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Thyrotoxic Periodic Paralysis: An Update
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Abstract

Thyrotoxic periodic paralysis (TPP) is an endocrine emergency. In 
initial hours, it requires multidisciplinary care as it involves heart 
and nervous system. Early diagnosis demands highest clinical acu-
men as symptoms and signs of thyrotoxicosis are often subtle. TPP 
is not nowadays confined to particular ethnic groups. Different 
cellular ion channels have been identified in its etiopathogenesis. 
Definitive treatment of thyrotoxicosis is also important to prevent 
relapse. In all cases of hypokalemia in emergency room, TPP should 
be excluded. Management of hypokalemia should be rationalized 
to prevent rebound hyperkalemia as total body potassium loss is 
minimum or nil. Patients should be made euthyroid as soon as pos-
sible to prevent relapse of TPP. Future research on ethnic variation 
of Na+-K+ ATPase activity may enlighten us the cause of higher 
prevalence in Asians.
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Introduction

Thyrotoxic periodic paralysis (TPP) may appear in a patient 
with thyrotoxicosis due to any cause, such as Graves dis-
ease, toxic nodule or thyroiditis. Thyrotoxic symptoms may 
be very subtle at presentation. A report from California has 
shown that in more than 50% of cases of TPP, thyrotoxicosis 
was not known before [1]. So in all cases of acute hypoka-
lemia with muscle weakness, thyroid functions should be 
done. Another important development over recent years is 
that it is now increasingly recognized in non-Asian popula-
tion also. The patients should be initially managed in inten-
sive care facility as hypokalemia, rebound hyperkalemia and 
cardiac arrhythmias are all life-threatening and need cardiac 

monitoring and urgent pharmaceutical and/or electro-physi-
ologic intervention.

Clinical Feature

The typical clinical presentation is such that an Asian male, af-
ter exercise in the morning or after a heavy carbohydrate meal, 
sugary drink or alcoholic debauch develop sudden weakness 
of all four limbs, usually more in lower extremities and un-
able to stand. Proximal muscles are more involved so unable 
to comb the hair but able to button the shirts. No breathing 
problem is noted as respiratory muscles are usually spared. No 
bowel, bladder involvement is noted. There is irregular heart 
rate. Arrhythmia may be related to thyrotoxicosis or hypoka-
lemia or both. The cases reported in the literature were almost 
all between 20 and 40 years. Though there is high prevalence 
in Asians, there are anecdotal reports of other ethnics too. A 
single hospital in United States has reported all eight cases in 
subjects of Hispanic origin [2].

Differential Diagnosis

TPP should be differentiated from other causes of acute quad-
riparesis like acute inflammatory demyelinating polyneuropa-
thy (AIDP), botulism, etc. In some cases of TPP, absent deep 
reflex has been described. But respiratory muscle paralysis 
common in the above neurological disorders almost always 
absent in TPP. Other causes of hypokalemia should be differ-
entiated. Initial urine potassium-creatinine ratio helps to dif-
ferentiate between two broad groups. Those with decreased or 
normal K+ excretion like laxative abuse, gastrointestinal loss, 
and intracellular shift of K+ like TPP, diabetic ketoacidosis, 
etc., or increased excretion of K+ through kidneys due to renal 
and endocrine diseases. A spot urine potassium to creatinine 
ratio greater than 13 mEq/g or 1.5 mEq/mmol signifies renal 
K+ loss. Following are the causes of increased excretion of K+ 
in urine. Primary aldosteronism usually presents with hyper-
tension. Plasma aldosterone to plasma renin activity ratio is 
initial screening test of this disorder. Serum cortisol should be 
assayed if symptoms suggest to exclude Cushing or ectopic 
Cushing syndrome. Many forms of congenital adrenal hyper-
plasia may present with increased mineralocorticoid secre-
tions and hypokalemic hypertension. Liddles syndrome also 
presents with hypertension. Others, like renal tubular acidosis, 
Bartter and Gitelman syndrome patients are usually normoten-
sive. Some of these hypokalemic disorders are initially subcat-
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egorized on the basis of acidosis or alkalosis on arterial blood 
gas analysis which is beyond the scope of this review.

