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Hypocalcemia and Reversible Cardiomyopathy Assessed by

Magnetic Resonance Imaging
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Introduction

Calcium is a fundamental component of biological systems
and plays a key role in excitation-contraction coupling
in cardiac myocytes. Calcium entry triggers a mechanism
known as calcium-induced calcium release, in which calcium
released from the sarcoplasmic reticulum is modulated by
the influx of calcium from the extracellular space. Muscle
contraction subsequently occurs through the interaction
between calcium and the troponin-tropomyosin complex.
In the heart, intracellular calcium is the primary regulator of
contractile force (inotropism).’

Hypocalcemia-induced cardiomyopathy is a rare
condition with few reports in the scientific literature. We
present a clinical case associated with hypoparathyroidism,
one of the main causes of chronic hypocalcemia.? This case
report includes a novel element: the use of cardiac Magnetic
Resonance Imaging (cMRI), which, to our knowledge, has
not been previously described in the literature.

Case report

A 74-year-old female patient with a history of thyroid
cancer underwent total thyroidectomy 10 years ago,
resulting in hypoparathyroidism as a consequence of the
procedure. Other relevant medical history includes type 2
diabetes and hypertension. Cardiac function was evaluated
eight months prior to the current consultation using
transthoracic Doppler echocardiography, which reported
a left ventricular ejection fraction (LVEF) of 55%. In the
three months leading up to the consultation, the patient
discontinued her pharmacological treatment with calcium,
cholecalciferol, and calcitriol.

The patient complained at the emergency department
with exertional dyspnea, asthenia and adynamia. Bilateral
edema of the lower limbs and moist rales in the lung fields.
She denies history of chest pain, palpitations, infections or
exposure to cardiotoxic agents. Chvostek and Trousseau
signs were absent.
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A 12-lead electrocardiogram (ECG) was performed (Figure
1), showing sinus rhythm at 80 beats per minute, narrow
QRS complexes, diffuse T wave inversions, and a prolonged
isoelectric ST segment, with a corrected QT interval (QTc)
of 700 ms.

Initial blood tests revealed a serum calcium level of 4 mg/dL
(reference range: 8.5-10.2 mg/dL) and an ionized calcium level of
0.61 mmol/L (reference range: 1.1-1.3 mmol/L). NT-proBNP
was elevated at 2000 pg/mL (normal <300 pg/mL), while
troponins were undetectable (<40 ng/dL). Renal function
tests, standard electrolyte panel, complete blood count, and
thyroid profile were all within normal limits.

Subsequently, a TTE was performed (Figure 2), showing a
left ventricle with normal dimensions, diffuse hypokinesia,
a LVEF of 28% (measured by the Biplane Simpson method),
and severe secondary mitral regurgitation.

Intravenous and oral calcium supplementation was
initiated. Intravenous furosemide was also started, along
with bisoprolol (2.5 mg daily), ramipril (2.5 mg daily), and
spironolactone (12.5 mg daily). Within seventy-two hours
of starting treatment, the patient showed clear clinical
improvement. Follow-up blood tests revealed a serum
calcium level of 9.5 mg/dL and an ionized calcium level of
1.23 mmol/L. A repeat ECG showed positive T waves and a
corrected QT interval (QTc) of 480 ms (Figure 3).

A new TTE revealed a LVEF of 35% and mild mitral
insufficiency. All TTEs were performed by the same
technician and using the same equipment.

Three days later, a cMRI was performed (Figure 4), showing
global hypokinesia of the left ventricle with, a LVEF of 45%
and mild mitral insufficiency. T1 mapping was 1061 ms
and T2 mapping was 49 ms. Late gadolinium enhancement
was observed at the intramyocardial level in the inferior,
inferoseptal and inferolateral basal segments, consistent
with a non-ischemic pattern. The late enhancement mass
measured 4g representing 3.4% of the left ventricular mass.

The patient was discharged on calcium, calcitriol, and
vitamin D supplementation, along with treatment for systolic
dysfunction. Four weeks later, a TTE was performed, showing
a LVEF of 60% (Figure 5).

