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depolarization and subsequent periods of weakness are caused

Pharmaceutical Research, 14(23), 1241-1271. by disturbances in potassium homeostasis and channel
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Attribution 4.0 International license. conductance. Precision-based diagnosis and treatment are now

possible thanks to recent molecular discoveries that have
expanded our knowledge of genotype—phenotype associations and revealed new pathways
underlying periodic paralysis. Clinically, PP manifests as episodic flaccid weakness, which
varies in severity and frequency among subtypes and is frequently brought on by stress, high-
carb meals, or rest following activity. Clinical history, electrophysiological testing,
confirmatory genetic analysis, and serum potassium levels during attacks are all used in
diagnostic diagnosis. Acute attack mitigation with potassium correction and long-term
avoidance with lifestyle changes and medication, including carbonic anhydrase inhibitors, are

the main goals of management. While new molecular medicines promise focused treatment,
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improvements in genetic and electrophysiological methods have increased the accuracy of
diagnostics. Even with advancements, there are still issues with personalized treatment, early
diagnosis, and comprehending long-term consequences. Patients with periodic paralysis may
benefit from better results if channel dysfunctions and molecular pathomechanisms are
further studied.

KEYWORDS: Periodic Paralysis, Andersen-Tawil syndrome, Hypokalemic (HypoPP),
Hyperkalemic (HyperPP), Normokalemic (NormoPP).

1. INTRODUCTION

The first descriptions of periodic paralysis date back to the late 19th century when Westphal
(1885) and Thomsen documented recurrent episodes of paralysis linked to potassium
imbalance. Later, in the mid-20th century, researchers recognized the distinction between
Hypokalaemic Periodic Paralysis (HypoPP), Hyperkaliaemic Periodic Paralysis (HyperPP),
and Normokalaemia Periodic Paralysis, leading to the classification we use today. The
discovery of genetic mutations in ion channel genes such as CACNALS, SCN4A, and KCNJ2
during the 1990s provided key insights into its molecular basis and confirmed that PP belongs
to a broader class of diseases known as channelopathies.™

Arare class of hereditary neuromuscular diseases known as periodic paralysis (PP) is typified
by sporadic episodes of muscle weakness or paralysis that are frequently brought on by
changes in serum potassium levels, rest following physical activity, meals high in
carbohydrates, or other stressors. The three main subtypes—Hyperkaliaemic Periodic
Paralysis, Hypokalaemia Periodic Paralysis, and Andersen-Tawil Syndrome—are all linked to
unique genetic mutations that mostly affect ion channel genes like CACNALS, SCN4A, and
KCNJ2. Thanks to developments in molecular genetics, next-generation sequencing has
increased diagnostic accuracy and replaced the need for controversial tests. Clinically, attacks
can differ in length and intensity, and over time, chronic progressive myopathy may appear.
In addition to long-term preventive measures, pharmacological therapy (such as carbonic
anhydrase inhibitors, potassium-sparing agents), and cardiac monitoring, especially in
Andersen-Tawil Syndrome, management relies on acute interventions, such as potassium
supplementation or avoidance techniques. Although there are still issues with early diagnosis,
genetic testing accessibility, and treatment response variability, recent advancements in
precision medicine and genetic therapies hold promise for personalized care. In

neuromuscular medicine, periodic paralysis is a diagnostic and therapeutic challenge because

www.wipr.net | Vol 14, Issue 23, 2025. | 1SO 9001: 2015 Certified Journal 1242



Pawar et al. World Journal of Pharmaceutical Research

it reflects the intricate interactions among ion channel dysfunction, environmental triggers,

and genetic susceptibility.”

1.1 Definition

The rare, inherited, or acquired neuromuscular disorders known as periodic paralysis (PP) are
characterized by reversible, episodic attacks of muscle weakness or paralysis. These attacks
are frequently brought on by stress, exercise, carbohydrate-rich meals, rest after exercise, or
changes in serum electrolyte levels, particularly potassium. The most frequent cause of
attacks is ion channel dysfunction (channelopathies), which alter the excitability of skeletal

muscles. Attacks are sporadic, with normal strength in between episodes.?!

1.1 Classification

Serum potassium levels during an attack are the primary criterion used to classify periodic
paralysis:

1. Hypokalaemia Periodic Paralysis (HypoPP)

~1
Figure no.1: Hypokalaemia Periodic Paralysis (HypoPP).

Definition: characterized by episodes of muscle weakness linked to low serum potassium
levels (<3.5 mEq/L).

Causes: Most frequently genetic (causes involving mutations in sodium or calcium channel
genes, such as SCN4A or CACNALS). May also be secondary (renal tubular disorders,

thyrotoxic periodic paralysis).
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Triggers: Carbohydrate-rich meals, rest after strenuous exercise, stress.!!

2. Hyperkalaemia Periodic Paralysis (HyperPP)
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Figure no. 2: Hyperkalaemia Periodic Paralysis (HyperPP).

Definition: Episodes of weakness with high or normal serum potassium (>5.0 mEg/L).
Causes: Genetic mutations in sodium channel gene (SCN4A).
Triggers: Rest after exercise, fasting, potassium-rich foods, cold exposure.

Features: Shorter, more frequent attacks; may have myotonia (delayed relaxation).®

3. Periodic Paralysis Normokalaemia (NormoPP)

Figure no.3: Periodic Paralysis Normokalaemia (NormoPP).

Definition: Weakness episodes during attacks that have normal potassium levels
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Reasons: frequently connected to mutations in sodium channels (SCN4A). Triggers: Exercise

and potassium intake are comparable to HyperPP.[!

ey

Figure no. 4: Tawil-Andersen Syndrome (ATS).

4. Tawil-Andersen Syndrome (ATS)

Definition: The dysfunction of inward rectifier potassium channels gives rise to Andersen-
Tawil syndrome (ATS), which is a multisystem disorder characterized by episodic weakness,

cardiac arrhythmias, dysmorphic features, and a unique neurocognitive profile.

