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Abstract 
 

Cardiac calcified amorphous tumors (cardiac CATs) are unusual non-neoplasmic 

cardiac masses that were originally described in 1997 by Reynolds et al. We recently 

encountered two patients with a left ventricular cardiac CAT who were successfully 

treated surgically. Both patients were on hemodialysis for end-stage renal failure and had 

mitral annular calcification (MAC). In one patient there was massive cardiac 

calcification. These tumors were fragile, and easily detached from the endocardium. The 

histological findings were thrombus with angiogenesis and fibrin and calcium deposition. 

These tumors might be included a special entity of cardiac CATs and may account for 

some of the strokes or sudden deaths that occur in end-stage renal failure patients who are 

on hemodialysis. Through the case presentation and literature review, the characteristics 

and the etiology of the tumor are discussed. The descriptive term of cardiac swinging 

calcified amorphous tumor (cardiac SCAT) is proposed to describe this special risky 

subgroup of cardiac CATs. 

In the Framingham study, mitral annular calcification (MAC) is predictive of a 

doubling in the risk of stroke after adjustment for multiple risk factors. However, it is still 

unknown whether the MAC itself is a factor that directly to causes stroke or only a 

marker of increased risk in association with some other unknown factor. 

In this chapter,through two clinical cases and literature review, the essence of the 

cardiac SCAT is discussed.  
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Cases 
 

Case 1. A 64 y.o. female was referred to our hospital with a diagnosis of pneumonia. She 

had been on hemodialysis for five years because of diabetic nephropathy. A chest X-ray 

showed diffuse consolidation in both lung fields. Computed tomography revealed heavily 

calcified mitral annulus. The leukocyte count was 12,400/ml, and C-reactive protein was 6.4 

mg/ml. A blood culture was negative. An echocardiogram showed moderate aortic and mitral 

regurgitation, and a pedunculated, crotchet shaped mobile tumor that originated from the 

annulus of the anterior comissure of the mitral valve. The tumor was visualized as a hyper- 

and homogeneous echo measuring 3 mm x 27 mm (Figure 1). In the systolic phase, it swung 

widely and its head plunged through the aortic valve into the ascending aorta. A small low-

echoic lesion was seen at the center of the tumor head. Routine echocardiography two months 

before did not show any evidence of a tumor in the heart. The preoperative diagnosis was 

infectious endocarditis and pneumonia, and at that time, the tumor was thought to be a 

vegetation. Because the tumor grew fast, to prevent stroke or systemic embolism, emergency 

aortic and mitral valve replacement with mechanical valves and tumor resection was 

performed. Although both valves showed degenerative change, there was no evidence of 

infectious endocarditis. A soft, fragile, club-shaped tumor that arose from the anterior mitral 

comissure was easily removed from its origin with forceps without exerting force. There were 

no other tumors. The postoperative course was uneventful. The patient recovered from 

pneumonia. She is alive and well with no evidence of recurrence of the tumor as of three 

years of follow up. 

Case 2. A 44 y. o. male who had been on hemodialysis for nine years because of lupus 

nephritis consulted a cardiologist because routine echocardiography had revealed a mobile 

tumor in the left ventricle. Computed tomography showed a densely calcified left ventricle, 

mitral annulus, and left atrial wall (Figure 2). Laboratory data showed no evidence of an 

inflammatory reaction. The tumor was hyperechoic, measured 5 mm x 18 mm, and originated 

from the base of the anterior papillary muscle (Figure 3). A small low-echoic lesion was seen 

at the center of the tumor head. Because follow-up echocardiography 6 weeks later showed 

that the tumor had grown to 5 mm x 28 mm, elective surgical treatment was performed. The 

inside of the left ventricle was visualized with the cardioscope inserted through the orifice of 

the mitral valve.  

 

 
The head of the tumor was detected in the left ventricle in the diastolic phase (arrow). The tumor 

plunged through the aortic valve into the ascending aorta in the systolic phase (arrow). 

Figure 1. Transesophageal echocardiography. 
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A computed tomographic scan showed a densely calcified left ventricle, mitral annulus, and left atrial 

wall. There was no coronary artery stenosis. 

Figure 2. Computed tomography and 3-D computed tomography. 

Three tumors were detected inside the left ventricle (Figure 4). One was a mobile tumor 

that had been detected preoperatively (A), and the other two were immobile and firmly 

attached to the left ventricle (B and C). All tumors were resected from their origin. The 

mobile tumor was fragile and removed from the left ventricular wall without force, whereas 

the other two tumors were firmly anchored to the tuberculum of the left ventricle, and were 

resected with scissors. The postoperative course was uneventful. Aortic and mitral valve 

replacement using mechanical valves was performed because of both stenosis and 

regurgitation one year after tumor resection. The patient is alive and well with no evidence of 

the tumor three years after the initial operation. 
 

