropriate use of acetylcholinesterase inhibitors, 

1,6making accurate subtype recognition particularly important.

Although genetic testing has substantially improved the diagnosis of 
CMS, access to testing and interpretation of variants remain 
challenging, particularly in resource-variable settings. Clinical 
recognition therefore remains fundamental. Pediatric cohorts have 
demonstrated substantial phenotypic diversity and variable long-term 
outcomes, reinforcing the importance of maintaining a high index of 

3,7suspicion.

We describe a pediatric series of clinically suspected CMS, focusing 
on clinical clues, molecular diagnosis, genotype-phenotype corre-
lation, and response to targeted treatment.

METHODS
Study design and setting
This was a retrospective descriptive case series of children evaluated in 
a tertiary pediatric neurology practice for suspected congenital 
myasthenic syndrome.

Patient selection
Children were included when clinical features suggested a disorder of 
neuromuscular transmission, including one or more of the following:
Ÿ uctuating or fatigable ptosis;
Ÿ ophthalmoplegia;
Ÿ fatigable limb weakness;
Ÿ exercise intolerance or asthenia;
Ÿ gait difculty;
Ÿ hypotonia;
Ÿ bulbar or feeding difculties;
Ÿ unexplained motor developmental delay; or
Ÿ supportive neurophysiological ndings.

The diagnosis was considered based on the overall clinical phenotype, 
neurophysiology, genetic ndings, and therapeutic response rather 
than on genetic testing alone.

Clinical assessment
Clinical records were reviewed for:
1. age at symptom onset;
2. presenting symptoms;
3. ocular involvement;
4. bulbar involvement;
5. limb weakness and fatigability;
6. developmental status;
7. respiratory involvement;
8. family history and consanguinity;
9. neuroimaging;
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10. repetitive nerve stimulation (RNS), where performed; and
11. response to treatment.

Genetic investigations
Whole exome sequencing was performed in the patients using clinical 
diagnostic laboratories. Variants reported as pathogenic, likely patho-
genic, or variants of uncertain signicance were reviewed in relation to 
the phenotype and inheritance pattern.

Particular attention was given to variants in established CMS-asso-
ciated genes.

Treatment assessment
Clinical response to pyridostigmine and, where used, salbutamol was 
assessed from documented follow-up. Improvement in ptosis, 
fatigability, endurance, gait, motor function, or bulbar symptoms was 
considered evidence of therapeutic response.

RESULTS
Five children were identied from the clinical series. Their clinical and 
molecular characteristics are summarized in Table 1.

Case 1: CHRNE variant with an atypical neurological phenotype
An 11-month-old girl was evaluated following infantile spasms 
beginning at approximately 8 months of age, with mild hypotonia and 
motor developmental delay. EEG demonstrated hypsarrhythmia. MRI 
brain was reported as normal. Whole exome sequencing identied a 
heterozygous CHRNE c.168_178dup variant, predicted to result in 
p.Leu60Profs*2, classied by the reporting laboratory as likely 
pathogenic.

Because CHRNE-related CMS is generally inherited in an autosomal-
recessive manner, the nding of a single heterozygous variant requires 
cautious interpretation. In the absence of a second pathogenic allele, 
this result does not by itself establish CHRNE-related CMS. This 
patient therefore illustrates the importance of segregation analysis and 
complete genotype-phenotype correlation.

Case 2: Homozygous CHRNE-related CMS
A 9-year-old boy presented with progressive fatigability, gait 
difculty, distal muscle weakness, lumbar lordosis, and external 
ophthalmoplegia. He had a history of one seizure episode. MRI brain 
demonstrated bilateral putaminal hyperintensity. Creatine kinase and 
nerve conduction studies were normal.

Whole exome sequencing demonstrated a homozygous CHRNE 
c.1327del variant (p.Glu443LysfsTer64), classied as pathogenic and 
consistent with autosomal-recessive acetylcholine receptor deciency 
CMS.

The clinical phenotype and molecular diagnosis supported CHRNE-
related CMS. Treatment with pyridostigmine, with adjunctive salbu-
tamol where clinically indicated, resulted in symptomatic improvement.

