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Cardiomyopathy Associated With Tertiary Adrenal Insufficiency Manifesting as Refractory Heart Failure, Shock, and Sudden Cardiac Death: A Case Report
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Dilated cardiomyopathy is an etiologically heterogeneous disorder. Early diagnosis and prompt treatment of the underlying disease are of great significance. Primary and secondary adrenal insufficiency are considered quite rare causes of dilated cardiomyopathy. However, to the best of our knowledge, no case of cardiomyopathy associated with tertiary adrenal insufficiency has been reported. Herein, we described a 68-year-old woman with a 15-year history of seasonal dermatitis presented with frequent heart failure and shock. At first, she was diagnosed with idiopathic dilated cardiomyopathy, but standard heart failure and antishock treatment failed. Given her long-term use of dexamethasone for treating seasonal dermatitis, and clinical manifestations consistent with adrenal insufficiency, we tested her basal plasma cortisol, simultaneous corticotropin, and other pituitary hormones, confirming that she had tertiary adrenal insufficiency. Additionally, abdominal enhanced computed tomography revealed atrophic bilateral adrenal glands, indicating long-standing and severe adrenal insufficiency. Then hydrocortisone replacement therapy was initiated, and she recovered rapidly. During the next 2 years of follow-up, she never experienced any episodes of heart failure and shock. Unfortunately, she refused the implantation of defibrillator with cardiac resynchronization therapy (CRT-D) and died of sudden cardiac death 2 years later. Although we could not exclude the coincidence of idiopathic dilated cardiomyopathy with tertiary adrenal insufficiency with 100% certainty, her unique clinical course strongly indicated that her cardiomyopathy resulted from tertiary adrenal insufficiency. This case demonstrates that patients on corticosteroids are at risk for tertiary adrenal insufficiency, which may result in refractory cardiomyopathy and even sudden cardiac death.
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INTRODUCTION

Adrenal insufficiency is a potentially life-threatening disorder and can be classified as primary, secondary, or tertiary based on its underlying causes (1). Tertiary adrenal insufficiency is the most common form and predominantly results from long-term use of corticosteroids. It is reported that more than 30% of patients receiving corticosteroids may develop tertiary adrenal insufficiency (2). Primary and secondary adrenal insufficiency are considered quite rare causes of dilated cardiomyopathy (3, 4). However, to the best of our knowledge, no case of cardiomyopathy associated with tertiary adrenal insufficiency has been reported in the literature. Herein, we reported an impressive case of dilated cardiomyopathy caused by tertiary adrenal insufficiency manifesting as refractory heart failure, shock, and sudden cardiac death.



CASE PRESENTATION

In April 2018, a 68-year-old woman was referred to our center presenting with rapidly progressive dyspnea. During the previous 12 years, she had been hospitalized more than 100 times for severe heart failure and shock. These episodes were so dramatic that even transient anger could cause acute-onset of dyspnea and shock. Additionally, she reported fatigue, dizziness, anorexia, vomiting, and a 5-kg weight loss during 1 month. Her past medical history revealed a 15-year history of seasonal dermatitis, intermittently treated with oral dexamethasone. On physical examination, she was notable for pallor, hypotension (86/46 mmHg), pulmonary rales, and lower extremities swelling. Laboratory tests were unremarkable except for hyponatremia (Na: 128 mmol/L) and elevated N-terminal pro-B-type natriuretic peptide (NT-Pro BNP: 6,343 pg/mL). In addition, her free thyroxine (FT4) and triiodothyronine (FT3) levels were normal, while thyroid-stimulating hormone (TSH) level was increased (TSH: 11.04 mIU/L, normal TSH: 0.38–5.57 mIU/L). Her electrocardiogram revealed sinus rhythm with complete left bundle branch block (Figure 1). Transthoracic echocardiogram showed a dilated and severely hypokinetic left ventricle (LV 68 mm) with an ejection fraction (EF) of 33% (Figure 2), while coronary angiography revealed no significant coronary artery disease. Therefore, she was diagnosed with idiopathic dilated cardiomyopathy (DCM). However, 3 days after receiving standard heart failure and antishock treatment all her symptoms and signs remained.


