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toxicosis, and coronary angiography revealed patent coro-
nary arteries. She was diagnosed with thyroid storm due to 
Graves’ disease and is currently healthy during outpatient 
follow-up.  Conclusion:  This case highlights that thyrotoxico-
sis can, albeit extremely rarely, cause ventricular fibrillation 
even in the absence of hypokalemia or underlying cardiovas-
cular disease.  © 2015 European Thyroid Association

Published by S. Karger AG, Basel 

 Introduction 

 Thyroid hormone plays an important role in the car-
diovascular system by increasing the heart rate and left 
ventricular systolic function and reducing systemic vas-
cular resistance  [1] . Thyrotoxicosis is associated with an 
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 Abstract 

  Background:  It is well known that thyrotoxicosis causes 
rhythm disorders including sinus tachycardia, atrial fibrilla-
tion, and atrial flutter. Atrial fibrillation is the most common 
arrhythmia in thyrotoxicosis, occurring in 5–15% of patients 
over 60 years of age, whereas ventricular arrhythmia is an 
unusual manifestation.  Case Report:  An 18-year-old Japa-
nese woman was admitted to our emergency department 
because of loss of consciousness caused by ventricular fibril-
lation. She had been diagnosed with Graves’ disease only 5 
days earlier and had no other past medical history. Blood 
examination showed no obvious abnormality except thyro-
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 What Is Known about This Topic? 

 • Thyrotoxicosis is associated with an increased risk of arrhythmia, especially supraventricular arrhyth-
mias. 

 What Does This Case Report Add? 

 • This case suggests that thyrotoxicosis can cause ventricular fibrillation even in the absence of hypoka-
lemia, heart failure, or underlying cardiovascular disease. 
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increased risk of arrhythmia, especially supraventricular 
arrhythmias. Genomic and nongenomic actions of thy-
roid hormone may contribute to paroxysmal atrial tachy-
cardia, atrial fibrillation (AF), and atrial flutter. Among 
these arrhythmias, AF is the most common, occurring in 
9–22% of patients with hyperthyroidism  [2] . Complica-
tions of AF in patients with hyperthyroidism include 
heart failure and thrombus formation, which can be life 
threatening  [3] . Other atrial arrhythmias caused by thy-
rotoxicosis are often asymptomatic and are mostly de-
tected on electrocardiographic monitoring. 

  In contrast to the high incidence of atrial arrhyth-
mias, ventricular arrhythmias are uncommon, and the 

etiology of ventricular fibrillation (VF) in thyrotoxic 
subjects is unknown. Only a few isolated cases have been 
described to date, the majority of which showed severe 
hypokalemia as the cause of VF associated with thyro-
toxicosis  [4] . However, some reports have demonstrat-
ed other causes of VF  [5, 6] . We report here a case of 
Graves’ disease with VF as the result of thyrotoxicosis 
and review the literature on VF associated with thyro-
toxicosis. This case suggests that thyrotoxicosis can, al-
beit extremely rarely, cause VF even in the absence of 
hypokalemia, heart failure, or underlying cardiovascu-
lar disease.

  Fig. 1.  Automated external defibrillator record showing VF before defibrillation. Arrow indicates defibrillation.  
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  Case Report 

 A previously healthy 18-year-old Japanese woman presented 
with a 2-day history of fever, dyspnea, and chest pain that was exac-
erbated by movement and deep inspiration. Physical examination 
revealed tenderness of the left lateral thoracic region and rales at the 
base of the left lung. The chest X-ray findings showed lobar con-
solidation in the inferior lobe of the left lung. Consequently, she was 
given a diagnosis of bacterial pneumonia with pleuritis and treated 
with antibiotics in an outpatient setting. Although she recovered 
from fever and respiratory symptoms after the course of antibiotics, 
she re-presented to the hospital with a 7-day history of palpitations 
and thyroid swelling. She was taking no other medications and her 
family and social history were noncontributory. Thyroid ultrasound 
showed markedly increased blood flow. Laboratory investigation re-
vealed thyrotoxicosis (free T 3 : 42.2 pmol/l; free T 4 : 99.1 pmol/l) with 
suppressed thyroid-stimulating hormone, strongly suggestive of 
Graves’ disease. She was started on thiamazole (30 mg/day) and pro-
pranolol hydrochloride (30 mg/day), and was managed in an outpa-
tient setting. 