Triad

1. Periodic paralysis (hypo-, hyper-, or normokalaemia)

2. Arrhythmias of the heart (ventricular arrhythmias, prolonged QT)

3. Dysmorphic characteristics (scoliosis, low-set ears, clinodactyly hypertelorism, and short
stature)

4. Cause: Mutation in potassium channel gene (KCNJ2). Acquired or Secondary Forms [

5. Thyrotoxic Periodic Paralysis (TPP)
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Figure no. 5: Thyrotoxic Periodic Paralysis (TPP)
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Definition: Thyrotoxic periodic paralysis (TPP) is a rare condition featuring attacks of muscle
weakness in the presence of hyperthyroidism (overactivity of the thyroid gland). Usually
hypokalaemia and linked to hyperthyroidism, this condition is prevalent in Asian men.

Metabolic or drug-induced causes include renal tubular disorders, diuretics, and barium

poisoning.®

1.2 Epidemiology

1. Types and the Epidemiology

Uncommon: Periodic paralysis an uncommon neuromuscular condition. Prevalence:
approximately 1 in 100,000 people have Hypokalaemic PP (HypoPP). Hyperkalemic PP
(HyperPP): Less frequent than HypoPP, with an estimated incidence of less than 1 in
200,000. Andersen-Tawil Syndrome: a very uncommon condition (less than 1 in 1,000,000).
Geographic/Ethnic Distribution: Asian, Hispanic, and Native American men are more likely
to experience thyrotoxic periodic paralysis (TPP), particularly when it is linked to

hyperthyroidism.

Onset Age: Genetic forms: childhood to adolescence, typically between the ages of 5 and 20.
Acquired forms (like TPP): typically, in the early stages of adulthood.

Distribution by sex: Both sexes are impacted by genetic HypoPP and HyperPP.
Although hyperthyroidism is more common in women, thyrotoxic PP is significantly more

common in men.

Overview in General Rare disorders: Skeletal muscle channelopathies, also known as ion
channel disorders, are the family that includes periodic paralysis.

Global prevalence: Underdiagnosis causes the precise numbers to vary, but it is estimated to
be less than 5 per 100,000 people™

2. Types and the Epidemiology of Each

a. Hypokalaemia Periodic Paralysis (HypoPP)

~1 in 100,000 is the prevalence. Autosomal dominant inheritance (cacNAL1S or SCN4A
mutations). Beginning: Adolescence or childhood (10-20 years). Sex distribution: In genetic

cases, both sexes are equally affected. Geography: Globally reported.
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b. Periodic Hyperkalemic Paralysis (HyperPP)
Prevalence: ~1 in 200,000, lower than HypoPP. Autosomal dominant inheritance (mutations
in SCN4A). Beginning: Usually in childhood, prior to the age of ten. Distribution of sexes:

Equal numbers of men and women.

c. NORMOKALAEMIA periodic paralysis (NormoPP)

Extremely uncommon, normokalemic periodic paralysis (NormoPP) is regarded as a form of
hyperPP. Limited epidemiologic data.[*”

d. Tawil-Andersen Syndrome (ATS)

Extremely uncommon: less than one in a million. Autosomal dominant inheritance
(mutations in KCNJ2). Onset: Adolescence is typically the time. Distribution by sex: Both

sexes are impacted.

Secondary form of Thyrotoxic Periodic Paralysis (TPP): far more prevalent than genetic
forms. Asian populations (China, Japan, the Philippines, Thailand, India, etc.) have a high
prevalence. The preponderance of men: More than 80-90% of TPP cases are in men, even
though hyperthyroidism is more common in women. Onset: usually between the ages of 20
and 40.

Important Epidemiological Details: Age of Onset: TPP typically appears in early
adulthood, whereas the majority of genetic forms appear in childhood or adolescence. Sex
Distribution: TPP has a pronounced male predominance, but genetic forms do not exhibit
tany significant sex bias.

Regional/Ethnic Trends: Genetic PP: Rare everywhere, reported worldwide. TPP: Most
common in Asian and Hispanic communities, but migration is making it more widely known

in Western nations.™!

1.2 Clinical Significance

1. Paralysis and Muscle Weakness

Episodes can last anywhere from a few hours to several days and are frequently abrupt.
Weakness may be localized (limbs > trunk) or widespread. Severe attacks may render a

person unable to move, walk, or stand.
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2. Bulbar and Respiratory Involvement
Rare, but potentially fatal if respiratory muscles are impacted. In extreme situations, it may

result in respiratory failure.

3. Heart Involvement

Arrhythmias (atrial fibrillation, ventricular arrhythmias) may result from electrolyte changes,
particularly in HypoPP and TPP. Ventricular tachyarrhythmias and sudden cardiac death are
major risks associated with Andersen-Tawil syndrome.*?

4. Triggers and the Influence of Lifestyle

Exercise, post-exercise rest, meals high in carbohydrates or potassium, stress, or illness can
all cause attacks. Patients frequently become afraid of episodes, which causes them to restrict

their way of life.

5. Progressive Myopathy
In certain patients, particularly those with HypoPP or HyperPP, myopathy, or permanent
proximal muscle weakness, develops over time and is not triggered by acute episodes.

6. Death and IlIness
Although uncommon, mortality may result from respiratory paralysis or arrhythmias. Muscle

damage, psychological burden, and recurrent episodes make morbidity significant.

7. Secondary Clinical Significance:
Thyrotoxic PP is a serious endocrine emergency: if left untreated, hyperthyroidism plus
hypokalaemia can result in potentially fatal paralysis or arrhythmias, but it can be totally

reversed with early detection and treatment.!**!

2. Pathophysiology

2.1 Mechanisms of Muscle Weakness

Skeletal muscle channelopathy is the cause of periodic paralysis. Flaccid paralysis episodes
are brought on by aberrant sarcolemma excitability, which is caused by mutations in the
genes encoding the calcium, sodium, and potassium ion channels.!**!

1. Periodic Hypokalaemia Paralysis (HypoPP)

The genes at play: In 70% of cases, CACNAIS (Cavl.1) — voltage-gated calcium channel
al-subunit. SCN4A — a-subunit of voltage-gated sodium channels (10-20% of cases).
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The mechanism

1. Through the channel's voltage sensor, mutations produce an aberrant gating pore current,
also known as a "leak current."

2. Inward rectifying K-currents decrease when extracellular potassium levels are low.

3. Rather than causing hyperpolarization, the leak current causes paradoxical depolarization
of muscle fibres.

4. When sodium channels are inactivated by prolonged depolarization, muscle fibres
become electrically silent, which results in weakness or paralysis.