[image: Figure 1]
FIGURE 1. Twelve-lead electrocardiogram showing complete left bundle branch block.
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FIGURE 2. Four-chamber echocardiogram showing a dilated left ventricle.


Given her long-term dexamethasone treatment and dramatic manifestations consistent with adrenal insufficiency, we tested her basal plasma cortisol and simultaneous corticotropin (ACTH) levels. It turned out that her basal plasma cortisol level was extremely low (0.65 μg/dL; normal 8 a.m. cortisol level: 10.4–26.4 μg/dL) and that ACTH level was low (4.32 pg/mL; normal 8 a.m. ACTH level: 6–40 pg/mL). Continuous cortisol monitoring revealed that her plasma cortisol was constantly deficient (Figure 3). Additionally, her abdominal enhanced computed tomography revealed atrophic bilateral adrenal glands (Figure 4), indicating long-standing and severe adrenal insufficiency. Further autoantibody assays were negative. In addition, her brain magnetic resonance imaging (MRI) and other pituitary hormones (growth hormone, luteinizing hormone, follicle-stimulating hormone, and prolactin) levels were normal. Therefore, the final diagnosis was dilated cardiomyopathy with tertiary adrenal insufficiency.


[image: Figure 3]
FIGURE 3. The constantly deficient secretion of cortisol.
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FIGURE 4. Contrast-enhanced computed tomography revealing atrophic bilateral adrenal glands (red arrows).


In addition to previous normal saline, torasemide (10 mg i.v. twice daily), spironolactone (20 mg once daily), digoxin (0.125 mg once daily), dopamine (10 μg/kg/min), and norepinephrine infusion (0.3 μg/kg/min), hydrocortisone (50 mg) was administered intravenously every 6 h. Within 4 days, her blood pressure normalized, physical activity improved, edema resolved completely, and hyponatremia was corrected. Following that, normal saline and norepinephrine were discontinued, dopamine and intravenous hydrocortisone were gradually withdrawn in the next few days, and an oral hydrocortisone maintenance dose was instituted. Two weeks later, she recovered and was discharged on digoxin (0.125 mg once daily), bisoprolol (1.25 mg once daily), spironolactone (20 mg once daily), torasemide (10 mg once daily), and hydrocortisone (12.5 mg + 7.5 mg + 5.0 mg). During the follow-up period, her compliance and persistence with these medications remained excellent, and she had never experienced any episodes of heart failure and shock. We had tried to initiate low-dose candesartan (1 mg once daily) several times but failed, because it caused hypotension. Echocardiogram performed 18 months following hydrocortisone replacement therapy revealed mild improvement in EF and LV reverse remodeling (EF 35%, LV 64 mm), while her complete left bundle branch block remained. Unfortunately, she refused the implantation of defibrillator with cardiac resynchronization therapy (CRT-D) and died of sudden cardiac death in May 2020.



DISCUSSION

Adrenal insufficiency is a potentially life-threatening disorder characterized by deficient production or action of glucocorticoids due to impairment of the hypothalamic-pituitary-adrenal axis (1). It can be classified as primary, secondary, or tertiary, which result from adrenal gland, pituitary gland, or hypothalamus disorders, respectively (5). Among them, tertiary adrenal insufficiency is the most common form and predominantly results from long-term use of corticosteroids (6). Although higher corticosteroid dose and longer treatment duration convey higher risk, tertiary adrenal insufficiency frequently occurs in patients receiving corticosteroid treatment regardless of administration form, dosing, treatment duration, or underlying disease. It is reported that about 30% of patients receiving corticosteroids may develop adrenal insufficiency (2).

