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T hyrotoxic periodic paralysis (TPP) is a rare con-
dition that typically occurs in Asian men be-
tween ages 30 and 50 years. TPP is characterized 
by simultaneous thyrotoxicosis, weakness or pa-

ralysis,1–4 and hypokalemia (plasma potassium levels usu-
ally < 3.0 mEq/L but can be normal2,5), although other 
associated electrolyte imbalances (eg, hypomagnesemia, 
hypophosphatemia) have also been reported.5 Episodes 
of paralysis are typically benign, but rarely they affect the 
upper respiratory muscles, which can be fatal.3,4 Early 
diagnosis is important to restore euthyroid condition, 
which will protect the patient from further episodes 
of paralysis. In this article, we report the case of a man 
who presented with a first episode of paralysis caused by 
hypokalemia associated with thyrotoxicosis. The clinical, 
biochemical, and electrocardiography findings as well as 
appropriate treatment for TPP are also discussed.

CASE PRESENTATION
Initial Presentation and History

A 27-year-old Hispanic man presented to the emer-
gency department (ED) complaining of weakness in 
all 4 extremities and inability to walk. The night prior 
to presentation, the patient worked extra hours lifting 
heavy furniture. After work, he consumed a carbohy-
drate meal and went to bed. At 3:00 am, he woke up to 
use the bathroom and discovered that he was unable 
to move his lower extremities and could only move his 
upper extremities from side to side. The patient denied 
numbness, tingling, blurred vision, slurred speech, 
headache, weight loss, sweating, loss of appetite, change 
in sleep patterns, tremors, urinary or fecal inconti-
nence, and any previous episodes of weakness/paralysis 
of the extremities. The patient, however, indicated that 
he had experienced nervousness for 1 week prior to the 
admission with some palpitations. Otherwise, there was 
no significant past medical history and no family history 
of paralysis or thyroid disease. The patient was not tak-
ing any medications or using alcohol or drugs, and he 
denied allergies and smoking.

Physical Examination

In the ED, the patient was tachycardic and afebrile. 
His blood pressure was 130/64 mm Hg. Physical ex-
amination revealed an immobile patient secondary to 
flaccid quadriplegia. Skin was moist. Power was 0/5 in 
the right lower extremity, 1/5 in the left lower extrem-
ity, 2/5 in the right upper extremity, and 2/5 in the left 
upper extremity. The patient had hyporeflexia (+1 in 
all 4 extremities). No fasciculation was noted. Cranial 
nerves and sensory system were grossly intact. The thy-
roid gland was not enlarged, and there were no hand 
tremors or exophthalmos. S1 and S2 were heard, but 
there were no additional heart sounds, murmurs, or 
gallops. On auscultation, normal breath sounds were 
heard; there were no rales, rhonchi, or wheezes. Ab-
dominal examination was negative.

Laboratory and Imaging Studies

Results from laboratory studies performed during 
the initial evaluation were significant for low serum 
potassium and magnesium levels (Table 1). Creatinine 
and blood urea nitrogen were within normal limits. 
Urinalysis was normal. An electrocardiogram (ECG) 
showed sinus tachycardia with right bundle branch 
block (RBBB) and ST depression in leads V1, V2, and 
V3, with U waves overtaking the T waves and Q-U pro-
longation (Figure 1).

Hospital Course and Diagnosis

In the ED, the patient was administered 40 mEq/L 
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of potassium chloride orally, 60 mEq/L of potassium 
chloride intravenously (IV), and 4 g of magnesium sul-
fate IV. He was then admitted with a working diagnosis 
of idiopathic hypokalemia. Four hours later, potassium 
levels were found to be 1.9 mEq/L, and the patient 
demonstrated slight improvement in motor function.
Another 60 mEq/L of potassium chloride IV was ad-
ministered, and the patient recovered completely from 
the quadriplegia within several hours. Repeat ECG 
performed after potassium administration showed only 
sinus tachycardia (Figure 2). 

