
193

Introduction
Cardiovascular system disease is accountable for about half 

of all deaths in patients with end-stage renal disease (ESRD). 
Certain factors have been proposed to contribute to this excep-
tionally increased risk, including dyslipidemia, hyperhomo-
cysteinemia, oxidative stress of uremia, hemodialysis, hyper-
phosphatemia and hyperparathyroidism. Most of all, abnormal 
metabolism of calcium, phosphorus and secondary hyperpara-
thyroidism in ESRD is thought to account for heart structure 
calcification. Especially, patients with ESRD treated by hemo-
dialysis have frequent and progressive vascular calcification.1)  

Furthermore, extensive myocardial calcification, “porcelain 
heart” is uncommonly associated with hyperparathyroidism, 
and is usually associated with various other complications in-
cluding arrhythmia, heart failure, valvular dysfunction, coro-
nary artery disease and sudden cardiac death.2-5) 

We experienced rapid progression ‘porcelain heart’ cardiomy-
opathy secondary to hyperparathyroidism of end-stage renal dis-

ease. Here, we report our case with a review of the literature.

Case
A 34-year-old female patient with ESRD caused by hyper-

tension was admitted to our hospital for hemodialysis to be re-
placed with peritoneal dialysis due to decreased adequacy. On 
admission, she presented with chest discomfort, exertional dys-
pnea of New York Heart Association class II and general weak-
ness. In the patient’s past medical history, the patient began 
peritoneal dialysis 10 years ago and changed into hemodialysis 
because of frequent dialysis catheter infections 6 years ago. The 
patient visited our emergency department presenting with 
cardiac arrest due to hyperkalemia and received an echocar-
diography 4 years ago. There were no unusual findings except 
moderate left ventricular hypertrophy (LVH) in the echocar-
diograph. Two years ago, the patient visited our emergency 
department again presenting with chest pain and had a coro-
nary angiography performed. The coronary angiography re-
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vealed the right coronary artery (RCA) with 50% stenosis. 
Laboratory data showed hyperphosphatemia but was left un-
treated. She was discharged from the hospital after medical 
treatments and then had hemodialysis in a local hospital.

The patient’s vital signs on the day of admission revealed a 
blood pressure of 150/70 mmHg, heart rate 110 bpm, respi-
ration rate 20 times per minute. From physical examination, a 
diastolic murmur was noted at cardiac apex. A chest X-ray 
demonstrated mild cardiomegaly. Review of serial chest radio-
graphs revealed progressive cardiac enlargement. An electro-
cardiogram showed LVH, tall-T wave in V1-4 leads. Labora-
tory data showed serum calcium 9.2 mg/dL (normal 8.5-10.5 
mg/dL), serum phosphate 9.4 mg/dL (normal 2.7-4.5 mg/dL), 
serum blood urea nitrogen 135.7 mg/dL (normal 5-23 mg/
dL), serum creatinine 13.5 mg/dL (normal 0.4-1.2 mg/dL), 
serum potassium 6.7 mg/dL (normal 3.5-5.5 mg/dL), immu-
no-reactive parathyroid hormone (iPTH) 2959 pg/mL (nor-
mal 10-65 pg/mL). The echocardiogram showed extensive 
myocardial calcification, severe mitral stenosis with a mitral 
valve area of 0.99 cm2 by planimetry and mean pressure gradi-
ent 24.3 mmHg. The mitral valve was severely calcified (Fig. 
1). The aortic valve was thickened and had mild calcification. 
The left ventricular ejection fraction was estimated to be 61% 
and diastolic dysfunction showed as an impaired relaxation 
pattern. Coronary computed tomography (CT) showed severe 
calcification of the coronary artery and left ventricular myocar-
dium and an increased calcium score in the coronary artery 
(Fig. 2). A follow-up coronary angiography was performed, 
and revealed remnant RCA stenosis, and left anterior descend-

ing artery with 50% stenosis. We suspected ‘porcelain heart’ 
cardiomyopathy secondary to hyperparathyroidism of ESRD. 
The patient started a phosphate restricted diet. A thyroid so-
nogram showed enlarged parathyroid glands (right lower lobe 
2.2 cm size, left lower lobe 1 cm size) and the patient under-
went surgical parathyroidectomy. Microscopic analysis of the 
parathyroid tissue showed diffuse hyperplasia of chief cells 
(Fig. 3). Post-operation laboratory data showed serum calcium 
8.2 mg/dL (normal 8.5-10.5 mg/dL), serum phosphate 3.6 
mg/dL (normal 2.7-4.5 mg/dL), iPTH 357 pg/mL (normal 
10-65 pg/mL). After surgery, test results have shown improve-
ment of Calcium, Phosphate, and iPTH levels (Fig. 4). How-
ever, the patient’s cardiac symptoms remained. In the future, 
we will consider mitral valve replacement.