Case 3: DPAGT1-related CMS
A 3-year-old girl born to consanguineous parents presented with global 
developmental delay, predominantly affecting motor and language 
domains. She had severe hypotonia, gait imbalance, early left-handed-
ness, tongue protrusion, and behavioral abnormalities.

The family history was notable for an affected older brother with prog-
ressive involuntary movements and behavioral changes.

Whole exome sequencing identied a homozygous DPAGT1 c.1139 
C>T (p.Thr380Ile) variant, classied as likely pathogenic. DPAGT1-
related disease is associated with congenital myasthenic syndrome and 
may be accompanied by tubular aggregates and broader neuro-

2,8muscular manifestations.

The phenotype and molecular ndings were considered consistent 
with DPAGT1-related CMS.

Case 4: Clinically suspected CMS with negative exome sequencing
A 1-year-old boy presented with bilateral ptosis and clinical features 
suggestive of congenital myasthenic syndrome. Autoimmune investi-
gations, including acetylcholine receptor-related antibodies, were 
negative. MRI brain was normal.

Repetitive nerve stimulation demonstrated a decremental response, 
providing objective evidence of impaired neuromuscular transmission.

Whole exome sequencing did not identify a pathogenic or likely 
pathogenic variant explaining the phenotype.

Despite the negative molecular result, the clinical and electrophysio-
logical ndings supported a diagnosis of clinically suspected CMS. 
The child demonstrated clinical improvement with pyridostigmine.

This case emphasizes that a negative exome does not exclude CMS, 
particularly when the phenotype and neurophysiology are strongly 
supportive.

Case 5: Homozygous CHRNE-related fast-channel CMS
A 7-year-old girl born to consanguineous parents presented with uc-
tuating ptosis that worsened toward evening, progressive weakness, 
difculty walking, and reduced functional endurance. She also had 
difculty with feeding/chewing and symptoms became more pro-
nounced with fatigue. Neuroimaging did not reveal a structural 
explanation.

Acetylcholine receptor autoantibodies were within the reference range.

Whole exome sequencing identied a homozygous CHRNE 
c.168_178dup variant, predicted to cause p.Leu60Profs*2. The 
laboratory classied the variant as likely pathogenic. The variant 
produces a premature termination signal and is predicted to result in 
loss of normal CHRNE protein function, consistent with the estab-
lished loss-of-function mechanism of CHRNE-related CMS.

The clinical phenotype, inheritance pattern, and molecular nding 
were strongly concordant with autosomal-recessive CHRNE-related 
CMS. The patient showed symptomatic improvement following 
pyridostigmine therapy. The additional MYH8 variant identied on 
sequencing was heterozygous and classied as a variant of uncertain 
signicance; its contribution to the phenotype was considered unlikely 
in the context of the clearly pathogenic CHRNE nding.

Table 1. Clinical and Molecular Characteristics of  the Series

Table 2. Genotype–phenotype Interpretation
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Charac-
teristic

