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CLINICAL CASE

Abstract

Background: Hypokalemic periodic paralysis (HPP) is a rare genetic neuromuscular disorder characterized by an autosomal 
dominant inheritance pattern and a variable clinical phenotype. It is associated with low potassium levels due to defects in 
muscle ion channels. HPP can be life-threatening, but it can be completely reversed if diagnosed and treated promptly and 
correctly. Pathogenic variants in a heterozygous in the CACNA1S or SCN4A genes lead to HPP. Clinical case: We present 
a 16-year-old male with a clinical history of flaccid paralysis associated with hypokalemia following intense physical activity 
and subsequent COVID-19 infection. During this evaluation, his 12-year-old maternal half-brother exhibited similar symptoms 
related to intense physical exercise. The affected mother, maternal aunt, and maternal grandfather have variable clinical his-
tories. Genetic testing identified a heterozygous pathogenic variation in the CACNA1S gene (c.2700G˃A; p.Arg900Ser) in 
the patient, his mother, and maternal half-brother. Conclusion: The availability of a positive family history facilitates diagnos-
tic guidance and provides insight into the factors triggering crises. Education is the first step in contributing to prevention 
and management. Furthermore, understanding the etiological cause is crucial for offering available therapeutic options and 
providing family genetic counseling.
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Infección por COVID-19 y actividad física intensa en la parálisis periódica 
hipopotasémica

Resumen

Introducción: La parálisis periódica hipopotasémica (PPH) es un trastorno genético neuromuscular raro con un patrón de 
herencia autosómico dominante y un fenotipo clínico variable que se relaciona con niveles bajos de potasio secundarios a 
un defecto en los canales iónicos musculares. La PPH puede poner en peligro la vida, pero puede revertirse por completo 
si se diagnostica y trata de manera oportuna y correcta. Las variantes patogénicas en heterocigosis en los genes CACNA1S 
o SCN4A dan como resultado PPH. Caso clínico: Se presenta el caso de un varón de 16 años con antecedentes clínicos 
de parálisis fláccida asociada a hipopotasemia después de una actividad física intensa con COVID-19. Durante esta eva-
luación, su hermano materno de 12 años manifestó síntomas similares asociados al ejercicio físico intenso. La madre, la tía 
materna y el abuelo materno estaban afectados con antecedentes clínicos variables. El estudio genético identificó una 
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Introduction

Hypokalemic periodic paralysis (HPP) is a rare 
genetic neuromuscular disorder inherited in an autoso-
mal dominant pattern with incomplete penetrance1-7, 
predominantly affecting males with a ratio of 20:18, and 
an estimated incidence of 1:100,0009. It is known as 
Westphal’s disease2, and is more prevalent in Western 
countries8. The clinical presentation is variable, char-
acterized by mild fatigue, paroxysmal episodes of tran-
sient or recurrent paresis, focal or generalized skeletal 
muscle flaccid paralysis, myalgias, or painless muscle 
weakness1,7-9. HPP is associated with low potassium 
levels (< 3.5 mmoL/L)1,4,10,11, due to a defect in the mus-
cle ion channels1,3. While it can be life-threatening, it is 
completely reversible if diagnosed and treated appro-
priately in a timely manner2,8.

Weakness predominantly affects the lower extremi-
ties rather than the upper limbs, with proximal muscles 
being more frequently involved than distal ones, while 
facial muscles typically remain preserved7. Symptoms 
generally appear in early adolescence6, and impaired 
muscle function may be accompanied by respiratory 
dysfunction, electrocardiographic changes (QT prolon-
gation and a flat T wave), cardiac arrhythmias7, rhab-
domyolysis12, constipation, or sensory deficits7. Other 
forms of periodic paralysis include thyrotoxic periodic 
paralysis, hyperkalemic periodic paralysis, and 
Anderson syndrome2.

Although HPP is the most common type of periodic 
paralysis, it is rare, with a prevalence of 1 in 100,0001,5,7. 
In cases where there is no family history, diagnosis can 
be delayed and challenging. HPP demonstrates pheno-
typic variability regarding onset, duration, and presenta-
tion of symptoms, manifesting as transient episodes that 
fluctuate in duration and severity; however, most individ-
uals achieve full recovery1.

