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Abstract 

Background: Hypokalemic periodic paralysis is a rare neuromuscular genetic disorder due to defect of ion chan-
nels and subsequent function impairment. It belongs to a periodic paralyses group including hyperkalemic periodic 
paralysis (HEKPP), hypokalemic periodic paralysis (HOKPP) and Andersen-Tawil syndrome (ATS). Clinical presentations 
are mostly characterized by episodes of flaccid generalized weakness with transient hypo- or hyperkalemia.

Case presentation: A teenage boy presented to Emergency Department (ED) for acute weakness and no story 
of neurological disease, during the anamnestic interview he revealed that he had a carbohydrates-rich meal the 
previous evening. Through a focused diagnostic work-up the most frequent and dangerous causes of paralysis 
were excluded, but low serum potassium concentration and positive family history for periodic paralyses raised the 
diagnostic suspicion of HOKPP. After the acute management in ED, he was admitted to Pediatric Department where 
a potassium integration was started and the patient was counselled about avoiding daily life triggers. He was dis-
charged in few days. Unfortunately, he presented again because of a new paralytic attack due to a sugar-rich food 
binge the previous evening. Again, he was admitted and treated by potassium integration. This time he was strongly 
made aware of the risks he may face in case of poor adherence to therapy or behavioral rules.

Currently, after 15 months, the boy is fine and no new flare-ups are reported.

Conclusion: HOKPP is a rare disease but symptoms can have a remarkable impact on patients’ quality of life and can 
interfere with employment and educational opportunities. The treatment aims to minimize the paralysis attacks by 
restoring normal potassium level in order to reduce muscle excitability but it seems clear that a strong education of 
the patient about identification and avoidance triggering factors is essential to guarantee a benign clinical course. 
In our work we discuss the typical clinical presentation of these patients focusing on the key points of the diagnosis 
and on the challenges of therapeutic management especially in adolescence. A brief discussion of the most recent 
knowledge regarding this clinical condition follows.
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Main text
Background
Periodic paralyses are rare inherited neuromuscular 
disorders included in the group of skeletal muscle chan-
nelopathies together with non-dystrophic myotonias. 
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Channelopathies are due to mutations in genes encod-
ing different ion channels with subsequent function 
impairment.

The periodic paralyses include hyperkalemic peri-
odic paralysis (HEKPP, MIM#170500), HOKPP and 
Andersen-Tawil syndrome (ATS, MIM#170390) [1] .

Estimated prevalence of HOKPP is 1.12 per 100,000 
live births [2]. Most cases of the HOKPP are heredi-
tary or familial. They can be divided in HOKPP type 
1 (HOKPP1, MIM#170400) caused by heterozygous 
mutations in the alpha 1S subunit of the skeletal mus-
cle voltage-gated calcium channel gene CACNL1A3 
(CACNA1S; MIM*114208), a 44 exons gene located 
on chromosome 1q32.1 encoding the L- type calcium 
channel (dihydropyridine receptor; DHPR), and the 
less common HOKPP type 2 (HOKPP2, MIM#613345) 
due to heterozygous mutation in the sodium channel 
gene SCN4A (MIM*603967), a 24 exons gene located 
on chromosome 17q23.3, encoding the voltage-gated 
sodium channel Nav1.4. To date, among all the patho-
genic variants identified in these two genes, the most 
common voltage sensor mutations are the p.Arg528His, 
which was detected in our patient, and the p.Arg 672 
His/Gly/Ser in CACNA1S, accounting about the 
70–80% of mutated cases, and p.Arg669His and the p. 
Arg1539His in SCN4A, accounting a further 10%.

While sodium channels generate action potentials, 
DHPR is essential for excitation–contraction coupling. 
In both, channel mutations lead to the formation of an 
anomalous gating pore current that leads to unexcit-
ability of sarcolemmal muscle, failure of muscle action 
potential generation, and subsequentially, flaccid paral-
ysis attacks.

Periodic paralysis in HOKPP display a broad and het-
erogeneous clinical spectrum but are mostly character-
ized by episodes of flaccid generalized muscle weakness 
with decreased (seldom normal) deep tendon reflexes 
at physical examination and transient hypokalemia at 
blood test. Paralytic episodes are usually longer than in 
hyperkalemic periodic paralysis (several hours to days) 
and rarely respiratory and cardiac muscle impairment 
have been reported [3]. Weakness attacks usually occur 
in early teens during the night or in the early morning, 
being triggered by rest after strenuous exercise or car-
bohydrate rich meals consumptions. Also medications 
causing a dysregulation in serum potassium level may 
precipitate an attack. Patients are at increased risk for 
pre- or post-anesthetic paralysis and perioperative care 
including close control of plasma potassium concen-
tration, avoidance of large glucose and salt loads, body 
temperature control, acid-base balance and careful use 
of neuromuscular blocking agents.

