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A 25-year-old African-American woman with end-stage renal disease presented with new-onset heart failure.

Transthoracic echocardiography indicated a significantly hyperechoic myocardium, and computed tomography noted

a circumferential hyperattenuated myocardium. Endomyocardial biopsy revealed focal interstitial and

intramyocyte calcium deposition in the heart, confirming a rare diagnosis of massive myocardial calcium

deposition. (Level of Difficulty: Beginner.) (J Am Coll Cardiol Case Rep 2020;2:996–1003) © 2020 The Authors.

Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENT ILLNESS

A 25-year-old African-American woman presented
with chest pain during hemodialysis. She was diag-
nosed with new-onset heart failure (HF) complicated
by respiratory failure. Her physical examination was
notable for respiratory distress, fine bibasilar
crackles, and jugular vein distension. She was also
found to have scattered atypical, full-thickness,
painful dermal lesions.
EARNING OBJECTIVES

HF secondary to massive myocardial calcifi-
cation is a rare but significant etiology.
To expand the differential diagnosis of new-
onset HF in patients with chronic kidney
disease.
To highlight the role of calcium-phosphorus
metabolism in the development of a
cardiomyopathy.
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MEDICAL HISTORY

The patient had a medical history of systemic lupus
erythematosus on long-term hydroxychloroquine and
end-stage renal disease (ESRD) on hemodialysis for
approximately 4 years.

DIFFERENTIAL DIAGNOSIS

The patient presented with new-onset HF of unclear
etiology. In addition to more typical etiologies of HF
in a young patient (e.g., viral, familial, and idiopathic
cardiomyopathies), a unique differential diagnosis
including systemic lupus erythematosus myocarditis
and hydroxychloroquine toxicity was included
because of the patient’s reported history.

INVESTIGATIONS

Electrocardiography revealed sinus tachycardia,
right-axis deviation, and poor R-wave progression
(Figure 1). Transthoracic echocardiogram indicated a
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AB BR E V I A T I O N S

AND ACRONYM S

CT = computed tomographic

EMB = endomyocardial biopsy

ESRD = end-stage renal

disease

HF = heart failure
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significantly hyperechoic myocardium with mild,
concentric left ventricular hypertrophy, and an ejec-
tion fraction of 25% (Videos 1A, 1B, and 1C). Pulsed-
wave Doppler through the mitral valve revealed
fusion of the E and A waves. Although this E- and A-
wave fusion limited accurate calculation of the
E-wave deceleration time, this metric appeared
qualitatively shortened, consistent with restrictive
physiology (Figure 2A). However, tissue Doppler of
both the medial and lateral mitral valve annuli
revealed elevated e0 values, which would not be
consistent with restriction, as it is normally associ-
ated with reduced e0 velocities (Figures 2B and 2C).
Computed tomographic (CT) imaging of the chest
revealed circumferential hyperattenuated myocar-
dium in the left ventricle, discrete areas of the right
ventricular free wall, and both atria concerning for
calcium deposition (Figures 3A to 3C).

Right heart catheterization exhibited elevated
biventricular pressures, equalization of diastolic
pressures, and preserved cardiac output consistent
with a restrictive physiology (Figure 4). Coronary
angiography did not show any significant coronary
artery disease. Serum was notable for calcium at
9.0 mg/dl (normal range: 8.4 to 10.2 mg/dl), phos-
phorus at 6.6 mg/dl (normal range: 2.5 to 4.4 mg/dl),
and a parathyroid hormone level of 3,043 pg/ml
(normal range: 15 to 75 pg/ml). A native heart endo-
myocardial biopsy (EMB) showed focal interstitial and
intracellular calcium deposition with mild myocyte
hypertrophy (Figure 5). Additionally, Von Kossa
FIGURE 1 Electrocardiogram
staining was used to highlight the calcium
deposits (Figure 6). Finally, there was no
histological evidence of vacuolated myocytes
on hematoxylin and eosin staining or pres-
ence of cytoplasmic deposits, called “myeloid
bodies,” within the cardiac myocytes on
electron microscopy, both of which are spe-
cific to hydroxychloroquine toxicity (1). Bi-

opsy of the dermal lesions noted superficial to deep
perivascular and periadnexal lymphoplasmacytic
infiltrate, with a fibrotic papillary dermis. The biopsy
was not consistent with calciphylaxis.