5. The trigger link After exercise, carbohydrate meals and rest cause insulin to be released,
which in turn causes K+ to be shifted into cells, resulting in hypokalaemia and worsening

depolarization.*”

2. Periodic Paralysis: Hyperkalaemia and Normokalaemia (HyperPP/NormoPP)

The gene in question is SCN4A (sodium channel, Nav1.4).

Mechanism

1. Persistent inward sodium current is caused by mutations that affect sodium channel
inactivation.

2. Causes muscle fibers to become persistently depolarized.

3. When potassium levels are high or normal, depolarization is accelerated, sodium
channels stay inactive, and paralysis results.

4. Trigger link: After exercise, rest causes K+ to be released from working muscles, which

leads to mild hyperkalaemia and an attack.™®

3. Andersen-Tawil Syndrome (ATS)

The gene that is implicated KCNJ2 — Kir2.1, an inward rectifier potassium channel.

Mechanism

1. Reduced IK1 current due to mutations results in poorer resting membrane potential
maintenance.

2. Periodic weakness results from the instability and intermittent depolarization of skeletal
muscle fibers.

3. Defective IK1 in cardiac tissue results in prolonged repolarization, which leads to
arrhythmias (prolonged QT, ventricular tachycardia).

4. The clinical triad consists of dysmorphic features, arrhythmias, and periodic paralysis.™®
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Table no. 2: Type and mechanism.

Type Gene Channel | Mechanism Effect
I Gating pore leak — Sodium channel
CACNAI1S, | (Cavl.1), ) T DRt .
HypoPP SCNAA Sodium paradoxical depolarization | inactivation — flaccid
during hypokalemia paralysis

(Nav1.4)

HyperPP/NormoPP | SCN4A

Sustained
depolarization —
weakness £ myotonia

Sodium | Defective inactivation —
(Nav1.4) | persistent Na* current

ATS

Potassium | Reduced IK1 current — Muscle weakness +

NENRE (Kir2.1) | unstable resting potential | arrhythmias

2.2

Potassium Homeostasis & Triggers

1. Potassium's Function in Muscle Excitability

The extracellular potassium concentration ([K* ]) plays a major role in determining the

resting membrane potential of skeletal muscle. Normal [K]o (3.5-5.0 mEqg/L): Enables the

generation of action potentials while maintaining the stability of the resting potential. Too

low or too high K+ balance can change membrane excitability, which can lead to paralysis

episodes.™”!

2.

Hypokalaemia Periodic Paralysis (HypoPP)

Pathophysiology

1.

3.

In normal physiology, the membrane becomes hyperpolarized when serum K* is low
(<3.5mEq/L).

However, hypokalaemia paradoxically results in prolonged depolarization rather than
hyperpolarization in HypoPP (caused by gating pore leak in Ca2+/Na+ channels) The
muscle fibre becomes in excitable as a result of the inactivation of Na+ channels.

Triggers (all of which induce the K* shift into cells): A meal high in carbohydrates
causes insulin to be released, which in turn activates Na+/K+-ATPase and raises serum
K+. Rest following intense exercise — K* is driven into muscle by catecholamines and
insulin.

Stress and adrenaline trigger B-adrenergic stimulation, which in turn triggers the

activation of Na+/K+ ATPase.[*"]

Periodic Hyperkalemic Paralysis (HyperPP)

Pathophysiology

1.

Skeletal muscle fibres are further depolarized by elevated or normal [K* ]
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2. Depolarization continues when there is a defective Na+ channel inactivation (SCN4A
mutation), which results in sodium channels remaining inactive and paralysis.

3. Triggers (all increase extracellular K* ): Foods high in potassium (bananas, dried fruits,
supplements). After a workout, working muscles release K* into the extracellular space.
Impaired K* handling due to fasting or cold exposure.

4. Extra feature: Myotonia, or delayed relaxation, can also result from mild

depolarization.!*”!

4. Periodic Paralysis Normokalaemia (NormoPP)

Intermediate state: Potassium levels seem "normal,” but excitability is destabilized by sodium
channel defects and slight variations (1 or |). Triggers: Exercise, fasting, and K* intake is the
same as for HyperPP.

5. Andersen-Tawil Syndrome (mutation in KCNJ2)

Pathophysiology

Inward rectifier K* current (IK1) is impaired by a mutant Kir2.1 channel, resulting in an
unstable resting potential. Depolarization resulting in paralysis can be easily caused by slight
variations in serum K* . Cardiac significance: Prolonged repolarization due to the same

cardiac muscle defect results in arrhythmias.

5. Periodic Thyrotoxic Paralysis (TPP)

Pathophysiology

Through thyroid hormone, insulin, and catecholamines, hyperthyroidism raises the activity of
Na+/K+-ATPase. Produces a significant intracellular K+ shift, which leads to hypokalemia
and paralysis (similar mechanism to HypoPP). What makes men more likely to have it?

Increased muscle mass results in increased uptake of K+.['8]

Figure no.6: Pathophysiology of periodic paralysis.
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2.3 lon Channel Mutations (CACNA1S, SCN4A, KCNJ2)
No matter the K* level (unstable in ATS, high in HyperPP, low in HypoPP/TPP):
Depolarization of the muscle membrane results in Sodium channels become inactive, which

results in the failure to generate action potentials and the occurrence of acid Paralysis.!**!

1. Depolarization of Membranes Unusual Behaviour

Normal muscle: K* gradient maintains excitability, resting potential ~ -90 mV. In PP: K*
shifts or ion channel mutations disrupt resting potential. Outcome: Sarcolemma depolarizes to
about -60 mV, which inactivates sodium channels, prevents the generation of an action
potential, and causes Muscle contraction to fail.™!

2. HypoPP Gating Pore Leak

An unusual "leak current” is produced in the voltage sensor region by mutations in
CACNAI1S or SCN4A. IK1 (inward rectifier K* ) is decreased in hypokalemia due to
decreased extracellular K* . Muscle weakness results from paradoxical depolarization caused

by leak current dominance.®”!

3. Persistent Sodium Current (NormoPP/HyperPP)

SCN4A mutations hinder the inactivation of sodium channels. Results in a continuous inward
flow of Na+. At first, mild depolarization leads to myotonia. Prolonged depolarization causes
Na+ channels to become inactive, which results in paralysis./*!