Case 1 Case 2 Case 3 Case 4 Case 5

Age 11 mo 9 y 3 y 1 y 7 y
Sex F M F M F
Consan-
guinity

Not docu-
mented

Present Present — Present

Major 
pheno-
type

Hypotoni
a, 
infantile 
spasms, 
motor 
delay

Ophthal
moplegia
, gait 
difculty, 
weakness

Hypotonia, 
developmen
tal delay, 
gait 
imbalance

Ptosis, 
fatiga-
bility

Fluctuating 
ptosis, 
weakness, 
gait dif-
culty, 
bulbar 
symptoms

RNS Not docu-
mented

Normal Not 
documented

Decre-
mental

Not clearly 
documented

Gene CHRNE CHRNE DPAGT1 None 
identied

CHRNE

Variant c.168_17
8dup

c.1327del c.1139C>T — c.168_178d
up

Zygo-sity Heterozy-
gous

Homozy-
gous

Homozy-
gous

— Homozy-
gous

Laborator
y classi-
cation

Likely 
patho-
genic

Patho-
genic

Likely 
pathogenic

Negative 
WES

Likely 
pathogenic

Molecular 
diagnosis

Inconclu-
sive alone

CHRNE-
related 
CMS

DPAGT1-
related 
CMS

Clinically 
suspected 
CMS

CHRNE-
related 
CMS

Pyridostig
mine 
response

— Improved Improved Improved Improved

Salbutam
ol

— Used/con
sidered

— — —

Gene Molecular 
nding

Mechanistic 
relevance

Clinical implication

CHR
NE

Homozygous 
frameshift 
variants in 
Cases 2 and 5

Loss of functional 
AChR ε-subunit

Postsynaptic CMS; pheno-
type compatible with 
AChR deciency/fast-
channel CMS



DISCUSSION
This series demonstrates the broad clinical spectrum of congenital 
myasthenic syndromes and the complementary roles of clinical exami-
nation, electrophysiology, genetic testing, and therapeutic response.

The most important clinical message is that CMS should be considered 
whenever a child has uctuating ptosis, fatigable weakness, 
ophthalmoplegia, unexplained gait difculty, bulbar symptoms, or 
hypotonia, particularly when symptoms uctuate during the day or 

3’6’7worsen with exertion.

CHRNE-related disease
Three patients in our series carried CHRNE variants, although only 
two had biallelic variants clearly supporting an autosomal-recessive 
molecular diagnosis. CHRNE encodes the epsilon subunit of the adult 
acetylcholine receptor. Loss-of-function variants can lead to reduced 
numbers or abnormal function of acetylcholine receptors and impaired 

1’5neuromuscular transmission.

The phenotype in Case 5 is particularly illustrative. The combination 
of evening-worsening ptosis, fatigable weakness, gait difculty and 
bulbar symptoms, together with a homozygous loss-of-function 
CHRNE variant, provides a strong genotype-phenotype correlation.

Fast-channel CMS has been particularly well characterized clinically, 
with ocular manifestations and fatigable weakness being prominent 

5features.  The clinical recognition of such phenotypes is important 
because patients may be misdiagnosed with autoimmune myasthenia 
gravis or other congenital neuromuscular disorders.

Therapeutic implications
A major clinical advantage of recognizing CMS is that it is potentially 
treatable. Pyridostigmine improves acetylcholine availability at the 

’6’9neuromuscular junction and is effective in several CMS subtypes.¹

Adrenergic agonists, including salbutamol, have also demonstrated 
benet in selected CMS phenotypes and can improve muscle strength 

9and functional endurance.  The response observed in our patients 
reinforces the importance of considering a therapeutic trial when the 
clinical and electrophysiological phenotype is strongly suggestive.

However, treatment should ideally be guided by the underlying 
molecular subtype because CMS is not pharmacologically homo-
geneous. Some CMS subtypes respond poorly or may deteriorate with 

1,6acetylcholinesterase inhibition.

Importance of electrophysiology
The decremental response on repetitive nerve stimulation in Case 4 
provided important objective evidence of neuromuscular transmission 
dysfunction. Neurophysiology remains particularly useful when gene-
tic testing is negative or inconclusive.

A normal RNS does not necessarily exclude CMS, especially when 
testing is performed in young children, when appropriate muscles are 
not examined, or when the disorder produces subtle or intermittent 

6transmission failure.

Negative genetic testing does not exclude CMS
Case 4 highlights a clinically important issue. Whole exome sequen-cing 
may fail to identify the molecular cause despite a convincing clinical and 
electrophysiological phenotype. Possible explanations include variants 
outside routinely captured coding regions, structural variants, copy-
number abnormalities, deep intronic variants, limitations of sequencing 

6’8coverage, or currently unrecognized disease genes.

Thus, genetic testing should complement rather than replace clinical 

and neurophysiological assessment.

Importance of variant interpretation
Case 1 demonstrates another important diagnostic principle. A 
heterozygous likely pathogenic CHRNE variant in an autosomal-
recessive disorder does not establish a molecular diagnosis by itself. 
The nding could represent carrier status, with a second pathogenic 
allele missed by testing, or an unrelated nding.

Segregation analysis and, where clinically indicated, additional 
genomic testing may therefore be necessary. This is particularly 
important in CMS because the increasing availability of exome 
sequencing has resulted in the detection of variants of uncertain 
signicance and incidental ndings.

