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Thyroid storm (TS) is a rare and fatal endocrine emergency that occurs due to undiagnosed and inadequately

treated hyperthyroidism after stressful conditions in patients with thyroid disorders. The myocardial involvement in

terms of injury, dysrhythmia, cardiomyopathy, failure, and cardiogenic shock (CS) during TS and the modalities of

treatment and their efficiency, including pharmacological, mechanical, and surgical options are explored.
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1. Introduction

Thyroid storm (TS) is a rare, serious endocrine emergency that occurs as a consequence of undiagnosed or

inadequately treated hyperthyroidism . It is an extreme form or crisis form of thyrotoxicosis that complicates

thyroid disease in approximately 1–5.4% of hospitalized patients . However, in a few reports, it may reach 10%

. In Japan, the annual incidence of TS in hospitalized patients is 0.20 per 100,000 individuals . In Taiwan, the

incidence is 0.55 per 100,000 persons per year and 6.28 per 100,000 hospitalized patients per year, with a 90-day

mortality rate of 8.12% . A study from the USA showed an incidence of 0.57–0.76 cases/100,000 persons per

year, and 4.8 and 5.6/100,000 hospitalized patients per year . It mostly affects females and patients with

underlying Graves’ or autonomous nodular disease . The diagnosis of TS is mainly based on clinical findings and

an early high index of suspicion, as there are no specific laboratory findings, no thyroid function test cutoffs, or

widely accepted diagnostic criteria . TS usually presents with multi-organ dysfunction depending on the rapidity of

the available free nonbound fraction of the thyroid hormone in circulation and its exaggerated effect on body

tissues and organs . The adrenergic crisis with abrupt responsiveness to the endogenous catecholamines during

the thyrotoxic status has worse outcomes in patients with TS . A wide variety of clinical manifestations are caused

by the hypermetabolic effects of thyroxine hormones in different organs of the body. These manifestations include

generalized symptoms such as fever, fatigue, and weight loss, as well as thermoregulatory dysfunction such as

sweating and heat intolerance. Central nervous system dysfunction is characterized by numbness, tremors, and

anxiety. Cardiovascular findings include hypertension, tachyarrhythmia (sinus tachycardia, atrial fibrillation, atrial

flutter, supraventricular tachycardia, and ventricular arrhythmia), myocarditis, myocardial infarction, heart failure,

cardiogenic shock (CS), and cardiac arrest. Gastrointestinal-hepatic system symptoms include jaundice, abdominal

pain, diarrhea, vomiting, and nausea. Other systematic findings such as dyspnea, exophthalmos, anterior neck
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swelling, and leg edema have been reported. Thyrotoxicosis-induced cardiomyopathy is observed in <1% of

patients, where overt CS develops because of severe ventricular systolic function impairment . However,

ventricular changes are reversible if treatment to correct thyroid hormone dysfunction is administered early and

appropriately .

The presence of thyrotoxicosis is made according to the elevation of free Triiodothyronine (free T3) to >8.3 mU/L

and free thyroxine (free T4) to >19.4 mU/L and a low or undetectable thyroid-stimulating hormone (TSH) level of <

0.05 mU/L . Notably, the standard thyroid function tests cannot differentiate between hyperthyroidism and TS.

Moreover, the degree of hyperthyroidism is not a criterion for TS diagnosis .

Diagnosis of TS and its criteria: The diagnosis of TS is based on various factors . In most cases, the occurrence

of TS requires superimposed factors such as thyroid surgery, interrupted thyroid treatment, in-hospital infection,

stressful conditions, and major surgery or trauma. However, a clear precipitating factor can be missed in up to 40%

of the TS cases . TS is a thyrotoxic status with at least one CNS manifestation plus one or more other

symptoms, such as thermoregulatory dysfunction, cardiovascular findings in terms of tachycardia, atrial fibrillation,

congestive heart failure, gastrointestinal and hepatic dysfunction, and precipitant history . ‘OR’ A combination of

at least three features among fever, GI/Hepatic, CHF, or tachycardia . The Burch–Wartofsky point scale (BWS)

is a quantitative diagnostic scoring system used to identify the presence of TS if the patient’s score is > 45 points

.

The most striking symptom of TS is fever >102 °F, and when combined with other thyrotoxic symptoms, immediate

care should be provided . Moreover, fever is often associated with the mortality rate is high, ranging from 8% to

25% or even 30%, despite early treatment; therefore, urgent aggressive treatment is mandatory . The most

common causes of death in patients with TS are multi-organ failure, heart failure, dysrhythmia, respiratory failure,

and sepsis. Most information on TS stems from case reports or series; therefore, well-established guidelines are

lacking. However, in patients with severe hyperthyroidism, physicians should search for TS criteria immediately

after implementing lifesaving measures. The cardiovascular system is one of the organs that is most affected by

TS. It has been noted that the cardiovascular events (4% acute ischemia, 14% acute HF) that developed in TS

were significantly associated with increased patient age. A study from the USA reported supraventricular

arrhythmias, ventricular arrhythmias, cardiac arrest, CS, CHF, and acute coronary syndrome (ACS) as 27.4% vs.

