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Thyrotoxic periodic paralysis triggered by b2adrenergic bronchodilators
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ABSTRACT
Hypokalemic periodic paralysis is the most common form of
periodic paralysis and is characterized by attacks of muscle
paralysis associated with a low serum potassium (K+) level
due to an acute intracellular shifting. Thyrotoxic periodic
paralysis (TPP), characterized by the triad of muscle paralysis,
acute hypokalemia, and hyperthyroidism, is one cause of
hypokalemic periodic paralysis. The triggering of an attack of
undiagnosed TPP by b2-adrenergic bronchodilators has, to
our knowledge, not been reported previously. We describe
two young men who presented to the emergency department
with the sudden onset of muscle paralysis after administration
of inhaled b2-adrenergic bronchodilators for asthma. In both
cases, the physical examination revealed an enlarged thyroid
gland and symmetrical flaccid paralysis with areflexia of lower
extremities. Hypokalemia with low urine K+ excretion and
normal blood acid-base status was found on laboratory
testing, suggestive of an intracellular shift of K+, and the
patients’ muscle strength recovered at serum K+ concentrations of 3.0 and 3.3 mmol/L. One patient developed hyperkalemia after a total potassium chloride supplementation of
110 mmol. Thyroid function testing was diagnostic of primary
hyperthyroidism due to Graves disease in both cases. These
cases illustrate that b2-adrenergic bronchodilators should be
considered a potential precipitant of TPP.

paralysie périodique hypokaliémique. À notre connaissance,
le déclenchement d’un accès de PPT, non diagnostiquée
jusque là, par des bronchodilatateurs b2 adrénergiques
n’avait jamais été signalé auparavant. Il sera question, dans
le présent article, du cas de deux jeunes hommes examinés
au service des urgences pour un accès soudain de paralysie
musculaire après l’administration de bronchodilatateurs b2
adrénergiques en aérosol pour de l’asthme. Dans les deux
cas, l’examen physique avait mis en évidence une hypertrophie de la glande thyroı̈de et une paralysie flasque
symétrique, accompagnée d’une aréflexie des membres
inférieurs. Les examens de laboratoire ont révélé une
hypokaliémie, accompagnée d’une faible excrétion urinaire
de K+, mais un équilibre acido-basique sanguin normal, ce
qui est l’indice d’un passage intracellulaire de K+; la force
musculaire est revenue chez les deux patients une fois que
les taux sériques de K+ eurent atteint 3.0 et 3.3 mmol/L. Une
hyperkaliémie s’est produite chez l’un des patients après une
recharge totale de chlorure de potassium de 110 mmol. Dans
les deux cas, l’épreuve fonctionnelle thyroı̈dienne a donné
des résultats qui ont permis d’établir le diagnostic
d’hyperthyroı̈die primitive, attribuable à la maladie de
Basedow. Aussi, à la suite des deux exposés de cas,
faudrait-il considérer les bronchodilatateurs b2 adrénergiques comme de possibles facteurs déclenchants de PPT.
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La paralysie périodique hypokaliémique est la forme la plus
fréquente de paralysie périodique, et elle se caractérise par
des accès de paralysie musculaire, associés à de faibles taux
sériques de potassium (K+) et attribuables à un passage
soudain des ions dans le compartiment intracellulaire. La
paralysie périodique thyrotoxique (PPT), qui se caractérise
par la triade de signes suivants, paralysie musculaire,
hypokaliémie aiguë, et hyperthyroı̈die, est une cause de

