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Thyrotoxic Periodic Paralysis Associated with Transient 
Thyrotoxicosis Due to Painless Thyroiditis

Thyrotoxic periodic paralysis (TPP) is a rare manifestation of hyperthyroidism characterized 
by muscle weakness and hypokalemia. All ethnicities can be affected, but TPP typically 
presents in men of Asian descent. The most common cause of TPP in thyrotoxicosis is 
Graves’ disease. However, TPP can occur with any form of thyrotoxicosis. Up to our 
knowledge, very few cases ever reported the relationship between TPP and painless 
thyroiditis. We herein report a 25-yr-old Korean man who suffered from flaccid paralysis 
of the lower extremities and numbness of hands. The patient was subsequently diagnosed 
as having TPP associated with transient thyrotoxicosis due to painless thyroiditis. The 
paralytic attack did not recur after improving the thyroid function. Therefore, it is 
necessary that early diagnosis of TPP due to transient thyrotoxicosis is made to administer 
definite treatment and prevent recurrent paralysis.
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INTRODUCTION

Thyrotoxic periodic paralysis (TPP) is a rare disease character-
ized by episodes of muscle paralysis associated with hypokale-
mia and thyrotoxicosis. Attack of TPP is characterized by acute 
and reversible episodes of flaccid muscle paralysis affecting prox-
imal more severely than distal muscle. The severity of the epi-
sodes ranges from mild weakness to complete flaccid paralysis. 
TPP is most common in Asian populations, with an incidence 
of approximately 2% in patients with thyrotoxicosis of any cause, 
although it can occur in other ethnic group as well. The most 
common cause of TPP in thyrotoxicosis is Graves’ disease, al-
though TPP can occur with any form of thyrotoxicosis (1, 2). It 
is less commonly associated with thyroiditis (3, 4), toxic adeno-
ma (5), T4 ingestion and iodine excess (6). However, very few 
cases such as this one have been reported as far as we know that 
thyrotoxic periodic paralysis associated with painless thyroid-
itis. Here we report a case of TPP associated with transient thy-
rotoxicosis due to painless thyroiditis and review TPP associat-
ed with the other thyrotoxicosis except Graves’ disease from the 
relative literature.

CASE DESCRIPTION

A 25-yr-old Korean man was admitted to Pusan National Uni-

versity Hospital, Busan, Korea, on May 26, 2011, complaining 
flaccid paralysis of the lower extremities and numbness of hands. 
On arrival at the emergency room, his blood pressure was 110/ 
70 mmHg, and the heart rate was 72 beats/min. He was alert 
with a respiratory rate of 18 breaths/min and a body tempera-
ture of 36.5°C. No heat intolerance, weight loss, changes in bowel 
habits, and other symptoms of hyperthyroidism were reported. 
On physical examination, he had a thyroid of normal size and 
consistency. Auscultation of the thyroid revealed no bruit. No 
exophthalmos or skin change was present. The lower limbs had 
flaccid paralysis with intact sensory function. No respiratory or 
visual difficulties were detected. He had no significant medical 
history and had received no medication; his family history was 
negative for familial hypokalemic periodic paralysis or thyroid 
disease. Laboratory tests revealed the following serum metabo-
lite levels ; on the day of admission, sodium 143.6 mEq/L, potas-
sium 2.42 mEq/L, chloride 104.7 mEq/L, creatinine 0.6 mg/dL, 
calcium 9.4 mg/dL and phosphorus 3.4 mg/dL. Arterial blood 
gas analysis showed arterial pH 7.408 mmHg, PO2 74.8 mmHg, 
PCO2 35.7 mmHg and bicarbonate 23.7 mM/L. A thyroid func-
tion test showed a thyroid-stimulating hormone level of 0.00 μIU/ 
mL (normal: 0.3-5.0 μIU/mL), a T3 level of 205.1 ng/dL (normal: 
80-170 ng/dL) and a free T4 level of 2.38 ng/dL (normal: 0.75-
2.00 ng/dL). Thyroid autoantibodies showed a prominent ele-
vated thyroglobulin antibody 93.40 U/mL (normal: 0-60 U/mL) 
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and thyroid peroxidase antibody 642.82 U/mL (normal: 0-60 U/
mL), but the level of TSH receptor antibody (by human TRAK 
RIA kit, BRAHMS, Hennigsdorf, Germany) was 0.37 IU/L (nor-
mal: 0-1.5 IU/L). An ultrasound revealed a normal sized thyroid 
gland, and neither nodules nor lymphadenopathy was detected 
(Fig. 1). A thyroid scan with Tc-99m revealed little or no uptake 
in the thyroid area compatible with thyroiditis (Fig. 2). Finally, 
we diagnosed this patient as thyrotoxic periodic paralysis asso-
ciated with transient thyrotoxicosis due to painless thyroiditis.
  He was given 40 mEq/L of intravenous potassium chloride in 
the emergency department and was then started on a normal 
saline infusion with 20 mEq/L of potassium chloride. He was 
also prescribed on an oral potassium and propranolol, which 
resulted in resolution of his lower extremity paralysis. On the 
second day of admission, his serum potassium level increased 
to 4.33 mEq/L. There was clinical improvement, concomitant 
with a progressive normalization of serum electrolytes. Com-
plete remission of symptoms was obtained in 24 hr. Upon dis-