Discussion
Secondary hyperparathyroidism is a common and serious 

consequence of ESRD. Secondary hyperparathyroidism is 
characterized by parathyroid hyperplasia, persistently elevated 
parathyroid hormone (PTH) levels, and systemic mineral and 
bone abnormalities.6) Abnormal calcium and phosphate me-
tabolism in ESRD is thought to account for the majority of 
heart structure calcification.7) The prevalence of such soft-tis-
sue calcification ranges from 11% to 81% of cases. Calcifica-
tion of internal viscera such as heart, lungs, stomach, and kid-
neys, however, is clinically more insidious.8) Cardiac calcification 
occurs in the coronary artery, valves, myocardium, and pericar-
dium. In our patient, both mitral valve and myocardium, cor-
onary artery calcification progressed rapidly. From our estima-

Fig. 1. Changes of transthoracic echocardiography. The echocardiogram on parasternal long axis view shows moderate 
LVH in 2007 (A). Follow up echocardiogram shows extensive myocardial calcification (arrowhead) and severe mitral stenosis 
with a mitral valve calcification (arrow) in 2011 (B, C and D). LVH: left ventricular hypertrophy, LV: left ventricle, LA: left atrium.
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tion, the reason for the rapid progression of calcification is as a 
result of untreated hyperphosphatemia, as well as severe sec-
ondary hyperparathyroidism of end-stage renal disease. Patho-
logic calcification of myocardium occurs through two basic 
mechanisms: Dystrophic and metastatic calcifications. Dystro-
phic calcification occurs in abnormal tissue, such as previous 
myocardial infarction, endomyocardial fibrosis, myocarditis, 
myocardial abscess, tuberculosis, irradiation and rare cardiac 
tumors.3) Metastatic calcification occurs in normal tissue in 
the deranged calcium phosphate metabolism, such as chronic 
renal failure and hyperparathyroidism.9) In this case, myocar-
dial calcification is associated with inadequate metabolism of 

calcium and phosphate with subsequent calcium deposition in 
normal tissues. Metastatic calcification is an important com-
plication of ESRD patients receiving maintenance dialysis. 
Complications of cardiac calcification include complex atrial 
and ventricular arrhythmias, coronary events and sudden car-
diac death, with arrhythmia being the most common cause.10) 
Vascular calcification is common in chronic renal disease as 
coronary calcifications can arise from hyperphosphatemia, hy-
percalcemia, hyperparathyroidism, and hyperuremia.11) Valvu-
lar pathologies in ESRD are sclerosis and calcifications of mi-
tral and aortic valves. Mitral annular calcification is seen in 
36% and aortic valve calcification is found in 28% of ESRD 

Fig. 2. Cardiac CT (A-D) and peripheral CT (E and F) shows extensive calcification. Cardiac CT shows severe mitral valve calcification (arrow) and 
myocardial calcification (arrowhead, A), diffuse calcification of LAD coronary artery (B), LCX coronary artery (C) and RCA coronary artery (D). Non 
enhanced CT shows muscular calcification (arrow, E) and superficial femoral artery calcification (arrows, F). LAD: left anterior descending, LCX: left 
circumflex, RCA: right coronary artery.

Fig. 3. Microscopic findings. Histology exam shows parathyroid tissue with diffuse hyperplasia of chief cells (A: H&E stain, × 100; B: H&E stain, × 200).
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patients.12) In some cases, rapid progression of valve stenosis 
secondary to hyperparathyroidism of end-stage renal disease was 
reported.13) Our case showed severe mitral calcification and mild 
aortic valve calcification. There is no definite therapy for this en-
tity, but parathyroidectomy is a useful means of control, espe-
cially in those patients with very high blood levels of PTH.14)

In conclusion, our case indicates that dialysis duration and cal-
cium-phosphate metabolisms play roles in cardiac calcification of 
hemodialysis patients and suggests that secondary hyperparathy-
roidism can cause rapid progression of cardiac calcification. 
Therefore, it highlights the importance of a periodic evaluation 
of the calcium, phosphate, PTH levels, as well as cardiac evalua-
tions including echocardiograms, and cardiac CT scans.
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Fig. 4. Change of Ca, P and PTH-I level after parathyroidectomy. PTH-I: 
immuno-reactive parathyroid hormone.
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