  After 5 days of treatment for Graves’ disease, she suddenly col-
lapsed during a physical education class at her senior high school. 
She had a cardiopulmonary arrest and bystander cardiopulmonary 
resuscitation was immediately initiated while the emergency medi-
cal system was alerted. On ambulance arrival 17 min later, the pa-
tient was immediately placed on an automated external defibrillator 
monitor and the initial cardiac rhythm was VF ( fig. 1 ). After basic 
life support for 4 min, including chest compressions and three defi-
brillation attempts, sinus rhythm and spontaneous circulation were 
restored. On arrival at our intensive care unit, her Glasgow Coma 
Scale score was 6 and physical examination revealed a blood pres-
sure of 127/106 mm Hg, pulse of 124 beats/min, and a respiratory 
rate of 24 breaths/min. Laboratory findings were as follows: white 
blood cell count, 9,900/μl; hemoglobin, 10.6 g/dl; platelets, 150,000/
μl; D-dimer, 4.4 μg/ml; aspartate aminotransferase, 71 IU/l; alanine 
aminotransferase, 103 IU/l; lactic dehydrogenase, 217 IU/l; creatine 

kinase, 61 IU/l; creatine kinase MB, 46 IU/l; troponin T, 0.05 ng/ml; 
blood urea nitrogen, 9.0 mg/dl; creatinine, 0.45 mg/dl; blood glu-
cose, 168 mg/dl; sodium, 139 mmol/l; potassium, 4.1 mmol/l; chlo-
ride, 104 mmol/l; calcium, 9.0 mg/dl; free T 3 , 31.7 pmol/l (normal 
3.1–5.9); free T 4 , 53.8 pmol/l (normal 10.3–19.3); thyroid-stimulat-
ing hormone, 0.01 μIU/l (normal 0.34–3.8); TRAb, 8.2 U/l (normal 
<2), and troponin I, 0.37 ng/ml (normal <0.1). She was intubated 
and therapeutic hypothermia was applied to reduce the likelihood 
of brain injury. An echocardiogram revealed a structurally intact 
heart with adequate biventricular function. ST segment depression 
in leads V3–5 and T-wave inversion in inferior leads were present 
on the electrocardiogram ( fig. 2 ). 

  On the day of admission, we started propylthiouracil (900 mg/
day), iodine solution (6.4 ml/day), hydrocortisone (300 mg/day), 
and propranolol (60 mg/day) to control thyroid storm. Her general 
condition gradually improved, accompanied by a dramatic decrease 
in the level of thyroid hormone, and therapeutic hypothermia was 
discontinued on hospital day 5 ( fig. 3 ).

  Since myocardial ischemia was suspected from her acute presen-
tation, coronary angiography was performed which showed neither 
vasospasm nor coronary occlusion. Cardiac magnetic resonance im-
aging (MRI) showed late gadolinium enhancement in the postero-
septal wall, suggesting the presence of acute myocardial damage. She 
underwent implantable cardioverter defibrillator placement 1 month 
after admission for secondary prevention. Her condition stabilized 
with no emergent symptoms and she was discharged on day 43.

  No signs of recurrent VF or other cardiac arrest rhythms have 
been observed during 3 years of outpatient follow-up.

  Discussion 

 This case suggests that thyrotoxicosis can cause VF 
even in the absence of hypokalemia and underlying car-
diovascular disease. Thyroid hormone plays an important 

  Fig. 2.  Twelve-lead electrocardiogram on hospital day 33.  



 Kobayashi/Haketa/Abe/Tahira/Hatanaka/
Tanaka/Ueno/Soma

 

 Eur Thyroid J 2015;4:207–212 
DOI: 10.1159/000437225

210

role in cardiac muscle, systemic circulation, and the sym-
pathetic nervous system that affect cardiovascular hemo-
dynamics. The action of thyroid hormone is mediated by 
the binding of T 3  to nuclear receptors  [2] . The subsequent 
binding of the T 3 -receptor complex to DNA regulates the 
expression of genes coding for cardiac proteins, such as 
sarcoplasmic reticulum calcium adenosine triphospha-
tase, myosin heavy chain-α, β 1 -adrenergic receptors, gua-
nine nucleotide-regulatory proteins, sodium/potassium 
adenosine triphosphatase, and voltage-gated potassium 
channels  [7] . In addition, some effects of thyroid hormone 
appear to be mediated by nongenomic mechanisms. The 
mechanism of action is not well understood, but may in-
volve changes in the functional properties of membrane 
ion channels and pumps. For this reason, thyroid hor-
mone has been shown to have cardiovascular effects. 

