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Abstract

Thyrotoxic periodic paralysis (TPP) is not a uncommon condition often seen in Asian males characterized by sudden
onset hyperthyroidism-related hypokalemia and paralysis. Intracellular shift of potassium due to activation of thyroid
hormone sensitive Na*/K+* ATPase is the possible pathological mechanism of hypokalemia, rather than depletion of
potassium from the body, thus redistributive hypokalemia. Treatment involves correction of underlying hyperthyroidism,
prevention of intracellular shift of potassium with non selective beta blockers and potassium replacement in emergency
condition. Early identification of TPP is important for appropriate treatment and prevention of further episodes of

hypokalemia or rebound hyperkalemia.
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Introduction

Thyrotoxic periodic paralysis (TPP) is not a
uncommon condition with an incidence of approximately
2% in patients with thyrotoxicosis of any cause [1].

TPP is a type of acute muscle weakness. Acute muscle
weaknesses are of neurologic, metabolic and renal origin.
Thyrotoxic periodic paralysis (TPP) is a metabolic type,
potentially reversible electrolyte and muscle disorder
characterized by acute muscle weakness, hypokalemia
associated with hyperthyroidism.

TPP is commonly misdiagnosed in because its
presentation has similarities with familial periodic
paralysis. Familial periodic paralysis is an autosomal
dominant disorder in which defect is in the gene coding
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for L-type calcium channel 1-subunit (CACNA1S) on
chromosome 1q31-32 [1]. The neuromuscular
presentations of both are similar, but presence of subtle
features of hyperthyroidism in the presence of
hypokalemic periodic paralysis favours the diagnosis of
TPP.

Aim of this article is to review thyrotoxic periodic
paralysis as a whole, the epidemiology, -etiology,
pathophysiology, clinical manifestations, laboratory
findings, differential diagnosis, and management of TPP.

Epidemology
More frequently seen in patients of Asian or Hispanic

origin; this shared predisposition has been linked to
genetic variation in Kir2.6, a muscle-specific, thyroid
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hormone-responsive K+ channel [1,2]. More common in
males than females suggests of differential action of
androgen on Na*/K* ATPase activity. Seasonal variation
seen with more frequency in summer probably due to loss
of potassium ions in sweat which may further aggravate
hypokalemia.

Etiology and Pathophysiology

Thyrotoxic periodic paralysis can occur in association
with any of the causes of hyperthyroidism. The most
common cause of TPP in hyperthyroidism is Graves
disease and other includes toxic nodular goitre, iodine
induced thyrotoxicosis, thyrotropin secreating pituitary
adenoma, iatrogenic [2-5].

The hypokalemia in TPP is attributed to both direct
and indirect activation of the Na+/K+-ATPase, resulting in
increased uptake of K+ by muscle and other tissues.
Hypokalemia is usually profound and almost invariably
accompanied by hypophosphatemia and
hypomagnesemia. Studies have shown that Na+, K+-
ATPase pump activity in platelets and skeletal muscle
cells was increased in patients with thyrotoxicosis and
periodic paralysis compared with patients with thyro-
toxicosis and no paralysis [2,5,6].

Hyperthyroidism results in a hyper adrenergic state.
B-Adrenergic stimulation in muscle cells may directly
induce cellular potassium uptake by increasing
intracellular cyclic adenosine monophos- phate leading to
activation of the Na+, K+-ATPase pump [1]. Moreover,
thyroid hormone per se directly stimulates Na+, K+-
ATPase pump and increases the number and sensitivity of
B-receptors, which further increase catechol- amine-
mediated potassium uptake.The chemical structure of
thyroxine is similar to that of catecholamines, exerting its
cellular effect via catecholamine receptors. This may ex-
plain why nonselective {-blockers are useful for
treatment of TPP associated with hypokalemia [5,6].

Hyperinsulinemia observed in patients with a sudden
attack of TPP indirectly stimulates Na+K+-ATPase pump
and participates in the pathogenesis of hypokalemia. The
increase in plasma insulin concentration is associated
closely with a high- carbohydrate diet and sympathetic
stimulation on insulin release from beta cells of the
pancreas as hyper adrenergic activity in TPP [6,7].

