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Abstract

Myotonic disorders represent rare, genetically heterogeneous neuromuscular diseases, whose clinical hallmark is the presence of
myotonia. Myotonic disorders are generally classified as either dystrophic (DM) or non-dystrophic myotonia (NDM). Non-dystrophic
myotonias (NDM) are skeletal muscle channelopathies characterized by a disruption of normal sarcolemmal ion conductance that
results in abnormal muscle fiber excitability. Depending on the affected ion channels, non-dystrophic myotonias include myotonia

congenita (MC), paramyotonia congenita (PMC) and sodium channel myotonia (SCM).

Myotonia congenita (MC) is the most common type of non-dystrophic myotonia, occurring due to mutations in CLCN1, the gene
encoding the primary skeletal muscle voltage-gated chloride channel (CIC-1). Diagnosis is suspected in the setting of myotonia,
muscular stiffness, the warm-up phenomenon, family history and electromyographic studies suggestive of myotonia congenita and is
ultimately established through genetic testing.

In this case report, we present a 9-year-old male patient with complaints of muscular stiffness, difficulty in climbing stairs, with
calf and buttock hypertrophy and percussion myotonia in both hands and calves evident in physical examination. A diagnosis Myoto-
nia Congenita was made based on the presence of a positive Lid lag sign, a positive warm up test and the results of electromyography

(EMG) studies. It was then confirmed by genetic testing.

Along with showcasing a rare pathology, this case report emphasises the importance of a thorough clinical evaluation and elec-
trophysiological studies as the best initial assessments of myotonia, when considering the differential diagnosis and in guiding ap-

propriate genetic testing.
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Introduction

Myotonia congenita (MC) is the most common skeletal muscle channelopathy with an estimated prevalence between 1:23,000 and
1:50,000 for the recessive variant and a lower prevalence for the dominant variant [1-3]. Mutations in the CLCN1 gene, located in chro-

mosome 7q35, that codes for the main skeletal muscle voltage-gated chloride channel (CIC-1) are the culprit for the disorder [3]. These
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loss-of-function mutations are responsible for the deficient chloride influx, which causes sarcolemmal hyperexcitability that is clinically
manifested as myotonia [4,5]. Myotonia is defined clinically as incomplete or delayed relaxation of muscle after voluntary contraction
or percussion [6]. Myotonia congenita can have an autosomal dominant inheritance pattern (Thomsen disease, OMIM 160800) or an
autosomal recessive pattern (Becker disease, OMIM 255700) [7,8]. Both types present with similar clinical features but can be discerned
from one another based on their mode of inheritance, age of onset, characteristics and severity of their clinical presentation [7]. Extensive

phenotypic variability of the condition exists even within members of the same family [9].

Thomsen disease is the autosomal dominant variant of myotonia congenita and may be evident in early infancy with delayed relaxation
of the eyelids after closure during crying or sneezing [7,10,11]. However, commonly the diagnosis is established during late childhood
with complaints of muscular stiffness, clumsiness and difficulties with movements after rest [12-14]. Mild hypertrophy predominantly in
the lower limbs may be present [7,13]. Clinical presentation may vary from asymptomatic or mild, with patients unaware of their condi-
tion (latent myotonia), to moderate and rarely severe [7]. Generally, Thomsen Disease causes mild to moderate myotonia associated with

a normal life expectancy [15].

Becker disease is the autosomal recessive variant of myotonia congenita and is frequently diagnosed in early childhood [16,17]. Unlike
Thomsen Disease that affects specific muscle groups, Becker Disease causes generalized myotonia that involves all muscles. Moderate or
marked muscular hypertrophy is present [17]. Clinical distinctions with Thomsen Disease other than age of onset and severity of myo-
tonia, include the presence of transient weakness upon movement initiation, particularly after prolonged rest and occasionally painful

muscle cramps and myalgia during rest [17-19].

Considerable clinical overlap exists between both types with common clinical findings such as an inability to relax after prolonged
contraction, spontaneous muscle contraction after direct percussion (percussion myotonia), lid lag sign may be seen on suddenly looking
downwards after prolonged upwards gaze and the warm-up phenomenon, improvement of myotonia and stiffness from voluntary repeti-
tive movements [7,11-13,15].

Diagnosis of myotonia congenita is suspected in the presence of the aforementioned clinical findings and electromyography studies

showing continued, repetitive high-frequency discharges (myotonic bursts) that guide appropriate genetic testing.

Genetic testing represents the gold standard of establishing the diagnosis, with the most common one being sequence analysis of
CLCN1 followed by gene targeted deletion/duplication analysis if sequence analysis is inconclusive [20]. More in-depth molecular testing

includes multigene panel testing, exome sequencing, genome sequencing, mitochondrial sequencing [20].

Other types of non-dystrophic myotonia should be considered in differential diagnosis of myotonia congenital MC, specifically para-
myotonia congenita PMC and sodium channel myotonia SCM. It is crucial to exclude dystrophic myotonia DM type 1 and DM type 2 when

considering a diagnosis of myotonia congenital.
Treatment of myotonia congenita consists in both a pharmacological and non-pharmacological approach.