20%, 2.5% vs. 1.2%, 1.3% vs. 0.1%, 1% vs. 0.3%, 19.4% vs. 10.3%, and 1.8% vs. 0.7% in TS versus

thyrotoxicosis without a storm, respectively [6].

2. Thyroid Storm Complicated with Myocardial Involvement
and Shock

Precipitating factors: TS can be triggered by various factors; some may spark underlying thyroid dysfunction, and

others exacerbate existing thyroid diseases, particularly Graves’ disease . These precipitating factors include

noncompliance with ATD, surgery (thyroid and non-thyroid), trauma, acute illness with infection, childbirth,

hydatidiform mole, acute stress, drugs, and excess iodine intake . As 99% of thyroid hormones are
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in a bound form, stressors may decrease the hormone-binding capacity and thus abruptly increase the

concentration of the free hormones, leading to TS (2191). Even microtrauma in stable thyroid disorders, such as

fine-needle aspiration (FNA), can cause TS .

Noncompliance with medications: Galindo et al.  reported non-compliance in 15.4% of TS cases in comparison

with 6% in thyrotoxicosis without storm. Moreover, insurance and side effects of ATDs interfere with the continuity

of therapy .

Drug-induced TS: A few cases of amiodarone-induced TS that led to cardiomyopathy and CS  were found.

Amiodarone is a class III antiarrhythmic drug with iodine content used to treat tachyarrhythmia, in around 14–18%

of patients; it may result in amiodarone-induced thyrotoxicosis (AIT) . AIT can occur in up to 10% of patients .

The risk of developing AIT can be seen after 18 months to 3 years; even so, it may occur after withdrawal, as the

drug can remain in the tissues for a prolonged time. There are two types of AIT; type 1 generally occurs in patients

with clinical thyroid disease .

Acute illness and infection: The presence of infection can aggravate thyrotoxicosis in patients with TS, especially if

unresolved or missed. Acute illnesses such as myocardial infarction, stroke, diabetic ketoacidosis (DKA), or

hypoglycemia can lead to TS . Das et al.  reported a case of TS with acute decompensated

heart failure, possibly triggered by SARS-CoV-2 infection, in a 16-year-old female. This patient had pre-existing

Graves’ disease and dilated cardiomyopathy; however, it was stable prior to COVID-19 infection. The overaction of

the T helper cell response and elevation in interleukin-6 due to COVID-19 infection resulted in a change in thyroid

gland functionality . Prasankati et al.  described TS and COVID-19 in a patient without a history of heart or

thyroid disease who presented with SVT.

Cardiac manifestations of TS: Thyroid hormone receptors are distributed in the myocardium and vascular tissue

and can cause endothelial dysfunction and myocardial systolic and diastolic dysfunction . The heart mainly relies

on T3 hormones to regulate its activity because of the lack of significant intracellular ideiodinase activity in

cardiomyocytes. This effect occurs through positive or negative regulation of the expression of key genes . T3

exerts its effect on the heart via both genomic and non-genomic mechanisms and regulates cardiac function and

cardiovascular hemodynamics through three main processes affecting hemodynamics (peripheral circulation),

myocardial contractility, and heart rate. The presence of increased T3 levels would cause upregulation of positive

cardiac gene expression and suppression of negative cardiac gene expression; positive gene expression includes

upregulation of alpha-myosin heavy chain activity, sarcoplasmic reticulum Ca  ATPase and beta1-adrenergic

receptors . Hemodynamically, thyroid hormones decrease peripheral resistance in the arterioles through a direct

effect on vascular smooth muscle cells and decrease mean arterial pressure. Such changes cause an increase in

the heart rate and a decrease in the diastolic pressure. Vasodilation activates the renin–angiotensin–aldosterone

system and increases Na+ absorption. In addition, T3 caused an increase in the red cell mass. All these changes

lead to an increase in blood volume and preload and eventually cause an increase in cardiac output (ranging from

50 to 300% in patients with hyperthyroidism) . Moreover, hypertension may occur because of the inability of the
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vascular system to accommodate the increase in stroke volume owing to a dramatic decrease in systemic vascular

resistance (up to 70%) .

Tachyarrhythmia: Arrhythmias are frequently observed . Sinus tachycardia is the most evident rhythm as it is a

cardinal feature of TS . Heart rate ≥ 150 bpm is associated with increased mortality in patients with TS . A

heart rate above 130 bpm has been reported in three-quarters of patients with thyrotoxic crisis . However, AF is

the most common arrhythmia in thyrotoxicosis, with a prevalence of 15%, and is typically of the persistent type

rather than paroxysmal . This was due to the pathological acceleration of diastolic depolarization of the

sinoatrial node caused by the shortened action potential. Generally, thyroid hormones affect the cardiac conduction

system, shorten the action potential, and increase the refractory duration of atrioventricular cells, thereby causing

AF . Moreover, overt sympathetic activity and an increase in thyroid hormone levels lead to excessive

chronotropic and inotropic effects that contribute to tachyarrhythmia and myocardial ischemia . Thyroid

hormones augment beta-adrenergic receptor sensitivity to catecholamines and myocardial excitability. ECG

findings such as atrial flutter, atrial tachycardia, ventricular tachycardia, and multifocal tachycardia have also been

reported in TS. Waqar et al. reported that the proportions of AF, atrial flutter, VT, and SVT were 46%, 7%, 5%, and

1.5%, respectively .

