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Thyroid hormones, mainly triiodothyronine, have genomic and non-genomic effects on cardiomyocytes related to the contractile 
function of the heart. Thyrotoxicosis, which is the set of signs and symptoms derived from the excess of circulating thyroid hormones, 
leads to increased cardiac output and decreased systemic vascular resistance, increasing the volume of circulating blood and causing 

systolic hypertension. In addition, the shortening of the refractory period of cardiomyocytes produces sinus tachycardia and atrial fibrillation. 
This leads to heart failure. Approximately 1% of patients with thyrotoxicosis develop thyrotoxic cardiomyopathy, a rare but potentially fatal 
form of dilated cardiomyopathy. Thyrotoxic cardiomyopathy represents a diagnosis of exclusion, and prompt identification is crucial as 
it is a reversible cause of heart failure, and heart function can be recovered after achieving a euthyroid state using antithyroid drugs. 
Radioactive iodine therapy and surgery are not the best initial therapeutic approach. Moreover, it is important to manage cardiovascular 
symptoms, for which beta blockers are the first-line therapeutic option.
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Thyrotoxicosis refers to the signs and symptoms derived from excess circulating thyroid hormones 

in the body,1 which must be differentiated from hyperthyroidism, in which there is an increase in 

the synthesis and secretion of hormones by the thyroid gland.2 Approximately 1% of patients 

with thyrotoxicosis develop thyrotoxic cardiomyopathy (TCM), which is a rare but potentially lethal 

form of dilated cardiomyopathy that causes severe impairment of left ventricular function and 

leads to cardiogenic shock.3,4 Early diagnosis is crucial as the patient is critically ill and needs 

urgent supportive therapy in the intensive care unit.4 Graves’ disease is the most common cause 

of hyperthyroidism and the most frequently associated with TCM.5 Beyond this, uncontrolled 

hyperthyroidism can cause cardiomyopathy.6 However, these structural and functional cardiac 

alterations are potentially reversible after achieving a euthyroid state.3 We describe some historical 

milestones related to TCM in Figure 1.7–11

The objective of this updated narrative review is to describe the pathophysiology, diagnosis and 

treatment of TMC in order to aid early diagnosis and treatment. A narrative review was performed, 

commencing with a search for articles in PubMed, MEDLINE and the Scientific Electronic 

Library Online databases using the Medical Subject Heading terms “cardiomyopathies” and 

“thyrotoxicosis”. Data published in Spanish and English during the period 2005–2022 was collated. 

The research was limited to articles related to humans.

Systematic reviews, clinical trials, prospective cohort studies, cross-sectional and retrospective 

studies, narrative reviews, case reports and case series related to the objective of this manuscript 

were included. We did not include letters to the editor or conference proceedings. Only studies 

in Spanish and English were included. A total of 91 citations were identified, of which 33 were 

removed based on eligibility criteria. Fifty-eight articles met the inclusion criteria and were used for 

the development of this narrative review. 

The quality of this review was evaluated using the Scale for the Assessment of Narrative Review 

Articles, which includes the following items: explanation of the importance of the review, statement 

of objectives, description of the literature search, references, scientific reasoning and appropriate 

presentation of information. Twelve points were obtained corresponding to all the required items.12

Pathophysiology
Thyroxine (T4) represents 85% of the hormonal production of the thyroid gland, and is converted 

into its active form, triiodothyronine (T3), by 5’-monodeiodinases. This occurs mainly in the 



Review  Thyroid Disorders

2 touchREVIEWS in Endocr inology

liver, kidneys and skeletal muscles.13–15 Thyroid hormones enter and 

leave cells through different transporters, such as monocarboxylate 

transporters 8 (MCT8) and 10 (MCT10), which are present in the heart 

and mainly allow transportation of T3.7,16 The myocardium does not have 

the enzymes to carry out deiodination, so it depends mainly on T3.17

The classic effects of thyroid hormone on the transcription of specific 

genes in cardiomyocytes are mediated by the binding of T3 to thyroid 

hormone receptors (THR).3 The T3–THR complexes translocate to the 

nucleus to activate or repress the expression of genes (specifically those 

that regulate the calcium cycle in the cardiac myocyte), thus functioning 

as nuclear transcription factors regulated by thyroid hormones (Figure 2).7

The binding of T3 to TRH positively regulates the expression of several 

cardiac genes related to the contractile function of the heart, such as 

α-myosin heavy chains, sarco/endoplasmic reticulum free calcium (Ca2+) 

ATPase 2 (SERCA2a), voltage-gated potassium channels (Kv1.5 and 

Kv4.2), Na+/K+ ATPase and β1-adrenergic receptor adenine nucleotide 

translocase.7,18 Conversely, they negatively regulate the expression of 

myosin β heavy chains, phospholamban (SERCA2a inhibitor), Na+/Ca2+ 

exchangers (NCX1), adenylate cyclase types V and VI, and THR α1.7,18 

The contraction and relaxation of cardiac muscle are regulated by the 

concentration of intracellular Ca2+, which is determined by the release 

of sarcoplasmic calcium through ryanodine receptors and its reuptake 

by SERCA2a.19,20

Thyrotoxicosis markedly increases the expression of positive regulated 

genes and further decreases that of negatively regulated ones.7,21 These 

changes in gene expression contribute to enhanced diastolic function, 

as well as inotropism and chronotropism, increasing cardiac output. 