 
Echocardiography revealed a mobile swinging pedunculated tumor (arrows) originating from the left 

ventricle. A small, low echoic area at the center of the tumor head could be detected. 

Figure 3. Base of the anterior papillary muscle. 
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Tumor “A” was a mobile tumor; only the head portion is shown. Tumor “B” and “C” were 

immobile and firmly attached to the myocardium. 

Figure 4. Thoracoscopic view of the left ventricle. 

In case 1, pathological examination revealed that the tumor consisted of fibrin. Calcium 

deposits were detected around the fibrin, but there was no thrombus or capillary angiogenesis 

(Figure 5). At the proximal part of the stalk, beside the calcified portion, foreign body giant 

cells were identified (Figure 6). 

In case 2, there was red thrombus and capillary angiogenesis in the center of the head of 

the mobile tumor, which was compatible with the low-echoic lesion. The red thrombus was 

covered by fibrin and calcium deposition (Figure 7). 

 

 
Calcium deposits around the fibrin are seen. 

Figure 5. Microscopic appearance of the mobile tumor head in patient 1. 

 
At the proximal part of the stalk, beside the calcified portion, foreign body giant cells were identified. 

Figure 6. Microscopic appearance of the mobile tumor stalk in patient 1. 
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Fibroblasts and capillary angiogenesis are seen in the red thrombus. Fibrin and calcium deposits are 

seen covering the thrombus. 

Figure 7. Microscopic appearance of the mobile tumor head in patient 2. 

 

 
No thrombus or fibrin was seen. It was characterized by monotonous calcification (= ossification). 

Figure 8. Microscopic appearance of the immobile tumor in patient 2. 

The two immobile tumors where characterized by monotonous calcification 

(=ossification) and no any structure, e. g. no thrombus or fibrin (Figure 8). 

 

 

Review 
 

The cardiac calcified amorphous tumor (cardiac CAT) originally described in 1997 by 

Reynolds et al. is very rare non-neoplasmic cardiac mass, and their etiology, clinical 

manifestations, and treatment are still unclear [1]. We encountered two cases of cardiac 

mobile CAT described above. Both two cases were in end-stage renal failure, and required 

hemodialysis. They also showed severe mitral annular calcification [2]. In the Framingham 

study, mitral annular calcification (MAC) is predictive of a doubling in the risk of stroke after 

adjustment for multiple risk factors [3]. However, it is still unknown whether the MAC itself 

is a factor that directly to causes stroke or only a marker of increased risk in association with 

some other unknown factor. Since the report of a stroke in a patient with MAC by Rytand and 

Lipstich in 1946 [4], the association between MAC and stroke has been studied by numerous 

investigators [5-7]. In the Boston Area Anticoagulation Trial for Atrial Fibrillation, MAC was 

associated with an increased risk of stroke [8]. Postmortem studies have long suggested that 

MAC may directly cause cerebrovascular accident (CVA) by serving as a source of calcific or 

thrombotic emboli [9, 10]. Some neuroimaging studies have documented calcific deposits in 
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the cerebral arteries of patients with MAC and CVA [11-13]. In an elderly, longitudinally 

followed cohort of the Framingham study, Benjamin and coworkers examined the relation 

between mitral annular calcification and the incidence of stroke in a population-based study 

[3]. The incidence of stroke during eight years of follow-up was analyzed with a proportional-

hazards model adjusting for the mitral annular calcification, age, sex, systolic blood pressure, 

diabetes mellitus, cigarette smoking, atrial fibrillation, and coronary heart disease or 

congestive heart failure. As a result, among 1159 subjects whose echocardiographmas could 

be assessed for mitral annular calcification and who had no history or current evidence of 

stroke at the index examination (51% of all subjects), the prevalence of MAC was 10.3% in 

the men and 15.8% in the women. Multivariate analysis demonstrated that the presence of 

MAC was associated with a relative risk of stroke of 2.10 (95% confidence interval, 1.24 to 

3.57; p=0.006). There was a continuous relation between the incidence of stroke and the 

severity of MAC; each millimeter of thickening as shown on the echocardiogram represented 

a relative risk of stroke of 1.24 (95% confidence interval, 1.12 to 1.37; P<0.001). 