HPP is caused by heterozygous pathogenic variants 
in the genes for the L-type voltage-gated calcium chan-
nel α1 S subunit (CACNA1S, OMIM *114208) located at 
1q31-32 and the voltage-gated sodium channel α4 sub-
unit gene (SCN4A, OMIM *603967) at 17q23-251,5,7,11, 
present in 70-80% and 10% of cases, respectively9.

Paralytic episodes may occur spontaneously during 
the second decade of life5,9, and can be secondary to 
conditions such as hyperthyroidism (Graves disease)1,3, 
thyrotoxicosis1,7, distal renal tubular acidosis1,3,7,13, 
Bartter’s syndrome13, Gitelman’s syndrome, primary 
hyperaldosteronism7,13, Cushing’s syndrome13, diabetes 
insipidus, celiac disease1, Crohn disease14, and the use 
of drugs such as diuretics7, and cephalexin15. Triggering 
factors include resting state after intense exercise, high 
carbohydrate diets2,4,5,7,9,16, alcohol cosumption9, mental 
stress7, prolonged fasting2,7, acute febrile illness7, preg-
nancy, and menstruation4. Episodes often appear several 
hours after exposure to these aggravating factors, which 
increase the release of insulin or epinephrine, promoting 
the movement of potassium into cells and resulting in 
hypokalemia. For this reason, lifestyle changes are cru-
cial to avoid exacerbations and prevent severe acute 
symptoms. It is also vital to consider the patient’s history 
and establish adequate differential diagnoses to identify 
and correct potential causes of symptoms promptly7.

We present a new family case of HPP, emphasizing 
the importance of understanding the etiological cause 
to guide available therapeutic options and provide 
genetic counseling for the family.

Clinical case

The proband was a 16-year-old male adolescent with 
a history of flaccid paralysis associated with severe phys-
ical exercise since the age of 12. He had been monitored 
and followed by pediatric neurology. He was the product 
of non-consanguineous parents, following a second preg-
nancy. There was a history of hypotonia in childhood that 
warranted physical therapy, with satisfactory improve-
ment, leading to independent walking by 2 years of age. 
He maintained adequate academic performance and 
participated in water polo practice.

He was admitted after manifesting a rapidly progressive 
episode of flaccid paralysis affecting the trunk and all four 
extremities, with symmetrical, painless muscle weakness, 
and fatigue lasting 12 h, accompanied by preserved oste-
otendinous reflexes and a normal sensory examination. 
Examination of other systems revealed unremarkable 

variación patogénica en heterocigosis en el gen CACNA1S (c.2700G˃A; p.Arg900Ser) en el paciente, su madre y el hermano 
materno. Conclusiones: La disponibilidad de antecedentes familiares positivos facilita la orientación diagnóstica y agrega 
información sobre las causas que desencadenan las crisis, siendo la educación el primer paso para contribuir a la preven-
ción y el manejo. Asimismo, se destaca la importancia de conocer la etiología para brindar las opciones terapéuticas dis-
ponibles y ofrecer un consejo genético familiar.

Palabras clave: Parálisis periódica hipopotasémica. COVID-19. CACNA1S. Manejo.
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findings, and laboratory tests indicated hypokalemia of 
2.1 mEq/L (normal range 3.5-5.10), following intense 
physical activity and subsequent confirmation of COVID-
19 infection. Serum chloride and sodium levels were 
within the normal limits. Other hematological and bio-
chemical parameters, arterial blood gas analysis, and 
thyroid hormones were normal. He was treated with 
parenteral potassium chloride supplementation, and 
serum potassium levels normalized after 24 h. Within 
2 days, his weakness completely resolved, and he was 
monitored under pediatric observation without complica-
tions during his inpatient treatment. The electrocardio-
gram upon admission showed QT prolongation, shallow 
T waves, and prominent U waves consistent with hypo-
kalemia, whereas a repeat electrocardiogram normal-
ized after treatment. The patient was discharged with 
oral potassium supplements.