Mechanism and Pathogenesis

It is more common in Asians, and more so in males as com-
pared to females. Though, Graves disease is more common in 
females. So genetic and epigenetic factors may be operative. 
We have presumed five mechanisms may be responsible for 
this male predominance of TPP. Firstly, androgens may have a 
stimulating effect on Na+-K+ ATPase activity, though there is 
no research evidence till date. Secondly, hyper-insulinemia may 
be more pronounced in males, which stimulates Na+-K+ ATPase 
activity more in males. Thirdly, there is a possibility of more 
enhanced response of insulin secretion after carbohydrate-rich 
meals in males. Fourthly, it is the enhanced sympathetic and cat-
echolamine-induced Na+-K+ ATPase activity in males and lastly 
due to comparative more muscle mass in males, they may have 
more Na+-K+ ATPase activity. There may be another defect of 
outward movement of K+ from the cell due to defect of Kir2.6 
potassium channel [3]. Loss of function mutation of this channel 
is found in both sporadic periodic paralysis and TPP [4].

According to evidences available at present that the com-
bined defect of both inward K+ channel (Na+-K+ ATPase) and 
inward rectifier K+ channel (Kir2.6) present in some patients 
of thyrotoxicosis gives rise to episodes of TPP. The combined 
gain and loss function mutations in these two channels may 
be the cause. Gain of function mutation causes hyper-polari-
zation and impaired action potential discharge in Kir2.6 chan-
nel (KCNJ18) [5]. The group of patients often present with 
nomokalemic periodic paralysis. This may be also the reason 
that TPP is not found in all patients of thyrotoxicosis.

The ethnic variation of TPP has been well recognized but 
underlying cause is yet to be unveiled. Ethnic variation of Na+-
K+ ATPase activity or Kir2.6 inward rectifier channel may be 
the underlying cause. Though there are chances of other ion 
channels underlying the disorder. As only up to 33% of TPP 
cases have shown Kir2.6 mutations in United States, France 
and Brazil genetic study [3]. Ethnic variation of red cell Na+-
K+ ATPase activity has been seen [6], but no similar study on 
muscle Na+-K+ ATPase on TTP patients undertaken. So there 
is scope for future research in this field.

We are sure that further genetic study would tell us the 
cause of higher susceptibility of Asians for TPP. Moreover male 
preponderance could be due to any role of androgen receptor or 
its downstream interactions with muscle ion channels.

Management for Adults

As total body potassium loss is not there, only intracellular shift 
of potassium is the cause of hypokalemia. Aggressive potas-
sium replacement often causes rebound hyperkalemia. Potas-
sium chloride replacement should be done with 10 - 20 mmol 
per liter of intravenous fluid. A published research has shown 
24 h K+ replacement of 90 mEq of potassium chloride or less 
does not produce rebound hyperkalemia [7]. General opinion 

of potassium chloride replacement is less than 10 mmol/hr [8]. 
However, attending physician is the best judge of how much and 
how frequently potassium should be given. Treatment should 
be individualized till there is any guideline available. Frequent 
monitoring of serum potassium is needed. Propranolol acts by 
sympathetic blockade. There is less adrenergic stimulation of 
the enzyme Na+-K+ ATPase, which is responsible for intracellu-
lar shift of K+. Propranolol may also reduce sympathetic drive to 
insulin secretion from beta cells of pancreas. Because we know 
hyperinsulinemia also stimulate Na+-K+ ATPase activity. Life 
style modification may help in regaining insulin sensitivity and 
consequent reduction of Na+-K+ ATPase activity. As TPP can 
occur in different types of hyperthyroidism, initially antithyroid 
drugs are started to make the patient euthyroid. Subsequently, 
it is better to give definitive treatment of radioiodine or thyroid 
surgery in Graves disease or toxic nodule patients to prevent 
relapse and consequent episodes of TPP.

Conclusion

TPP is an endocrine emergency affecting cardiovascular and 
neurological systems. It is wise to manage it initially in an in-
tensive care unit by a multidisciplinary team. Cardiac monitor-
ing and serum potassium monitoring is of utmost importance 
in initial few hours. Follow-up treatment of thyrotoxicosis 
should aim to early reverting to euthyroid state and preventing 
relapse which may precipitate TPP.
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