Additional laboratory studies that were ordered 
after admission and became available on hospital day 
2 revealed: thyroid-stimulating hormone levels below  
0.091 µIU/mL (normal, 0.35–5.5 µIU/mL) and free thy-
roxine levels at 21.1 µg/dL (normal, 4.5–11.0 µg/dL).  
Urine toxicology was negative. Analysis of urine 
electrolytes revealed: sodium, 125 mEq/L (normal, 
40–220 mEq/L); potassium, 11 mEq/L (normal, 
25–125 mEq/L); chloride, 184 mEq/L (normal, 30– 
250 mEq/L); and urine creatinine, 94.3 mg/dL (nor-
mal, 30–125 mg/dL). Plasma potassium levels were 
elevated at 5.4 mEq/L but corrected to 4.7 mEq/L with-
out further treatment. Plasma magnesium levels also 
normalized after supplementation (2.0 mEq/L). Based 
on the patient’s symptoms, laboratory findings (specifi-
cally, low levels of thyroid-stimulating hormone and hy-
pokalemia), ECG abnormalities, and response to initial 
treatment, the patient was diagnosed with TPP. 

On hospital day 2, results of repeat analysis of 
urine metabolites were as follows: sodium, 51 mEq/L; 
potassium, 43 mEq/L; chloride, 105 mEq/L; and cre-
atinine, 84.2 mg/dL. The patient was given atenolol  
(50 mg orally once daily) to control for tachycardia. 
Propylthiouracil (100 mg orally 3 times daily) was 

started to manage the patient’s thyrotoxicosis. The 
patient was discharged on the third day of hospitaliza-
tion with a follow-up appointment at an endocrinolo-
gy clinic. He was also scheduled for outpatient thyroid 
sonogram.

Thyrotoxic Periodic Paralysis

This patient’s presentation is classic for TPP, which 
is a rare complication of thyrotoxicosis that primarily 
affects Asian men.6 The patient presented with a first 
episode of paralysis with hypokalemia and high levels 
of thyroxine. The patient experienced hypomagnese-
mia as well, which also can occur in patients with TPP.5 
The primary differential consideration in patients 
with suspected TPP is familial hypokalemic periodic 
paralysis (HPP), although all other causes of paralysis 
(eg, motor neuron diseases) and hypokalemia should 
be considered in the differential diagnosis. Compared 
with familial HPP, TPP typically affects older men with 
hyperthyroidism who do not have a family history of 
periodic paralysis.3 The case patient’s age (27 years) 
and sex (male) as well as absence of a family history 
of paralysis made the diagnosis of TTP more favorable 
than familial HPP.

Epidemiology

TPP predominantly affects Asian men in the third 
to fifth decade of life5: 44 out of 45 affected Chinese 
patients in 1 study were male.7 Another case report 
estimated that the risk of developing TPP is 15% to 
20% in Chinese patients with hyperthyroidism.4 A case 
review by Ober3 suggested that the ethnic distribution 
of TPP in the continental United States was: white, 
45%; Asian, 24%; Hispanic, 15.5%; black, 7%; Native 
American, 7%; and others, 1%.

Pathogenesis

The pathogenesis of TPP is not fully understood. 
The most accepted explanation is that the thyroid hor-
mone increases activity of the Na+-K+ ATPase pump, 
resulting in increased cellular uptake of potassium.6,8 
In the setting of thyrotoxicosis, excess quantities of 
thyroid hormone may therefore increase the risk of 
paralytic episodes by increasing patients’ susceptibility 
to the hypokalemic action of insulin.3,7

Multiple studies have been undertaken to determine 
whether mutations in calcium channel genes may be 
responsible for TPP given the high incidence in specific 
ethnic groups (eg, Chinese men).1,9 In 1 study, only 
1 of 16 patients with TPP was found to have an R83H 
mutation in the potassium (KCNE3) gene.10 Other stud-
ies showed that Ca+-ATPase and calcium uptake by the 

Table 1. Results of Initial Laboratory Studies for the Case 
Patient

Laboratory Tests Result Normal

Potassium (mEq/L) 1.7 3.5–5.0

Magnesium (mg/dL) 1.4 1.8–2.8

Phosphate (mg/dL) 2.5 2.2–4.8

Calcium (mg/dL) 9.2 8.5–10.8

Sodium (mEq/L) 140 135–146

Chloride (mEq/L) 104 95–110

Bicarbonate (mEq/L) 25 22–28

Hemoglobin (g/dL) 13.8 14.0–18.0

Hematocrit (%) 38.5 38–54

White blood cell count (× 103/µL) 12.6 3.5–11.0

Platelet count (× 103/µL) 177 150–450 
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Figure 1. Electrocardiogram of the case patient demonstrating ST depression in leads V1, V2, and V3 with U waves overtaking the T waves 
and Q-U prolongation (changes that are typical of hypokalemia) and sinus tachycardia with right bundle branch block.

