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Case report: A case of hypocalcemic cardiomyopathy with non-reversible cardiac fibrosis
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Hypocalcemic cardiomyopathy is a rare etiology of heart failure. It is considered highly reversible with a relatively favorable prognosis. This case reports a 52-year-old housewife diagnosed with hypocalcemic cardiomyopathy who presented with acute decompensated heart failure and hypocalcemia symptoms with a history of thyroidectomy. Shortness of breath and edema were relieved after diuresis and prompt electrolyte correction. The left ventricular ejection fraction increased from 27% to 53%, and the left ventricular end-diastolic dimension shortened from 58 to 50 mm in echocardiographic re-examinations, while repeat cardiac magnetic resonance imaging revealed evidence of non-reversible cardiac fibrosis after 1-year follow-up. Cardioprotective agents with close follow-ups were called for in this entity of patients.
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1. Introduction

Heart failure with reduced ejection fraction is one of the major health problems worldwide. Within different etiologies, hypocalcemia is one of the causes considered to be relatively benign and reversible, with prompt correction of electrolyte disturbance, diuretic treatment, and other guideline-directed medical therapies for heart failure. However, the recovery of underline pathophysiological change is not clear. Here, we present a case with heart failure and prominent hypocalcemia, who had rapid improvement after replacement therapy. However, cardiac magnetic resonance (CMR) imaging showed persistent evidence of cardiac fibrosis, which may indicate hypocalcemia-induced non-reversible myocardium damage.



2. Case description

A 52-year-old housewife was admitted to our hospital with the chief complaint of exercise intolerance and severe shortness of breath for 1 month. She received a subtotal thyroidectomy for a goiter 11 years ago. Since then, therapy with levothyroxine and calcium supplement for hypoparathyroidism has been prescribed. The thyroid function or serum calcium level was not tested without regular follow-ups. She had suffered occasional hand and arm twitching after thyroidectomy for 10 years. The patient did not have a medical history of hypertension, coronary heart disease, and diabetes mellitus nor a family history of cardiomyopathy or sudden cardiac death.

Upon admission, a physical examination showed tachypnea with a respiratory rate of 28 breaths per minute and tachycardia with a heart rate of 100 beats per minute. The obvious distended jugular vein and lower extremity edema were noted. Respiratory crepitations were heard in bilateral base lungs, and a neurology examination revealed positive Chvostek's sign indicating hypocalcemia.

The electrocardiogram showed a prolonged heart rate corrected QT interval (QTc) of 530 ms primarily by prolonging the ST segment and multiple premature atrial complexes with aberrant conduction (Figure 1A). The chest X-ray detected pulmonary edema and cardiac enlargement. Laboratory analysis at admission revealed elevated levels of N-terminal prohormone of brain natriuretic peptide (NT-proBNP), significant hypocalcemia (ionized calcium 0.45 mmol/L, normal range 1.12–1.32), hypomagnesemia, and hypokalemia. The parathyroid hormone (PTH) was 13.63 ng/L (normal range 15.0–65.0), and thyroid-stimulating hormone (TSH) increased to 15.608 mIU/L (normal range 0.55–4.78) (Table 1). Transthoracic echocardiography showed cardiac dilatation, and the left ventricular end-diastolic diameter (LVEDD) was enlarged to 58 mm. Impaired left ventricular function with left ventricular ejection fraction (LVEF) was only 29%. Coronary angiography revealed a non-obstructive lesion in the left anterior artery. She declined the gene test due to the high cost.
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FIGURE 1
(A) Electrocardiogram at admission. The electrocardiogram showed sinus tachycardia and multiple premature atrial complexes with aberrant conduction. The QT interval was prolonged with a corrected QT interval at 523 ms. (B) Electrocardiogram at the 3-month follow-up. The electrocardiogram showed sinus rhythm with a corrected QT interval at 491 ms.



