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Abstract

BACKGROUND

Paramyotonia congenita (PMC) stands as a rare sodium channelopaty of skeletal
muscle, initially identified by Eulenburg. The identification of PMC often relies on
electromyography (EMG), a diagnostic technique. The child’s needle EMG unveiled
trains of myotonic discharges with notably giant amplitudes, alongside irregular wave
trains of myotonic discharges. This distinctive observation had not surfaced in earlier

studies.

CASE SUMMARY

We report the case of a 3-year-old female child with PMC, who exhibited laryngeal
stridor, muffled speech, myotonia from birth. Cold, exposure to cool water, crying, and
physical activity exacerbated the myotonia, which was relieved in warmth, yet never
normalized. Percussion myotonia was observable in bilateral biceps. Myotonia
symptoms remained unchanged after potassium-rich food consumption like bananas.
Hyperkalemic periodic paralysis was excluded. Cranial magnetic resonance imaging
yielded normal results. Blood potassium remained within normal range, while creatine
kinase showed slight elevation. Exome-wide genetic testing pinpointed a heterozygous
mutation on chromosome SCN4A: c.3917G>A (p.G1306E). After a six-month mexiletine

regimen, symptoms alleviated.

CONCLUSION
In this case revealed the two types of myotonic discharges, and had not been
documented in other studies. We underscore two distinctive features: Giant-amplitude

potentials and irregular waves.
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Core Tip: Paramyotonia congenita (PMC) is a rare sodium channelopathy of skeletal
muscle, first identified by Eulenburg. The distinguishing feature of PMC is paradoxical
myotonia, where myotonia worsens with cold and exercise. In instances where genetic
testing is unavailable, electromyographic (EMG) is a swift, cost-effective diagnostic and
differential diagnostic method for PMC. This article elaborates on the EMG
characteristics of a recently diagnosed PMC case at our hospital. In this particular case
revealed the two types of myotonic discharges, and had not been documented in other
studies. We underscore two distinctive features: Giant-amplitude potentials and

irregular waves.

INTRODUCTION

Paramyotonia congenita (PMC) is a rare sodium channelopathy of skeletal muscle, first
identified by Eulenburg. This autosomal dominant condition stems from mutations in
the SCN4A gene, which encodes the a-subunit of Nav1l.4. These mutations cause the
sodium channel to stay open, leading to sustained muscle contractions and resulting in
myotonia. PMC becomes evident in individuals displaying cold-and exercise-triggered
myotonia, alongside muscle weakness. In children, additional symptoms like neonatal
stridor, dysphagia, and respiratory compromise can arise. The distinguishing feature of
PMC is paradoxical myotonia, where myotonia worsens with cold and exercise. The
global prevalence of PMC is approximately 1 in 200000. Around 50 distinct mutation
sites in the SCN4A gene have been documented, with the majority being missense
mutations. Diagnosis relies on patient history, examination, character of
electromyography (EMG), and genetic verification. In instances where genetic testing is
unavailable, certain studies have proposed that EMG is a swift, cost-effective diagnostic

and differential diagnostic method for PMC. This article elaborates on the EMG
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characteristics of a recently diagnosed PMC case at our hospital. The case exhibited
distinctive manifestations of various types of myotonia discharges, a feature previously
unreported. By sharing this novel finding, this article aims to enhance the
understanding of neurophysiologists, neurologists, and pediatricians regarding the
EMG of PMC. This will ultimately enhance the diagnostic accuracy for patients with

this condition, leading to improved treatment and relief of symptoms and quality of

life.

CASE PRESENTATION

Chief complaints

A 3-year-old child presented to the rehabilitation department, Qilu Children’s Hospital
of Shandong University with a complaint of inflexible physical activity for 3 years on
July 16, 2022.

History of present illness

A 3-year-old child exhibited laryngeal stridor, muffled speech, and sporadic stridor
from birth, a condition unaffected by positioning. This manifestation occurred after
feeding and crying, leading to issues with water consumption, mild breathlessness, and
occasional breath-holding. Severe cases brought about breathlessness, apnea, lip and
facial cyanosis, and myotonia. Cold, exposure to cool water, crying, and physical
activity exacerbated the myotonia, which was relieved in warmth, yet never
normalized. At 6 mo, restricted upper limb movement was observed. The child
managed independent standing and walking by 1 year and 3 mo, but upper limb
inflexibility persisted. At 2 years and 8 mo, calf spasms, walking stiffness, knee-flexed
lower limb posture abnormalities, and occasional limb rigidity after trips were noted.
Instances of ptosis, difficulty in eye opening, and eyeball movement restriction
following face washing were present. Myotonia symptoms remained unchanged after

potassium-rich food consumption like bananas.
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History of past illness
The patient underwent inguinal hernia repair (bilateral) in 2021 at Qilu Children’s

Hospital of Shandong University.