Figure 2. Repeat electrocardiogram of the case patient after potassium was administered, which reveals sinus tachycardia and resolution 
of right bundle branch block and ST depression.
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sarcoplasmic reticulum decrease during the paralytic 
attack but revert to normal after the attack.9,11 The au-
thors assumed that the mutations in the calcium chan-
nels are not sufficient to produce symptoms during the 
euthyroid state.1,9

Diagnosis

In patients presenting with acute paralysis, distin-
guishing among the various etiologies is important as 
this will guide treatment. The differential diagnosis of 
acute paralysis includes quadriplegia caused by trau-
ma, ischemia, inflammation or tumor, Guillain-Barré 
syndrome, periodic paralysis, myasthenia gravis, disso-
ciative paralysis, and metabolic abnormalities, typically 
hypokalemia. Causes of hypokalemia (Table 2)2 should 
also be considered during the initial evaluation. 

Clinical features. Patients presenting with TPP usu-
ally report that the paralysis occurred during rest follow-
ing exercise. In most of the reported cases, paralysis oc-
curred after a few hours of sleep.6 Other precipitating 
factors include stress and large carbohydrate meal,2,5 
which causes increased production of insulin and cel-
lular potassium influx and subsequent hypokalemia. 

In TPP, the degree of muscular involvement and se-
verity of the attack can range widely.5 The patient might 
experience aching or cramps in the affected muscles be-
fore the onset of acute paralysis.5 Normally, the proximal 
muscles are more affected than the distal muscles.1,12 
Rare presentations of TPP with upper motor neuron 
findings have been reported.13 Paralysis can be asym-
metrical, and the muscles that were exercised will be 
more affected.5,14 Rarely, attacks can be severe enough 
to affect the respiratory muscles and may be fatal.3,4

The case patient’s presentation included nervous-

ness and palpitations, findings consistent with hyper-
thyroidism. In a report of 45 Chinese patients, only 
29% were known to have hyperthyroidism; 60% of 
these patients had clinical symptoms of thyrotoxicosis 
and 11% had subclinical disease.5

Laboratory studies. Laboratory findings are key 
for diagnosing TPP. The primary biochemical find-
ings during the attack are elevated thyroid hormones 
and hypokalemia.1–4 McFadzean and Yeung5 found 
hypokalemia present in 100% of cases and hypophos-
phatemia in 80%; mild hypomagnesemia was also 
reported. Recent reports demonstrated that potassium 
levels may decrease during the attack but not always 
below the normal range.3,4 Studies examining arterio-
venous serum potassium and sodium changes during 
the attack suggested that the mechanism of potassium 
serum reduction is the entry of extracellular potassium 
into the intracellular space.5,15 In rare cases, triiodothy-
ronine may be elevated, while other thyroid function 
tests are within the normal range.16

Electrocardiogram. The ECG changes in hypoka-
lemia begin with flattening of the T waves, followed 
by a U wave that may be associated with ST-T flatten-
ing or slight ST depression. Then, the ST depression 
becomes more marked and the U wave increases in 
amplitude until the U wave ultimately overtakes the  
T wave. At this point, distinguishing between the T wave  
and U wave may be almost impossible (Q-U prolonga-
tion).17 However, ECG manifestations of hypokalemia 
and various arrhythmias are not always present in thy-
rotoxic patients.7,13 The case patient had late changes 
of hypokalemia. The ECG revealed sinus tachycardia 
with RBBB and ST depression in leads V1, V2, and V3 
with U waves overtaking the T waves and Q-U prolon-
gation (Figure 1). The sinus tachycardia was due to 
thyrotoxicosis, while the ST depression, U waves, and 
prolonged QU interval were caused by hypokalemia. 
To the authors’ knowledge, no other case reports of 
TPP reported the presence of RBBB. With treatment, 
all of the ECG changes associated with hypokalemia 
and RBBB were corrected. 