DPAGT1-related CMS
The DPAGT1 case illustrates the broader phenotypic spectrum of 
CMS. DPAGT1 is involved in protein glycosylation, and biallelic 
variants have been associated with CMS with tubular aggregates and 

2,8variable neuromuscular and developmental manifestations.

The presence of developmental delay, hypotonia, gait dysfunction, and 
associated neurological features in our patient is consistent with the 
broader phenotype reported in DPAGT1-related disease.

Clinical relevance in pediatric practice
CMS can be mistaken for several more common pediatric neurological 
disorders. A child with ptosis and gait difculty may be labelled as 
having cerebral palsy, while uctuating weakness may be attributed to 
myopathy. Similarly, feeding difculty and hypotonia in infancy may 
initially lead to investigations for central or metabolic disorders.

A simple clinical clue is uctuation: weakness that becomes more 
prominent later in the day or after exertion and improves after rest 
should prompt consideration of a neuromuscular junction disorder.

The literature emphasizes substantial phenotypic heterogeneity and 
3,7variable prognosis in CMS cohorts. Recognition is particularly 

important because, unlike many inherited neuromuscular disorders, 
CMS may show a substantial response to pharmacological therapy.

LIMITATIONS
This study has several limitations.
Ÿ First, it is a small retrospective case series from a single center, 

limiting the generalizability of the ndings.
Ÿ Second, clinical phenotyping and neurophysiological investi-

gations were not uniform across all patients, reecting the real-
world nature of retrospective pediatric practice.

Ÿ Third, not all patients underwent comprehensive electrophysio-
logical testing under identical conditions.

Ÿ Fourth, whole exome sequencing does not exclude all possible 
pathogenic variants, particularly deep intronic, regulatory, 
structural, or certain copy-number abnormalities.

Ÿ Finally, treatment response was assessed clinically rather than using 
standardized quantitative myasthenia or functional outcome scales.

Ÿ Importantly, the heterozygous CHRNE nding in Case 1 should be 
regarded as genetically inconclusive without identication of a 
second pathogenic allele or supportive segregation data.

Future Directions
A prospective pediatric CMS registry incorporating standardized 
clinical scoring, repetitive nerve stimulation, genetic testing, treatment 
protocols, and longitudinal outcome assessment would provide more 
robust genotype-phenotype correlations.

In genetically unresolved patients with a strong clinical phenotype, 
additional testing—including CNV analysis, genome sequencing, 
RNA studies, or targeted analysis of known CMS genes—may imp-
rove diagnostic yield.

Longitudinal assessment of treatment response may also help deter-
mine whether early molecular diagnosis leads to improved functional 
outcomes and reduced diagnostic delay.

CONCLUSION
Congenital myasthenic syndromes are rare but highly treatable pediatric 
neuromuscular junction disorders with considerable clinical and genetic 
heterogeneity. In this series, children presented with varying 
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DPA
GT1

Homozygous 
missense 
variant in 
Case 3

Defective glyco-
sylation affecting 
neuromuscular 
transmission

CMS with broader neuro-
muscular/developmental 
phenotype

CHR
NE

Heterozygous 
frameshift 
variant in 
Case 1

Potential loss-of-
function allele

Insufcient alone to esta-
blish AR CMS; 
segregation/second-allele 
assessment required

None Case 4 Genetic cause 
unresolved

CMS remains clinically 
plausible because of 
phenotype and 
decremental RNS



combinations of ptosis, fatigability, hypotonia, gait impairment, 
ophthalmoplegia, bulbar symptoms, and developmental abnormalities.

Biallelic pathogenic or likely pathogenic variants in CHRNE and 
DPAGT1 established molecular diagnoses in several patients, while 
one child had a convincing clinical and electrophysiological pheno-
type despite negative exome sequencing.

The series emphasizes three practical messages:
1. Fluctuating ptosis and fatigable weakness should prompt conside-

ration of CMS.
2. Genetic testing is crucial for molecular classication and treat-

ment planning but does not replace clinical and electrophysio-
logical assessment.

3. Early recognition matters because appropriate treatment with agents 
such as pyridostigmine and salbutamol can produce meaningful 
clinical improvement.
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