4. Inward Rectifier Potassium Current Impairment (Andersen—-Tawil Syndrome):
Defective Kir2.1 channel due to KCNJ2 mutation — decreased IK1. The resting potential
is unstable and readily depolarized by slight variations in K* . Causes heart arrhythmias

and sporadic muscle weakness.’?

5. Changes in Potassium and Hormonal Effects
Potassium-rich diet/rest after exercise — K* efflux into blood — hyperkalemia — HyperPP;
Carbohydrate-rich meals / rest after exercise — insulin & catecholamine surge — K* driven

into cells — hypokalemia— HypoPP/TPP.

Thyrotoxicosis (TPP): Thyroid hormone causes an increase in Na+/K+-ATPase, which results
in a significant intracellular K+ shift and a mechanism resembling HypoPP.*?
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6. Impairment of Excitation—Contraction Coupling
Prolonged depolarization results in impaired T-tubule function and sarcoplasmic reticulum
calcium release. Progressive fixed myopathy (permanent weakness in between attacks)

overtime.[?

Whatever the reason: Depolarization due to ion channel dysfunction or K-abnormality.
Inactivation of voltage-gated sodium channels. Propagation of action potentials was stopped.
Electrically silent muscle fibbers. Flaccid paralysis (reversible, but with repeated episodes,

may progress to permanent weakness).

2.4 Recent Advances molecular insights
recent molecular insights into the pathophysiology of Periodic Paralysis (PP) centre on the
classic genes CACNALS (Cav1.1), SCN4A (Nav1.4) and KCNJ2 (Kir2.1).1%*]

Important Molecular Processes & New Findings

1. "Gating-pore' currents

More accurate modelling and direct measurement New optical/fluorometric assays now
identify small gating-pore (®) currents generated by HypoPP-type S4 mutations in live cell
models, independently validating the leak-current paradigm that causes paradoxical
depolarization during hypokalaemia. New biophysical research quantifies the interaction
between w-currents and K* conductance’s to push fibres into the in excitable range, further

elucidating the reasons behind weakness clusters at low [K* ].%*!

2. The effects of mutations

Are clarified by high-resolution channel structures. The mapping of PP variants onto 3D
domains by cryo-EM structures of Navl1.4 and structure-guided analyses demonstrates how
particular SCN4A substitutions impair S4 movement/inactivation and produce persistent
inward Na* current (Hyper/NormoPP) or w-leaks (HypoPP). These structural insights
complement the most recent expert reviews that integrate PP's genotype, biophysics, and
phenotype.[?4

3. Andersen-Tawil (KCNJ2/Kir2.1)

Improved mechanisms and classification of cardiac risk Recent research describe how various
KCNJ2 loss-of-function variants lower 1K1, which destabilizes the skeletalmuscle resting

potential and predisposes the heart to ventricular arrhythmias. More recent analyses also
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highlight drug interactions specific to particular variants (such as flecainide sensitivity).

Variant-level effects on Kir2.1 gating and PIP, interactions are still being parsed by

atomistic simulations and analyses, which help explain why ATS patients have different

phenotypes Nature.!!

4. Defects in excitation—contraction coupling downstream of depolarization: In
HypoPP, reduced force is linked to membrane biophysics through measurable impairment
of voltage-dependent Ca2+ release from the triad (Cavl.l-RyR1 axis) during
susceptibility states. Journals of Physiology.™®

5. Ashift toward genotype-guided CAL:

Use is supported by precision-therapy signals from genotype-response data. Carbonic

anhydrase inhibitors (CAIs) continue to be the primary prophylactic; aggregated genotype

data indicate a better acetazolamide response in CACNALS-HypoPP and a potential
worsening in some SCN4A-HypoPP. Springer Medical Dichlorphenamide is FDA-approved
and has consistent, trial-level evidence across primary PP; its mechanism may involve acid-

base/K* handling instead of direct pore effects Blue.[*®

6. With regard to specific o-leak blockers
Screens for drug-like w-current blockers as genuine mechanism-based therapies are
encouraged by proof-of-concept studies that demonstrate specific peptides or toxins can

suppress gating-pore currents. PNAS.1?!

7. What this mechanically means

HypoPP (CACNAI1S/SCN4A VSD mutations): paradoxical depolarization — Navl.4
inactivation — in excitable fibres due to a small gating-pore leak and low [K*]. Every step is
now directly supported by structural and optical studies. Hyper/NormoPP (SCN4A): mild
1[K*] (e.g., rest after exercise); faulty fast inactivation or activation shifts — persistent Na*
current increases depolarization, which leads to weakness and myotonia. Science Direct PMC
ATS (KCNJ2): decreased IK1 (Kir2.1) decreases membrane stability; slight K* alterations
cause muscle depolarization and cardiac repolarization abnormalities, which account for the

paralysis + arrhythmia phenotype. Oxford University.[?”
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3. Clinical Features

3.1 Phenotypic Variants

1. Hypokalaemic Periodic Paralysis (HypoPP) is one of the phenotypic variations of

periodic paralysis

1
2
3
4.
5
6

o

w RN

© N o o &

Usually begins in childhood or adolescence (10-20 years).

Flaccid weakness attacks, which typically affect the proximal > distal muscles.

Initiated by meals high in carbohydrates, post-exercise rest, stress, or exposure to cold.
Weakness can persist for hours or even days.

During attacks, serum K* is low (<3.5 mEg/L).

Although they are typically unaffected, severe cases may impact the respiratory and
bulbar muscles.

Recurrent episodes — biopsy-identified myopathy with vacuoles.

Closely linked to mutations in SCN4A (~20%) or CACNALS (~60%).[?8!

. Periodic Hyperkalemic Paralysis (HyperPP)

Usually begins before the age of ten in childhood.

Muscle weakness that occurs in shorter bursts (minutes to hours).

Triggered by foods high in potassium, resting after physical activity, fasting, and
exposure to cold.

Although less severe than HypoPP, weakness is frequently proximal.

During attacks, serum K* is high or normal.

Myotonia (muscle rigidity, percussion myotonia) may be present.

Compared to HypoPP, attacks happen more frequently but are milder.

Associated with mutations in the sodium channel SCN4A.?°!

3. Andersen-Tawil Syndrome (mutations in ATS and KCNJ2)

1.

2
3
4.
5

The triad of dysmorphic features, ventricular arrhythmias, and periodic paralysis.

Begins during adolescence or childhood.