Family history revealed that the maternal grandfather 
had a similar history of flaccid paralysis affecting all 
limbs, associated with muscle weakness and abnormal 
breathing with diminished tendon reflexes lasting 
around 6  h, along with hypokalemia at 5, 38, and 40, 
with seven episodes occurring within a month during the 
latter period. In addition, the maternal half-brother, under 
12  years old, experienced a first episode of paralysis 

following intense physical activity with hypokalemia of 
2.5 mmoL/L. A  second episode occurred 10  months 
later during a period of psychological stress. The mother 
reported experiencing anesthetic complications follow-
ing maxillofacial surgery at age 18, an event that also 
affected her sister and father during anesthesia (Fig. 1).

Considering the personal and family medical history, 
genetic testing for genes associated with HPP was 
performed on the patient through a Next Generation 
Sequencing panel, identifying a heterozygous patho-
genic variation in the CACNA1S gene (c.2700G˃A; 
p.Arg900Ser). The proband’s mother and her younger 
maternal half-brother also exhibited this variant. In addi-
tion, a likely pathogenic variant in the donor splice site 
of the TNNT1 gene (c.387 + 1G˃A) was identified in the 
patient. Genetics follow-up has been conducted to pro-
vide family genetic counseling.

Methods

Genomic DNA obtained from the submitted sample 
was enriched for targeted regions using a hybridiza-
tion-based protocol and sequenced using Illumina tech-
nology. All targeted regions were sequenced with a depth 
of ≥ 50x or supplemented with additional analysis. Reads 

Figure 1. Genealogy of the studied family. The arrow points to the purpose (IV: 2), his mother (III: 3), and maternal half-
brother (IV: 3) presented the CACNA1S gene variant c.2700G ˃ A (p.Arg900Ser). An autosomal dominant inheritance 
pattern is demonstrated in the presence of male–male transmission (II:3 and III:10
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were aligned to a reference sequence (GRCh37), and 
sequence changes were identified and interpreted in 
the context of a single clinically relevant transcript. 
Enrichment and analysis focused on the coding 
sequences of the indicated transcripts, along with 10bp 
of flanking intronic sequence and other specific genomic 
regions known to be causative of disease at the time 
of assay design. Exonic deletions and duplications 
were identified using an in-house algorithm that com-
pares the read depth for each target in the proband’s 
sequence with both the mean read depth and distribu-
tion from clinical samples. Markers across the X and Y 
chromosomes underwent analysis for quality control 
purposes, detecting deviations from the expected sex 
chromosome complement, which may be reported in 
accordance with internal guidelines. All clinically signifi-
cant observations were confirmed using orthogonal tech-
nologies, except individually validated variants and those 
previously confirmed in a 1st-relative. Confirmation tech-
nologies include Sanger sequencing, Pacific Biosciences 
single-molecule real-time sequencing, MLPA, MLPA-seq, 
and Array CGH. Array CGH confirmation of Next 
Generation Sequencing CNV calling performed by Invitae 
Corporation. If a CNV is identified, MLPA or MLPA-seq 
was conducted to confirm the variant.

An rsID is a unique identifier that refers to a single 
genomic position and is used to associate population 
frequency information with sequence changes at that 
position. Reported population frequencies are derived 
from various public sites aggregating data from large-
scale population sequencing projects, including ExAC, 
gnomAD, and dbSNP.

A MedGen ID is a unique identifier for articles in 
MedGen, NCBI’s centralized database for information 
on genetic disorders and phenotypes. Search using the 
MedGen ID at the NCBI site.

The genes of the selected panel were 52: ACTA1, 
ANO5, ATP2A1, BAG3, BIN1, CACNA1S, CAV3, 
CCDC78, CFL2, CNTN1, COL12A1, COL6A1, COL6A2, 
COL6A3, CPT2, CRYAB, DES, DNAJB6, DNM2, DYSF, 
FHL1, FKBP14, FLNC, GNE, GYS1, KBTBD13, KCNJ2, 
KLHL40, KLHL41, LDB3, LMNA, LMOD3, MATR3, 
MEGF10, MTM1, MYH7, MYL2, MYOT, MYPN, NEB, 
RYR1, SCN4A, SELENON, SQSTM1, STAC3, STIM1, 
TIA1, TNNT1, TPM2, TPM3, TTN, and VCP.