Discussion

The link between calcium and myocardial contractility was
established more than 150 years ago by Dr. Sidney Ringer.?
During the 20th century, the relationship between serum
calcium levels and ventricular function was experimentally
demonstrated, revealing a linear relationship between
calcium levels and inotropism.*
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Figure 1 - Echocardigram showing sinus rhythm, narrow QRS complexes, diffuse inverted T waves and a QTc of 700 ms.

Figure 2 - Transthoracic echocardiogram showing diffuse hypokinesia of the left ventricle and a left ventricular ejection fraction
(LVEF) of 28%.
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Figure 3 - Echocardiogram showing positive T waves with a corrected QT interval of 480 ms.
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Hypocalcemia is a rare etiology of cardiomyopathy, with
few reports in the literature. The only systematic review
published to date includes 47 patients from case series and
reports, most of them secondary to hypoparathyroidism,*
which is the main cause of chronic hypocalcemia.®

Most case reports highlight three features that characterize
this condition as a distinct subtype of cardiomyopathy: a)
a limited response to standard heart failure therapy, b) an
association with chronic hypoparathyroidism, and c) its
reversibility upon normalization of serum calcium levels.®
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Figure 4 - ardiac-MRI. Panels A and B show diastole and systole, respectively, in a two-chamber projection (FFPP). Panel C displays
a T2-enhanced sequence. Panels D and E show the T1 and T2 mapping, respectively. Panel F displays a late gadolinium enhancement

sequence (PSIR); the arrow indicates the site of enhancement.

Figure 5 - Transthoracic echocardiogram performed four weeks after discharge. Panel A shows the left ventricle in diastole, and Panel
B in systole; the left ventricular ejection fraction (LVEF) was calculated at 60%.
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Regarding the pathophysiology of this condition, the
leading theory suggests that reduced calcium influx through
L-type channels impairs the sarcoplasmic reticulum’s ability
to elevate intracellular calcium levels via the calcium-
induced calcium release mechanism. This disruption
negatively affects actin-myosin cross-bridge formation,
thereby reducing cardiac inotropism.”

Phase 2 of the cardiac action potential corresponds to
the ST segment and T wave on the ECGC. The ST segment
reflects a balance between inward calcium currents and
outward potassium currents. In hypocalcemia, the QTc
interval is prolonged due to an extended isoelectric ST
segment (plateau), which distinguishes it from other causes
of QT prolongation. This phenomenon occurs because the
termination of transmembrane calcium current relies on
calcium flow through L-type channels via a mechanism
known as calcium-mediated inactivation. Consequently,
reduced calcium flow prolongs the duration of this current,
leading to an extended ST segment."®

Our patient presented with transient systolic dysfunction,
which showed rapid clinical and echocardiographic
improvement following calcium administration. This
supports the diagnosis of myocardial dysfunction secondary
to severe hypocalcemia.

Cardiac MRI represents a novel diagnostic element
in this context. The T2 mapping and T2-weighted
sequences showed no evidence of edema, helping to
rule out differential diagnoses such as acute myocarditis.
The normal T1 values suggest minimal impact on overall
myocardial composition. However, the observed fibrosis
pattern evokes the possibility of a harmful agent or toxin
affecting the myocardium. Could hypocalcemia trigger a
degree of cellular dysfunction leading to myocyte necrosis
and fibrosis?

Based on the rapid recovery of ventricular function
following calcium replacement, as observed in this case
and others, it is expected that this condition does not
induce fibrosis or significant structural alterations. Instead,
it likely involves a substrate of reversible myocardiopathic
dysfunction linked to impaired actin-myosin interaction.
In this context, the abnormalities seen on cardiac MRI may
reflect an intercurrent condition such as chronic-phase
myocarditis, hypertensive or diabetic cardiomyopathy, or
a genetically determined cardiomyopathy, which could
have amplified the myocardial depressant effects of
hypocalcemia.
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