The non-genomic effects of thyroid hormones involve the membrane 

channels of sodium, potassium and calcium, and the endothelial smooth 

muscle and endothelial nitric oxide synthase.7 Together, these effects can 

decrease systemic vascular resistance by 50–70%,22 which, added to the 

increase in cardiac output, stimulates the juxtaglomerular apparatus, 

increasing the production of renin and aldosterone and sodium renal 

absorption, thus increasing circulating blood volume and end-diastolic 

volume.17,23 Thyroid hormones also stimulate erythropoietin synthesis, 

adding more circulating blood volume by up to 25%.17 All of this 

contributes to increasing preload, decreasing afterload and increasing 

cardiac output by up to 300%.3 Systolic blood pressure increases and 

isolated systolic hypertension can occur, mainly if arterial distensibility is 

reduced through atherosclerosis.24,25 

Another effect of excess thyroid hormones is the increased rate of 

systolic and diastolic depolarization and the shortened refractory 

period of myocytes, which together produce sinus tachycardia.17 The 

shortened refractory period leads to atrial fibrillation. As there are more 

β-adrenergic receptors on the surface of atrial cardiac myocytes, atrial 

Figure 2: Thyroid hormone production and regulation of 
cardiac gene expression

Figure 1: Thyrotoxic cardiomyopathy research timeline

MCT8/10 = monocarboxylate transporter 8/10; T3 = triiodothyronine;  
T4 = tetraiodothyronine (thyroxine); THR = thyroid hormone receptor.
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sensitivity to thyroid hormones is greater.26 For this reason, the frequency 

of atrial fibrillation and supraventricular extrasystoles is higher than in 

the general population, but the frequency of ventricular arrhythmias 

is similar. Similarly, androgens increase the expression of β-adrenergic 

receptor genes. As a result, susceptibility to arrhythmias is greater in 

men.27 The β-adrenergic receptor density is also altered, raising tissue 

sensitivity to catecholamines, even though serum catecholamines 

are unchanged or low in thyrotoxicosis. This leads to the increasing of 

positive inotropic, dromotropic and chronotropic heart rates.28

Conversely, pheochromocytomas (catecholamine-hyperproducing 

tumours) are also capable of inducing severe cardiomyopathy (called 

catecholamine-induced cardiomyopathy) in a concentration-dependent 

manner, decreasing cardiomyocyte viability by stimulating β-adrenergic 

receptors, which also increases systolic blood pressure, alters left 

ventricular contractility, and leads to left ventricular remodelling 

(including hypertrophy and dilation) and dysfunction.29–32 Tachycardia and 

dysfunction of the left ventricle can lead to heart failure, being the most 

common pathway. In addition, volume overload causes right ventricular 

failure, being the second pathway of heart failure in thyrotoxicosis.17 Some 

of the genomic and non-genomic mechanisms by which excess thyroid 

hormones can cause cardiomyopathy are summarized in Figure 3.

While systemic mean arterial pressure decreases, pulmonary arterial 

pressure increases. This could be due to an increase in pulmonary blood 

flow that is not accompanied by a proportional decrease in pulmonary 

vascular resistance. Pulmonary arterial hypertension can result in an 

increased load on the right ventricle, leading to its dilation and increased 

right atrial pressure and central venous pressure. One consequence of 

this is right-sided heart failure.33

The preload (measured as left ventricle end-diastolic volume) and 

cardiac performance (measured as cardiac output) are related according 

to the Frank-Starling Law (left ventricular performance curves). Normally, 

cardiac performance increases as preload increases, but when the left 

ventricle contractility decreases (as in dilated cardiomyopathy), the 

cardiac performance for a given preload is minor.34,35

Diagnosis
TCM is a diagnosis of exclusion.23,33 Timely diagnosis of this group of 

patients is important, as it constitutes a reversible cause of heart failure 

within 6 months of reaching a euthyroid state.33 The signs and symptoms 

of heart failure are related to a structural and/or functional alteration of 

the heart related to hyperthyroidism. Initially, a so-called ‘high-output’ 