Personal and family history

Non-consanguineous parents and no family history of similar neurological disorders.

Physical examination
Physical traits encompassed a short neck, hunched back, limited bilateral eye abduction,
motor skill delays, and firm muscles with evident muscle bulges. Percussion myotonia

was observable in bilateral biceps.

Laboratory examinations
Blood potassium remained within normal range (4.1-4.8 mmol /L), while creatine kinase
showed slight elevation (279-771 U/L). Liver function, renal function, thyroid function

and inorganic ions were normal.

Imaging examinations

Cranial magnetic resonance imaging yielded normal results.

FINAL DIAGNOSIS

The diagnosis aligned with PMC, grounded in clinical features, lab tests,
neurophysiology, and genetic evaluationsl1-1416]. Neither parent carried mutations in

the gene, and familial history was absent, suggesting sporadic occurrence.

TREATMENT
The child received mexiletine at an initial dose of 50 mg three times a day. The dose was
increased to 75 mg three times a day after 2 wk, and to 100 mg three times a day after a

month. In addition, the patients also participated in physical exercises for rehabilitation.
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OUTCOME AND FOLLOW-UP

The frequency and severity after an eight-month mexiletine regimen, which affirmed

the therapeutic effect.

DISCUSSION

In the context of PMC, the identification of myotonia is frequently more accurately
achieved through needle EMG than neurological examination. In instances where
genetic testing is unavailable, EMG can serve as a diagnostic and distinguishing tool for
PMCI®I. Previous investigations have delineated two primary variants of myotonic
dischargel'®l: (1) Biphasic spike potentials, resembling fibrillation potentials, with a
duration of less than 5 ms; and (2) Positive waves, akin to positive sharp waves,
possessing a duration of 5-20 ms. A singular myotonic potential might visually and
audibly resemble either a fibrillation potential or a positive sharp wave. The distinctive
attribute of myotonic discharge lies in its waxing-waning pattern. Beyond the positive
wave-like myotonic discharge, this particular case revealed the trains of giant-
amplitude within myotonic discharges and the trains of irregular wave within myotonic
discharges. Interestingly, these two types of myotonic discharges had not been
documented in other studies.

In the child under consideration, spontaneous discharges manifested in all the
examined muscle EMGs. The forms of myotonic discharge exhibited morphological
resemblance or even identical traits across the non-endplate regions of over three
muscles, coupled with a distinct auditory signature reminiscent of a dive bomber
aircraft or a motorcyclel15l.

All examined muscles subjected to needle EMG displayed trains of high-amplitude
within myotonic discharges characterized by frequencies ranging from 70 to 150 Hz and
amplitudes between 3 to 15 mV. These discharges were accompanied by an audible
resemblance to a dive bomber aircraft. Existing literature has documented myotonic
discharge frequencies of 20-150 Hz and amplitudes spanning 10-1000 pV, which

produces a distinctive auditory feature often referred to as a dive bomber aircraft(13.16-18],
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In this specific case, the amplitude of myotonic discharge waves exceeded typical levels,
even surpassing 10 mV - an amplitude magnitude greater than tenfold of previously
reported values. Typically, myotonic discharges result from the spontaneous firing of
an individual muscle fiber. However, a single concentric needle electrode can capture
discharges from multiple muscle fibers['?l. In this instance, the presence of trains of
irregular waves within myotonic discharge comprised diverse waves exhibiting
different frequencies and shapes. This observation suggests that high-amplitude
potentials emerge through ephaptic transmission between numerous closely positioned
muscle fibersi?l. Consequently, multiple muscle fibers participate in myotonic
discharge, operating in synchronizationl?ll. Wave amplitudes accumulate over time,
yielding “giant-amplitude potentials”. On the other hand, PMC arises due to a mutation
in the sodium channel gene (SCN4A), impairing rapid sodium channel inactivation
during repolarization. The influx of numerous Na* ions through Nav1l.4 elevates the
equilibrium potential of Na* and the magnitude of myocyte action potential
depolarization222].  Consequently, potential amplitudes rise, with these dual
mechanisms synergistically generating giant-amplitude potentials. Distinguishing
trains of giant-amplitude within myotonic discharges from neurological myotonia is
imperative. Neurogenic myotonic discharge patterns entail synchronous contraction
discharges across all muscle fibers within a motor unit. These discharges possess
frequencies ranging from 100 to 300 Hz, protracted durations, gradual frequency and
amplitude reduction spanning several minutes, yet lack the distinct “motorcycle start-
up-like sound”[151,