Discussion

HPP type  1 (OMIM #170400) and type  2 (OMIM 
#613345) are rare inherited disorders of skeletal muscle 
channelopathy caused by dysregulation of sarcolemma 

excitability17, belonging to a group of genes that code for 
ion channels18. Most mutations involve substitutions of a 
positively charged arginine in the fourth transmembrane 
segment within the voltage sensor domains of calcium and 
sodium channels, respectively17.

Patients with HPP may experience persistent muscle 
weakness during episodes when muscle fibers become 
non-excitable due to defects in the potassium flux1. If 
hypokalemia is accurately diagnosed and corrected, 
symptoms can be suppressed, and reversible recovery 
can be achieved. However, if the diagnosis is delayed 
or incorrect, the patient may experience arrhythmias or 
cardiac arrest7. HPP can also present with motor defi-
cits and respiratory failure, negatively impacting quality 
of life1. A family history can facilitate diagnosis.

The treatment strategy begins with patient education 
and lifestyle modifications to avoid triggering stimuli, 
minimizing the frequency and severity of attacks. Small, 
frequent meals with a low-sodium and carbohydrate 
diet, coupled with avoidance of strenuous exercise, can 
help reduce episodes. Chronic treatment with carbonic 
anhydrase inhibitors, notably acetazolamide, has been 
used empirically for over five decades1,4. However, it has 
been ineffective in some cases and occasionally wors-
ens symptoms7. Dichlorphenamide could be considered 
for patients unresponsive to acetazolamide4. Treatment 
for acute symptoms includes plasma potassium replace-
ment2,4, maintenance of acid-base balance, cardiac 
monitoring, and careful use of neuromuscular blocking 
agents2. Potassium-sparing diuretics such as spirono-
lactone, triamterene1,4, eplerenone, or amiloride, along 
with some antiepileptic drugs such as topiramate, have 
emerged as effective alternatives for cases unrespon-
sive to acetazolamide1. Attempting to manage paralysis 
solely through potassium supplementation can lead to 
rapid potassium release from cells, potentially resulting 
in rebound hyperkalemia.

Early diagnosis is essential for determining an effec-
tive treatment plan, as non-selective β-blockers can 
treat hypokalemia while simultaneously mitigating the 
risk of rebound hyperkalemia11. The long-term outlook 
for HPP patients is positive; however, they are sensitive 
to general anesthesia and may develop muscle paral-
ysis and respiratory weakness. Proximal myopathy, 
malignant hyperthermia, and cardiac arrhythmias can 
pose life-threatening risks4.

Changes in electrolytes and acid-base status can aid 
in the early differential diagnosis of primary and second-
ary HPP. In the case of HPP secondary to conditions 
other than hyperthyroidism is more likely to lead to acid-
base imbalance, presenting with higher pH and HCO3 
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levels, requiring larger doses of potassium supplemen-
tation, and taking longer for serum potassium levels to 
normalize and for patients to regain full muscle strength 
compared to those with primary or thyrotoxic HPP. Thus, 
arterial blood gas analysis may assist in the early differ-
ential diagnosis of primary and secondary HPP19.

SARS-CoV-2 infection can induce dysfunction in 
many organs through ACE2 receptor involvement and 
the consequences of the cytokine storm; this relation-
ship is relevant in thyroid diseases. A documented case 
indicates hyperthyroidism with SARS-CoV-2 infection 
leading to refractory hypokalemia, managed with potas-
sium replacement therapy over 2 months. Although the 
patient lacked a history of thyroid disease, laboratory 
results indicates hyperthyroidism. Following oral thiam-
azole, the thyroid hormone parameters improved, 
potassium levels normalized, and limb weakness 
stopped20. This represents the fourth documented HPP 
case associated with SARS-CoV-2 infection without 
thyroid abnormality, suggesting that this infection can 
precipitate HPP20-22.

The presence of a family history helps facilitate diag-
nosis. The CACNA1S gene encodes the voltage-gated 
calcium channel α subunit, which plays a critical role in 
calcium-mediated excitation and contraction cou-
pling6,12, activating RYR1 to induce calcium release 
from the sarcoplasmic reticulum. Dominant mutations in 
the CACNA1S gene are associated with HPP, malignant 
hyperthermia, and congenital myopathy12. Multiple non-
sense variations have been identified in HPP patients6, 
presenting variable phenotypes12. Genetic variation typ-
ically causes arginine replacement with an uncharged 
residue in the S4 segment of the channel. Available data 
supporting the notion to gate pore current affirms the 
episodic loss of fiber excitability during weakness 
attacks prevalent in HPP17.