In patients with established family or personal history 
of HOKPP diagnosis is primarily clinical, otherwise the 
detection of a low serum potassium concentration during 
the attack supports diagnostic suspicion [4].

Other investigation, including thyroid function tests, 
potassium level dosage between the attacks, acid-base 
status, associated electrolyte disorders and electromyo-
graphic anomalies, allow to rule out causes of secondary 
periodic paralyses, such as thyrotoxicosis, renal tubular 
acidosis, Gitelman Syndrome or hyperaldosteronism, or 
other diseases that may mimic flaccid paralyses as Guil-
lain-Barré syndrome, myasthenia gravis or spinal cord 
diseases [5].

Electrodiagnostic (EDX) studies are useful to rule out 
other mimicking neuromuscular conditions, while a sup-
portive diagnostic test is represented by long-exercise 
test for muscle channelopathies among the EDX stud-
ies. During the paralytic attack, motor NCS can show a 
compound motor action potential (cMAP) reduction in 
about 70% of patients. Later a long exercise test can show 
different patterns of post-exercise reduction of amplitude 
of cMAP suggesting different types of periodic paralysis 
[6–8].

Confirmatory genetic test is warranted, although in 
almost 20% of cases the genetic cause remains undefined. 
Provocative testing is potentially dangerous because it 
can precipitate life-threatening arrhythmias or hypogly-
cemia and therefore rarely practiced in pediatric settings 
(Fig. 1).

In patients with interictal muscle weakness muscle 
ultrasound and muscle MRI are reliable image techniques 
to reveal the possible fat replacement which can suggest a 
convergence of the phenotype towards a fixed myopathy 
[9].

Management of all these conditions aims to reduce the 
frequency of the paralysis attacks and long-term risk of 
muscular weakness. Treatment is mainly symptomatic 
and is based on restoring normal potassium level in order 
to reduce muscle excitability or modifying attack trig-
gers [10]. Available pharmacological treatments are car-
bonic anhydrase inhibitors (CAI), that is acetazolamide 
and dichlorphenamide, historically employed in reducing 
weakness attacks frequency in both HOKPP and HEKPP. 
In order to get the best therapeutic strategy for each 
patient the first step is to identify triggering factors, espe-
cially dietary, and to strongly suggest lifestyle changes to 
minimize it.

In the light of the above, a multidisciplinary approach 
involving professional advice of a dietician may be use-
ful. Symptoms can have a remarkable impact on patients’ 
quality of life and can interfere with employment and 
educational opportunities. It is crucial, therefore, to 
properly diagnose those disorders in order to establish a 
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symptomatic treatment and impact on quality of life and 
morbidity.

There is poor scientific literature evaluating the effect 
of lifestyle changes on attacks and the aim of our contri-
bution is to stimulate the scientific community to better 
investigate this aspect [11].

Case presentation
A 14 years-old male presented at emergency department 
(ED) of Sant’Andrea Hospital in Rome in December 2020 
for four limbs weakness acutely occurred in the night.

Upon arrival at ED the boy was alert and talkative, 
vital parameters were normal. On physical examination 
he showed generalized muscle weakness with diffusely 
reduced osteotendinous reflexes. No cranial nerves or 
autonomic dysfunction was detected.

Anamnestic interview revealed that he had a carbohy-
drates-rich meal the previous evening and that a similar 
episode occurred one week before with spontaneous res-
olution of symptoms within 2 hours. He was fully vacci-
nated and his personal medical history was unremarkable 
but he reported a familiarity for muscle weakness – never 
investigated – referred to two maternal uncles and one 
first cousin (Fig. 2).

Initial laboratory tests in ED showed mild hypokalemia 
(3 mmol/L; normal: 3.40–4.70 mmol/l) with normal other 
serum electrolytes, blood count, coagulation tests, renal 
function and liver function. Brain CT scan, cervicodorsal 

spine MRI and cerebrospinal fluid exam and colture were 
negatives.