Avoiding triggers that stimulate myotonic episodes is imperative in the management of this condition. When this alone doesn’t suf-
fice, medication can be used to help alleviate symptoms. Pharmacological treatment includes the use of mexiletine [21] the medication of
choice for this disorder, carbamazepine and phenytoin [22-24]. Uses of quinidine, tocainide, dantrolene and acetazolamide have also been
reported [20]. Other non-pharmacological therapies often employed by patients include relaxation techniques and exercises to improve

flexibility.
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Case Report

In this case report, we present a 9-year-old male patient with complaints of muscle stiffness and difficulty in climbing stairs. On physi-
cal examination, the presence of the lid-lag sign and a positive warm-up test were seen (Figure 1). Calf and buttock hypertrophy were also
evident (Figure 1).

Figure 1

There was percussion myotonia in both calves and hands (Figure 2).

Figure 2
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An EDX and EMG test at 31.0 to 35.0C. degree was performed and showed: all nerve conduction velocities, all distal onset latencies,
and all CMAP amplitudes were normal and the sensory nerve conduction velocities were normal. Repetitive nerve Stimulation Test: were
normal at 3 Hz frequency, but pathological decrement (34%) was evident at High Frequency stimulation. Effort Test had pathological dec-
rement (40%) after ten seconds of effort. Needle EMG Exam demonstrated an increased insertional activity and presence of spontaneous
activity of high frequency discharges (Electrical Myotonia). The recruitment pattern was early, brief, with low amplitude and polyphasic
changes.
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Figure 3

Clinical presentation and electromyography studies (EMG) suggested myotonia congenita. Molecular testing confirmed the diagnosis
of autosomal dominant myotonia congenita (Thomsen disease).

Discussion

Myotonia Congenita (MC) was first described by Bryant, Lipicky and colleagues in the early 1960s, as deficient muscle chloride con-
ductance [25]. The first CLCN1 gene mutations for both autosomal dominant and recessive MC were demonstrated in the early 1990s
[26,27]. It is well established that impairment of the normal function of a voltage-gated chloride channel in skeletal muscles (CIC-1) due
to mutations in the CLCN1 gene, is central to the pathogenesis of MC. Mutations manifest with wide phenotypic variability. Lossin., et al.

have described as many as 130 possible mutations in this gene that may express as either dominant or recessive forms of myotonia [7].
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This variability may make it hard sometimes to distinguish MC from other non-dystrophic myotonias. It has been attributed to variable

expression, incomplete penetrance, the impact of mutant alleles, and intrinsic variability of channel dysfunction [28].

Clinical presentation, physical findings, inheritance pattern, and review of other organ systems are critical to differentiate one form of
myotonia from another. Age of onset, effects of temperature, predominant symptoms, and presence of transient weakness help navigate
differential diagnosis. Electromyography (EMG) and molecular genetic testing allow easy diagnosis of MC in most circumstances, both of
which were used to diagnose the patient in this case report. Although EMG is a beneficial diagnostic tool, it has limited usefulness in differ-

entiating MC from other myotonias [7]. Even molecular genetic testing cannot completely rule out MC in the case of particular mutations.

Several protocols have been suggested in EMG to enhance the sensitivity and specificity in diagnosing myotonic disorders. Long and
short exercise tests after cooling and re-warming have been described as one of these protocols. The short exercise tests correlate accu-
rately with DNA based diagnosis [29]. Another proposed method is repetitive nerve stimulation at 3Hz, which has shown high sensitivity
and reproducibility in diagnosing autosomal recessive MC cases. Patients with autosomal dominant MC and those suffering from myoto-
nia caused by mutations that don’t affect the CLCN1 gene showed negative results [30]. Although not obtained and discussed in detail in

this case report, histological features following muscle biopsy may also play a role in diagnosing autosomal recessive MC.

Studies on MC have focused on the clinical presentation, molecular physiology, and genetics of the disorder. These studies suggest
that MC is characterized by a variable expression that affects the phenotypic presentation of the disease. Tang., et al. observed sporadic
mutations in the entire protein sequence, with no association between the pattern of inheritance and the position of mutation, thereby

indicating the presence of multiple pathophysiological mechanisms associated with particular mutations [31].

Further attempts to explain these findings involve data from studies in channelopathies as a specific pathologic entity. Research on the
severity of muscle channelopathies, Duno., et al. found homozygotes express more severe features and compound muscle action potential
(AP) changes, compared to heterozygotes. A hundred percent defective ion channels in homozygous individuals account for the most se-
vere phenotype compared to its heterozygous counterpart [32]. However, while casting light on the genotype-phenotype correlation and

molecular basis of non-dystrophic myotonic disorders, these findings do not guide treatment choices or aid in early diagnosis.

After receiving a formal diagnosis of myotonia congenita, based on their clinical presentation, electromyography examination, and

genetic testing, patients are offered a personalized treatment tailored to their specific characteristics, preferences, and severity.
Conclusion

This case report highlights the importance of a thorough clinical evaluation and electrophysiological studies (EMG studies) in assess-
ing myotonia, distinguishing between numerous congenital and acquired neuromuscular disorders associated with myotonia, and in

guiding physicians toward the appropriate genetic testing.
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