TABLE 1 Biochemistry and hormonal values.
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A primary diagnosis of hypocalcemic cardiomyopathy (HC) was made in view of the congestive heart failure, the potentially long-existing untreated hypocalcemia resulting from hypoparathyroidism, and the lack of evidence of other etiologies including hypertension, valvular, congenital, or ischemic heart disease. The subject was treated with oxygen inhalation, intravenous diuresis, and electrolyte supplements. Calcitriol was simultaneously started along with guideline-directed medical therapy (GDMT), including metoprolol and perindopril, which were gradually titrated to the maximal tolerated dosage. She was intolerant to spironolactone treatment because of acute kidney injury, with serum creatinine increasing from 96 to 221 µmol/L in 1 week. Serum calcium, magnesium, and potassium were normalized within 2 weeks of initiation. Clinical symptoms were relieved significantly following optimal medical therapy. After stabilization, the patient underwent CMR imaging, which showed signs of cardiac fibrosis in the septal, lateral, and inferior walls of the left ventricle after late gadolinium enhancement (LGE) (Figures 2A,B). The 24-h ambulatory electrocardiographic recording showed isolated atrial premature beats, paroxysmal atrial tachycardia, and isolated ventricular premature beats.
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FIGURE 2
(A) Cardiac magnetic resonance imaging with gadolinium at diagnosis. The red arrow marks late gadolinium enhancement in the interventricular septum (bright liner enhancement). (B) Cardiac magnetic resonance imaging with gadolinium at diagnosis. The red arrow marks late gadolinium enhancement in the inferior and lateral walls of the left ventricle [or left ventricular something (bright liner enhancement)]. (C) Cardiac magnetic resonance imaging with gadolinium at 10 months. The red arrow marks late gadolinium enhancement in the interventricular septum (bright liner enhancement). (D) Cardiac magnetic resonance imaging with gadolinium at 10 months. The red arrow marks late gadolinium enhancement in the inferior and lateral walls of the left ventricle (bright liner enhancement).


Repeated electrocardiography at the 3-month follow-up showed QTc shortened to 491 ms (Figure 1B). Transthoracic echocardiography at posthospitalization follow-up visits found LVEF improved to 34% at 3 weeks and 53% at 3 months. LVEDD decreased to 50 mm at 3 months and remained to be enlarged after that (Table 2). CMR imaging was conducted at the 1-year follow-up to review fibrosis size, and it exhibited similar positive LGE in the same area, as shown in Figures 2C,D. The patient remained symptom-free after discharge. She underwent regular ambulatory electrocardiographic monitoring tests every 3 months during follow-ups, which revealed similar findings to previous results and showed isolated premature ventricular complexes originating from the right ventricular outflow tract, without ventricular tachyarrhythmia.


TABLE 2 Diagnostic and follow-up transthoracic echocardiography measurements.
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3. Discussion


3.1. Clinical presentation, treatment, and outcomes of HC

Hypocalcemia is a rare cause of heart failure with reduced ejection fraction (HFrEF). Postsurgical hypoparathyroidism is the most common cause of hypocalcemia. A recent literature review summarized 61 case reports and described the most common causes of HC as being primary hypoparathyroidism (50%) and post-thyroidectomy hypoparathyroidism (26%) (1). The clinical manifestations of hypocalcemia encompass a diverse range of symptoms and signs that impact virtually all major physiological systems, including the cardiovascular, neurological, renal, and respiratory systems. The presentation ranges from asymptomatic to severe, life-threatening seizures, heart failure, or laryngospasm, depending on the severity and duration of hypocalcemia (2). Patients with few symptoms may neglect and leave hypocalcemia untreated for a long time, such as in our case. The duration of hypocalcemia to the onset of heart failure varies in different patients. A review summarized cases with hypocalcemia secondary to thyroidectomy and found that the median duration for the development of HC was 10 years, with a wide range of 1.5 months to 36 years (1). This difference may be related to the severity of hypocalcemia and the susceptibility to cardiomyopathy in individual patients, including genetic variations.