Long-term administration of exogenous glucocorticoids can cause prolonged suppression of hypothalamic secretion of corticotropin-releasing hormone, resulting in deficient production of ACTH and glucocorticoids. Like other forms of adrenal insufficiency, glucocorticoid-induced adrenal insufficiency is associated with a series of non-specific symptoms such as weakness, fatigue, anorexia, abdominal pain, weight loss, and orthostatic hypotension (7). In addition, hyponatremia and elevated TSH are common. However, many patients with this type of adrenal insufficiency may paradoxically exhibit Cushingoid features, and hyperpigmentation is often absent because ACTH is not increased (1). The history of steroid use and clinical characteristics listed above necessitate screening for tertiary adrenal insufficiency. An extremely low basal cortisol level (<3 μg/dL or 83 nmol/L) is sufficient to diagnose adrenal insufficiency. However, basal cortisol concentrations falling in an indeterminate range (3–13 μg/dL or 83–365 nmol/L) should prompt dynamic tests, ideally the standard-dose corticotropin test (8). Dexamethasone is a long-acting steroid and conveys a higher risk for tertiary adrenal insufficiency. For our patient, her long-term use of dexamethasone, peculiar manifestations, along with hormonal tests, confirmed that she had tertiary adrenal insufficiency. Additionally, her adrenal atrophy indicated that she underwent long-standing and severe adrenal insufficiency. Lastly, secondary adrenal insufficiency could be ruled out based on her brain MRI and other pituitary hormones tests results, as secondary adrenal insufficiency results from pituitary disorders and is commonly linked to other pituitary hormone deficiencies.

Notably, cardiovascular manifestations of adrenal insufficiency, including dilated cardiomyopathy, arrhythmias, and Takotsubo cardiomyopathy, were rarely reported in primary and secondary adrenal insufficiency (4, 9, 10). The underlying mechanisms may involve downregulation of adrenergic receptors, membrane calcium transporter dysfunction, decreased phosphorylase activity, increased catecholamine levels, and disturbances in electrolyte levels (11, 12). Furthermore, some patients' cardiac abnormalities may completely resolve after hydrocortisone replacement therapy. It seems that a hypocortisol state may result in cardiomyopathy and/or arrhythmias. Nonetheless, to the best of our knowledge, no case of cardiomyopathy associated with tertiary adrenal insufficiency has been reported in the literature.

DCM is an etiologically heterogeneous disorder. Early diagnosis and prompt treatment of the underlying disease are of great significance (13). For our patient, her long-term use of dexamethasone and adrenal atrophy on computed tomography revealed that she suffered from chronic and severe adrenal insufficiency. More importantly, her first episode of heart failure and shock occurred 3 years after intermittent use of dexamethasone, and these episodes were quite peculiar because even transient anger could cause acute-onset of dyspnea and shock. In addition, standard heart failure and antishock treatment failed, but hydrocortisone replacement therapy dramatically improved her symptoms and echocardiographic parameters. Although we could not exclude the coincidence of idiopathic dilated cardiomyopathy with tertiary adrenal insufficiency with 100% certainty, in the absence of other risk factors for DCM, it is quite reasonable to conclude that our patient's refractory cardiomyopathy resulted from tertiary adrenal insufficiency. For our patient, the cardiac dysfunction caused by tertiary adrenal insufficiency along with superimposed stress precipitated her dramatic and recurrent episodes of heart failure and shock. However, her non-specific symptoms often obscured the underlying etiology, resulting in ongoing adverse left ventricular remodeling. As a result, the damage to her heart was so severe that hydrocortisone and heart failure treatments failed to reverse this process, and she was at growing risk for malignant ventricular dysrhythmia. In this case, CRT-D might be life-saving and improve her prognosis.

In summary, DCM is an etiologically heterogeneous disorder. Early diagnosis and prompt treatment of the underlying disease are of great significance. This case demonstrates that patients on corticosteroids are at risk for tertiary adrenal insufficiency, which may result in refractory cardiomyopathy and even sudden cardiac death.
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