Furthermore, even when subjects with coronary heart disease or congestive heart failure were 

excluded from the analysis, subjects with MAC still had twice the risk of stroke. With these 

results, they concluded that in an elderly, longitudinally followed population-based cohort, 

MAC was associated with a doubled risk of stroke, independently of traditional risk factors 

for stroke. De Bono reported echocardiographic features of extensive MAC in 8 of 151 

consecutive patients (5%) with cerebral or retinal ischemic episodes but in none of 188 

control patients [14]. Nair et al. followed a cohort of 107 patients with MAC and 107 age- 

and sex-matched control subjects without MAC were studied and followed for a mean of 4.4 

+/- 2.4 years. Patients with MAC had higher incidence of cerebrovascular events, occurred in 

10% of them as opposed to in 2% in matched control patients [15]. However, it is still 

unknown whether such calcification contributes direct causally to the risk of stroke or is 

merely a marker of increased risk because of its association with other precursors of stroke 

remains unknown. 

Reynolds et al. originally reported 11 cases of cardiac CAT in 1997 [1]. Surgical excision 

was the treatment of choice in 10 patients. The lesions were firm, yellow-white, and partially 

calcified, and arose in any of the four chambers. Microscopically, all lesions were similar and 

composed of nodular deposits or flecks of calcium within a background of eosinophilic, 

amorphous, sometimes fibrillary material. They hypothesized that it was possible that these 

masses had been ordinary thrombi that had undergone mummification and calcification rather 

than organization, at the same time, they posed questions for this hypothesis because none of 

the tumors showed the characteristic laminations observed in typical organizing thrombi and 

only three patients had hemosiderin deposition. In this patients series, there was only one 

patient who had end-stage renal failure as an underlying disease. Although there are no 

description about tumor mobility or growth speed, only one tumor showed club-shaped 

(0.3x0.3x1.5 cm) in contrast to the others showed ball shaped. It is noteworthy that this club-

shaped tumor was found in a patient who had end-stage renal disease with tumoral calcified 

left ventricle (the site was undescribed). Pathologically, giant cell was detected only in this 

patient. 

Tsuchihashi et al. reported four cases of rapidly growing mobile cardiac calcinosis 

accompanied by MAC [16]. One of the patients had right hemiplegia, and another died 

suddenly after four months of follow up. One patient died of acute myocardial infarction 

secondary to multivessel disease, and surgical resection was performed in the fourth patient. 
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A few older postmortem case reports and studies suggested a pathophysiologic link 

between MAC and stroke. Ulceration of the mitral annulus and extrusion of calcium through 

the overlapping cusp was observed by Pomerance in 5% of 258 autopsy cases [9], and calcific 

emboli to the brain and other organs from ulcerated MAC were then reported by Ridolfi and 

Hutchins [17]. 

In 1995, Stein and Soble described two patients with cerebral embolism who had mitral 

valve calcification and a soft mobile mass that appeared to be thrombus on the calcified 

portion of the mitral apparatus [18], and they confirmed resolution of the masses in both 

patients after antiplatelet and anticoagulation therapy using Aspirin and Warfarin. They 

concluded that these cases supported the hypothesis that thrombus formation is a 

pathophysiological link between ischemic cerebral events and MAC in some patients. They 

mentioned that whether antiplatelet or anticoagulant therapy might prevent cerebral embolism 

in patients with MAC is unknown and is worthy for further study. 

Willens et al. treated rapidly progressing mobile components associated with MAC in 

patients with chronic renal failure with the phosphorus lowering agent sevelamer HCL and 

aspirin and obtained resolution. Eicher et al. focused on the echocardiographic findings and 

the association between MAC and risk of thromboembolism [19]. Among 182 patients who 

underwent both transthoracic (TTE) and transesophageal echocardiography TEE) after an 

arterial thromboembolic event, they identified 10 patients (5.5%) who had MAC and no any 

other potential embolic substrate. In 3 of them (1.64%), TEE disclosed a long, pedunculated, 

vegetation-like mass attached to the posterior part of a heavily calcified fibrotic mitral 

annulus. All 3 patients were treated by anticoagulation with aspirin or dipyridamole 

concomitant with fluindione. Since regression and complete resolution were achieved, they 

proposed that when a mitral annular thrombus is diagnosed, anticoagulation therapy and 

antithrombotic agents should be given for a synergistic effect. They also suggested 

pedunculated thrombi of the mitral annulus are a possible “missing link” between MAC and 

stroke. 

Although some reports try to distinguish thrombi from CATs, the pathological findings in 

our two cases and the courses of the reported clinical cases described above suggest that, 

cardiac CAT may be the late phase of chronological changes of thrombus in the early phase. 