The primary treatment of hypoparathyroidism and resulting hypocalcemia includes activated vitamin D analogs plus calcium supplements to raise the calcium level to the lower normal range while avoiding hypercalciuria (3, 4). Cardiomyopathy and heart failure should be managed as standard treatment per societal guidelines (5, 6). Most HC cases reported significant LVEF improvement after optimal heart failure treatment and serum calcium correction. Many literature works have mentioned that the symptoms and echo findings of HC may improve rapidly with the guideline-directed medical therapy of heart failure and correction of hypocalcemia (7–9). The improvement response of heart failure symptoms might occur as short as a few days, and a significant improvement from NYHA class IV to class I could happen within 1 week (9, 10). Very few cases (5%) showed resistance to therapy and had non-reversible cardiac dysfunction (1). Authors have attributed the reasons for poor response to the therapies to poor compliance, underlying cardiomyocyte degeneration, or the development of cardiac fibrosis (11).



3.2. Underlying cardiac fibrosis in HC

The literature has documented the presence of cardiac fibrosis in patients with HC. Altunbas et al. have presented two cases of HC resulting from hypoparathyroidism that were left untreated for extended periods, i.e., 19 and 12 years, respectively. The patients underwent endomyocardial biopsy, which revealed hypertrophic and atrophic changes in conjunction with increased fibrous tissue. The patients showed clinical improvement after treatment with calcium supplements and calcitriol, although no follow-up data were available (12). Recently, CMR has gained widespread acceptance as a diagnostic tool for detecting fibrosis. CMR imaging was performed on our patient, and the results revealed the presence of cardiac fibrosis, which is consistent with the two cases reported by Altunbas et al. (12).

The development of myocardial fibrosis may be related to the duration and severity of hypocalcemia. Our patient underwent surgery for hypoparathyroidism 11 years ago, implying prolonged untreated hypocalcemia. Some researchers have also employed CMR imaging in patients with hypoparathyroidism; however, they have not been able to detect LGE. For instance, Valek et al. presented a case of a 26-year-old woman with HC, where CMR imaging did not reveal any evidence of fibrosis (1). The patient had only been afflicted with hypoparathyroidism for a year. Two other case studies also reported negative findings of cardiac fibrosis in CMR imaging, and their duration of hypocalcemia was 6 and 5 years, respectively (8, 9).

The detailed mechanism underlying the formation of cardiac fibrosis in HC remains unknown. In general, cardiomyocyte death and/or mechanical, ischemic, or metabolic injury may activate fibroblasts and stimulate the formation of fibrosis (13). Calcium plays an important role in initiating electric activation, ion channel gating, epinephrine-induced glycogenolysis, and excitation and contraction coupling. The myocardial electrophysiological feature and contractility change during acute hypocalcemia have been demonstrated in other study models (14). Prolonged hypocalcemia might have resulted in myocardial injuries and subsequent fibrosis. Further investigations are needed to explore the relationship between HC and myocardial fibrosis.

Cardiac fibrosis is thought to be related to unfavorable outcomes resulting from cardiac dysfunction, reduced perfusion, and propensity to arrhythmias (13). Although the patient in our case experienced rapid symptom relief and improvement in left ventricular function, the presence of underlying fibrosis suggests that this improvement might be a case of “myocardial remission” rather than “myocardial recovery.” The risk of heart failure recurrence and arrhythmias in the long term persists. This highlights the importance of ongoing treatment with cardioprotective agents and close monitoring through regular follow-up evaluations. In the event of syncope or the manifestation of symptoms associated with ventricular arrhythmias during subsequent follow-up sessions, it may be advisable to conduct an assessment employing an implantable loop recorder or electrophysiological study (15).




Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Beijing Tsinghua Changgung Hospital. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the patient for the publication of this case report.



