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KEY CLINICAL MESSAGE
[bookmark: _GoBack]Thyrotoxic periodic paralysis (TPP) is rarely seen in children and adolescents.  Clinical manifestations in children and adolescents may vary. It is important for clinicians to be aware of this rare and life threatening condition.
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[bookmark: _gjdgxs]INTRODUCTION 
[bookmark: _Hlk22035057]       Thyrotoxic periodic paralysis (TPP) is an uncommon hyperthyroidism-related condition characterized by abrupt onset muscle weakness and hypokalemia resulting from rapid intracellular shift of potassium. TPP is primarily reported in adult males in Asian countries 1, 2 and is very rare in pediatric patients3. TPP is commonly misdiagnosed in western countries because of its similarities to familial periodic paralysis 4. We present a case of an Asian adolescent male with acute-onset paralysis with severe hypokalemia and elaborate on the importance of identifying presentations of TPP.

CASE REPORT
       A 17-year-old Vietnamese American male presented to the emergency department after an episode of syncope, muscle weakness, and difficulty breathing.  Two months prior, he began having episodes of tachycardia and he was subsequently evaluated by Cardiology.  He was diagnosed with Graves’ disease with a TSH of 0.007 mIU/m, free T4 > 7 ng/dL (0.8-1.9), positive thyroid stimulating immunoglobulin and started on atenolol.  He was then seen by Endocrinology and started on methimazole 10 gm, 3 times daily.  On the next morning he reported feeling weak. His father found him on the ground of his bedroom, weak and unable to move, approximately 30 minutes after his father “heard a thud upstairs”. He recalled his legs “gave out” and he “hit his face on a table”. In the emergency department on presentation, he was tachycardic at 116 bpm, blood pressure 131/50 mmHg with respiratory rate 24 BR/min. He had diffused and significant muscle weakness in all extremities, including grip strength.
      Basic metabolic panel revealed potassium 1.6 mmol/L (3.5 - 5.2) and magnesium 1.6 mmol/L (1.6-2.3). The rest of his metabolic panel was unremarkable. He had EKG changes consistent with hypokalemia with U waves.  The EKG also revealed an atrial rhythm with first degree AV block, intraventricular conduction delay, and QTc prolongation at 588 (<450). His chest x-ray was normal. Normal saline was administered, and potassium replacement was given with 40 mEq of KCl followed by D5 NS with 40 meq/L KCl at the maintenance rate (90 ml/hr). He was also given one dose of magnesium intravenously. His potassium level returned to normal range at 4.6 mmol/L and muscle strength returned completely after 24 hours of treatment.  

DISCUSSION
TPP is not often seen in the United States and other western countries, therefore it can be easily missed, and especially hypokalemia has broad differential diagnoses. Our patient was an Asian-American, recently diagnosed with Graves’ disease, and presented with tachycardia, and significant weakness in all extremities. His laboratory evaluation revealed hypokalemia  and his EKG revealed changes consistent with hypokalemia including U waves. 
       The age of onset of TPP symptoms is typically between 20 and 39 years. TPP is very rare in children and adolescents, making the diagnosis in this age group challenging. Until now, only a few cases in adolescents have been reported. Ethnicities represented include Chinese 5, 6, Hispanic 7 , Korean 8-10 , and Vietnamese 11.  In review of previously reported cases of pediatric TPP, only one patient was female. All 10 patients had Graves’ disease and hypokalemia, and potassium was usually less than 3.0 mmol/L (potassium was 1.6 mmol/L in our case). The degree of initial hypokalemia has a direct correlation with the severity of paralysis. Our patient presented with shortness of breath and tachycardia. Fatal ventricular arrhythmia 12 and respiratory failure 13 have been reported. To avoid such fatal complications, early recognition and prompt treatment is essential.
       The pathogenesis of TPP is not entirely clear. Recent studies have shown that TPP is a channelopathy related to mutations in the KCNJ18 gene encoding Kir2.6, a skeletal muscle specific Kir channel protein. Mutant Kir2.6 proteins significantly reduce cell membrane abundance and could interfere with the excitability of skeletal muscle cells 14, 15. TPP is more commonly reported in Asian males, with onset usually in the third decade of life 16, 17. More than 95% of TPP is found in men, despite most thyrotoxicosis being found in women 18. TPP patients may present with hypokalemia, as did our patient, due to the intracellular shift of potassium throughout the body when the Na+/K+–ATPase activity in the cell membrane goes awry and is hyperactivated, as it does when influenced by beta-adrenergic catecholamines or insulin, which may explain why hypokalemia presents in patients in a hyperadrenergic state secondary to hyperthyroidism 19.  TPP episodes usually occur during rest after exercise or after a high-carbohydrate meal 20. 

       Hypophosphatemia and hypomagnesemia may also present in patients, contributing to weakness. Our patient had normal phosphorus and low normal magnesium.  In TPP the total body potassium is unchanged, unlike other conditions such as decreased potassium intake or losses of potassium through sweat, urine, or gastrointestinal tract. The differential should also include neurological etiologies anywhere from the brain, to the spinal cord, in the peripheral nerves, and at the neuromuscular junction. The cause of both the weakness and cardiac conduction abnormalities seen in TPP is hypokalemia. Patients with TPP may experience a spectrum of symptoms including muscle aches, soreness, weakness, and flaccid paralysis. The attacks generally begin at the lower extremities, and then move to girdle muscles and upper limbs, without sensory deficits 20, 21. Deep tendon reflexes are diminished or absent 16 , as seen in our patient’s initial presentation. Acute neuromuscular paralysis related to hypokalemia is an important clinical entity with diverse etiology, but the treatment and prognosis differ depending on the etiology. A differential may include familial hypokalemic periodic paralysis (FHPP), which typically occurs earlier in life and is more likely to have a family history.  Electrocardiogram changes may include sinus tachycardia due to the hyperadrenergic state, prolonged QT-U interval due to hypokalemia, and prolonged PR due to thyrotoxicosis. 
       Because TPP is not often seen in the Western countries, the diagnosis can easily be missed. The differential with such presentations would be large. Our patient was an Asian American and recently diagnosed with Graves’ disease. He presented with tachycardia and significant muscle weakness in all extremities. His laboratory evaluation revealed hypokalemia and hypomagnesemia, and his EKG revealed changes consistent with hypokalemia and U waves. 
 
       Stabilization of patients with TPP should emphasize cardiac abnormalities and normalization of serum potassium. Potassium replacement is necessary immediately. After initial administration of potassium, most patients will have an increase in potassium, while up to 25% of patients may have an initial drop with stabilization over a few hours. Rebound hyperkalemia can occur during potassium supplementation. Excessive doses of potassium can lead to hyperkalemia once potassium shifts to the extracellular space. If potassium supplement is not enough, some reports suggest using IV or oral propranolol for reversing the hypokalemia via blocking the beta-adrenergic receptor agonist mechanisms mentioned above. This treatment may also prevent attacks before a euthyroid state is reached 21 . 
CONCLUSION
       TPP is a rare cause of acute paralysis and can lead to cardiac arrhythmias and death without accurate diagnosis and appropriate treatment. Since TPP is rare in twister countries , especially among pediatric patients, many physicians may be unfamiliar with this condition. The knowledge of assessment and management can lead to efficient evaluation and timely treatment to prevent complications, especially fatal arrhythmias.  Acute paralysis with hypokalemia should also prompt the physician to evaluate thyroid function as a differential diagnosis.  
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