In TS, AF is the most prevalent arrhythmia by 30–40% . In a Japanese study, almost half of the TS patients who

died had AF . Evidently, there is a link between increased T4 serum level and AF incidence . The incidence of

AF has been linked to the increased sensitivity of myocytes to thyroid hormones as a result of high beta-

adrenoreceptors on the surface of cardiac structures. This occurs because of the increased positive expression of

beta-adrenoreceptor genes in response to increased T3 . Rapid AF triggers hemodynamic collapse in the

absence of an atrial kick, atrioventricular synchrony, and heart rate control . Therefore, rapid AF is a precipitant

of decompensated heart failure in TS . Treatment of AF includes BBs, Class Ia and Ic antiarrhythmic agents,

anticoagulation, digoxin, cardioversion (after exclusion of atrial thrombus), and amiodarone.

TS-induced ventricular fibrillation (VF)/sudden cardiac death (SCD): A few cases of TS-induced SCD have been

described in the literature . The rate of death due to cardiac arrest increases significantly within a short

timeframe in patients with TS, particularly in the presence of coexisting coronary artery disease . Joa et al. 

reported TS 6 months after discontinuation of antithyroid medication in a female patient. On arrival, the initial

presentation was VT followed by VF. Circulatory collapse in TS is multifactorial and has been described after the

administration of BBs, calcium channel blockers (CCBs), persistent arrhythmias (AF or VT), severe

decompensated HF, CS, or severe coronary spasm. Moreover, severe respiratory distress may contribute to

respiratory muscle asthenia, severe pulmonary hypertension, and respiratory failure . Even in euthyroid patients,

a study showed that higher levels of free T4 were associated with an increased risk of SCD, with a hazard ratio of

1.87 per 1 ng/dL increase in free T4 .

J-point elevation on ECG in TS: Although early repolarization (elevation of the QRS–ST junction (i.e., J-point

elevation)) in at least two electrocardiographic leads is a common benign finding, it can be an arrhythmogenic

substrate leading to VF . J-point elevation represents a transmural voltage gradient between the endocardium
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and epicardium during ventricular electrical activation. In patients with TS, BBs may be an unsafe choice in the

presence of early repolarization on ECG as it augments the elevation of the J-point and ST segment, increases the

voltage gradient between the endocardium and epicardium, and enhances arrhythmogenicity. Ueno et al. 

reported that a 69-year-old male presented with TS, and his ECG showed sinus rhythm with J-point elevation in the

inferior and anterior leads. The patient was treated with landiolol (short-acting BB). During hospitalization, the

patient developed AF followed by persistent VF, necessitating percutaneous cardiopulmonary support. Despite

cardiac rhythm correction, the patient died a few days later due to multiorgan failure.

Troponin release, Myocardial Injury, and Infarction (AMI): The actual incidence of AMI in patients with TS is not

well known or is under-defined. Myocardial injury with or without ECG changes has been reported in most cases of

TS and is defined as a cardiac troponin T concentration of 0.03 ng/mL or more or high-sensitivity troponin T

concentration of 10 ng/L or more for women or 15 ng/L or more for men. AMI of either type I or II may occur in

patients with thyrotoxicosis, with or without atherosclerosis, and most articles did not define the significance of

elevated troponin levels in TS, especially when coronary angiography was not performed. Most patients with AMI

are treated conservatively without thrombolytics or intervention because the majority has non-obstructive or non-

atherosclerotic causes. In addition, multiorgan dysfunction and hemodynamic instability are limiting factors for

aggressive treatment of AMI. Moreover, a slight increase in troponin levels in TS may be due to tachycardia,

coronary artery spasm, or Takotsubo cardiomyopathy . In a small sample size case series (n = 5), TS was

initially misdiagnosed as AMI and CHF, which delayed on-time treatment of the storm .

TS-induced coronary spasm: Non-atherosclerotic causes of myocardial injury include an imbalance (mismatch)

between oxygen supply and demand, which can occur with epicardial coronary artery spasm, tachyarrhythmias, or

thyrotoxicosis. These factors can lead to type 2 acute MI . Excess Thyroxine is associated with coronary spasms

in young patients . Omar et al.  described a 40-year-old male presented with an out-of-hospital cardiac

arrest and AMI. Coronary angiography revealed spasm in the right coronary artery. The patient was successfully

treated with intracoronary nitrate, BBs, CCBs, and intravenous fluids. Factors explaining excess thyroxine-induced

coronary spasm include an increase in cellular calcium content, sympathetic activity, adrenergic receptor sensitivity,

increased receptor numbers, hyper-reactivity of vascular smooth muscles, and coronary vasomotor tone

abnormalities .

Acute Heart failure and cardiomyopathy: Heart failure may be the initial presentation of TS and the main cause

of mortality . High-output heart failure is often observed in patients with TS, owing to the overabundance of

thyroid hormones. This type of heart failure includes cardiac output elevation compared with metabolic demand

and a decrease in systemic vascular resistance mediated by the peripheral vasodilator adrenomedullin .