Light microscopy. In clinical practice, muscle biopsy 
is typically reserved for cases in which the diagnosis of 
TPP is uncertain. Light microscopy of muscle biopsy 
specimens from patients with TPP have shown some 
changes, including sarcolemmic nuclear proliferation, 
muscle fiber atrophy, fatty infiltrate, and vacuolations, 
although no changes were detected in one fourth of 
the patients.18 Electron microscopy generally showed 
vacuolations (90%), mitochondrial abnormalities 
(100%), accumulation of glycogen granules (100%), 
myofibril interruption (50%), and T-system changes 

Table 2. Causes of Hypokalemia 

Gastrointestinal tract loss (eg, vomiting, diarrhea, fistula, gastrointestinal 
suctioning, use of laxatives, ureterosigmoidostomy)

Renal losses (Cushing’s syndrome, hyperaldosteronism, Bartter 
syndrome, renal tubular acidosis, hypomagnesemia, leukemia)

Medications that can increase renal loss (eg, diuretics, penicillin,  
aminoglycosides)

Decreased potassium intake (as seen in anorexia nervosa or alcoholism)

Intracellular potassium shift with normal potassium pool in the body 
(eg, metabolic alkalosis, insulin overdose, HPP [eg, familial HPP or 
TPP], theophylline, barium and toluene intoxication)

Hereditary causes (eg, familial HPP, congenital androgenital syndrome, 
familial interstitial disease, Little’s disease)

Idiopathic

HPP = hypokalemic periodic paralysis; TPP = thyrotoxic periodic pa-
ralysis.
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(40%). These alterations do not correlate with the se-
verity of the weakness.18

Treatment

In all patients with acute paralysis, the presence of 
hypokalemia should be confirmed before the start of 
treatment because some normokalemic or hyperkalemic 
paralytic conditions can worsen with the administration 
of potassium.1,12 In hypokalemic patients, administration 
of 60 to 90 mEq/L of potassium chloride will normally 
abort the acute attack of paralysis within 15 to 20 min-
utes.4 Doses of potassium above 90 mEq/L should be 
avoided because rebound hyperkalemia may occur as po-
tassium moves out of the cells following the attack.3,4,7,19 
Unlike familial HPP and euthyroid paralysis, TPP is wors-
ened by administration of acetazolamide.20 It is not clear 
why this occurs, and further investigation is warranted. 
Correction of magnesium levels may also be necessary.3 
In some cases, the phosphate levels can be corrected 
without administering potassium supplements3; other-
wise, phosphate levels should be corrected.

Prevention of hypokalemic episodes consists of 
restoring the euthyroid condition.3–11 Nonselective 
β-blockers and thionamides are sufficient to correct 
thyroid hormone levels in most cases.3,12 Other treat-
ment modalities include potassium supplementation, 
potassium-sparing diuretics, a low carbohydrate diet, 
and carbonic anhydrase inhibitors.3,21 

In the case patient, 40 mEq/L of oral and 60 mEq/L 
IV potassium chloride were initially given. Potassium in-
creased to 1.9 mEq/L with slight improvement in motor 
function. With another 60 mEq/L of potassium chlo-
ride, the patient’s motor function was restored. However, 
there was rebound hyperkalemia (5.4 mEq/L), which 
was corrected without treatment within a few hours. Re-
bound hyperkalemia was most likely due to excessive cor-
rection of potassium levels. The total amount of potassi-
um chloride administered exceeded the recommended 
dose for the treatment of TPP because the patient was 
initially treated for idiopathic hypokalemia.

CONCLUSION

TPP is a rare condition that is most commonly 
reported in Asian men between the ages of 30 and  
50 years; however, the precise sexual and racial predis-
position remains unknown.5 The case presented here 
involved a classic presentation of TPP in an epidemio-
logic group in which TPP is not commonly reported. 
This case illustrates the importance of considering TPP 
among the causes of acute paralysis, regardless of eth-
nic background.� HP
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