  Excess thyroid hormone is known to be an important 
factor in the etiology of atrial arrhythmia. The mecha-
nism of AF in patients with hyperthyroidism is a shorten-
ing of the action potential duration in the atrial myocar-
dium and a decrease in the refractoriness of cardiomyo-
cytes. This mechanism enhances the formation of multiple 
reentry circuits  [8] . Some reports have shown that the 
pulmonary veins of several species have pacemaker cells, 
and thyrotoxicosis enhances the physiological activity of 
pulmonary vein myocytes  [9] . Increased automaticity 
and enhanced triggered activity may increase arrhyth-
mias arising from the pulmonary vein in hyperthyroid-
ism. In contrast to atrial arrhythmia, VF is an unusual 
manifestation of thyrotoxicosis. The majority of cases of 
VF induced by thyrotoxicosis occur in the context of thy-
rotoxic periodic paralysis with severe hypokalemia  [4] . In 
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  Fig. 3.  Clinical course of the patient. 
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our literature review, we identified only 9 cases (in 7 case 
reports) of VF caused by thyrotoxicosis without hypoka-
lemia ( table 1 )  [5, 6, 10–14] . Among these, all of the pa-
tients except Brooks’ case had neither previous history of 
cardiac disease nor family history of sudden death. All 
were diagnosed with Graves’ disease or amiodarone-in-
duced thyrotoxicosis at almost exactly the same time as 
VF. Half of the patients were active smokers. 

  Two possible mechanisms for VF associated with thy-
rotoxicosis were considered in these cases. The first 
mechanism is coronary vasospasm. Previous reports have 
demonstrated that the mechanisms of vasospasm include 
endothelial dysfunction and primary hyperreactivity of 
vascular smooth muscle cells  [15] . Vascular smooth mus-
cle cell hyperreactivity is related to several intracellular 
pathways that regulate vascular resistance. Thyroid hor-
mones may affect those intracellular pathways and cause 
hyperreactivity, leading to spasms, followed by myocar-
dial ischemia and possibly VF. The characteristics of va-
sospasm due to thyrotoxicosis are as follows: age <55 
years  [16] , higher prevalence in woman  [16] , mild symp-
toms of thyrotoxicosis  [17] , and smoking history  [11] . In 
the present case, although we could not demonstrate va-
sospasm induced by acetylcholine in the coronary arteri-
ography, coronary artery spasm is one of the possible 
causes of VF as suggested by the patient’s clinical history 
and late gadolinium enhancement on cardiac MRI.

  The second possible mechanism of VF due to thyro-
toxicosis is associated with early repolarization. Although 
the mechanism responsible for J-point elevation observed 
in early repolarization syndrome is not fully understood, 
involvement of the transmural voltage gradient between 
the endocardium and epicardium has been implicated in 

ventricular activation of the action potential. β-Blockers 
and parasympathetic stimulation enhance the elevation 
of J-point and ST segment through attenuation of ionized 
calcium and increase in the voltage gradient between the 
endocardium and epicardium, thereby causing arrhyth-
mia  [18] . Therefore, treatment of thyroid storm in pa-
tients with early repolarization can exaggerate the J-point 
elevation and induce VF  [5] . In our case, J-point elevation 
was not observed and the relation between VF and early 
repolarization was thought to be irrelevant in this case.

  A limitation in this case is the lack of an electrophysi-
ologic study as the patient did not wish to undergo the 
test. 

  In summary, although VF is a very rare complication 
of hyperthyroidism and rarely reported in the literature, 
it is clinically important as well as potentially life threat-
ening. We therefore suggest that clinicians should ex-
clude hyperthyroidism in patients presenting with VF fi-
brillation.
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 Table 1. Literature on VF caused by thyrotoxicosis without hypokalemia

Study
(first author)

Year re-
ported

Sex Age,
years

Diagnosis Free T3, 
pmol/l

Free T4, 
pmol/l

TRAb Patho-
physiology

Smoking 
history

This case 2015 female 18 Graves’ disease 31.7 53.8 8.2 U/l unknown nonsmoker
Nakashima [10] 2014 male 23 Graves’ disease >46.2 64.7 30.2% unknown unknown
Brooks [6] 2013 male 55 amiodarone 

induced
14.9 74.9 – vasospasm smoker

Ando [11] 2011 male 38 Graves’ disease 19.6 106.8 21.4% unknown smoker
Ando [11] 2011 male 45 Graves’ disease 7.1 38.6 25 U/l unknown smoker
Ando [11] 2011 male 43 Graves’ disease 13.9 33.5 3.1 U/l unknown smoker
Ueno [5] 2010 male 69 Graves’ disease 37.0 77.2 – early 

repolarization
nonsmoker

Chatterjee [12] 2009 male 74 Graves’ disease 6.5 222.7 – unknown nonsmoker
Jao [13] 2004 female 34 Graves’ disease 1,925 (T3) 54.3 – unknown nonsmoker
Wei [14] 1979 female – – – – – unknown unknown
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