Consequently, it may progress to dilated cardiomyopathy and dysrhythmias . Most patients have LVF or

biventricular failure; however, isolated right-sided heart failure secondary to pulmonary artery hypertension can

occur .

Dilated Cardiomyopathy (DCM): Dilated cardiomyopathy is characterized by progressive heart muscle disease and

is the most common cardiomyopathy phenotype. Dilated thyrotoxic cardiomyopathy, an unusual TS phenotype,
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initially manifests in 6% of patients; however, severe LV dysfunction is observed in <1% of patients . The

presence of unregulated persistent tachycardia in patients with hyperthyroidism may precipitate DCM in 6–15% .

It is crucial to recognize DCM as a potentially reversible and unusual manifestation in patients with thyrotoxicosis

patient . Excess thyroxine centrally stimulates activity in the sympathetic nervous system by positively regulating

β1-adrenergic receptors and upregulating sarcoplasmic reticulum Ca  ATPase, which is involved in excitation-

contraction coupling and calcium-induced calcium release . Calcium released from the ryanodine receptor in the

sarcoplasmic reticulum activates the myocardial myofilaments, leading to positive inotropy .

Free T3 and T4 increase the expression of the more rapid contractile isoforms of the alpha-myosin heavy chain. In

addition, these hormones stimulate erythropoietin secretion, contributing to increased blood volume, leading to

high-output CHF. T3 leads to an increase in stroke volume and pulse rate and promotes peripheral vasodilation,

causing a decrease in systemic vascular resistance, which in turn activates the renin–angiotensin system, leading

to fluid and salt retention . Notably, persistent tachycardia impairs myocardial contraction as the activity of the

Na/K-ATPase pump declines, in addition to the downregulation of beta-adrenergic receptors . These factors

eventually lead to DCM during thyrotoxicosis.

Pericardial effusion: There were seven cases of pericardial effusion and TS . Pericardial effusion

and pericarditis are rare in thyrotoxic diseases and may resolve without intervention after improvement of

hyperthyroid status. Bui et al. reported pericardial effusions in 7 out of 12 patients with thyrotoxicosis due to

Graves’ disease .

Circulatory collapse and Cardiogenic shock: CS is an infrequent complication of TS, with a high fatality rate .

In patients with impaired systolic function, CS has a mortality rate of up to 30% . A Japanese study showed that

the presence of shock increases the likelihood of mortality four-fold . However, information regarding CS in TS is

limited. Some factors are associated with the occurrence of thyrotoxic-induced CS, such as pre-existing CHF,

valvular heart disease, AF, coagulopathy, and hepatic, renal, and pulmonary dysfunction . Risk factor

identification is crucial because these patients would require more intensive care and caution . Additionally,

drugs that may precipitate CS as BBs and CCBs must be discontinued to avoid further deterioration.

Modalities of treatment of TS with myocardial involvement

A multidisciplinary approach must be applied to patients with TS, because multiple organs are affected. It is crucial

to adequately evaluate and avoid misdiagnosis of TS as early management plays a crucial role in the outcome.

Pharmacological treatment 

Initial Management: 90% of patients were administered ATDs once diagnosed with TS. This classic regimen

includes thioamides such as carbimazole (CBZ), methimazole (MMI) and propylthiouracil (PTU). They act by

inhibiting thyroid peroxidase (TPO), thereby blocking the synthesis of T3 and T4 from thyroglobulin . MMI and

CBZ have higher potency than PTU. CBZ/MMI has a longer half-life and prolonged time of action; therefore, it may
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be administered as one dose daily rather than several times daily. However, PTU tends to be more effective in the

treatment of TS as it also blocks the conversion of peripheral deiodinase-mediated T4 to T3 . 

Table 1 shows the strength of the recommendation and quality of evidence for the measures of TS treatment . In

Graves’ disease, ATDs should be initiated as soon as possible, and adherence to treatment is vital. Large doses of

inorganic iodide, simultaneously with ATDs, should be administered to treat Graves’ disease complicated with TS.

Table 1. Strength and Quality of evidence of thyroid storm treatment based on the Japanese guidelines.

Steroid: Corticosteroids should be administered as prophylaxis for relative adrenal insufficiency caused by the

hypermetabolic state in TS. Large doses of steroids have been shown to inhibit thyroid hormone synthesis and

peripheral conversion of T4 to T3 . Corticosteroids can be administered at a dose of 300 mg/day of

hydrocortisone or 8 mg/day of dexamethasone. It controls adrenal insufficiency post-TS.

Beta-Blockers: BBs are essential components of the standard treatment of TS. BBs counteract the indirect effects

of thyroid hormones by decreasing systemic vascular resistance, increasing cardiac output by 300%, and allowing

peripheral vasodilatation . The documented cases utilized non-cardioselective BBs (NCBBs) and cardioselective

BBs (CBBs). in addition to short-acting cardioselective with short half-life (i.e., landiolol and esmolol). The reported

mechanisms of action, standard doses, indications, and notable adverse effects are shown in Table 2.

Table 2. Pharmacological treatment options: cases, mechanism of action, indication and adverse events.

