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Abstract

Background/Aims To determine the genetic

basis of myotonia congenita (MC) and

strabismus in a large Caucasian family.

Methods Seven patients making up four

generations of a family with MC and

strabismus were recruited. All patients had at

least one standard ophthalmic examination,

including best-corrected visual acuity,

refraction, and ocular motility measurements.

CLCN1 and SCN4A genes were sequenced

and analysed for mutations.

Results Five out of the seven family

members were diagnosed with MC by

clinical history and electromyography.

Ophthalmic history and exam revealed eyelid

myotonia and strabismus. All patients with

MC were diagnosed with strabismus

between the ages of 3 and 6 and required

surgical restoration of ocular alignment.

Sequencing results revealed a c. 1333G4A;

p. Val445Met mutation in the SCN4A gene.

Conclusion There are few reports describing

eyelid myotonia and strabismus in patients

diagnosed with MC. We found significant

ocular involvement in a family with a

mutation in SCN4A. Future studies may

confirm that MC with significant ocular

involvement can be used to direct genetic

analysis.
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Introduction

Non-dystrophic myotonic (NDM) syndromes

are a heterogeneous group of skeletal muscle

disorders that can be caused by mutations in

genes encoding chloride (CLCN1) or sodium

(SCN4A) channels. CLCN1 and SCN4A encode

ion channels in the t-tubules of muscle cells

and are important for skeletal muscle fibre

contraction.

Mutations in SCN4A can cause a range

of sodium channel myotonias, including

paramyotonia congenita, hyperkalemic

periodic paralysis, and potassium-aggravated

myotonias. Mutations in CLCN1 can cause

myotonia congenita (MC), a rare disorder with

an estimated worldwide prevalence of 1 in

100 000. However, the prevalence varies

between geographical regions, with an

estimated prevalence in Scandinavia of 1 in

10 000.1 The two major types of MC are Becker

disease and Thomsen disease. Thomsen disease

is autosomal dominant with early onset and

mild myotonia.2 Becker disease is autosomal

recessive with late onset and severe myotonia.3

Earlier, only 40–70% of individuals diagnosed

clinically with MC were found to harbour the

CLCN1 mutation. Recently, a study was

conducted on patients with either Thomsen or

Becker disease, where patients were screened

for mutations in SCN4A in addition to CLCN1.

Of all the patients without a mutation in CLCN1,

B20% had a mutation in SCN4A.4 It has also

become apparent that mutations in the two

different genes can lead to clinically indistin-

guishable myotonias, while identical mutations

within either gene can also result in a spectrum

of clinically heterogeneous phenotypes.5,6

In previous studies, ocular manifestations of

MC have been described, including eyelid

myotonia7–9 and saccade alterations.10,11 There

have been few reports, however, of the disease’s

association with strabismus. Wakeman et al11

reported two cases, a father and a son, with

Thomsen MC that were evaluated for ocular

motility abnormalities. Magnetic resonance
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imaging revealed ocular muscle hypertrophy and genetic

analysis revealed a mutation in SCN4A. Another study

described four women from a family with Thomsen

disease and associated strabismus, but the disease-

causing mutation was not reported.10 In this study, we

discuss the largest reported family with both strabismus

and MC with a mutation in SCN4A gene.

Materials and methods

Participants and clinical examinations

This study was approved by the Institutional Review Board

of the University of California San Diego (UCSD), USA.

The subjects were recruited at the Shiley Eye Center and

the Abraham Ratner Children’s Eye Center at UCSD. All

subjects signed informed consent before participation in

this study. Five out of the seven members in the family

were diagnosed with MC by clinical history and

electromyography. All participants had at least one

standard complete ophthalmic examination. Examinations

included best-corrected visual acuity measurements,

refraction, and ocular motility measurements.