Author contributions

The study was designed by YX, JY, and PZ. Data collection of ECGs and echocardiography examinations were performed by KL and FL. Clinical treatment and follow-up of the patient were performed by YX and JY. Data of cardiac magnetic resonance imaging were analyzed by YY. All authors contributed to the article and approved the submitted version.



Funding

This study was funded by the Beijing Municipal Administration of Hospitals Clinical Medicine Development of Special Funding Support (ZYLX201831) and the Beijing Municipal Administration of Hospitals Incubating Program (PX2023036).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Valek M, Roblova L, Raska IJ, Schaffelhoferova D, Palecek T. Hypocalcaemic cardiomyopathy: a description of two cases and a literature review. ESC Heart Fail. (2020) 7:1291–301. doi: 10.1002/ehf2.12693

2. Pepe J, Colangelo L, Biamonte F, Sonato C, Danese VC, Cecchetti V, et al. Diagnosis and management of hypocalcemia. Endocrine. (2020) 69:485–95. doi: 10.1007/s12020-020-02324-2

3. Khan AA, Bilezikian JP, Brandi ML, Clarke BL, Gittoes NJ, Pasieka JL, et al. Evaluation and management of hypoparathyroidism summary statement and guidelines from the second international workshop. J Bone Miner Res. (2022) 37:2568–85. doi: 10.1002/jbmr.4691

4. Bollerslev J, Rejnmark L, Marcocci C, Shoback DM, Sitges-Serra A, van Biesen W, et al. European Society of Endocrinology Clinical Guideline: treatment of chronic hypoparathyroidism in adults. Eur J Endocrinol. (2015) 173:G1–20. doi: 10.1530/EJE-15-0628

5. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, et al. 2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. (2021) 42:3599–726. doi: 10.1093/eurheartj/ehab368

6. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022 AHA/ACC/HFSA guideline for the management of heart failure: a report of the American college of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation. (2022) 145:e895–1032. doi: 10.1161/CIR.0000000000001063

7. Newman DB, Fidahussein SS, Kashiwagi DT, Kennel KA, Kashani KB, Wang Z, et al. Reversible cardiac dysfunction associated with hypocalcemia: a systematic review and meta-analysis of individual patient data. Heart Fail Rev. (2014) 19:199–205. doi: 10.1007/s10741-013-9371-1

8. Parepa I, Mazilu L, Suceveanu A, Voinea C, Tica I. Hypocalcemic cardiomyopathy—a rare heart failure etiology in adult. Acta Endocrinol. (2019) 5:107–12. doi: 10.4183/aeb.2019.107

9. Fasih A. Pseudohypoparathyroidism and cardiomyopathy: a case report with a new perspective on the cardiovascular-endocrine axis with respect to calcium homeostasis. Eur J Case Rep Intern Med. (2019) 6:993. doi: 10.12890/2019_000993

10. Costa IA, Alvelos M, Bettencourt P. Hypocalcaemia as a reversible cause of acute heart failure in a long-term survivor of childhood cancer. Eur J Case Rep Intern Med. (2017) 4:745. doi: 10.12890/2017_000745

11. Mavroudis K, Aloumanis K, Stamatis P, Antonakoudis G, Kifnidis K, Antonakoudis C. Irreversible end-stage heart failure in a young patient due to severe chronic hypocalcemia associated with primary hypoparathyroidism and celiac disease. Clin Cardiol. (2010) 33:E72–5. doi: 10.1002/clc.20512

12. Altunbas H, Balci MK, Yazicioglu G, Semiz E, Ozbilim G, Karayalcin U. Hypocalcemic cardiomyopathy due to untreated hypoparathyroidism. Horm Res. (2003) 59:201–4. doi: 10.1159/000069324

13. Gonzalez A, Schelbert EB, Diez J, Butler J. Myocardial interstitial fibrosis in heart failure: biological and translational perspectives. J Am Coll Cardiol. (2018) 71:1696–706. doi: 10.1016/j.jacc.2018.02.021