References

1. Yamamoto, H.; Monno, S.; Ohta-Ogo, K.; Ishibashi-Ueda, H.; Hashimoto, T. Delayed diagnosis of
dilated thyrotoxic cardiomyopathy with coexistent multifocal atrial tachycardia: A case report. BMC
Cardiovasc. Disord. 2021, 21, 124.

2. Chiha, M.; Samarasinghe, S.; Kabaker, A.S. Thyroid storm: An updated review. J. Intensive Care
Med. 2015, 30, 131–140.

3. Akamizu, T.; Satoh, T.; Isozaki, O.; Suzuki, A.; Wakino, S.; Iburi, T.; Tsuboi, K.; Monden, T.; Kouki,
T.; Otani, H.; et al. Diagnostic criteria, clinical features, and incidence of thyroid storm based on
nationwide surveys. Thyroid 2012, 22, 661–679.

4. Nayak, B.; Burman, K. Thyrotoxicosis and thyroid storm. Endocrinol. Metab. Clin. N. Am. 2005,
35, 661–679.

[76]

[43]

Measures of Treatment Strength of
Recommendation

Quality of
Evidence

Antithyroid drugs (ATDs) High Low

Inorganic iodide High Moderate

Corticosteroids High Moderate

Cooling with acetaminophen and mechanical
cooling

High Low

Therapeutic plasmapheresis Weak Low

Central nervous system manifestations treatment Strong Low

Tachycardia treatment High Low

Atrial fibrillation treatment High Low

Acute congestive heart failure High Low

[43]

[1]



Thyroid Storm Complicated with Myocardial Involvement and Shock | Encyclopedia.pub

https://encyclopedia.pub/entry/49592 8/16

5. Kornelius, E.; Chang, K.L.; Yang, Y.S.; Huang, J.Y.; Ku, M.S.; Lee, K.Y.; Ho, S.W. Epidemiology
and factors associated with mortality of thyroid storm in Taiwan: A nationwide population-based
study. Intern. Emerg. Med. 2021, 16, 601–607.

6. Galindo, R.J.; Hurtado, C.R.; Pasquel, F.J.; García Tome, R.; Peng, L.; Umpierrez, G.E. National
Trends in Incidence, Mortality, and Clinical Outcomes of Patients Hospitalized for Thyrotoxicosis
with and without Thyroid Storm in the United States, 2004–2013. Thyroid 2019, 29, 36–43.

7. Sarlis, N.J.; Gourgiotis, L. Thyroid emergencies. Rev. Endocr. Metab. Disord. 2003, 4, 129–136.

8. Silva, J.E.; Bianco, S.D. Thyroid-adrenergic interactions: Physiological and clinical implications.
Thyroid 2008, 18, 157–165.

9. Lorlowhakarn, K.; Kitphati, S.; Songngerndee, V.; Tanathaipakdee, C.; Sinphurmsukskul, S.;
Siwamogsatham, S.; Puwanant, S.; Ariyachaipanich, A. Thyrotoxicosis-Induced Cardiomyopathy
Complicated by Refractory Cardiogenic Shock Rescued by Extracorporeal Membrane
Oxygenation. Am. J. Case Rep. 2022, 23, e935029.

10. Sourial, K.; Borgan, S.M.; Mosquera, J.E.; Abdelghani, L.; Javaid, A. Thyroid Storm-induced
Severe Dilated Cardiomyopathy and Ventricular Tachycardia. Cureus 2019, 11, e5079.

11. Abera, B.T.; Abera, M.A.; Berhe, G.; Abreha, G.; Gebru, H.T.; Abraha, H.E.; Ebrahim, M.M.
Thyrotoxicosis and dilated cardiomyopathy in developing countries. BMC Endocr. Disord. 2021,
21, 132.

12. Soomro, R.; Campbell, N.; Campbell, S.; Lesniak, C.; Sullivan, M.; Ong, R.; Cheng, J.; Hossain,
M.A. Thyroid storm complicated by multisystem organ failure requiring plasmapheresis to bridge
to thyroidectomy: A case report and literature review. Clin. Case Rep. Rev. 2019, 5, 1–4.

13. Burch, H.B.; Wartofsky, L. Life-threatening thyrotoxicosis. Thyroid Storm. Endocrinol. Metab. Clin.
N. Am. 1993, 22, 263–277.

14. Clark, O.H.; Duh, Q.; Kebebew, E. Textbook of Endocrine Surgery, 2nd ed.; Elsevier Saunders:
Philadelphia, PA, USA, 2005; pp. 216–219.

15. Sakaan, R.A.; Poole, M.A.; Long, B. Diltiazem-Induced Reversible Cardiogenic Shock in Thyroid
Storm. Cureus 2021, 13, e19261.

16. Arai, M.; Asaumi, Y.; Murata, S.; Matama, H.; Honda, S.; Otsuka, F.; Tahara, Y.; Kataoka, Y.;
Nishimura, K.; Noguchi, T. Thyroid Storm Patients with Elevated Brain Natriuretic Peptide Levels
and Associated Left Ventricular Dilatation May Require Percutaneous Mechanical Support. Crit.
Care Explor. 2021, 3, e0599.

17. Pandey, R.; Kumar, S.; Kotwal, N. Thyroid Storm: Clinical Manifestation, Pathophysiology, and
Treatment; IntechOpen: London, UK, 2020.