The family being studied consisted of seven Caucasian

individuals, including five affected and two unaffected

with MC (Figure 1). The proband (IV-1) and her mother

(III-3) were seen for their ophthalmic treatments at the

UCSD Abraham Ratner Children’s Eye Center. However,

the other family members were seen for treatment of

their strabismus by different ophthalmologists.

Therefore, clinical records from their original diagnosis

were not available to us. A thorough history was taken

and a current ophthalmic exam was performed.

DNA sequencing

Genomic DNA samples from all seven family members were

extracted from peripheral blood leucocytes with the Qiagen

kit (Qiagen Inc., Chatsworth, CA, USA) according to the

manufacturer’s instructions. Direct nucleotide sequence

analysis was completed for both CLCN1 and SCN4A. The 23

exons of CLCN1 and 24 exons of SCN4A were amplified by

PCR and sequenced on Genetic Analyzer 3130 (Applied

Biosystems, Carlsbad, CA, USA). The primers used to

amplify the exons in CLCN1 and SCN4A are presented in

Supplementary Table S1.

Results

Clinical examinations

The family consists of seven members, five of which were

diagnosed with MC (Figure 1). Clinical history and exams

of the five affected family members are presented in

Tables 1 and 2. All affected individuals were diagnosed

with esotropia between the ages of 3 and 6, and had at least

one surgery in both eyes for strabismus. All affected family

members reported myotonic symptoms, including muscle

stiffness, upon standing and after exercising and

improvement of stiffness with repeated muscle

contractions. Several individuals described experiencing

eyelid myotonia, delayed opening of the eyes after forceful

closure. Of note, III-3 also had increased myotonic

symptoms during pregnancy and a history of malignant

hyperthermia, an associated risk of MC.12

The proband (IV-1) was presented at 5 months of age

with esotropia and eyelid myotonia. Other than ocular

involvement, she was only mildly affected by myotonia.

Despite patching and full cycloplegic spectacles, she

developed amblyopia of the left eye by age 3. She

subsequently underwent bilateral medial rectus

recession and had a positive outcome.

Genetic results

The family history is consistent with an autosomal

dominant inheritance pattern (Figure 1). We screened all

exons of CLCN1 and SCN4A. All five affected individuals

were found to have a G4A transition (c. 1333G4A) in

exon 9 of SCN4A gene, resulting in a V445M substitution.

This variation was absent in the two unaffected family

members (Figure 2). The change (c. 1333G4A) was also

absent in 1000 normal control chromosomes. No novel or

previously reported mutations were found in CLCN1

gene in all the affected family members.

Discussion

We report here clinical features and genetic analysis of the

largest family with MC and strabismus. We initially screened

Figure 1 Pedigree of a family affected by MC. The arrow points
to the proband. Results from the genetic analysis of SCN4A are
depicted beneath each investigated individual. Only affected
individuals (I-2, II-1, III-2, III-3, and IV-1) harbour the V445M
mutation.
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for mutations in CLCN1 based on reports of increased

frequency of mutations within this gene in patients with

MC.1,4 However, as no mutations were found, we screened

for mutations in SCN4A. SCN4A is located on 17q23 and

includes 35 kb with 24 exons.13 All affected family members

were found to have a G4A transition within exon 9 of

SCN4A, resulting in the V445M mutation. This mutation has

been associated with debilitating, painful myotonia, and

muscle hypertrophy.14–16 However, the family we studied

did not have these findings, suggesting that other modifying

factors may be involved in determining the above-mentioned

phenotype.

Table 1 Clinical features of patients with the SCN4A mutation

Patient Pedigree
ID

Age Sex Age of
disease
onset

Number of
surgeries

OU

Eyelid
myotonia

Current
VA OD

Current
VA OS

WRx OD WRx OS

Maternal
great-grandmother

I-2 87 F 5 2 No 20/30 20/25 � 0.75þ 1.25� 025 � 1.00þ 1.50� 175

Maternal grandfather II-1 65 M 3 2 Yes 20/20 20/20 N/A N/A
Maternal uncle III-2 29 M 4 2 Yes 20/20 20/20 N/A N/A
Mother III-3 32 F 5 5 Yes 20/20 20/20 þ 1.00 � 0.75
Proband IV-1 3 F 3 1 Yes 20/30 20/40 þ 6.00þ 0.50� 085 þ 6.00þ 0.50� 123

Abbreviations: F, female; M, male; N/A, not applicable; VA, visual acuity; WRx, wearing prescription.