heart failure occurs because cardiac output can increase by 50–300% as 

a result of the combination of increased resting heart rate, contractility, 

ejection fraction, systolic volume and decreased systemic vascular 

resistance. In advanced stages, as a consequence of poor control 

of thyroid function, dilated cardiomyopathy may occur with systolic 

dysfunction of the left ventricle and low cardiac output.33

Clinic
The hyperthyroid patient usually presents with irritability, insomnia, 

anxiety, sweating, increased intestinal peristalsis, decreased libido, 

palpitations and exercise intolerance.15,33 On examination, patients with 

overt hyperthyroidism may present with hyperactivity, rapid speech, 

stare, lid lag, warm and moist skin, thin and fine hair, tachycardia, irregular 

pulse, systolic hypertension, hyperdynamic precordium, finger tremor, 

muscle weakness, hyperreflexia and exophthalmos. Thyroid palpation 

may or may not show enlargement or pain of the gland.36 Clinical 

manifestations related to high-output heart failure include general 

Figure 3: Genomic and non-genomic effects of excess thyroid hormones on the cardiovascular system

DBP = diastolic blood pressure; SERCA2a = sarco/endoplasmic reticulum Ca2+ ATPase 2; T3 = triiodothyronine. 
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findings such as dyspnoea, tachypnoea, abdominal bloating, peripheral 

oedema, fatigue and signs of pleural effusion. Specific manifestations 

associated with thyrotoxicosis were described above.37

Three progressive stages have been described in heart failure due to 

thyrotoxicosis: the first,  ‘hyperkinetic’, is characterized by preserved 

left ventricular systolic function that does not increase during physical 

exertion; the second, ‘normokinetic’, is where there is compensatory 

reversible myocardial hypertrophy to maintain a preserved cardiac 

output; and the third, ‘hypokinetic’, is a decompensated stage in which 

there is hypertrophy and reversible or irreversible dilation of the cardiac 

chambers, which translates into a decrease in the systolic function of the 

left ventricle and low cardiac output.17,33

Laboratory
The measurement of thyroid-stimulating hormone (TSH) is the initial 

diagnostic test of choice. Thyroid hormones exert negative feedback on 

the pituitary gland so that their elevation will lead to a decrease in TSH 

levels. This decreased TSH is usually followed by the measurement of 

free T4 and total T3 levels.38,39 If an autoimmune process is suspected, 

the evaluation will continue with the measurement of serum levels 

of TSH-receptor antibodies,40 antithyroid peroxidase antibodies and 

thyroid-stimulating immunoglobulin.23,33 

Previous reports described a correlation between the levels of brain 

natriuretic peptide (BNP) and the levels of thyroid hormones, noting 

that the level of BNP was four times higher in hyperthyroidism than in a 

euthyroid state. This is due to the fact that thyroid hormones stimulate 

BNP secretion by stretching the atrial myocardial tissue, and through the 

direct action of free T3 hormone on the increase in BNP secretion from 

myocardial cells due to increased gene expression.23

Electrocardiography
The most frequently reported arrhythmia is sinus tachycardia (42–73%), 

followed by atrial fibrillation (9–23%).26,33 Other less frequent types 

include extrasystoles (5–7%), atrioventricular block (2.7–5%), atrial flutter 

(1.2–2.3%) and paroxysmal supraventricular tachycardia (0.2–3.3%).26 

In some cases, patients with hyperthyroidism undergoing  treatment 

report chest pain associated with electrocardiographic changes, such 

as alterations in the ST segment and the T wave, simulating myocardial 

ischaemia, and advanced stages of TCM with signs of volume overload 

can be observed.33 The findings described in the electrocardiogram are 

not specific; however, they are useful to raise suspicion of TCM, and are 

usually reversible after reaching a euthyroid state.17

Chest X-ray
In severe thyrotoxicosis, biventricular dilatation and expansion of 

the pulmonary artery can be seen accompanied by right ventricular 

hypertrophy, simulating mitral valve disease, although without left atrial 

dilatation in oblique projection. Signs of pulmonary oedema can also 

be seen.26,41

Echocardiography
Echocardiographic findings that may raise suspicion of high-output 