Treatment Modalities N of
CasesDoses Mechanism of

Action/Indications
Side Effects and
Contraindications

Anti-thyroid drugs
(ATD)
Carbimazole (CBZ)
Methimazole (MMI)
Propylthiouracil (PTU)

228

- MMI and CBZ
oral 20–30
mg/day every 6–
4 h.
- PTU: 200 mg
every 4 h.

First line of treatment to control
TS.

Propylthiouracil/Thionamides:

T3 production and release

blockers.

Iodine: Inhibition of

preformed thyroid hormones.

Propylthiouracil and steroids:

Reduce peripheral T3 to T4

conversion, prevent TS if

suspected.

Agranulocytosis.
Neutropenia.

Hepatic
dysfunction or
failure.

Cholestatic liver

injury.

Transaminitis.

Seen from days

to weeks,

particularly with

PTU.

Renal

dysfunction or

injury.

Multiple organ
failure.
Rash.
Thrombocytopenia
(CBZ may be
switched to PTU).
Antineutrophilic
cytoplasmic
antibody vasculitis
(PTU).
Antithyroid
arthritis syndrome
(CBZ/MMI).

Inorganic iodide
Saturated solution of Potassium
iodide (SSKI)
Lugol iodine

111 SKKI: 200
mg/day.
Lugol Iodine: 5–
10 drops orally
once in 6–8 h.

Wolff–Chaikoff effect
Transient reduction in thyroid

hormones.

Fast acting in comparison to

ATDs and CS.

- Given 1 h after ATD, to prevent
further thyroid hormone release.
- Decreases blood flow to

Hyperkalemia
(potassium iodide).
Due to the
transient action:

In short-term

use, decrease

dose prior to

tapering ATDs

dose.
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meaning that cessation can
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prevents the occurrence of
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Left ventricular dysfunction.
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Tachyarrhythmia control.

Landiolol for AHF and AF.

over propranolol
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Noradrenaline.
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adrenergic receptors.
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Beta-blocker associated with circulatory collapse: BBs therapy has been described as a double-edged sword in TS

. Patients with prior clinical thyrotoxic cardiomyopathy or subclinical disease, especially in a setting of low-output

heart failure, are prone to circulatory collapse when administered propranolol . This may be attributed to

NCBBs averting the compensatory hyperadrenergic state caused by thyrotoxicosis, and thus, a sharp decrease in

the cardiac output in events as a TS leads to circulatory collapse . Approximately 25.8% of cases reported

hemodynamic instability and circulatory collapse, possibly due to BBs. In these cases, some were administered

concomitantly with BBs and CCBs. Both agents are known to have negative inotropic effects . Propranolol was

the BB used in 46% of cases. Patients administered propranolol or atenolol tend to require extensive resuscitation

. Evidently, in conditions with signs of heart failure and low ejection fraction during thyrotoxic crisis, other agents

are recommended . Such agents are cardioselective BBs with shorting-acting properties, such as

landiolol and esmolol, because titration and cessation are attainable . Moreover, Voll et al. highlighted

that even when dobutamine was administered during circulatory collapse alongside a high dose of propranolol, it

was deemed less effective . 

Calcium channel blockers (CCBs): Few authors have reported the use of CCB for the treatment of TS. However,

Saakan et al. attributed diltiazem to the reversible CS in the setting of TS, as CCBs are atrioventricular blocker

agents, leading to worsening of cardiac output and hemodynamic instability in a few cases .

Ivabradine: Hyperpolarization-activated cyclic nucleotide-gated (HCN) channel blockers, such as Ivabradine, act by

selectively and specifically inhibiting the cardiac pacemaker current (I ) of the sinoatrial node and do not affect

contractility. Frenkel et al. described a 37-year-old patient with thyrotoxicosis and CHF . In attempts to regulate

the heart rate using propranolol at high doses, it was deemed ineffective. The patient was prescribed Ivabradine, a,

and within 48 h, the heart rate was well controlled .

Amiodarone: It can be used in patients with TS for the treatment of tachyarrhythmia such as AF, flutter, and

paroxysmal tachycardias . Owing to its iodine content, it leads to thyroid dysfunction, as it

Although amiodarone can cause AIT, Yamamoto et al. reported a patient with an initial diagnosis of multifocal atrial

tachycardia complicated by CS . Owing to unresolved refractory tachyarrhythmia, the decision was made to

insert an IABP and continuous amiodarone infusion . As the patient’s condition improved, it was later found in

blood samples taken from the first (pre-amiodarone) to the seventh day that the patient had TS .

57. El-Menyar, A.A. Drug-induced myocardial infarction secondary to coronary artery spasm in
teenagers and young adults. J. Postgrad. Med. 2006, 52, 51–56.

58. Zheng, W.; Zhang, Y.J.; Li, S.Y.; Liu, L.-L.; Sun, J. Painless thyroiditis-induced acute myocardial
infarction with normal coronary arteries. Am. J. Emerg. Med. 2015, 33, 983.

59. Kataoka, S.; Matsuno, K.; Sugano, K.; Takahashi, K. Thyroid storm induced by combined
nivolumab and ipilimumab immunotherapy in advanced non-small cell lung cancer. BMJ Case
Rep. 2022, 15, e250696.