Both hypokalemia and hyperkalemia (variable) can cause weakness.

Duration of paralysis: hours to days.

Cardiac signs: prolonged QT/U waves, ventricular arrhythmias — risk of syncope or
sudden death.

Dysmorphic characteristics include scoliosis, low-set ears, hypertelorism, clinodactyly,

and short stature.
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7. Excitability instability is caused by K-channel dysfunction in the inward rectifier
(Kir2.1).

8. Wide variation: some patients have paralysis when they first arrive, while others
primarily have arrhythmia.*”!

. Periodic Paralysis Normokalemic (NormoPP)

A rare subtype that shares similarities with HyperPP.

Commences in childhood.

Weakness attacks during episodes in spite of normal serum K* .

Triggers include cold, exercise, fasting, and potassium intake (much like HyperPP).

Duration: varying severity, minutes to hours.

Usually proximal, weakness can spread.

Myotonia is also present in certain cases.

Frequently linked to mutations in SCN4A.13%

© N o g b~ w0 DN =Bk

3.2 Triggers & Attack Features
Triggers
Depending on the subtype, the primary triggers differ, but typically consist of:

Dietary factors: Meals high in carbohydrates (HypoPP, TPP) Foods high in potassium
(HyperPP) and fasting (NormoPP, HyperPP)

Exercise related: Rest following intense exercise (HypoPP, HyperPP) Long-term exercise
can occasionally cause weakness Environmental and physiological Exposure to cold
(NormoPP, HyperPP) Emotional strain (HypoPP) Rest and sleep (HypoPP, HyperPP) Fever,
infections, hormonal/metabolic changes, and insulin spikes (following carbohydrate meals)

Thyrotoxicosis (Thyrotoxic PP) Anaesthesia and glucocorticoids (rare triggers).*

Attack Features

Onset: HypoPP: slow, takes hours to develop. HyperPP: abrupt, occurring in a matter of
minutes to hours. ATS: variable may resemble HyperPP or HypoPP. NormalPP: comparable
to HyperPP (hours—minutes).

Duration: HypoPP duration: hours to days. HyperPP: shorter but more frequent, ranging

from minutes to hours. ATS: hours to days. NormalPP: from minutes to hours.
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Weakness distribution: Proximal>distal muscles are symmetrical. Arms are less affected

than legs. The respiratory, bulbar, and facial muscles are typically unaffected (rarely severe).

Severity: HypoPP: may result in severe bedridden paralysis. HyperPP: typically, less severe
but more frequent. ATS: variable and moderate. Normal PP: moderate, comparable to

HyperPP.

Related Features: HypoPP: Age-related fixed myopathy develops but no myotonia.
HyperPP: Common myotonia. ATS: cardiac arrhythmias plus dysmorphic features NormalPP:
Rarely overlaps with HyperPp.1*

3.3 Complications & Long-Term Outcomes

1. Periodic Hypokalaemia Paralysis (HypoPP)

Consequences: Frequent severe attacks increase the risk of respiratory muscle weakness,
which is uncommon but potentially harmful. Arrhythmias of the heart in hypokalemia. Adult-
onset progressive fixed proximal myopathy (vacuolar myopathy, chronic weakness). In
severe or untreated cases, muscle atrophy and permanent disability result.

Long-Term Results: As they age, many patients experience fewer attacks. the ages of 40 to
50, fixed weakness may get worse. Fatigue and mobility problems have an impact on quality

of life.*

2. Hyperkalemic Periodic Paralysis (HyperPP)
Consequences: Repeated assaults result in progressive muscle damage. Myotonia that causes
pain and stiffness. Age-related chronic progressive weakness. Rare cardiac arrhythmias in

cases of severe hyperkalemia.

Long-Term Results: Episodes are more frequent but generally milder than HypoPP. Later in
life, many people develop fixed myopathy. After middle age, attacks tend to occur less
frequently.®¥

3. Tawil-Andersen Syndrome (ATS)

Consequences: Ventricular arrhythmias that could be fatal Sudden cardiac death, particularly
in the absence of therapy. Orthopaedic problems (scoliosis, contractures) can result from
skeletal abnormalities. Hypokalaemia and hyperkaliaemic paralysis episodes are less

predictable.
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Long-Term Results: Wide variation: some people have mild disabilities, while others have
severe ones. The primary factor influencing prognosis is arrhythmias. Some people may
never fully recover from their weakness.*!

5. Normokalemic Periodic Paralysis (NormoPP)

Usually less serious side effects. In later decades, fixed muscle weakness may develop.

Occurs occasionally with HyperPP complications (chronic myopathy, myotonia).

Long-Term Effects: As people age, attacks may become less frequent. The possibility of
developing mild fixed myopathy. Overall, the prognosis is typically better than HypoPP/ATS.

General Long-Term Considerations Across All Variants

Overarching Long-Term Aspects of Every Variant Up to 60—70% of HypoPP cases and about
50% of HyperPP cases develop fixed myopathy by later adulthood. Mobility problems: some
people need walking assistance as they age. Cardiac risks are present during Hypokalaemic
episodes but are highest during ATS. Psychosocial effects include decreased quality of life,
anxiety, and fear of attacks. Treatment effects: Acetazolamide and dichlorphenamide, which
are carbonic anhydrase inhibitors, may lessen the frequency of attacks and help maintain

function.[*

4. Advances in Diagnosis

4.1. Clinical Assessment

1.Comprehensive Medical History

Age of onset, family history (autosomal dominant pattern common). Target triggers, such as
cold, fasting, K* intake, exercise, and carbohydrates. The length and frequency of episodes.

Related symptoms include arrhythmias, myotonia, and dysmorphic features (ATS).

2. Phenotypic Indications

HypoPP: severe, protracted episodes linked to carbohydrates. HyperPP: myotonia, potassium-
triggered, brief, and frequent. ATS: the trinity of dysmorphism, arrhythmias, and paralysis.
NormalPP: K* levels are normal and overlap with HyperPP.1*®!

4.1 Laboratory Assessment
Measurement of Serum Potassium: In the event of an attack: HypoPP — | K*
(<3.5mEq/L). HyperPP—1/Normal K* (>5.0mEq/L). NormoPP —Normal.[*®
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In between attacks: usually typical: Provocative/challenge testing, which was crucial in the
past but is now less common due to risk. The HypoPP oral glucose or carbohydrate challenge.
The potassium challenge (NormoPP, HyperPP). Perform an exercise test while taking a break

to replicate weakness.