charge, the patient had completely recovered his neuromuscu-
lar functions and serial measurement of his serum potassium 
level in the hospital remained within normal limits without oral 
potassium supplements. 
  He did not experience a hypokalemic paralytic attack during 
the subsequent 2 months. After 2 months of follow-up, thyroid 
function test was re-checked on outpatient department. The 
thyroid-stimulating hormone level was 11.11 μIU/mL (normal: 
0.3-5.0 μIU/mL), a T3 level was 89.8 ng/dL (normal: 80-170 ng/
dL), and a free T4 was 1.19 μg/dL (normal: 0.75-2.00 μg/dL); fol-
low-up thyroid function survey was compatible with subclini-
cal hypothyroidism. However, he remained symptom free.

DISCUSSION

In this article, we describe a patient suffering from transient thy-
rotoxicosis due to painless thyroiditis complicated with TPP. 
TPP is rare sporadic muscle disorder characterized by episodes 
of muscle paralysis associated with hypokalemia in some, but 
not all, thyrotoxic individuals. Patients have no symptoms be-
tween attacks, which resolve with treatment of thyrotoxicosis. 
TPP is the most frequent form of acquired acute flaccid paraly-
sis in adults. It is considered a sporadic disease affecting most 
frequently Asian male suffering from hyperthyroidism in the 
second and third decade of their life (1). The incidence of TPP 
in Chinese and Japanese thyrotoxic patients has been reported 
at 1.8% and 1.9%, respectively (2), whereas in North Americans 
at 0.1%-0.2% (7). A male predominance has been widely de-
scribed, with an overall male to female ratio ranging from 17:1 
to 70:1 (2, 8).
  Most patients with TPP have only mildly elevated serum thy-
roid hormone level. A previous study reported only 10% of pa-
tients with mild thyrotoxic symptoms (8). The hyperthyroidism 
may even be clinically silent. Some of 80% of TPP cases arise in 
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Fig. 1. Ultrasound findings of the thyroid. (A) A gray scale showed a normal sized thyroid gland, and neither nodules nor lymphadenopathy was detected. (B) Power doppler im-
age revealed decreased vascularity.

Fig. 2. A thyroid scan with Tc-99m revealed little or no uptake in the thyroid area com-
patible with painless thyroiditis.
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the acute phase of hyperthyroidism, although they can be pre-
ceded by endocrine symptoms lasting 3 months to 12 months. 
Muscle paralysis may be the only symptom at first manifesta-
tion of hyperthyroidism, and it can appear with normal serum 
levels of the thyroid hormones. In the present case, serum free 
T4 and T3 were slightly elevated above normal range, and TSH 
was nondetectable at the time of admission.
  Although the majority of cases of thyrotoxicosis associated 
with TPP are due to Graves’ disease, TPP can appear with thy-
rotoxicosis of any origin. Patients with TPP have been reported 
with thyroiditis (3, 4), toxic adenoma (5), toxic nodular goiter 
(9), TSH-secreting pituitary adenoma (10, 11), ingestion of T4 
or T3 (6, 12, 13), inadvertent iodine excess (14), subacute thy-
roiditis of de Quervain (15), amiodarone therapy (16), radiation 
thyroiditis with Graves’ disease (17) and nutraceuticals contain-
ing triatricol (18).
  Our case will have a significance, we think, as there have been 
very rare cases of TPP associated with transient thyrotoxicosis 
state of painless thyroiditis. Including the present case, we iden-
tified some cases of thyrotoxic periodic paralysis not related with 
Graves’ disease in the English literature between 1981 and 2011 
(Table 1). There were 11 men and a woman with the mean age 
(± SD) of 31.7 ± 6.8 yr. The mean level of serum potassium (± SD) 
was 1.97 ± 0.42 mEq/L. The most common causes of TPP except 
Graves’ disease were thyroiditis and factitious thyrotoxicosis. 
Interestingly, in one patient, serious complication such as near-
fatal ventricular tachycardia due to hypokalemia developed (3). 
Although the hallmark of TPP is hypokalemia, hypokalemia does 
not indicate a depletion of the total potassium pool but an in-
creased influx of the ion to the intracellular compartment. The 
presenting serum potassium level is usually less than 3.0 mEq/