The variation found within the studied family replaces 
an arginine residue with an uncharged residue in the 
S3 segment of the channel; this genetic variation in the 
CACNA1S gene was previously described by Jia et al.23 
in an Asian patient, who exhibited substantial muscular 
edema in the lower legs, particularly within the medial, 
lateral, and soleus gastrocnemius muscles during the 
post-exercise period. Similarly, the same CACNA1S 
gene variation was noted in a Chinese family whose 
patients did not respond to acetazolamide but improved 
with combined treatment with triamterene and potas-
sium supplements, leading to a reduced frequency of 
muscle weakness attacks24. All male carriers of the 
p.Arg900Ser variation experienced attacks, though all 
three were asymptomatic.

The genetic variation identified in the TNNT1 gene 
was found solely in the proband and is associated with 
Amish-type nemaline myopathy 5, which typically fol-
lows an autosomal recessive inheritance pattern. The 
variant in the proband was in a heterozygous state, 
indicating a likely gene carrier; this variation is not 
responsible for the described phenotype.

Conclusions

The CACNA1S gene variation identified in this family has 
not been previously reported in Caucasians. The genetic 
basis of HPP can influence treatment responses to various 
medications, suggesting that precise genetic diagnosis 
allows for personalized treatment. In this case, both the 
proband and his maternal half-brother began potassium 
and triamterene supplementation with favorable clinical 
outcomes, consistent with earlier reports24. Consequently, 
it is crucial to document therapeutic successes associated 
with specific genotypes to facilitate personalized medical 
care and establish a future consensus on treatment options 
for HPP while offering family genetic counseling.

Funding

The authors declare that they have not received 
funding.

Conflicts of interest

The authors declare no conflicts of interest.

Ethical considerations

Protection of humans and animals. The authors 
declare that no experiments involving humans or ani-
mals were conducted for this research.

Confidentiality, informed consent, and ethical 
approval. The authors have followed their institution’s 
confidentiality protocols, obtained informed consent 
from patients, and received approval from the Ethics 
Committee. The SAGER guidelines were followed 
according to the nature of the study.

Declaration on the use of artificial intelligence. 
The authors declare that no generative artificial intelli-
gence was used in the writing of this manuscript.

References
	 1.	 Latorre R, Purroy F. Hypokalemic periodic paralysis: a systematic review 

of published case reports. Rev Neurol. 2020;71:317-25.



257

F. Cammarata-Scalisi et al.  Hypokalemic periodic paralysis

	 2.	 Abdelmasih R, Abdelmaseih R, Hasan M, Nasser H. A case of hypokale-
mic periodic paralysis in a young athlete. Cureus. 2021;13:e15236.

	 3.	 Jackson I, Addasi Y, Ahmed M, Ramadan B, Kalian K, Addasi N, et al. 
Hypokalemic periodic paralysis precipitated by thyrotoxicosis and renal 
tubular acidosis. Case Rep Endocrinol. 2021;2021:4529009.

	 4.	 Sharawat IK, Suthar R, Sankhyan N, Singhi P. Primary hypokalemic 
periodic paralysis: long-term management and complications in a child. 
J Pediatr Neurosci. 2020;15:132-4.

	 5.	 Krag TO, Holm-Yildiz S, Witting N, Vissing J. Autophagy is affected in 
patients with hypokalemic periodic paralysis: an involvement in vacuolar 
myopathy? Acta Neuropathol Commun. 2021;9:109.

	 6.	 Kurokawa M, Torio M, Ohkubo K, Tocan V, Ohyama N, Toda N, et al. 
The expanding phenotype of hypokalemic periodic paralysis in a Japa-
nese family with p.Val876Glu mutation in CACNA1S. Mol Genet Genomic 
Med. 2020;8:e1175.

	 7.	 Jitpimolmard N, Matthews E, Fialho D. Treatment updates for neuromus-
cular channelopathies. Curr Treat Options Neurol. 2020;22:34.