heart failure are estimated cardiac index greater or equal to 4 L/min/

m2, dilation of the inferior vena cava, enlargement or dysfunction of the 

right ventricle, estimated pulmonary artery pressure elevation, or left 

ventricle enlargement.37,42 Left ventricular hypertrophy with thickening 

of the posterior wall and the interventricular septum can be found.43 

Therefore, signs of diastolic dysfunction are common, such as increased 

end-diastolic volume and left ventricular hypertrophy, prolonged 

isovolumic relaxation time (greater than 90 ms) and E-wave deceleration 

time (greater than 210 ms).26 

Mitral and tricuspid regurgitation can also be identified in addition 

to indirect signs of pulmonary hypertension.3 These are caused by 

dysfunction of the papillary muscles. Mitral valve prolapse is a common 

finding, more frequently in Graves’ disease, secondary to endocardial 

myxomatous degeneration and glycosaminoglycan deposition, or loss of 

muscle tone with papillary muscle overdistention.17 Valvular insufficiency, 

in addition to the effects of thyroid hormone on pulmonary circulation, 

causes right ventricular failure more frequently than left ventricular 

failure in thyrotoxicosis.26 In a small percentage, dilation of all four 

chambers and reduced systolic function can be seen.44,45

Stress echocardiography
Stress echocardiography is useful to evaluate myocardial functional 

reserve, which is reduced in thyrotoxicosis. This is due to tachycardia 

at rest and low systemic vascular resistance, which limits adaptation 

to exercise.17

Scintigraphy
Using thallium 201 chloride, a diffuse or focal decrease in the metabolic 

activity of the myocardium can be evidenced.3

Cardiac magnetic resonance
Cardiac magnetic resonance has a special application, primarily intended 

for one of the cardiac manifestations of thyrotoxicosis (autoimmune 

myocarditis; a form of low-output cardiomyopathy), capturing evidence 

of the three basic phenomena underlying myocardial inflammation 

(oedema, increased capillary leak and necrosis – focal fibrosis). One study 

found a good correlation with endomyocardial biopsy patterns.46

Proposed diagnostic protocol
Currently, the basic diagnostic strategy consists of determining TSH 

levels and excluding other causes of structural and functional cardiac 

alterations, using the tools described above.17 With this reasoning, we 

propose the algorithm in Figure 4.

Treatment
The goal of the treatment in patients with TCM is to restore euthyroidism 

and to manage cardiovascular manifestations using oral antithyroid 

drugs.47 The achievement of permanent euthyroid status is of great 

importance as it is associated with a better prognosis and improves 

cardiovascular parameters, such as heart rate, number of extrasystoles 

and cardiac output.7 

Treating TCM using surgery or radioactive iodine instead of antithyroid 

drugs is not easy,26 as surgical treatment is associated with high 

perioperative and intraoperative risk and radioactive iodine therapy is 

associated with worse prognosis. The latter is due to the development of 

radioactive thyroiditis leading to ‘leakage’ of preformed T4 and T3, which 

results in recurrence of atrial fibrillation, vasospasm and cardiovascular 

events (myocardial infarction, stroke, pulmonary thromboembolism).9 

Currently available drugs are methimazole and propylthiouracil, which 

have been used since 1940.9 Both drugs work by inhibiting thyroid 

hormone synthesis. Propylthiouracil also inhibits the peripheral hepatic 

conversion of T4 to T3. T3 levels have been reported to decrease 4–8 

hours after administration of 200 mg of propylthiouracil, which may be 

useful for patients with severe thyrotoxicity such as TCM.3
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In Graves’ disease, a regimen starting with high doses of antithyroid 