Periodic paralyses, including hypokalemic periodic
paralysis, hyperkalemic periodic paralysis, and AndersenTawil syndrome, are caused by ion channelopathies of
skeletal muscle and typically present in the first or
second decade of life.1 Hyperkalemic periodic paralysis
is characterized by muscle weakness and a normal
or slightly elevated serum potassium (K+) level.
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Andersen-Tawil syndrome is characterized by episodic
weakness, arrhythmias, and dysmorphic facial and skeletal
features. Hypokalemic periodic paralysis is the most
common form of periodic paralysis and is characterized
by attacks of muscle paralysis associated with a low
serum K+ level due to an acute intracellular shifting.2 The
etiologies of hypokalemic periodic paralysis include
familial periodic paralysis, thyrotoxic periodic paralysis
(TPP), and sporadic periodic paralysis. Familial periodic
paralysis is more common in whites and TPP or sporadic
periodic paralysis in those of Asian extraction.3 Possible
mechanisms for hypokalemia in TPP include activation
of the Na+,K+-ATPase pump by thyroid hormone, a
hyperadrenergic state, and hyperinsulinemia in combination with reduced K+ efflux into the skeletal muscle.4–7
Several factors have been reported to increase Na+,K+ATPase activity and potentially precipitate an attack of
TPP, including a high-carbohydrate diet and strenuous
exercise (Table 1).3,8–10 The triggering of an attack of
undiagnosed TPP by b2-adrenergic bronchodilators has,
to our knowledge, not been reported previously. We
describe two young men who presented to the emergency department (ED) with the sudden onset of muscle
paralysis after administration of inhaled b2-adrenergic
bronchodilators for asthma.
CASE REPORTS

Case 1
A 24-year-old Chinese man presented to the ED with the
sudden onset of bilateral leg paralysis. Three hours
earlier, at a local district hospital, he had been administered nebulization of a b2-adrenergic bronchodilator

(salbutamol 5 mg) for asthma. He denied the use of
diuretics or laxatives and had no family history of muscle
paralysis or hyperthyroidism.
On physical examination, his blood pressure was 174/
60 mm Hg, pulse rate was 108 beats/min, respiratory
rate was 16 breaths/min, and temperature was 36.9uC
(98.4uF). There was no exophthalmos; however, his
thyroid gland was mildly enlarged. A neurologic
examination revealed symmetrical areflexia and complete paralysis of the lower extremities. The remainder
of the physical examination was unremarkable.
The patient’s laboratory investigations are shown in
Table 2. Marked hypokalemia (K+ 1.8 mmol/L) with a
low urine K+ excretion and a urine K+/Cr ratio were
the major abnormalities. Electrocardiography (ECG)
revealed tachycardia, a left ventricular hypertrophy
(LVH) pattern, and prominent U waves. After a total
K+ supplementation of 110 mmol (rate 10–20 mmol/h),
his muscle strength had returned to normal, and his
serum K+ concentration was 3.0 mmol/L 6 hours after
presentation. However, on repeat testing 6 hours later,
he developed hyperkalemia (6.2 mmol/L), which
returned to normal 4 hours later.
Thyroid function studies indicated a low thyroidstimulating hormone (TSH), a high free thyroxine level,
and a high level of TSH receptor antibodies. This
patient was diagnosed with Graves disease and was
commenced on carbimazole 10 mg three times daily
orally. Inhaled ipratropium bromide was given to
control his asthma. His hyperthyroidism was controlled,
Table 2. Laboratory results
Item
+

Table 1. Potential precipitants of thyrotoxic periodic
paralysis
Trauma
Infection
Emotional stress
Exposure to cold
Strenuous exercise
Alcohol ingestion
High carbohydrate ingestion
Drugs
Corticosteroids
Epinephrine
Radioiodine therapy
Nonsteroidal antiinflammatory drugs
b2-Adrenergic bronchodilators
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Na
K+
Cl–
HCO32
Urea (BUN)
Creatinine (Cr)
TSH
Free T4
Urine
K+ (mmol/L)
K+/Cr (mmol/
mmol)
TTKG

Normal range

Case 1

Case 2

136–145 mmol/L
3.5–5.1 mmol/L
98–107 mmol/L
23–25 mmol/L
2.9–8.9 mmol/L
44–80 mmol/L
0.25–5.0 mIU/mL
0.8–2.0 ng/dL