60. Hammond, H.K.; White, F.C.; Buxton, I.L.; Saltzstein, P.; Brunton, L.L.; Longhurst, J.C. Increased
myocardial beta-receptors and adrenergic responses in hyperthyroid pigs. Am. J. Physiol. 1987,
252, H283–H290.

61. Lassnig, E.; Berent, R.; Auer, J.; Eber, B. Cardiogenic shock due to myocardial infarction caused
by coronary vasospasm associated with hyperthyroidism. Int. J. Cardiol. 2003, 90, 333–335.

62. Allencherril, J.; Birnbaum, I. Heart Failure in Thyrotoxic Cardiomyopathy: Extracorporeal
Membrane Oxygenation Treatment for Graves’ Disease. JECT 2015, 47, 231–232.

63. Tolu-Akinnawo, O.Z.; Abiade, J.; Awosanya, T.; Okafor, H.E. Thyrotoxicosis-Induced Cardiogenic
Shock: Acute Management Using a Multidisciplinary Approach. Cureus 2022, 14, e32841.

64. Taylor, G.M.; Pop, A.M.C.; McDowell, E.L. A case report of thyroid storm presenting as
hemodynamic instability and acute kidney injury. Oxford Med. Case Rep. 2019, 2019, 252–255.

65. Dahl, P.; Danzi, S.; Klein, I. Thyrotoxic cardiac disease. Curr. Heart Fail. Rep. 2008, 5, 170–176.

66. Alam, S.; Zaman, J. Case study of thyrotoxic cardiomyopathy. BMJ Case Rep. 2019, 12,
e228896.

67. Subahi, A.; Ibrahim, W.; Abugroun, A. Diltiazem-Associated Cardiogenic Shock in Thyrotoxic
Crisis. Am. J. Ther. 2018, 25, 1075–1078.

68. Chariyawong, P.; Rao, A.; Panikkath, D.; Panikkath, R. Hyperthyroidism-induced dilated
cardiomyopathy. Southwest Respir. Crit. Care Chron. 2019, 7, 64–66.

69. Witczak, J.K.; Ubaysekara, N.; Ravindran, R.; Rice, S.; Yousef, Z.; Premawardhana, L.D.
Significant cardiac disease complicating Graves’ disease in previously healthy young adults.
Endocrinol. Diabetes Metab. Case Rep. 2019, 2020, 19-0132.

70. Rana, A.; Assad, S.; Abuzaid, M.; Farooqi, A.; Nolte, J. Thyrotoxicosis-Induced Cardiogenic Shock
with Encephalopathy and Acute Respiratory Distress: A Case Report and Literature Review.
Cureus 2020, 12, e8213.

71. Rushing, M.W.; Rebolledo, M.A.; Lahoti, A.; Alemzadeh, R. Acute febrile illness in a teenage
female with history of Graves’ disease. Oxf. Med. Case Rep. 2023, 2023, omad050.

Treatment Modalities N of
CasesDoses Mechanism of

Action/Indications
Side Effects and
Contraindications

Controls TS.

Prevention of arrhythmia.

Refractory MAT associated

TS multi focal atrial

tachycardia.

[77]

[63][78]

[78]

[79]

[80]

[10][32][81][82]

[10][80][83][84]

[25]

[15]

f

[85]

[85]

[30]

[1]

[1]

[1]



Thyroid Storm Complicated with Myocardial Involvement and Shock | Encyclopedia.pub

https://encyclopedia.pub/entry/49592 13/16

(a)

Non-pharmacological therapy

Mechanical treatment of TS: The three main extracorporeal support systems (ECMO, TPE, and CRRT) can be

useful as bridges for stability and definitive surgery in TS. Both ECMO and TPE were used concurrently in multiple

cases, and only a few cases utilized all three. Evidence for the use of these systems arises from case reports or a

few case series, as there are no prospective clinical trials. The use of these systems is costly and does not have

side effects. Therefore, they require an expert team and appropriate patient selection and timing.

 Extracorporeal Membrane Oxygenation (VA-ECMO): In 2021, Lim et al.  reported that there were 27 cases in

the literature at the time of thyrotoxic crisis requiring ECMO, and 85% of these patients survived. In severe

cases, first-line pharmacotherapy may not be sufficient to restore cardiovascular function to normal levels after

TS development. When faced with this, extracorporeal modalities are implemented. Among the 256 cases, the

use of ECMO was reported in 16.3% of cases; hence, it was the most used mechanical support. ECMO

bypasses the heart and lungs and provides gas exchange through the external membrane . This process

supports the heart by temporarily relieving the heart of its functions to allow it to heal, while thyroid hormones

normalize, and the euthyroid state is restored .

(b) Therapeutic plasma exchange (TPE): it is a class II indication of TS. TPE is one of the most effective methods

for eliminating excess thyroid hormones circulating in patients with TS . It uses a purification technique that

rapidly filters out large molecular substances from the plasma, reducing protein-bound and free T4 and T3 .