medications (30–60 mg/day of methimazole or 300–600 mg/day of 

propylthiouracil) is usually prescribed and may be titrated at intervals of 

4–8 weeks according to clinical response and serum thyroid hormone 

levels, evaluating therapeutic efficacy and guiding the dose to achieve 

euthyroidism.39 The American Thyroid Association recommends using 

initial doses of methimazole based on free T4 levels, as shown in Table 1.39 

Treatment should be administered for 6 months to 2 years, although 

the general recommendation is 18 months of continuous treatment.39 

It is important to consider the side effects of antithyroid drugs, such 

as rash in up to 5% of patients and agranulocytosis in 0.5%. Other less 

frequent side effects include cholestatic jaundice, hepatocellular toxicity, 

angioneurotic oedema and arthralgias.17 The overall remission rate with 

treatment is in the range of 50% and can be as high as 80% in subgroups 

with mild disease.39,48 There is some evidence that continuation of 

treatment with antithyroid drugs beyond what is usually recommended 

may be associated with higher remission rates.39,49 Radioactive iodine 

therapy is usually recommended for older adults. However, long-term 

administration of an antithyroid drug is safe and some patients may 

prefer it rather than a destructive therapy. This is one of the current 

recommendations of the European Thyroid Association.49 

The management of congestive heart failure with impaired systolic 

function usually includes fluid and sodium restriction, and administration 

of diuretics, vasodilators, renin–angiotensin system antagonists and 

beta blockers.48,50 Beta blockers are safe and effective drugs for relieving 

symptoms, being the first choice for reducing heart rate in patients with 

hyperthyroidism.39 

Treatment with propranolol (loading dose: 0.15 mg/kg intravenous 

[IV]; maintenance dose: 80–240 mg daily in divided doses), atenolol 

(25–100 mg, once or twice daily), metoprolol (loading dose: 2.5–5 mg 

IV bolus over 2 minutes; maintenance dose: 25–100 mg twice daily), 

or other beta blockers is recommended until thyroid hormone levels 

have normalized. The goal is to decrease heart rate rapidly, relieve left 

ventricular dysfunction related to the ventricular rate in hyperthyroidism, 

prevent palpitations, lower systolic blood pressure and reduce muscle 

weakness and exercise intolerance.17,38,51

Beta blockers should be considered in all patients with TCM and other 

patients with thyrotoxicity with resting heart rates greater than or 

equal to 90 beats per minute or with coexisting cardiovascular disease. 

In patients with asthma, beta blockers should be avoided because of 

concerns regarding bronchoconstriction.52 Cardioselective beta blockers 

are better tolerated, but not completely safe. The risk of bronchospasm 

can be decreased by using the lowest possible dose and a beta-blocker 

Figure 4: Thyrotoxic cardiomyopathy diagnostic algorithm

BNP = brain natriuretic peptide; ECG = electrocardiogram; NT-proBNP = N-terminal pro-BNP; T3 = triiodothyronine; T4 = tetraiodothyronine (thyroxine); TSH = thyroid-stimulating 
hormone.
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Table 1: Methimazole dosage based on elevation of free 
thyroxine above the upper limit of normal

Free T4 (times above the normal level if the limit 

is 2 ng/dL) (measurement)

Dose of methimazole 

(mg/day)

1.0–1.5 (2–3 ng/dL) 5–10

1.5–2.0 (3–4 ng/dL) 10–20

2.0–3.0 (4–6 ng/dL) 30–40

Adapted from Ross DS et al., 2016.39
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with higher β1 selectivity.53 The use of beta blockers in asthma and TCM 

could be based on an individual risk assessment.54

The mainstay of atrial fibrillation management in patients with 

hyperthyroidism is beta blockers and an antithyroid agent 

(propylthiouracil or methimazole).55,56 In general, digoxin is not 

recommended to treat atrial fibrillation in hyperthyroidism because it 

increases renal clearance and sympathetic tone and decreases vagal 

tone. In addition, it requires a large volume of distribution, needing a 

higher dose of digoxin than usual, which can result in digoxin toxicity.55 

For patients in whom the use of beta blockers is contraindicated, the 

careful use of calcium channel blockers like verapamil (loading dose: 

0.075–0.15 mg/kg IV over 2 minutes; maintenance dose: 120–360 mg 

daily in divided doses) and diltiazem (loading dose: 0.25 mg/kg IV over 

2 minutes; maintenance dose: 5–15 mg per hour IV infusion or 120–360 mg 

daily in divided doses) could be recommended for heart rate control, as 

they enhance the reduction of blood pressure through their effects on 

smooth muscle cells of the arterioles. Consideration needs to be given 

to cardiovascular shock and hypotension in the use of these drugs.17,51 

Digitalis and diuretics may be administered to patients with severe heart 

failure and pulmonary oedema. Both drugs are also safe and effective 

when given together with beta blockers.55

Calcium channel blockers should be avoided in reduced ejection fraction 

or haemodynamic instability due to their strong negative inotropic effect. 

Amiodarone can be used in these acute settings because it allows the 

patient to return to a sinus rhythm when combined with antithyroid 

medications and reduces the possibility of worsening thyrotoxicosis. 

The recommended loading dose is 800 mg daily for 1 week, followed by  

600 mg daily for 1 week, then 400 mg daily for 4–6 weeks; the maintenance 

dose is 200 mg daily.51,56

Nearly two-thirds of patients return to normal sinus rhythm 8–10 weeks 

after achieving a euthyroid state.57 In those patients with persistent atrial 

fibrillation despite achieving a euthyroid state, rhythm control may be an 

option. However, as in the general population with atrial fibrillation, rate 

control is generally initially preferred. Therapeutic options include class 

IA, IC and III antiarrhythmics.56 

The use of amiodarone may be indicated acutely, as mentioned above, 

during a thyroid storm to restore sinus rhythm or as chronic treatment in 

patients with atrial fibrillation refractory to rate control.56

The use of anticoagulation in patients with hyperthyroidism and atrial 

fibrillation has been controversial, although hyperthyroidism has been 

shown to increase the risk of thrombotic events in patients with atrial 

fibrillation regardless of CHADS2-VASc score.56,58 However, the optimal use 

of anticoagulants represents a therapeutic dilemma due to the increased 

risk of bleeding. Thyroid disorders affect haemostatic balance, thus 

affecting the efficacy of anticoagulants in patients with atrial fibrillation.58 

The risk of systemic or cerebral embolization must be weighed against 

the risk of bleeding and other complications of this therapy.51,56,58  

The treatment regimen is summarized in Figure 5.