L and can be as low as 1.1 mEq/L (1). Thus the serum potassi-
um level and electrocardiogram should be checked in all pa-
tients with thyrotoxic periodic paralysis. 
  Although the pathogenesis of TPP remains unclear, recently 
many evidences indicate that TPP results from the combination 
of genetics, thyrotoxicosis and environment factors. Excessive 
levels of T3, androgen, carbohydrate‑rich meals and rest follow-
ing exercise could exert their effects by altering ion channel dy-
namics in the cell membranes of neuromuscular junctions; these 
factors converge to trigger paralysis in susceptible patients. In 
this etiopathogenic hypothesis, excessive T3 has a major role in 
revealing genetic defects in patients with TPP (19).
  In typical TPP, hypokalemia is the consequence of a rapid 
and massive shift of potassium from the extracellular into the 
intracellular compartment, mainly into the muscles. Sodium, 
chloride, calcium, and potassium channels on cell membranes 
are responsible for membrane excitability and muscle contrac-
tions. Disruption of any of these cellular transport mechanisms 
– especially 3Na+/2K+ ATPase pump – may cause abnormali-
ties in muscle contractibility, and paralysis. Thyroid hormones 
can increase 3Na+/2K+ ATPase activity in skeletal muscle, liver, 
and kidney to induce an influx of potassium into the intracellu-
lar space. In some data revealed an increased number as well 
as activity of the 3Na+/2K+ ATPase pump in patients with thy-
rotoxicosis. And patients with TPP had significantly higher pump 
activity than thyrotoxic patients without TPP. In all patients with 
hyperthyroidism, 3Na+/2K+ ATPase activity returns to normal 
with establishment of the euthyroid state. 
  In addition, insulin is another stimulator of 3Na+/2K+ ATPase 
pump as well. Insulin can play an important role for potassium 
shift in patients with TPP and insulin has been shown to enhance 

Table 1. Summary of the reported cases of thyrotoxic periodic paralysis not related with Graves’ disease

Authors (year of publication) 
(Ref. No.)

Age/Sex Nation Etiology
K level  
(mEq/L)

Clinical features

Lee JI et al. (2009) (3) 38/M Korea Painless thyroiditis 2.5 Polymorphic ventricular tachycardia
Ozaki H et al. (2008) (4) 35/M Japan Autonomously functioning thyroid nodule N/A Recurrent severe muscle weakness of legs
Tagami T et al. (2007) (5) 26/M Japan Toxic thyroid adenoma 2.0 Acute and painful muscle weakness of extremity
Chen YC et al. (2001) (6) 36/F Taiwan Abuse of thyroid hormone for weight  

   reduction
1.6 Inability to move lower extremities 

Hsu FS et al. (2003) (10) 44/M Taiwan TSH-secreting pituitary adenoma 2.0 Acute muscle weakness and inability to ambulate
Kiso Y et al. (1990) (11) 27/M Japan TSH-secreting pituitary adenoma 1.3 Periodic lower extremity weakness
Hannon MJ et al. (2009) (12) 27/M Ireland Excessive L-thyroxine replacement 1.8 Panhypopituitarism due to craniopharyngioma
Chou HK et al. (2009) (13) 23/M Taiwan Drugs containing triiodothyronine 1.6 Attack of limbs paralysis 
Ober KP et al. (1981) (14) 37/M USA Saturated solution of potassium iodide  

   administration
1.7 Progressive weakness and pain in extremities

Laroia ST et al. (2002) (16) 34/M USA Amiodarone-induced thyrotoxicosis 2.2 Sudden lower extremity weakness, heat tolerance  
   and weight loss