The child also exhibited myotonic discharges resembling positive waves. Earlier
investigations have typically noted that positive sharp wave-like myotonic discharges
are generally characterized by amplitudes below 1 mV and durations spanning 5-20
msl131524 However, a distinctive feature of the positive wave-like myotonic discharges
identified in this particular case is their higher amplitude, ranging from 0.5-3 mV.
Moreover, within these positive wave myotonic discharges, simultaneous occurrence of

one or more negative-phase waves was observed. This occurrence contributed to the
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non-smooth morphology of the positive wave-like myotonic discharges, yielding a
resemblance to a spike-like fusion. This particular discharge pattern also resulted from
the synchronized discharge of a few closely spaced muscle fibers, which aggregated to
produce high-amplitude positive-wave myotonic discharges. Meanwhile, the sluggish
inactivation of sodium ion channels further amplifies the amplitude. Additionally, other
muscle fibers produce negative-phase wave discharges characterized by diverse
frequencies, which spatially combine to produce fused myotonic discharges. Notably,
the asynchronous nature of this subset of muscle fiber discharges does not impact the
positive wave-dominated myotonic discharge, preserving the morphological similarity
to positive waves.

Prevalent in this child was the occurrence of trains of irregular waves within
myotonic discharges. These waves exhibit an irregular shape and frequency, possessing
amplitudes below 1 mV and frequencies challenging to estimate. Within these irregular
waves, distinguishing positive waves and biphasic spike potentials proves complex.
This observation strongly suggests the involvement of multiple muscle fibers in
generating these waves, each contributing with distinct frequencies and morphologies.
This phenomenon rules out the dominance of any single form of myotonic discharge
characterized by synchronized discharges of several muscle fibers. Instead, the irregular
waves generated by these diverse muscle fibers fuse both temporally and spatially in
accordance with their individual firing frequencies. This fusion process results in an
amalgamation of waves, losing the original attributes of fibrillation potentials and
positive sharp waves.

In summary, a distinctive myotonic discharge profile was observed in this child,
characterized by a train of giant-amplitude within myotonic discharges and trains of
irregular waves within myotonic discharges, featuring multiple fused myotonic
potentials. This attribute arises from the compromised inactivation of sodium channels,
leading to increased sodium ion influx and augmented wave amplitude during
depolarization. Simultaneously, multiple muscle fibers participate in generating

myotonic potentials. When these fibers synchronize at a common frequency, a giant-
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amplitude potential emerges. As the involvement of synchronized muscle fibers
diminishes, certain fibers engage in synchronized discharge while others exhibit distinct
frequencies, resulting in the generation of positive wave myotonic discharges. This
pattern is dominated by positive wave myotonic discharges while encompassing
additional frequencies of myotonic discharges. In cases where all muscle fibers
discharge at varying frequencies, an indistinguishable irregular wave emerges,
constituting a fusion of biphasic spike potentials and positive wave myotonic
discharges of varying frequencies.

The child’s facial nerve motor conduction, nerve conduction studies, and repetitive
nerve stimulation (RNS) yielded normal results. It's worth noting that PMC, as a form
of sodium channelopathy affecting skeletal muscles, generally spares peripheral nerves
and the neuromuscular junctiontl. Since RNS is primarily employed for detecting
neuromuscular junction abnormalities!?®], the unremarkable nerve conduction studies
and RNS findings are consistent with the lack of involvement of these elements in PMC.

PMC is a sodium channelopathy of skeletal muscle caused by mutations in the
SCN4A gene. EMG can confirm the presence, severity and distribution of myotonic
discharge, which can support the diagnosis of PMC, and determine whether or not a
patient has myopathy. Paradoxical myotonia is the typical feature of PMC. Nearly all
patients’ EMG showing myotonic potentials in previous studiesl?02l. Compound
muscle action potential (CMAP) decreased following exposure to cold or cold water
tests in some patientsi?®31. Additionally, some people may also show a decrease in
CMAP after a short period of exercisel?l. According to a report in China, one patient
with PMC had delayed nerve conduction velocity and low F-wave appearance in both
lower limbs®2l. If patients with PMC has not yet experienced clinical symptoms, their
EMG were normalB3l, According to the studies, EMG in some patients with PMC
exhibited both myotonic and myopathic potentials®24]. In presenting this case of PMC
with unique potentials identified via needle EMG, we underscore two distinctive
features: High-amplitude potentials and irregular waves. These features are linked to

the synchronous activation of multiple muscle fibers and the impairment of sodium
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channel inactivation. By sharing this case, our intent is to assist clinicians in

distinguishing this type of myotonic discharge from neurological myotonia.

CONCLUSION

The special case revealed two types of myotonic discharges, which had never been
documented until now. We underscore two distinctive features: Giant-amplitude
potentials and irregular waves. These features are linked to the synchronous activation
of multiple muscle fibers and the impairment of sodium channel inactivation. By
sharing this case, our intent is to assist clinicians in distinguishing this type of myotonic
discharge from neurological myotonia and widens the known the special feature of

EMG in PMC.
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