Conclusions
TCM is a rare but potentially lethal complication of thyrotoxicosis, 

which is reversible if euthyroid status is achieved. As it is a diagnosis 

of exclusion, additional tests are of great importance in the diagnostic 

approach. Antithyroid drugs are the first-line treatment.

Figure 5: Thyrotoxic cardiomyopathy therapeutic algorithm

bpm = beats per minute; RAAS = renin–angiotensin–aldosterone system; T3 = triiodothyronine; T4 = tetraiodothyronine (thyroxine); TSH = thyroid-stimulating hormone.
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Limitations
All authors recognize that, despite describing the methodology used 

for the development of this narrative review, a research question is not 

answered; therefore, the scientific evidence is less than a systematic 

review. Additionally, a minor limitation is the absence of clinical practice 

guidelines relating to the diagnosis and management of TCM. ❑

1. Blick C, Nguyen M, Jialal I. Thyrotoxicosis. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing; 2022. 
Available at: www.ncbi.nlm.nih.gov/books/NBK482216/ 
(accessed 4 January 2023).

2. Leo SD, Lee SY, Braverman LE. Hyperthyroidism. Lancet. 
2016;388:906–18. 

3. Dahl P, Danzi S, Klein I. Thyrotoxic cardiac disease. Curr Heart 
Fail Rep. 2008;5:170–6. 

4. Modarresi M, Amro A, Amro M, et al. Management of 
cardiogenic shock due to thyrotoxicosis: A systematic literature 
review. Curr Cardiol Rev. 2020;16:326–32. 

5. Arslan A, Altay H, Arslan A, Altay H. Graves’ Disease and 
Cardiac Complications: In: Gensure R (ed). Graves’ Disease. 
London: IntechOpen, 2021; DOI: 10.5772/intechopen.97128.

6. Wu L, Wang W, Leng Q, et al. Focus on autoimmune myocarditis 
in Graves’ disease: A case-based review. Front Cardiovasc Med. 
2021;8:678645.

7. Klein I, Danzi S. Thyroid disease and the heart. Curr Probl Cardiol. 
2016;41:65–92. 

8. Graves R. Newly observed affection of the thyroid gland in 
females. London Medical and Surgical Journal. 1835;7:516–7. 

9. Ahmed AM, Ahmed NH. History of disorders of thyroid 
dysfunction. East Mediterr Health J. 2005;11:459–69. 

10. American Thyroid Association. Thyroid History Timeline. 
Available at: www.thyroid.org/about-american-thyroid-
association/history/clark-t-sawin-history-resource-center/
thyroid-history-timeline/ (accessed 4 January 2023).

11. Choudhury RP, MacDermot J. Heart failure in thyrotoxicosis, an 
approach to management. Br J Clin Pharmacol. 1998;46:421–4. 

12. Baethge C, Goldbeck-Wood S, Mertens S. SANRA—a scale for 
the quality assessment of narrative review articles. Res Integr 
Peer Rev. 2019;4:5. 

13. Luongo C, Dentice M, Salvatore D. Deiodinases and their 
intricate role in thyroid hormone homeostasis. Nat Rev 
Endocrinol. 2019;15:479–88. 

14. Sabatino L, Vassalle C, Del Seppia C, Iervasi G. Deiodinases and 
the three types of thyroid hormone deiodination reactions. 
Endocrinol Metab (Seoul). 2021;36:952–64. 

15. Soto JR, Verbeke SM. Disfunción tiroidea y corazón. Revista Médica 
Clínica Las Condes. 2015;26:186–97. 

16. Jansen J, Friesema ECH, Kester MHA, et al. Genotype-phenotype 
relationship in patients with mutations in thyroid hormone 
transporter MCT8. Endocrinology. 2008;149:2184–90. 

17. Albakri A. Thyrotoxic heart failure: A review of clinical status 
and meta-analysis of electrocardiogram diagnosis and 
medical clinical management methods. Integr Mol Med. 2018; 
DOI: 10.15761/IMM.1000350.

18. Janssen R, Muller A, Simonides WS. Cardiac thyroid hormone 
metabolism and heart failure. Eur Thyroid J. 2017;6:130–7. 

19. Huang MH, Knight PR, Izzo JL. Ca2+-induced Ca2+ release 
involved in positive inotropic effect mediated by CGRP in 
ventricular myocytes. Am J Physiol. 1999;276:R259–64. 

20. Zhihao L, Jingyu N, Lan L, et al. SERCA2a: A key protein in the 
Ca2+ cycle of the heart failure. Heart Fail Rev. 2020;25:523–35. 