Electrodiagnostic Examination: Needle EMG: may reveal myotonia, particularly HyperPP.
Modern Advance's Long Exercise Test (LET): Assesses the decrease in CMAP (compound
muscle action potential) following exercise. Subtypes can be distinguished using
characteristic patterns: HypoPP: a gradual decrease in CMAP accompanied by a delayed
recovery. HyperPP: CMAP declines early and recovers. ATS: inconsistent outcomes.®

Cardiac assessment, particularly in ATS: ECG: arrhythmias, prominent U waves, and

prolonged QT. Holter surveillance for ventricular ectopy.

Genetic Testing (A Significant Development in Diagnostics)

Direct sequencing of ion channel genes that are known: CACNA1S (HypoPP, approximately
60%). SCN4A (NormoPP, HyperPP, and HypoPP). Andersen-Tawil Syndrome, or KCNJ2.
Accurate and quick diagnosis is made possible by next-generation sequencing panels.

Lessens the need for dangerous, provocative testing.

Facilitates correlations between genotype and phenotype, which are crucial for prognosis and

treatment response.’®!

Other New Tools

Muscle MRI: In chronic cases, it demonstrates specific muscle involvement (fatty
replacement, edema). Muscle biopsy: Seldom required; in cases of fixed myopathy, it may
reveal vacuoles. The biomarkers being investigated include transcriptomic profiles and ion
channel functional assays. Wearable monitoring devices: Track mobility and ECG during

attacks.*”]

4.2 Electrophysiological Tests
Electrodiagnostic studies are central tools for confirming diagnosis, distinguishing subtypes,

and guiding genetic testing.
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1. Electromyography (needle EMG)

Results differ by subtype: HypoPP — typically normal in between attacks; decreased
recruitment and excitability during episodes. HyperPP — may exhibit myotonia, which is the
delayed relaxation following contraction. Variable myopathic changes (ATS).

Limitation: It helps rule out mimics (myopathies, neuropathies), but it is not specific.®!

2. Short Exercise Test (SET)

CMAP amplitude is measured by a brief voluntary contraction (10-30 seconds).

RESULTS
HyperPP causes a slight instantaneous drop in CMAP. HypoPP — typically normal in SET.

Use: Screening, but not as sensitive as a lengthy exercise test.®!

3. The Long Exercise Test (LET)

An Important Development in Diagnosis Protocol: Constant contraction of a muscle (usually
the abductor digiti minima) for 2-5 minutes. CMAP was recorded both instantly and at
intervals for up to 60 minutes.*"

4. Characteristic Patterns (Findings)

HypoPP — Progressive CMAP decline (up to 40%) with a 20—60minute recovery lag.
HyperPP — CMAP amplitude drops early, then recovers partially or fully. ATS —Varying,

occasionally inconsistent features. NormalPP — frequently looks like Hyper PP, B!

5. Diagnostic Value

Very sensitive (between 70 and 80 percent). Offers patterns unique to phenotypes that direct
focused genetic testing. It is currently a standardized test in neuromuscular labs across the
globe.1*!

4.3 Genetic Testing

1. Genetic Testing

Background In the past, clinical history, serum K*, and provocative testing
(carb/K* challenge) were used to make diagnoses. These were dangerous (arrhythmias,

severe paralysis). Molecular genetics is now the gold standard for PP confirmation.*”!
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2. ldentification of Important Genes

Hypokalaemia PP (HypoPP): CACNAIS (skeletal muscle, Ca2+ channel) — approximately
60—70% of cases. SCN4A (Na+ channel) — approximately 10% to 20%.

Hyperkalaemia PP (HyperPP): Gain-of-function mutations in SCN4A.

SCNA4A variants are frequently found in normokalaemia PP (NormoPP). KCNJ2 (Kchannel,
inward rectifier): a sign of Andersen-Tawil Syndrome (ATS).[*”

3. Contemporary Methods of Genetic Testing:

When a phenotype unmistakably indicates a particular gene (such as CACNALS in HypoPP),
targeted Sanger sequencing is still utilized. Comprehensive neuromuscular/channelopathy
panels; Next-Generation Sequencing (NGS) panels. Find several genes linked to PP in a
single test. Whole Exome Sequencing (WES): Beneficial in cases that are unusual or
undetected. Finds novel or uncommon mutations. Whole Genome Sequencing (WGS) New
technology that enables the identification of complex rearrangements, regulatory mutations,

and non-coding variations.[*!

4. Genetic Testing Benefits

Accurate subtype diagnosis — steers clear of risky challenge tests. Directs therapy: The way
that HypoPP (CACNALS vs. SCN4A) reacts to acetazolamide may vary. Acetazolamide can
sometimes exacerbate SCN4A mutations; dichlorphenamide is preferred. Asymptomatic
carriers are found through family screening.[*!

4.4 Emerging Diagnostic Tools

1. Imaging Methods: Muscle MRI o Identifies specific muscle involvement (fatty
replacement in chronic fixed myopathy, edema in early disease). Able to differentiate PP
myopathy from metabolic and inflammatory myopathies. Beneficial for tracking treatment
response and progress. Skeletal Muscle Ultrasound A bedside, non-invasive method of
identifying structural muscle alterations. Developing as an inexpensive, radiation-free
substitute.!*3

2. Physiological and Functional Biomarkers

Muscle Velocity Recovery Cycle (MVRC) Uses specific EMG techniques to measure
membrane excitability. Even in between attacks, it is able to identify minute irregularities.

Research tool that shows promise for use in clinical settings. Surface EMG mapping:
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Multichannel recordings pick up on subtle excitability variations that aren't picked up by a
standard EMG.[*Z

3. Digital and Wearable Health Instruments

1. Continuous ECG monitoring (smartwatches, wearable patches, and Holter): Especially
crucial in cases of Andersen-Tawil syndrome (QT abnormalities, arrhythmias).

2. Mobility and activity trackers: o ldentify decreased mobility during episodes of an attack.
0 Assists in linking the frequency of attacks to lifestyle triggers.

3. Apps and digital diaries: o Patients record their symptoms, meals, and exercise. Serum
potassium monitoring and data can be combined to provide individualized treatment.[*?