142
1.8*
107
23.3
7.2
42
, 0.03*
3.2*

140
2.1*
107
24.1
3.2
52
, 0.03*
2.8*

9.5
1.4*

6.2
1.3*

2.1*

2.7*

BUN 5 blood urea nitrogen; T4 5 thyroxine; TSH 5 thyroid-stimulating hormone; TTKG
5 transtubular K+ gradient (a value , 3 suggests low K+ excretion). TTKG 5 (urine K+/
serum K+) 4 (urine osmolality/serum osmolality)
*An abnormal value.
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and he reported no recurrence of muscle weakness in the
following 4 months.
Case 2
A 22-year-old Chinese man presented with sudden
muscle paralysis and inability to ambulate 2 hours after
a bronchodilator inhalation (fenoterol hydrobromide
200 mg) for an asthma attack. He denied nausea,
vomiting, diarrhea, or the use of diuretics, laxatives, or
illicit drugs. His mother had hyperthyroidism. His
blood pressure was 146/76 mm Hg, heart rate was
112 beats/min, respiratory rate was 18 breaths/min,
and temperature was 36.8uC (98.2uF). His thyroid
gland was enlarged. Muscle strength and reflexes were
diminished in both lower extremities, and the rest of
his physical examination was unremarkable.
The patient’s laboratory investigations are shown in
Table 2. His findings were similar to the first case above
and included severe hypokalemia (2.1 mmol/L). An
ECG revealed sinus tachycardia and U waves. After the
administration of 30 mmol potassium chloride, his
muscle strength recovered at a serum K+ level of
3.3 mmol/L 4 hours after presentation. He was diagnosed
with Graves disease and treated with oral propylthiouracil 50 mg three times daily and inhaled ipratropium
bromide for asthma. He reported no recurrent muscle
paralysis over the 6 months following his presentation.
DISCUSSION

We report two cases of young men without clinical
features of hyperthyroidism who developed TPP
shortly after b2-adrenergic treatment for asthma. In
neither case did we identify any other factors that could
have induced acute intracellular shifting of K+. It is
likely that in both cases, b2-adrenergic bronchodilators
provoked TPP in the setting of a pre-existing
predisposition to hypokalemia as a result of untreated
thyrotoxicosis. This suggestion is supported by evidence that b2-adrenergic agonists can significantly
enhance Na+,K+-ATPase activity, thus inducing hypokalemia.11,12 In addition, increased b2-adrenergic activity has been shown to reduce K+ efflux via inward
rectifying K+ channels, worsening the severity of
hypokalemia.13 Both patients developed TPP within
the half-lives of the involved drugs (salbutamol 5–6
hours, fenoterol hydrobromide 1.7–2.3 hours). To our
knowledge, these are the first reported cases of TPP