	 8.	 Dosu A, Gupta M, Walsh O, Makan J. Thyrotoxic periodic paralysis: case 
presentation with tetraparesis and cardiac dysrhythmia. Cureus. 
2022;14:e29759.

	 9.	 Sagray E, Wackel L, Cannon BC. Cardiac arrhythmias in primary 
hypokalemic periodic paralysis: case report and literature review. Heart 
Rhythm Case Rep. 2022;8:719-23.

	 10.	 Bautista-Medina MA, Gallardo-Blanco HL, Martinez-Garza LE, Cerda-Flo-
res RM, Lavalle-Gonzalez FJ, Villarreal-Perez JZ. Association study in 
Mexican patients with thyrotoxic hypokalemic periodic paralysis. Biomed 
Rep. 2020;13;24.

	 11.	 Rezkalla N, Imam K, Marti M, Ip K, Mashhadian A, Liu A. CACNA1S 
Arg528Cys mutation in a young Chinese man with thyrotoxic hypokalemic 
periodic paralysis. Clin Case Rep. 2020;8:1962-4.

	 12.	 Sathirapanya P, Suwanno K, Sathirapanya P. Reversible severe rhabdo-
myolysis associated with thyrotoxic hypokalemic periodic paralysis. Case 
Rep Neurol. 2021;13:394-7.

	 13.	 Li J. Hypokalemic periodic paralysis secondary to medullary sponge 
kidney complicated with renal tubular acidosis. Cureus. 2022;14:e30160.

	 14.	 De Assis Aquino Gondim F, Leitão AM, Aragão Fernandes JM, De Araújo DF, 
Ponte Souza MH, Campelo Braga LL. Secondary hypokalemic periodic 
paralysis in crohn disease: two case reports. Eur J Neurol. 2023;30:296-8.

	 15.	 Kumar R, Singh AK, Sharma K, Talwar V. A rare case of cephalexin-in-
duced acute interstitial nephritis with hypokalemic periodic paralysis. 
Indian J Pharmacol. 2020;52:210-2.

	 16.	 Blanton R, Afzal S. hypokalemic periodic paralysis exacerbated by car-
bohydrate load: a case report. Cureus. 2022;14:e28851.

	 17.	 Kubota T, Wu F, Vicart S, Nakaza M, Sternberg D, Watanabe D, et al. 
Hypokalaemic periodic paralysis with a charge-retaining substitution in 
the voltage sensor. Brain Commun. 2020;2:fcaa103.

	 18.	 Sasaki R, Nakaza M, Furuta M, Fujino H, Kubota T, Takahashi MP. 
Mutation spectrum and health status in skeletal muscle channelopathies 
in Japan. Neuromuscul Disord. 2020;30:546-53.

	 19.	 Huang XY, Fu WJ, Mei ZZ, Jiang CF, Lin H, Leng XY. Arterial blood gas 
analysis aids early differential diagnosis and treatment of primary and secon-
dary hypokalaemic periodic paralysis. J Pak Med Assoc. 2020;72:1834-7.

	 20.	 Fitriani F, Susanti VY, Ikhsan MR. COVID-19 infection-related thyrotoxic 
hypokalemic periodic paralysis. Case Rep Endocrinol. 2022;2022:1382270.

	 21.	 Bereda G. How is Guillain-Barre syndrome associated with COVID-19 
infection differentiated from hypokalemic periodic paralysis? A case 
report. Ann Med Surg (Lond). 2023;85:2203-7.

	 22.	 Chinangkulpiwat S, Tantiprawan J, Amornvit J, Bunchaya-Anant P, Sna-
bboon T. Thyrotoxic hypokalemic periodic paralysis and COVID-19 infec-
tion. J Family Med Prim Care. 2022;11:7416-8.

	 23.	 Jia BX, Yang Q, Li SY, Wan M, Wang H, Huo LY, et al. Muscle edema 
of the lower limb determined by MRI in Asian hypokalaemic periodic 
paralysis patients. Neurol Res. 2015;37:246-52.

	 24.	 Ke Q, He F, Lu L, Yu P, Jiang Y, Weng C, et al. The R900S mutation in 
CACNA1S associated with hypokalemic periodic paralysis. Neuromuscul 
Disord. 2015;25:955-8.