Table 2 Ocular motility exam findings of patients with the SCN4A mutation

Patient Pedigree ID Primary Up gaze Down gaze Right gaze Right tilt Left gaze Left tilt Near

Maternal great-grandmother I-2 ET10
RHT5

ET8
RHT6

ET6
RHT3

ET8
RHT4

ET8
RHT2

ET8
RHT4

ET8
RHT2

RH(T)’3

Maternal grandfather II-1 E(T)6 E(T)6 E(T)6 E(T)8 E(T)8 E(T)2 E(T)6 Flick

Uncle III-2 E(T)12
RH(T)2

E(T)12
RH(T)2

E(T)14
RH(T)2

E(T)10 E(T)14 N/A E(T)14 E’4

Mother III-3 ET12 N/A N/A ET12 ET12 ET10 ET12 ET’6

Proband IV-1 ET16 ET16 ET16 ET14 N/A ET14 N/A N/A

Abbreviations: E’, esophoria at near; ET, esotropia; ET’, esotropia at near; E(T), intermittent esotropia; N/A, not applicable; RHT, right hypertropia;

RH(T), intermittent right hypertropia.

Figure 2 The SCN4A sequencing results. Sequencing data show that a G–A transition in exon 9 (arrow) causes the V445M mutation in
affected individuals (top). This alteration was absent in the unaffected individuals (bottom).
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Results from multiple studies demonstrate that

patients with SCN4A mutations are more likely to

have ocular symptoms, either eyelid myotonia or

strabismus.8,9,11 One study showed that 96.7% of patients

with sodium channel mutations had eyelid myotonia

compared with 46.9% of patients with chloride channel

mutations. Furthermore, mutations in SCN4A cause more

severe eyelid myotonia than mutations in CLCN1.8

An increased number of sodium channels in facial

muscles compared with other skeletal muscles may

explain the findings associated with SCN4A

mutations.8,17,18 Consistent with our analysis, the only

other genetic study performed on patients with

strabismus in addition to myotonia also found the

V445M mutation.19 There may be an association between

this mutation and extraocular muscles. It has been

speculated that esotropia may be caused by a slightly

nasally displaced superior and inferior rectus, as well

as an inferiorly displaced lateral rectus.11 However,

imaging of a larger cohort with more detailed scans are

necessary to confirm an association between the

mutation and such anatomic anomalies.

In conclusion, even though this is a rare condition,

ophthalmologists should be aware of its ocular

manifestations. In our study, eyelid myotonia and

strabismus in the proband led to the suspicion of MC.

As these two ocular findings can present as early as

5–6 months of age, ophthalmologists may be the first to

evaluate patients with NDM. Ophthalmologists should

be aware of the reported risk of malignant hyperthermia

in patients with MC12 and alert the anaesthesiologist

before the use of general anaesthesia. Finally, our results

may support the sequencing of SCN4A before CLCN1 in

myotonic patients with significant ocular involvement.

Summary

What was known before

K Clinical presentation of myotonia congenita includes a
wide range of symptoms and signs, but is often associated
with muscle stiffness and hypertrophy.

K SCN4A and CNCL1 genes are associated with myotonia
congenita.

What this study adds

K An extended family clinical report of eyelid myotonia and
strabismus associated with myotonia congenita.

K Further evidence that mutations in the SCN4A gene may
be more likely to present with evidence of eyelid
myotonia and ocular symptoms in myotonia congenita
compared with mutations in other genes associated with
the myotonic disease.
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