4. Molecular and Laboratory Innovations

Functional Assays for lon Channels: Induced pluripotent stem cells (iPSC) derived from

patients developed into muscle cells. Patch-clamp studies evaluate how mutations affect the

currents of Na, K, and Ca2. Link between clinical phenotype and genetic testing.[**!

5. Management Strategies

5.1Acute Management

In acute attacks, the objective is to quickly restore muscle strength while avoiding

complications, particularly cardiac arrhythmias brought on by potassium shifts.

1. Fundamental Ideas
Determine the attack type (HypoPP, HyperPP, NormoPP, ATS). Continuous cardiac
monitoring in the event of severe weakness or arrhythmia risk; Immediate serum potassium

measurement.

2. Periodic Hypokalaemia Paralysis (HypoPP)

Supplementing with potassium orally (preferred) Divided doses of potassium chloride (20-60
mEQq) are administered. Oral administration is safer than IV because there is a lower chance
of rebound hyperkalaemia. If there is severe paralysis, an arrhythmia, or difficulty
swallowing, administer intravenous potassium gradually (e.g., 10 mEg/h with ECG
monitoring). Steer clear of fluids that contain dextrose as they can exacerbate hypokalaemia.

Supplements: Steer clear of high-carb meals during recovery and rest following exercise.™*!
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3. Periodic Hyperkalaemia Paralysis (HyperPP)

The objective is to stabilize membrane excitability and lower serum potassium. Mild attacks:
Mild exercise could aid in preventing weakness. Pharmacological Measures: Oral glucose or
carbohydrates cause insulin to be released, which causes K* to enter cells. For a quicker
effect, use an oral or inhaled B-agonist, such as salbutamol or ibuterol. Severe attacks: 1V
calcium gluconate (stabilization of the membrane in the event of an arrhythmia). K+ is
intracellularly driven by IV glucose + insulin. Steer clear of foods and medications that

contain potassium.**!

4. Normokalaemia Periodic Paralysis (NormoPP)
This condition shares characteristics with HyperPP, which is frequently caused by a SCN4A
mutation. Acute measures like [B-agonists, mild activity, and carbohydrate intake are

comparable to HyperPP.

5. Tawil-Andersen Syndrome (ATS)

Acute weakness episodes frequently mimic HyperPP or HypoPP. During an attack, treat
based on the serum K* level. Particular attention should be paid to cardiac arrhythmias.
Ongoing ECG observation. 1V antiarrhythmic treatment in cases of potentially fatal

arrhythmia.**!

5. 2 Preventive & Long-Term Approaches

Lifestyle and Avoidance of Triggers

HypoPP Steer clear of high-carb meals, extended periods of inactivity following exercise, and
excessive sodium consumption. Keep your potassium intake moderate and your diet
balanced. NormoPP and HyperPP Steer clear of foods high in potassium, such as nuts,
oranges, bananas, and dried fruits. Steer clear of cold exposure, fasting, and post-exercise
rest. ATS Vigilant treatment of cardiac arrhythmias (avoid medications that prolong the
Q).

Preventive Pharmacological Treatments

1. HypoPP: Inhibitors of Carbonic Anhydrase (CAIs) First-line acetazolamide: many patients
experience attacks that are more frequent and severe. The more recent, FDAapproved
dichlorphenamide: sometimes more effective. Note: Acetazolamide — dichlorphenamide is
preferred, but it may exacerbate SCN4A mutations. Diuretics that spare potassium, such as

eplerenone, triamterene, and spironolactone. When CAll is not tolerated, it is used.[*!
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2. NormoPP and HyperPP: Hydrochlorothiazide and other thiazide diuretics decrease
serum K* . Acetazolamide and dichlorphenamide, or CAls, can lessen the frequency of

attacks. Mexiletine, a sodium channel blocker, may be useful in treating myotonia.

3. ATS, or Andersen-Tawil Syndrome: CAIls might lessen assaults. ICD (Implantable
Cardioverter Defibrillator) and antiarrhythmics: for potentially fatal arrhythmias. Beta-
blockers are used specifically to control arrhythmias.

5.3 Pharmacological Interventions

1. Hypokalaemic Periodic Paralysis (HypoPP)

Acute Phase: Oral Potassium Chloride (KCI) Hypokalaemic Periodic Paralysis (HypoPP):
First-line treatment for acute episodes (20-60 mEq in divided doses). IV KCI should only be
administered in cases of severe paralysis, dysphagia, or arrhythmias. Hyperkalemic Periodic
Paralysis (HyperPP): Prolonged Prevention Inhibitors of carbonic anhydrase (CAls):
Acetazolamide (250-1000 mg/day): improves K* retention and decreases attack frequency.
FDA-approved dichlorphenamide (50-200 mg/day) has been demonstrated to lower the
frequency of attacks and fixed weakness.®!

2. Hypokalaemic Periodic Paralysis (HypoPP)

Acute Phase Oral glucose and carbohydrate intake: reduce serum K* through insulin release.
B-agonists: quick potassium uptake into cells (albuterol/salbutamol). IV insulin + glucose: for
arrhythmias or severe attacks with elevated K+. IV calcium gluconate: stabilizes the
membrane in the event of a dangerous arrhythmia. Prolonged Prevention Thiazide diuretics,

such as hydrochlorothiazide, raise the excretion of K+ in the urine.*®!

3. Normokalemic Periodic Paralysis (NormoPP)
Pharmacology overlaps with HyperPP in Normokalemic Periodic Paralysis (NormoPP): CAls
(acetazolamide, dichlorphenamide). Thiazides in certain individuals. Mexiletine if myotonia

is present.

4. Tawil-Andersen Syndrome (ATS):
Muscle Weakness Attacks: Depending on serum K* , these attacks are treated similarly to
HypoPP or HyperPP. Acetazolamide and dichlorphenamide, or CAls, can lower frequency.

Arrhythmias of the heart Antiarrhythmic medications (such as beta-blockers, amiodarone, and
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flecainide) — customized treatment. An implantable cardioverter defibrillator, or ICD, is

used to treat potentially fatal arrhythmias.[*®!

5.4 Cardiac Monitoring

1. Justification

Particularly significant in ATS, but also pertinent in HypoPP & HyperPP during severe
attacks; abnormal potassium homeostasis and ion channel mutations (KCNJ2, SCN4A,
CACNAIS) — predispose to ventricular arrhythmias, conduction defects, and QT

abnormalities.!*”!