triggered by administration of inhaled b2-adrenergic
bronchodilators.
Acute symmetrical paralysis is an uncommon ED
complaint that can pose diagnostic challenges. The
differential diagnosis includes brainstem stroke, myasthenic crisis, acute myelopathy, Guillain-Barré syndrome,
tick paralysis, and botulism (Table 3). Our patients’
presentation of acute paralysis with hypokalemia followed by rapid recovery after K+ correction, coupled
with the absence of bulbar and extraocular muscle
involvement, paresthesias, or cranial neuropathies, is
suggestive of hypokalemic periodic paralysis. Hypokalemic periodic paralysis can be caused by familial periodic
paralysis, TPP, or sporadic periodic paralysis. Familial
and sporadic periodic paralyses are characterized by
an age at onset under 20 years and episodic muscle
weakness, accompanied by a decrease in serum K+ levels.
Familial periodic paralysis is an autosomal dominant
disorder, in contrast to sporadic periodic paralysis, for
which the pathophysiology remains unclear.14 TPP is
classically characterized by a triad of muscle paralysis,
acute hypokalemia, and hyperthyroidism and typically
occurs in men between the ages of 20 and 40 years.3
Patients with TPP frequently do not have obvious
symptoms of thyrotoxicosis such as hyperactivity, weight
loss, heat intolerance, palpitations, increased appetite, or
diaphoresis.3 Because thyroid function tests are usually
not immediately available in the ED, the diagnosis of
TPP relies on clinical suspicion in the setting of clues
such as young Asian adult males without a family history
of periodic paralysis, ECG findings (tachycardia, atrioventricular block, LVH pattern), hypokalemia with a low
K+ excretion, normal acid-base status, hypocreatininemia, hypophosphatemia, and hypercalciuria.3,15
The therapeutic goal of emergency therapy for TPP
is normalization of the serum K+ concentration, not
correcting a K+ deficit. Because of this, the rate of
potassium chloride supplementation should be kept
low (, 10 mmol/h) to avoid rebound hyperkalemia
on recovery unless life-threatening arrhythmias or
impending respiratory failure is present. Nonselective
b-blockers are an alternate therapy for the rapid
termination of paralysis and have a role in helping
avoid future attacks of TPP.16 Definitive therapy of
TPP involves restoration of a euthyroid state using
antithyroid drugs, radioiodine, or thyroidectomy.
When treating TPP in patients with coexisting asthma,
the possibility of developing hypokalemia-induced
complications during the attack and preventing the
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Table 3. Differential diagnosis of acute symmetrical paralysis22–24
Disorder

Associated conditions

Motor findings

Sensory findings

Other findings
Altered mental status,
cranial neuropathy, bulbar
signs, cerebellar signs,
autonomic dysfunction
Absent bowel and bladder
control

Brainstem stroke (bilateral Hypertension, atrial
lesions or lower medulla fibrillation, diabetes
lesion)

Rapid onset of
quadriparesis to
quadriplegia

Depending on the areas
involved

Acute myelopathy

Loss of motor function
caudal to the level of the
injury
From fluctuating degrees
of weakness that
worsens with use to
generalized weakness
Progressive ascending
weakness

Loss of sensory function
caudal to the level of the
injury
Absent

Myasthenic crisis

Guillain-Barré syndrome

Tick paralysis
Botulism
Periodic paralysis

Trauma; autoimmune,
infectious, neoplastic,
vascular diseases
Myasthenia gravis

A preceding gastrointestinal
or upper respiratory tract
infection
Presence of a tick or tick
crater
A prodrome of
gastrointestinal symptoms
Onset at the first or second
decade

Progressive ascending
weakness
Progressive descending
weakness
Rapid onset of
generalized or focal
muscle weakness

Frequently a prodrome
of sensory impairment
Generally absent
Absent
Absent

Respiratory arrest
Bulbar weakness

Cranial neuropathy
Areflexia
Rare dilated pupils
Respiratory impairment
Rare dilated pupils
Symmetrical cranial
neuropathy, dilated pupils
Variable serum K+ level
during attacks,
hyperthyroidism in TPP

TPP 5 thyrotoxic periodic paralysis.

recurrence of both TPP and asthma in chronic therapy
must be balanced. As illustrated in one of the two
patients we describe, potassium chloride supplementation may be warranted and when administered should
be at a low rate. The administration of nonselective bblockers should be performed only in a monitored
setting and on patients with very mild asthma.13 In
chronic asthma therapy, caution in the use of b2adrenergic bronchodilators and systemic steroids is
warranted as both can induce TPP.17–21 Early recognition of TPP and prompt management avoid lifethreatening complications such as respiratory failure
and arrhythmias.
CONCLUSION

We describe two young asthmatic men who developed
TPP shortly after the inhalation of b2-adrenergic
bronchodilators. In patients with symmetrical paralysis, hypokalemic periodic paralysis should be considered. Furthermore, in patients diagnosed with
hypokalemic periodic paralysis, the possibility of TPP
should be investigated through thyroid function tests.
Our cases demonstrate that b2-adrenergic bronchodilators should be considered a potential precipitant of
TPP.
Competing interests: None declared.
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