According to the American Society for Apheresis, TPE is a category III indication for TS and its use is based on

individual cases . It is important to note that during this process, clotting factors and immunoglobulins may also

be filtered out; therefore, the patient should be infused with replacement colloid and blood products to avoid the

risk of bleeding and infection . TPE should be implemented early in the treatment course of TS to ensure the

best results ; however, in some cases, it may be delayed owing to more pressing complications, which can

cause technical difficulties, such as the need for CVVHD implementation for acute kidney injury and metabolic

acidosis . TPE may also be incorporated into multimodal therapeutic course .

(c) Continuous Renal Replacement therapy (CRRT) and continuous venovenous hemofiltration (CVVH): CRRT

includes the use of large volumes of room-temperature fluids (dialysate and replacement fluids), which can cause

hypothermia. In addition, intravenous infusion of albumin and plasma in CRRT increases the ability of proteins to

bind free thyroid hormones . CRRT is a treatment method that utilizes intermittent hemodialysis and peritoneal

dialysis . It has been used in patients with acute kidney injury (AKI) who are hemodynamically unstable

secondary to TS.

(d) CVVH is one of the modes of CRRT. Data showed that CRRT was significantly associated with a high mortality

rate, particularly in patients with acute renal failure. CVVH uses convective clearance to remove toxins and solutes

from the patient’s circulation, whereas CVVHD relies on diffusive clearance to remove the same toxins and solutes

. CVVH helps prevent sequelae resulting from metabolic and hemodynamic instability.
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(e) Intra-aortic balloon pump (IABP): This device is used in cases of acute heart failure with shock after ineffective

inotropic or vasopressor administration. The IABP works by inflating the balloon during diastole and aortic valve

closure and rapidly deflating before systole . This results in a reduced afterload, which consequently improves

cardiac output by increasing stroke volume and ejection fraction. Around nine percent of the cases used IABP, and

a few patients died immediately thereafter. IABP was used alongside ECMO (nine cases used ECMO + IABP) as a

means of circulatory support, whereas the underlying cause of heart failure was treated (TS). Some authors prefer

ECMO for IABP .

(f) Impella: The Impella device pumps blood from the left ventricle into the ascending aorta and helps maintain

systemic circulation at an upper rate between 2.5 and 5.0 L/min. The use of the Impella over ECMO is based on

the concept of ventricular unloading to allow ventricular time to recover. It is a very small catheter-based device

used as ventricular support in patients with CHF and CS .

Hypothermia resuscitation: Fu et al. described an in-hospital TS-induced cardiac arrest in a 24-year-old woman.

After resuscitation, the patient was hyperthermic (39 °C) and comatose . Targeted temperature management

with intravascular cooling is initiated to prevent neurological damage. After 72 h, the target temperature of 34 °C

was reached; however, the patient experienced intermittent fever. Thus, an ice blanket and an ice cap were used

until the patient stabilized.

Radioactive iodine ablation (RAI): RAI is considered a safe and effective option for destroying thyroid tissue in

many thyroid disorders such as cancer and hyperthyroidism. RAI was used in four cases. All patients presented

with Graves’ disease and secondary heart failure that were successfully managed. RAI was performed after

successful management to minimize the risk of relapse. All the patients developed hypothyroidism after RAI .

Surgical treatment: Thyroidectomy entails removal of the thyroid gland to eliminate the primary source of excess

secretion of thyroid hormones . Although it is the last line of treatment for TS, it remains the most effective

option. Often, when the patient’s TS is refractory to medications and does not improve, surgical intervention is

deemed necessary.

Outcome and Prognosis: TS represented 16% of hospitalized patients with thyrotoxicosis and had 12 times the

mortality rate compared with thyrotoxicosis without a storm . Another report showed that hospital mortality of TS

can reach 10–75% .The common causes of death after TS are MOF in one-quarter of cases, CHF in one-fifth of

cases, and arrhythmia in 8% based on one Japanese study; this study on multiple logistic regression analysis

showed that the presence of MOF increases the likelihood of death 10-fold 

Figure 1 proposed an algorithm for the management of TS with cardiac involvement.
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Figure 1. Algorithm for management of thyroid storm with cardiac involvement.
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3. Conclusions

The exact mechanism underlying the development of TS in uncomplicated thyrotoxicosis is not yet well defined;

however, most manifestations of the latter occur in an exaggerated and wider manner during the storm. This could

be due to the abrupt increase and availability of free thyroid hormones in the circulation, in addition to the

enhanced response of the tissue receptors (which increase in number) to the hormone and catecholamine surge.

Therefore, early and appropriate treatment of severe thyrotoxicosis is crucial to prevent the progression to TS and

its higher fatalities. Frontline physicians should be aware of “TS” and not only “thyrotoxicosis” and the on-time

appropriate treatment. The index of suspicion should be high, especially in the absence of a prior history of

hyperthyroidism or clear triggers, as it may be missed in 30% of cases. Management should be guided by the

affected end organ, indication versus contraindication (safety) of certain therapies, and the prevention of

recurrence. The early diagnosis and management of TS in cardiac settings, including pharmacological,

mechanical, and surgical modalities, may save high-risk patients. Mechanical support is required to bridge the gap

between stability and definitive treatment. Sex matters in the presentation, treatment, and mortality of these

populations, to a certain extent. However, further large-scale and well-designed studies are required.