Given the findings of intracellular calcium deposi-
tion found on CT imaging and EMB, the patient was
diagnosed with restrictive cardiomyopathy due to
massive myocardial calcium deposition.

MANAGEMENT

Although parathyroidectomy was indicated, the pa-
tient was not hemodynamically stable for surgery.
Cinacalcet 30 mg/day was started to lower circulating
phosphate level. Three doses of sodium thiosulfate
12.5 mg, a calcium chelating agent increasingly used
in the treatment of calciphylaxis to promote calcium
excretion, were given following hemodialysis ses-
sions while dermal biopsy results were pending and
calciphylaxis was ruled out, after which it was
stopped (2). Throughout the hospital course, the pa-
tient had a pulmonary arterial catheter for invasive
hemodynamic monitoring. Her hemodynamic status

http://jacccr.acc.org/video/2020/0081_VID1A.mp4
http://jacccr.acc.org/video/2020/0081_VID1B.mp4
http://jacccr.acc.org/video/2020/0081_VID1C.mp4


FIGURE 2 Echocardiogram

(A) Pulsed-wave Doppler through the mitral valve. (B) Tissue Doppler of the medial mitral valve annulus. (C) Tissue Doppler of the lateral mitral valve annulus.

DT ¼ E-wave deceleration time; E ¼ E wave; e0 ¼ e0 mitral velocity.
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was difficult to manage because of the restrictive
cardiac physiology and poor biventricular contrac-
tility secondary to the myocardial calcification, as
well as low systemic vascular resistance due to sepsis.
Norepinephrine was the predominant vasoactive
medication used. Volume status was managed by
continuous hemodialysis.

DISCUSSION

There have been only a few case reports of myocardial
calcification, which has been associated with HF, ar-
rhythmias, and sudden cardiac death (3–6).
Myocardial calcification can be either dystrophic,
occurring in infarcted, nonviable tissue, or metasta-
tic, due to abnormalities in calcium-phosphorus
metabolism, as well as elevated parathyroid hor-
mone (3,7). This patient had severe derangements in
her calcium-phosphorus metabolism, consistent with
secondary hyperparathyroidism.

Secondary hyperparathyroidism results from de-
rangements in calcium-phosphorus metabolism in
the setting of chronic kidney disease. In chronic kid-
ney disease, reduced excretion of phosphate leads to
elevated serum phosphate levels, resulting in
reduced renal activation of vitamin D and subsequent



FIGURE 3 Computed Tomography Imaging of the Chest

(A) Computed tomographic (CT) imaging of the chest. Arrows denote calcified myocardium. (B) Contrast-enhanced CT imaging of the chest with multiplanar refor-

matting in the 4-chamber view. (C) Contrast-enhanced CT imaging of the chest with multiplanar reformatting in the short-axis view. A ¼ calcified myocardium;

B ¼ noncalcified endocardium; LA ¼ left atrium; LV ¼ left ventricle; RA ¼ right atrium; RV ¼ right ventricle.
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gastrointestinal malabsorption of calcium. Reduced
calcium levels trigger increased parathyroid hormone
release, leading to increased calcium release from the
bones, renal calcium reabsorption, and intestinal
mucosal cell calcium absorption (Figure 7) (8).

The exact mechanisms for massive myocardial
calcification due to secondary hyperparathyroidism
are incompletely understood. Calcium deposition in
cardiac soft tissues in the form of mitral annular or
aortic valve calcification has long been described in
patients with ESRD. This type of soft tissue
deposition has been attributed to derangements in
calcium and phosphate metabolism as well as the
coalescing of focal calcific deposits in regions of
microinjury and lipoprotein accumulation over time
(9). However, the myocardium is presumably not
subject to the same degree of microinjury as valvular
soft tissues. Therefore, we suspect that myocardial
calcium deposition likely results from a unique
mechanism.