Clinical Features

1. The initial episode of TPP is seen mostly in person aged
20 -40 years.
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2. Prodromal symptoms include muscle aches, cramps
and muscle stiffness. Weakness usually begins in
proximal muscles of lower extremities and can
progress to flaccid quadriplegia which is usually
symmetrical.

3. Bulbar, respiratory and ocular muscles are usually
spared, along with mental functions and sensation.

4. High carbohydrate diet and strenous exercise are well
recognized precipitating factor for TPP.

5. TPP does not occur during exercise but during a period
of rest after exercise.

6. Other precipitating factors include trauma, cold
exposure, infection, menstruation and emotional stress.

7. Typical clinical symptoms of hyperthyroidism i.e.
weight loss, palpitations, heat intolerance, increased
appetite and diaphoresis may be subtle. Reportedly,
near half of patients with TPP have no obvious
symptoms related to hyperthyroidism during an attack.

8. Spontaneous resolution of attacks occur in few hours to
2 days, even without potassium supplementation.

9. Cardiac arrhythmias and respiratory failure are
possible complications.

10.Between  attacks, patients with TPP are
neuromuscularly symptom free and do not exhibit
muscle weakness or atrophy seen in thyrotoxic
myopathy.

11. Adapted from references 1, 3, 7,8, 9,10

Laboratory Findings

Blood Electrolyte Findings

Hypokalemia is the most consistently found
electrolyte abnormality in TPP and is believed to be a
primary source of paralysis [1,2]. In recent reports,
hypophosphatemia another cause of muscle weakness
was seen commonly in patients with TPP [8,9].

Blood Acid Base Findings

Blood acid base imbalance is usually not prominent in
patients with intracellular shift of potassium in TPP. This
is because total amount of extracellular potassium
entering the cells must be exchanged with intracellular
sodium and hydrogen to maintain electro neutrality [10].

Urinary Potassium Findings

The urinary pottasium excretion rate must be low in
patients with TPP because hypokalemia is caused by
increased shift of potassium into cells. To circumvate the
drawback of using urinary pottasium concentration alone,
urinary potassium creatinine ratio and transtubular
potassium gradient can be used which is usually less
2mEqg/mmol and 3, respectively [1].
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Urinary Calcium and Phosphorous Findings

Hyperthyroidism is characterised by accelerated bone
turnover resulting from direct stimulation of bone cells by
high concentration of thyroid hormone [11]. Infact,
hypercalciuria and hyperphosphaturia have been
reported in patients with hyperthyroidism. In contrast to
hyperphosphaturia often found in hyperthyroidism,
urinary phosphate excretion is reduced remarkably as
result of increased shift of pottasium into the cells in
patients with TPP [12].

Electrocadigraphic Findings

The distinct ECG features in TPP include sinus
tachycardia or sinus, high QRS voltage and wenckebach
atrioventricular block [13].

Electromyographic Findings

Because TPP is an acquired form of periodic paralysis,
electromyogarphic studies during attack of TPP show a
low amplitude action potential CMAP) of the tested
muscles and muscular in excitability in response to direct
electrical stimulation that disappears during remission
[14].

This indicates defect lies in the muscle itself.

Hence electrophysiological excercise test can be used
as a diagnostic tool for TPP because excercise can induce
weakness in periodic paralysis [15].

Management

Emergency Treatment

Body potassium stores are normal in TPP thus the aim
of pottasium supplementation is to normalize the plasma
potassium concentration instead of correcting a
pottasium deficit.

The traditional treatment of severe attack is intra
venous or oral potassium chloride administration to
hasten muscle recovery and to prevent -cardiac
arrhythmia and respiratory arrest.

However rebound hyperkalemia can develop as result
of exogenous pottasium supplementation after paralysis
subsides [1].

Definitive Treatment

Definitive control of hyperthyroidism completely
abolishes the attack of TPP and includes antithyroid
drugs, surgical thyroidectomy and radioiodine therapy.
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Propanalol non selective beta blocker has long been
recognised as efficacious in preventing recurrent attack of
TPP by suppresing activity of Na/K ATPase [16,17].

Conclusion

Thyrotoxic periodic paralysis (TPP) is not a
uncommon condition and early identification of TPP is
important for appropriate treatment and prevention of
further episodes of hypokalemia or rebound
hyperkalemia.
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