21. Sharma A, Stan MN. Thyrotoxicosis: Diagnosis and 
management. Mayo Clin Proc. 2019;94:1048–64. 

22. Davis PJ, Goglia F, Leonard JL. Nongenomic actions of thyroid 
hormone. Nat Rev Endocrinol. 2016;12:111–21. 

23. Khan R, Sikanderkhel S, Gui J, et al. Thyroid and cardiovascular 
disease: A focused review on the impact of hyperthyroidism in 
heart failure. Cardiol Res. 2020;11:68–75. 

24. Prisant LM, Gujral JS, Mulloy AL. Hyperthyroidism: A 

secondary cause of isolated systolic hypertension. J Clin 
Hypertens (Greenwich). 2006;8:596–9. 

25. Tan JL, Thakur K. Systolic hypertension. [Updated 2022 Aug 
8]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2022. Available at: www.statpearls.com/
ArticleLibrary/viewarticle/29843 (accessed 4 January 2023).

26. Babenko AY, Bairamov AA, Grineva EN, Ulupova EO. Thyrotoxic 
Cardiomyopathy. In: Veselka J (ed). Cardiomyopathies - From 
Basic Research to Clinical Management [Internet]. London: 
IntechOpen. 2012. Available at: www.intechopen.com/
chapters/27288 doi: 10.5772/29331 (accessed 4 January 2023).

27. Carbajal-García A, Reyes-García J, Montaño LM. Androgen 
effects on the adrenergic system of the vascular, airway, 
and cardiac myocytes and their relevance in pathological 
processes. Int J Endocrinol. 2020;2020:e8849641. 

28. Vargas-Uricoechea H, Bonelo-Perdomo A, Sierra-Torres 
CH. Effects of thyroid hormones on the heart. Clin Investig 
Arterioscler. 2014;26:296–309. 

29. Januszewicz A, Mulatero P, Dobrowolski P, et al. Cardiac 
phenotypes in secondary hypertension: JACC state-of-the-art 
review. J Am Coll Cardiol. 2022;80:1480–97. 

30. Zhang R, Gupta D, Albert SG. Pheochromocytoma as a 
reversible cause of cardiomyopathy: Analysis and review of the 
literature. Int J Cardiol. 2017;249:319–23. 

31. Agrawal S, Shirani J, Garg L, et al. Pheochromocytoma and 
stress cardiomyopathy: Insight into pathogenesis. World J 
Cardiol. 2017;9:255–60. 

32. Satendra M, de Jesus C, Bordalo e Sá AL, et al. Reversible 
catecholamine-induced cardiomyopathy due to 
pheochromocytoma: Case report. Rev Port Cardiol. 
2014;33:177.e1–6. 

33. Noor YA, Budi Mulia EP, Prajitno JH. Thyrotoxic heart failure: A 
narrative review of pathophysiology and principle management. 
Malaysian Journal of Medicine and Health Sciences. 
2021;17:276–82. 

34. Saad NS, Mashali MA, Elnakish MT, et al. Effect of 
hypothyroidism on contractile performance of isolated end-
stage failing human myocardium. PLoS One. 2022;17:e0265731. 

35. Delicce AV, Makaryus AN. Physiology, Frank Starling law. In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 
2022. Available at: www.ncbi.nlm.nih.gov/books/NBK470295/ 
(accessed 5 January 2023).

36. Mathew P, Rawla P. Hyperthyroidism. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2022. Available at: 
www.ncbi.nlm.nih.gov/books/NBK537053/ (accessed 5 January 
2023).

37. Singh S, Sharma S. High-output cardiac failure. in: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing; 2022. 
Available at: www.ncbi.nlm.nih.gov/books/NBK513337/ 
(accessed 5 January 2023).

38. Bahn Chair RS, Burch HB, Cooper DS, et al. Hyperthyroidism 
and other causes of thyrotoxicosis: Management guidelines of 
the American Thyroid Association and American Association of 
Clinical Endocrinologists. Thyroid. 2011;21:593–646. 

39. Ross DS, Burch HB, Cooper DS, et al. 2016 American Thyroid 
Association guidelines for diagnosis and management of 
hyperthyroidism and other causes of thyrotoxicosis. Thyroid. 
2016;26:1343–421. 

40. Kravets I. Hyperthyroidism: Diagnosis and treatment. Am Fam 
Physician. 2016;93:363–70. 

41. Molinaro G, De Vecchis R, Badolati E, Giannattasio R. Thyrotoxic 
dilated cardiomyopathy: Personal experience and case collection 

from the literature. Endocrinol Diabetes Metab Case Rep. 
2020;2020:20–0068. 