The cycling and storage of calcium are essential to
myocardial excitation and contraction, in addition to



FIGURE 4 Right Heart Catheterization Tracings

PA ¼ pulmonary artery pressure; PCWP ¼ pulmonary capillary wedge pressure; RA ¼ right atrial pressure; RV ¼ right ventricular pressure.
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playing essential roles in electrophysiological
signaling, mitochondrial function, cell death, and
transcription. Calcium is stored primarily in the
sarcoplasmic reticulum, bound to the storage protein
calsequestrin. During depolarization, calcium enters
the cytosol through calcium channels, triggering the
release of calcium from the sarcoplasmic reticulum.
Increased cytosol levels of calcium result in calcium
binding to troponin C, which initiates myocyte
contraction. During diastole, the majority of cytosolic
calcium is rapidly removed by an adenosine
triphosphate–regulated calcium transporter and again
stored within the sarcoplasmic reticulum. A smaller
percentage of this calcium is also excreted from the
cell via sodium and adenosine triphosphate–
regulated exchangers. The resulting decrease in
intracellular calcium allows dissociation of calcium
from troponin C, causing myocardial relaxation (10).

It is possible that massive myocardial calcification
results from derangements not only in systemic
calcium-phosphorus metabolism but in the calcium
cycling and storage system itself. Although mutations
that result in reduced calcium release or in increased
calcium uptake have previously been described, they
have not been associated with myocardial calcium
deposition. Perhaps such mutations, in the setting of
ESRD and secondary hyperparathyroidism, result in
an altered milieu which allows massive myocardial
calcium deposition. Such a mechanism could help
explain how massive myocardial calcium deposition
remains a rare entity despite the wide prevalence of
secondary hyperparathyroidism among patients with
ESRD (8).

In this case, diagnosis of massive myocardial cal-
cium deposition relied heavily on noninvasive imag-
ing. Transthoracic echocardiography revealed an
unusually hyperechoic myocardium and a depressed
ejection fraction. CT evaluation confirmed sub-
endocardial, circumferential hyperattenuation,
which is consistent with calcium deposition in the
setting of severe secondary hyperparathyroidism.

This degree of myocardial calcification in a young
patient after only 4 years of hemodialysis has not
previously been reported. Only 3 prior case reports
have reported pathology confirming myocardial
calcification, but 2 were completed postmortem,



FIGURE 5 Endomyocardial Biopsy With Routine Stain

Arrows denote intracellular calcium deposits.
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and 1 was completed on an explanted heart
following orthotopic heart transplantation (3,5,6).
This is the first case reported of EMB completed in a
living patient to confirm the diagnosis of massive
myocardial calcification. It is worth noting that the
EMB showed minimal calcification likely as a result
of the endocardial sparing noted on imaging
(Figures 3B and 3C). The calcification on EMB was
found both in the interstitium and within the car-
diac myocytes. Unfortunately, examination with
electron microscopy was unable to characterize the
localization of the calcium deposits further. Further
examination was limited because the family
declined autopsy.

Routine diagnostic evaluation for myocardial cal-
cium deposition is not currently indicated in the
ESRD population, but these cases have reported di-
agnoses on the basis of chest radiography, chest CT
imaging, fluoroscopy, and echocardiography (4,6). In
all reported cases, patients were diagnosed post-
mortem, were too critically ill to receive treatment,
or required orthotopic heart transplantation for
advanced-stage cardiomyopathy (3–6). Therefore, no
specific treatments have been published for massive
myocardial calcification.

FOLLOW-UP

The patient continued to decompensate over the
3 weeks following diagnosis from a combination of
cardiogenic and septic shock, in the setting of fun-
gemia, due to Candida auris and Candida glabrata,
as well as extended spectrum beta-lactamase
Escherichia coli bacteremia. The patient was not a
candidate for advanced cardiac therapies because of
her active, resistant infections and multiorgan sys-
tem failure, from which she died during the
hospitalization.



FIGURE 7 Pathophysiology of Secondary Hyperparathyroidism

CKD ¼ chronic kidney disease; GI ¼ gastrointestinal; PTH ¼ parathyroid hormone.

FIGURE 6 Endomyocardial Biopsy With Von Kossa Stain

Arrows denote intracellular calcium deposits.
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CONCLUSIONS

Massive myocardial calcification is a rare, serious
complication of abnormal calcium-phosphorus meta-
bolism in patients with ESRD.
ADDRESS FOR CORRESPONDENCE: Dr. Jonathan
Grinstein, University of Chicago, 5841 South Mary-
land Avenue, A621, Chicago, Illinois 60637. E-mail:
jgrinstein@medicine.bsd.uchicago.edu.
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