The reason why cardiac CATs originate mainly from MAC is unclear. Considering that MAC 

occurs in >40% of the patients with end-stage renal disease, as our second case shows, they 

not only originates from MAC but from everywhere the calcified part of the heart and MAC 

is only the most popular portion to be calcified [20]. It is not clearly understood why the 

cardiac base is vulnerable to calcium deposits. In extraskeletal calcinosis, Ca-P deposits on 

the multifollicular fibrous wall are also seen frequently in the hyperkinetic joint capsule. The 

similarity of the histological and pathophysiological background of the target tissue may 

explain the deposit of fibrous tissue in cardiac base. But the clinical significance of cardiac 

calcinosis is very different from joint calcinosis. Injury and erosion of the endocardium or 

myocardium caused by calcium deposition and inflammation may be related to the initial 

development of the CAT. Continuously, with the expose to the bloodstream, thrombi with 

capillary angiogenesis grow with the fibrin exudation and calcium deposition. Secondary 

hyperparathyroidism may also plays a key role in the cause of cardiac calcification, where the 

Ca × P product is <50 [21]. Serum magnesium, vitamin D, and serum aluminum are all 

influential factors. A further symptom of rapid cardiac calcinosis is hypoparathyroidism. 

Patients on hemodialysis with hyper parathyroidism had a higher incidence of metastatic 
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calcification, which resulted from the decreased reservoir function of bone for absorbed 

calcium and phosphate from the intestine [22]. Moreover, generally administered calcium and 

active vitamin D3 could exacerbate hypercalcemia, and might increase the risk of tumoral 

calcinosis in the cardiovascular system of patients with end stage renal disease and 

hypoparathyroidism. As the calcium deposition progresses over time, the capillary vessels, 

fibrin, and thrombus may disappear. Abnormal calcium and phosphate metabolism due to 

chronic renal dysfunction and the inflammatory state associated with hemodialysis may 

contribute to the endotherial erosion postulated to underline these rapid growth and rapid 

pathological change [23]. The appearance of the foreign body giant cells may represent the 

relationship with the immunological and inflammatory reaction. However, we cannot find any 

reason to explain why there are two types of calcified tumor in even though the same patient 

as case 2: immobile firmly attached one to the heart or mobile, clubbed shaped, rapid growing 

and fragile tumor. 

The definition of cardiac CAT is still in vague. In the literature, cardiac CATs are 

described as consisting of a wide spectrum of tumor morphologies and pathological 

characteristics. A case report described a case of diffuse calcific infiltration of the left 

ventricular myocardium without mobile component as a cardiac CAT [24]. Other authors 

reported a right ventricular nonmobile calcified 1.5-cm mass involving the annulus of the 

tricuspid valve as a cardiac CAT [25]. Massive cardiac calcification, cardiac calcified mass or 

porcelain heart may be suitable expression to describe such tumorous calcification [26]. 

Based on the intraoperative findings in our two cases and literature review, mobile CATs that 

exhibited a swinging motion clearly indicate an impending risk of stroke, myocardial 

infarction, or other systemic embolism. They may occupy some part of the possible 

“missing link” between MAC and stroke in hemodialyzed end-stage renal disease patients. 

Thus, mobile, swinging cardiac CATs should be regarded as distinct from the porcelain heart 

or immobile cardiac CAT. We propose the descriptive term of swinging calcified amorphous 

tumor (SCAT) to describe this high risk subgroup of cardiac CAT. SCATs are soft, fragile 

tumor that easily detach from the endocardium, whereas immobile CATs are firmly anchored 

to the myocardium. They are usually found in patients who require hemodialysis, and 

originate from any calcified part of the heart. MAC is known as the main site, however, MAC 

is not the specific site as their origin. As differential diagnosis, other cardiac masses e.g. 

myxoma, fibroelastoma, vegetation due to infectious endocarditis, malignant cardiac tumors 

etc. are listed. Especially, calcified tumors e.g. calcified myocardial tuberculomas, tophaceous 

pseudogout, and osteosarcoma should be carefully differentiated [27]. 

The incidence of this special category of intracardiac tumor is unclear. However, in view 

of fact that two cases were treated in same year at a single institution, awareness of this tumor 

and routine echocardiographic evaluation of patients with MAC or cardiac calcification who 

are on hemodialysis may lead to the discovery of more cases. Further serological and 

pathological investigation will reveal the mechanism of the development, growth, and 

chronological changes in SCATs. Anticoagulation therapy and antithrombotic agents may 

affect not only on the outside of the tumor but from inside via capillary vessels. As cases 

accumulate, proper protocol of treatment will be established. 
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Conclusion 
 

In conclusion, routine follow-up echocardiography is recommended for the patients with 

MAC or cardiac calcification who are on hemodialysis. Although the efficacy of a preventive 

anticoagulant is a matter of controversy, immediate anticoagulation, anti-inflammation and 

thrombolytic therapy should be started whenever a mobile hyperechoic tumor originating 

from a calcified site, especially in the left-side of the heart is detected. The indications for 

emergency surgery are also a matter of controversy, when a tumor exhibits rapid growth 

despite appropriate medical therapy, complete surgical resection should be considered to 

prevent strokes or sudden death in patients with end-stage renal failure. 
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