42. Mehta PA, Dubrey SW. High output heart failure. QJM. 
2009;102:235–41. 

43. Ngo ASY, Lung Tan DC. Thyrotoxic heart disease. Resuscitation. 
2006;70:287–90. 

44. Goland S, Shimoni S, Kracoff O. Dilated cardiomyopathy in 
thyrotoxicosis. Heart. 1999;81:444–5. 

45. Chariyawong P, Rao A, Panikkath D, Panikkath R. Hyperthyroidism-
induced dilated cardiomyopathy. The Southwest Respiratory and 
Critical Care Chronicles. 2019;7:64–6. 

46. Mavrogeni S, Markussis V, Bratis K, et al. Hyperthyroidism 
induced autoimmune myocarditis. Evaluation by cardiovascular 
magnetic resonance and endomyocardial biopsy. Int J Cardiol. 
2012;158:166–8. 

47. Ali R, Tahir A, Posina KV. A case report of dilated biventricular 
heart failure from hyperthyroidism: A rare presentation. Cureus. 
2018;10:e2410. 

48. Parrinello G, Greene SJ, Torres D, et al. Water and sodium 
in heart failure: A spotlight on congestion. Heart Fail Rev. 
2015;20:13–24. 

49. Kahaly GJ, Bartalena L, Hegedüs L, et al. 2018 European 
Thyroid Association guideline for the management of Graves’ 
hyperthyroidism. Eur Thyroid J. 2018;7:167–86. 

50. Sionis A. Comments on the 2016 ESC guidelines for the 
diagnosis and treatment of acute and chronic heart failure. 
Rev Esp Cardiol (Engl Ed). 2016;69:1119–25. 

51. Fuster V, Rydén LE, Asinger RW, et al. ACC/AHA/ESC guidelines 
for the management of patients with atrial fibrillation: Executive 
summary. A Report of the American College of Cardiology/ 
American Heart Association Task Force on Practice Guidelines 
and the European Society of Cardiology Committee for 
Practice Guidelines and Policy Conferences (Committee to 
Develop Guidelines for the Management of Patients With Atrial 
Fibrillation): Developed in collaboration with the North American 
Society of Pacing and Electrophysiology. J Am Coll Cardiol. 
2001;38:1231–66. 

52. Morales DR, Jackson C, Lipworth BJ, et al. Adverse respiratory 
effect of acute β-blocker exposure in asthma: A systematic 
review and meta-analysis of randomized controlled trials. 
Chest. 2014;145:779–86. 

53. Salpeter S, Ormiston T, Salpeter E. Cardioselective beta-blockers 
for reversible airway disease. Cochrane Database Syst Rev. 
2002;(4):CD002992. 

54. Huang KY, Tseng PT, Wu YC, et al. Do beta-adrenergic blocking 
agents increase asthma exacerbation? A network meta-analysis 
of randomized controlled trials. Sci Rep. 2021;11:452. 

55. Reddy V, Taha W, Kundumadam S, Khan M. Atrial fibrillation 
and hyperthyroidism: A literature review. Indian Heart J. 
2017;69:545–50. 

56. Biondi B, Palmieri EA, Lombardi G, Fazio S. Effects of thyroid 
hormone on cardiac function: The relative importance of heart 
rate, loading conditions, and myocardial contractility in the 
regulation of cardiac performance in human hyperthyroidism.  
J Clin Endocrinol Metab. 2002;87:968–74. 

57. Takawale A, Aguilar M, Bouchrit Y, Hiram R. Mechanisms and 
management of thyroid disease and atrial fibrillation: Impact 
of atrial electrical remodeling and cardiac fibrosis. Cells. 
2022;11:4047. 

58. Al-Makhamreh H, Al-Ani A, Alkhulaifat D, et al. Impact of thyroid 
disease in patients with atrial fibrillation: Analysis from the 
JoFib registry. Ann Med Surg (Lond). 2022;74:103325. 

http://www.ncbi.nlm.nih.gov/books/NBK482216/
http://www.thyroid.org/about-american-thyroid-association/history/clark-t-sawin-history-resource-center/thyroid-history-timeline/
http://www.thyroid.org/about-american-thyroid-association/history/clark-t-sawin-history-resource-center/thyroid-history-timeline/
http://www.thyroid.org/about-american-thyroid-association/history/clark-t-sawin-history-resource-center/thyroid-history-timeline/
http://www.statpearls.com/ArticleLibrary/viewarticle/29843
http://www.statpearls.com/ArticleLibrary/viewarticle/29843
http://www.ncbi.nlm.nih.gov/books/NBK470295/
http://www.ncbi.nlm.nih.gov/books/NBK537053/
http://www.ncbi.nlm.nih.gov/books/NBK513337/