2. Acute Surveillance (During Attacks)

Ongoing ECG monitoring in the following situations: o Severe paralysis (involving the heart
or lungs). Considerable hyperkalemia or hypokalemia. Palpitations, syncope, and chest pain
are present. Prompt interventions: IV potassium (with ECG-guided titration) in HypoPP
arrhythmias. For HyperPP arrhythmias, IV calcium gluconate, insulin/glucose, and B, -
agonist. ICU treatment for potentially fatal arrhythmias (VT, VVF, torsades de pointes).*”!

3. Extended Observation

Holter monitoring (24-48 hours): identify intermittent arrhythmias (common in ATS);
baseline ECG in all PP patients. Stress/exercise testing: detect arrhythmias brought on by
exertion. Cardiac MRI and echocardiography: to identify structural involvement in ATS

patients with chronic illness.[*”

4. Particular Aspects by Subtype

HypoPP: Keep an eye out for arrhythmias (U waves, prolonged QT, ventricular ectopy)
brought on by hypokalemia. HyperPP/NormoPP: Bradycardia, AV block, and ventricular
fibrillation are risks associated with severe hyperkalemia. The triad of ventricular
arrhythmias, dysmorphic features, and periodic paralysis is known as Andersen-Tawil
Syndrome (KCNJ2 mutation). ECG: bidirectional VT, frequent PVCs, prominent U waves,
and prolonged QT. Frequent cardiac monitoring is required.*”

5.5 Recent Advances & Precision Medicine

1) Treatment based on genotype

Acetazolamide frequently works well for CACNAL1S-HypoPP; dichlorphenamide (DCP) is
also useful and FDA-approved for PP prophylaxis. SCN4A-HypoPP: subset may get worse
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when  taking  acetazolamide; they prefer DCP or  K-sparing  agents
(spironolactone/eplerenone). SCN4A-Hyper/NormoPP: mexiletine for clinically significant
myotonia; thiazides (JK* ), DCP/acetazolamide to lessen attacks. KCNJ2 (ATS): ICD for
malignant ventricular arrhythmias; cardiac precision care (flecainide/betablocker customized

by electrophysiology); CAls may lessen weakness episodes.®!

2) Patient classification that goes beyond genetics

Lifestyle targets and first-line medication selection are guided by phenotype clustering (attack
duration, trigger profile, and myotonia presence). Long Exercise Test CMAP patterns, or
electrophysiology signatures, aid in drug selection and subtype prediction.!*]

3) More intelligent potassium control

Individual trigger logs are used to customize carb timing and dietary K* windows. When
possible, use home ECG/HR monitoring in conjunction with structured oral KCI protocols for

HypoPP and B-agonist inhaler protocols for HyperPP rescue.*®

4) Remote and digital surveillance

ECG patches and wearables for peri-attack recording and ATS rhythm monitoring. Appbased
trigger diaries and automated alerts that connect temperature, attacks, sleep, exercise, and
meals—feeding clinician dashboards for dose-tuning.[*®!

5) Directions for disease modification (research/early clinical use)

Peptide/small-molecule screens that target HypoPP leak currents are known as gating-pore
(o-current) blockers. In Hyper/NormoPP, selective Navl1.4 modulators can restore

inactivation without causing a worldwide sodium-channel block.!*®!

6. Future Directions & Key Challenges

1. Translational and mechanistic science

Kir2.1 modulators for ATS; Navl.4 inactivation stabilizers for Hyper/NormoPP; and gating-
pore (w-current) blockers for HypoPP. iPSC-derived patient myotubes for drug screening and
variant functional testing. Modelling and high-resolution channel structures to forecast drug

binding and pathogenicity.[*”
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2) Biomarkers and diagnostics

Standardized membrane excitability measurements as objective biomarkers, such as LET
automation and MVRC. Muscle MRI fat/edema maps, or imaging signatures, are used to
monitor treatment response and progression.*!

3. Targeted medicine

Playbooks for genotype-directed prophylaxis (CACNA1S vs. SCN4A vs. KCNJ2).
Combination tactics: CAIs plus thiazides, [-agonists, and mexiletine based on

electrophysiology and trigger profiles.!"!

4) Digital health & prediction

Wearables or a patch ECG to record peri-attack rhythms, which are essential for ATS. Smart
diaries that combine sleep, exercise, meals, and ambient temperature to predict the risk of an
attack.[*”

5) Supportive care and clinical pathways
Home rescue procedures with explicit escalation guidelines (HypoPP carb/f, -agonist;
HyperPP oral K* ). Bundles for peri-operative, anaesthesia, and pregnancy to standardize

care.>%

7. CONCLUSION

Periodic paralysis is an uncommon but clinically relevant family of ion channelopathies
characterized by weakening episodes linked to anomalies in skeletal muscle excitability and
potassium homeostasis. The significance of mutations in CACNA1S, SCN4A, and KCNJ2
has become more apparent due to genetic breakthroughs, enabling accurate diagnosis and
genotype-guided treatment. Andersen-Tawil syndrome, Hypo PP, Hyper PP, and Normo PP
are among the clinically varied forms of PP, which have varying triggers, attack patterns, and
consequences that range from fixed myopathy to life-threatening arrhythmias. In order to
improve safety and accuracy, risky provocation tests have been substituted in diagnosis by

genetic testing, electrophysiological, and imaging biomarkers.

Empirical potassium and carbonic anhydrase inhibitors have been replaced with customized
therapy regimens, including cardiac monitoring in ATS, mexiletine, dichlorphenamide, and
targeted diuretics. Ongoing studies in gene editing, gating-pore blockers, Nav1.4 modulators,
and iPSC-based models offer hope for disease-modifying therapies. Despite improvements,
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problems persist, including arrhythmia risk in ATS, unsolved variations of unknown
relevance, variable responses to treatment, and limited availability to specialized care.
Multidisciplinary approaches integrating neurology, cardiology, genetics, and rehabilitation
are essential for the greatest outcomes. In summary, the shift to precision medicine in
neuromuscular disorders, where genetic knowledge, electronic monitoring, and targeted
medicines combine to reduce attack severity, prevent consequences, and improve quality of

life, is exemplified by Periodic Paralysis.

oo
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