14. Daniel RC, Moodie EW. The effect of induced hypocalcaemia on the cardiac output and blood pressure of dairy cattle. Res Vet Sci. (1978) 24:380–2. doi: 10.1016/S0034-5288(18)33054-6

15. Zeppenfeld K, Tfelt-Hansen J, de Riva M, Winkel BG, Behr ER, Blom NA, et al. 2022 ESC guidelines for the management of patients with ventricular arrhythmias and the prevention of sudden cardiac death. Eur Heart J. (2022) 43:3997–4126. doi: 10.1093/eurheartj/ehac262



OPS/images/fcvm-10-1166600-t001.jpg
Glycemia (4.11-5.89 mmol/L)

On admission | At discharge

ALT (7-40 U/L)

AST (13-35 U/L)

Total bilirubin (0-21 pmol/L)

Direct bilirubin (<8 mol/L)

Albumin (35-52 g/L)

Creatinine (45-84 pmol/L)

Sodium (135-145 mmol/L)

Potassium (3.5-5.5 mmol/L)

Total serum calcium (2.15-2.50 mmol/L)

Tonized calcium (1.12-1.32 mmol/L)

Serum magnesium (0.66-1.07 mmol/L)

NT-proBNP (0-125 pg/ml)

CK-MB (0-4.88 ng/ml)

Troponin T (0-0.014 ng/ml)

Serum cholesterol (<5.2 mmol/L)

HDL-C (>1.0 mmol/L)

LDL-C (<3.4 mmol/L) 1.97 =
Triglycerides (0-1.7 mmol/L) 0.90 —
Parathormone (15-65 pg/ml) 1363 -
TSH (0.55-4.78 mIU/L) 15608 -
25-OH-vitamin D (30-100 ng/ml) 1728 -

CK-MB, creatine

ALT, alanine

AST, aspartate

kinase-MB; HDL-C, ty lipopr
lipoprotein-cholesterol.

LDL-C, y





OPS/images/fcvm-10-1166600-t002.jpg
LA (mm) | LVEDD (mm) | IVSd (mm) | LVEF (%)
24 May 2019 42% 6849
15 June 2019 45% 68 54
22 July 2019 38% 66 % 51

6 September 2019 | 43 %65 x 53
25 March 2020 43 %63 x 48
22 December 2021 | 46 x 62 x 49
29 July 2022 41x59x 45

LA, left atrial; LVEDD, left ventricular end-diastolic diameter; IVSd, Interventricular
seoaal disrster: LVEF, lsft ventricular sisction fraction.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case report: A case of hypocalcemic cardiomyopathy with non-reversible cardiac fibrosis

		1. Introduction



		2. Case description



		3. Discussion



		3.1. Clinical presentation, treatment, and outcomes of HC



		3.2. Underlying cardiac fibrosis in HC











		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Case report: A case of hypocalcemic
cardiomyopathy with non-reversible
cardiac fibrosis







OPS/images/fcvm-10-1166600-g002.jpg






OPS/images/fcvm-10-1166600-g001.jpg
R 4 T { {

1 i I | i |

i 3 ) { {

Ty S RS EmESs

} | Y { {

h |

! | | g |

L 7 L
W] {le i A
A\

) ) 7]

11 1 i ] )
B Bl J s )

] ) ) § i

{ { ( 1

Ay ] &3 3 7l

7 7 3 ] !

\ \ | ) 0 {

= =T )

7 b i S i = g

,r El l_ 1 yn = _\ﬁ m 2

] 1 { {

| | J |
= i = 5 5 ol il s =T
/ “ d_ i
i Y

i *

{ | { i wi

D= + “ “

m = e M E (= iE] B
. . _ | i
— -t L { )

§ B ,r

{ { = = ;

{ !

i
e B

} { { {
B = S 1= HE 1=

A







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