Anamnestic history, clinical presentation and nega-
tive instrumental and laboratory test except of hypoka-
lemia oriented us for a first episode of hypokalemic 
periodic paralysis (HOKPP, MIM # 170400). Therefore, 
we started on intravenous administration of potassium 
chloride, under electrocardiographic monitorization 
and we admitted him to the Pediatrics department. 
Symptoms progressively resolved and serum potas-
sium value tested 12 hours later was normalized 
(4.40 mmol/L). Further investigation including CPK 
level, morning cortisol, ACTH, aldosterone, 24 hours 
urine collection, PTH, creatinine, thyroid function and 
abdomen ultrasound were performed in order to inves-
tigate the etiological nature of the disease. All these 
investigations were negative. EDX studies revealed 
normal sensory and motor nerve conduction studies 
(NCSs), needle electromyography (EMG) and short-
exercise test for muscle channelopathies were normal. 
Conversely, the long-exercise test showed a progres-
sive smaller cMAP up to about 40% of initial amplitude 
consistent with a pattern V of HOKPP. The diagno-
sis was genetically confirmed by the identification of 
the c.1583G > A (p.Arg528His) heterozygous variant 
in the CACNAS1 (RefSeq: NM_000069.3) gene by 
Next Generation Sequencing (NGS). The same variant 
was detected in the asymptomatic mother by Sanger 

Fig. 1 HOKPP Diagnostic Flowchart



Page 4 of 5Colucci et al. Italian Journal of Pediatrics          (2022) 48:116 

sequencing. Unfortunately, segregation analysis could 
not be extended to the affected maternal relatives for 
poor compliance. The patient was discharged with oral 
potassium chloride supplementation and dietary and 
behavioral indication.

Unfortunately, one month later the boy came back to 
our attention because of a new episode of acute weak-
ness. The evening before the onset of the symptoms he 
had a carbohydrate-rich meal and weakness occurred 
during physical activity. Physical examination was com-
parable to the previous access, he was unable to walk 
independently. Laboratory tests showed severe hypoka-
lemia (1.60 mmol/L), without electrocardiographic 
anomalies. An intravenous potassium chloride infusion 
was started again and potassium values normalized after 
30 hours (4.60 mmol/L) with consistent remission of the 
symptoms.

Dietary and behavioral rules were reiterated and the 
patient was discharged with an increased dosage of 
potassium chloride supplementation.

Currently, after 15 months, the boy is fine and no new 
flare-ups are reported.

Discussion
Acute muscle weakness is a major neurological emer-
gency in pediatrics and it is important to consider vital 
signs and respiratory symptoms, considering that some 
etiologies may be life-threatening and demand urgent 
care.

Neurological examination must address the distribu-
tion of weakness, impaired cranial nerves, and sensory 
and autonomic dysfunction.

Our diagnostic work-up was addressed by paralysis 
features (onset, localization, progression), associated 
symptoms (seizures, state of consciousness, fever) and 
by personal and family history of the patient. Consider-
ing differential diagnosis our patient underwent further 
investigations including neuroimaging tests and cerebro-
spinal fluid test in order to screen for other causes of 
paralysis but the personal and family history of our young 
patient, supported by the hypokalemia detected and by 
the absence of associated symptoms was strongly sugges-
tive of a periodic paralysis.

Acute management of the patient involves immedi-
ate oral potassium supplementation or, secondarily, 
intravenous administration under close electrocardio-
graphic monitoring because of the risk of life-threaten-
ing arrhythmias related to overcorrection of the serum 
potassium value. Pharmacological interventions consist 
of therapy to abort acute attacks and chronic preventive 
therapy to reduce attack frequency.

However, the real challenge in these patients is to pre-
vent further paralyses and this can only be achieved by 
identifying and counselling the single patient on daily life 
triggers and making them aware of the risks they may 
face in case of poor adherence to therapy or behavioral 
rules.

This kind of intervention is made more difficult by the 
young age of our patients, especially in adolescence, so it 

Fig. 2 Patient family tree
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is clear that the first reason for therapeutic failure is the 
lack of adherence.

Conclusion
HOKPP is a rare disease but paralysis attacks can have 
a remarkable impact on patients’ quality of life and can 
interfere with employment and educational opportuni-
ties. The treatment aims to restore normal potassium 
level, reducing muscle excitability. It consists in oral 
potassium supplementation and a focused dietetic and 
lifestyle education. In our experience, patients should be 
managed by a multidisciplinary team, including a dieti-
cian and a psychologist and the single patient triggering 
factor should be identified making him aware of the risks 
he may face in case of poor compliance to therapy or 
behavioral rules. As it happens in others disease, adoles-
cence is typically a phase of weak attendance to rules, and 
poor consciousness of health.

We therefore suggest that these patients deserve a 
stronger and more individualized work-up and we hope 
to stimulate scientific community to better investigate 
the mentioned aspects of this rare disease.
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