Akar S et al. (2005) (17) 37/M Turkey Administration of radioactive iodine 2.6 Recurred paralysis attack
Cohen-Lehman J et al. (2011) (18) 23/M USA Abuse of a nutraceutial containing  

   tiratricol
N/A Lower extremity paralysis, diaphoresis and  

   palpitation
Present case 25/M Korea Painless thyroiditis 2.42 Flaccid paralysis of the lower limbs and  

   numbness of hands

N/A, not available; M, male; F, female.
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3Na+/2K+ ATPase activity. The patients with TPP produce in-
creased levels of insulin during attacks and have raised levels of 
basal insulin between attacks. The hyperinsulinemic response 
may explain the association of TPP with carbohydrate-rich meals 
and sweet snacks. Moreover, the patients with TPP had consid-
erably lower insulin sensitivity than the patients who had thyro-
toxicosis without periodic paralysis. Catecholamine can also 
increase 3Na+/2K+ ATPase activity in skeletal muscle. It may 
explain that nonselective beta-adrenergic blockers relieve para-
lytic symptom and prevent recurrent paralytic attacks. Androgens 
are also capable of increasing 3Na+/2K+ ATPase activity (19).
  Taking these findings together, the possible mechanism of 
TPP have an underlying predisposition for activation of 3Na+/ 
2K+ ATPase activity, either directly by thyroid hormone or indi-
rectly via adrenergic stimulation, hyperinsulinemia and postex-
ercise counter-regulatory mechanism. However, the reason for 
the ethnic difference remains undefined (1, 19).
  Management of TPP includes correction of hypokalemia and 
treatment of the underlying hyperthyroid state. During periodic 
paralysis and marked hypokalemia, immediate supplement 
with potassium chloride is needed to prevent major cardiopul-
monary complications. Generally, patients are given intravenous 
or oral potassium to hasten muscle recovery and prevent car-
diopulmonary complications. However, there is a concern of 
rebound hyperkalemia due to release of potassium from the 
cells on recovery. Rebound hyperkalemia occurred in approxi-
mately 40% of patients of TPP, especially who received > 90 mEq/ 
dL of potassium chloride within the first 24 hr. Therefore, lower 
doses of potassium chloride may be effective while lowering 
the patient’s risk of hyperkalemia (1, 11).
  To prevent attacks until euthyroid state is achieved, a useful 
therapy is the administration of a nonselective beta-adrenergic 
blocker like propranolol. It prevents the intracellular shift of po-
tassium by inhibiting the hyperadrenergic stimulation of 3Na+/ 
2K+ ATPase. The combination of low-dose of potassium chlo-
ride and nonselective beta-adrenergic blocker appears to be 
the treatment of choice for facilitating recovery and reducing 
rebound hyperkalemia. Because TPP does not recur once the 
patient is euthyroid, adequate control of hyperthyroidism is the 
mainstay of therapy. The cause for the hyperthyroidism should 
be evaluated, and patients should avoid precipitating factors 
including heavy carbohydrate intake, high salt diet and alcohol 
ingestion until thyrotoxicosis is under control (1, 19).
  In conclusion, thyrotoxic periodic paralysis can occur in asso-
ciation with any of the cause of thyrotoxicosis. As we know, the 
most common cause of TPP in thyrotoxicosis is Graves’ disease. 
Besides Graves’ disease, patients with TPP have been reported 
with toxic nodular goiter, iodine-induced thyrotoxicosis, exces-
sive thyroxine use, toxic thyroid adenoma, TSH-secreting pitu-
itary adenoma, and so on. In this report, we describe a rare case 
of transient thyrotoxicosis due to painless thyroiditis discovered 

during investigations for the etiology of TPP. Although further 
studies are required in order to clarify the mechanism of TPP, 
this would be the important case of TPP as the manifestation of 
a transient thyrotoxicosis due to painless thyroiditis. Thus, pain-
less thyroiditis should be kept in the differential diagnosis in any 
TPP patients to avoid delaying diagnosis and management. 
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