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Abstract: Background: Primary and metastatic cardiac sarcomas represent a heterogeneous group of rare neo-
plasms with varying clinical course and diverse histogenetic line of differentiation. To date, there exist no uniform 
guidelines for their surgical and/or oncological treatment. Methods: We evaluated retrospectively all patients un-
dergoing cardiac surgery for primary or secondary cardiac sarcoma in the period 1999-2011 at the Erlangen Heart 
Centre to analyze their clinicopathological spectrum, treatment and outcome. Results: Five patients (3 women & 
2 men; mean age: 46 years; range: 28–81 years) had primary cardiac sarcomas (6.7% of primary cardiac tumors) 
and 4 had cardiac metastasis from soft tissue sarcoma (1 case each of osteosarcoma, myxoid liposarcoma, alveolar 
soft part sarcoma and pleomorphic spindle cell sarcoma). Primary sarcomas were located in the left atrium (n=3), 
left ventricle (n=1) and right atrium (n=1). Histological types were myxosarcoma (3), pleomorphic undifferentiated 
sarcoma (1) and angiosarcoma (1). Four patients died at 2-64 months (mean, 24.5 months). Sarcoma metastasis to 
the heart developed at a mean of 109.5 months from initial diagnosis (range, 5-240 months). Three of them died of 
disease at a mean of 14 months after cardiac surgery and one is disease free 34 months after heart transplantation 
for metastasis. Conclusions: Primary and metastatic cardiac sarcomas are very heterogeneous in their histological 
appearance, clinical presentation and course of the disease. Radical surgery combined with chemoradiation is 
promising in patients with resectable disease and may significantly prolong survival. Cardiac transplantation repre-
sents an emerging strategy for patients with isolated unresectable cardiac involvement.
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Introduction

Primary cardiac tumors are quite rare. Their 
incidence in early autopsy series ranged from 
0.001 to 0.3% [1, 2]. A majority of primary car-
diac tumors (~75%) are benign; atrial myxoma 
being the most common tumor encountered. 
On the other hand, primary cardiac sarcomas 
are exceedingly rare. Most have been published 
as single case reports or small case series. 
However, larger collaborative series have been 
reported more recently from large specialized 
cardiac centers but most have included referral 
cases. Accordingly, reporting additional cases 
potentially contribute to the delineation of their 
clinicopathological and biological characteriza-
tion and would enhance improvement of their 
diagnosis and treatment strategies. Cardiac 
sarcomas usually present with insidious symp-
toms in young and middle age patients. They 
generally possess a poor prognosis with overall 

survival ranging from 6 to 12 months [3, 4]. 
Symptoms related to cardiac sarcomas are 
variable and may vary from specific cardiac 
symptoms (pericardial effusions with tampon-
ade, arrhythmias, valvular dysfunction, intra-
cardiac blood flow abnormalities, congestive 
heart failure, peripheral embolization with sys-
temic deficits, dyspnea, chest pain, syncope, 
hemoptysis, sudden cardiac death) to general 
symptoms of neoplastic diseases like fever, 
malaise and weight loss [5-7]. 

As an initial modality in radiologic evaluation of 
cardiac sarcomas, chest radiography may 
reveal abnormal findings (abnormalities of car-
diac contour, signs of heart failure or pleural 
effusions). However, diagnosis and manage-
ment of these tumors has been greatly 
improved by the development of more informa-
tive non-invasive cardiac imaging including 
transthoracic (TTE) and transesophageal (TEE) 
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echocardiography as well as computed tomog-
raphy (CT) scans and cardiac-gated magnetic 
resonance imaging (MRI) [8, 9]. The treatment 
of choice for these rare malignant tumors is a 
combination of surgical resection and radio- 
and/or chemotherapy. However, in most 
instances, and in contrast with benign cardiac 
tumors, surgical resection still represents a pal-
liative strategy for many patients with cardiac 
sarcomas [10, 11]. Therefore, a rapid and pre-
cise diagnosis is mandatory and may confer 
some survival advantage for individual patients. 
The aim of the present study was to evaluate 
our experience with primary and metastatic 
cardiac sarcomas seen at our hospital during 
the last 12 years and to characterize their clini-
copathological spectrum and their outcome 
after different therapeutic modalities. 

Patients and methods

All patients treated for a cardiac mass from 
January 1999 to December 2011 at the Center 
for Cardiac Surgery, University Hospital of 
Erlangen, Germany, have been included in this 
retrospective analysis. Complete patient’s fol-
low-up was collected either from hospital 
records, patients themselves or their family 
members and/or their treating general physi-
cians by telephone. All intra-cardiac masses 
were diagnosed by TTE or TEE, CT, MRT and/or 
cardiac catheterization. In most cases more 
than one diagnostic tool has been used to con-
firm previous findings and to plan the best oper-
ative strategy for complete tumor resection or 
most curative resection. Diagnosis of the differ-
ent sarcoma subtypes was based on well char-
acterized criteria for primary cardiac sarcomas 
or peripheral soft tissue and bone sarcomas. 
The term “myxosarcoma” has been increasing-
ly used for pleomorphic predominantly myxoid 

cardiac sarcoma with variable resemblance to 
atrial myxoma. Irrespective of similarities or 
possible histogenetic relationship between the 
two entities, the term myxosarcoma is applied 
in this study to merely describe an “undifferen-
tiated pleomorphic sarcoma with prominent 
myxoid features” and does not imply the malig-
nant counterpart of atrial myxoma or origin 
from preexisting myxoma. 

Results

Distribution and frequency of the different 
primary heart tumor types in the study period

A total of 103 cardiac masses have been 
resected during the observation period 1999-
2011 (Figure 1). The general clinicopathologi-
cal features of the cohort have been published 
recently [12]. There were 84 cardiac neoplasms 
(primary and metastatic) and 19 surgically 
removed thrombi. The majority of the primary 
heart neoplasms (total: 74) were benign (n=69). 
Five patients had primary cardiac sarcomas 
(4.8% of all cardiac masses, 5.9% of all primary 
and metastatic neoplasms and 6.7% of all pri-
mary cardiac neoplasms resected in the study 
period, respectively). Cardiac metastasis from 
extra-cardiac neoplasms (including carcinoma, 
sarcoma, melanoma and lymphoma) was 
observed in 10 patients. Of the latter, 4 patients 
had sarcoma metastatic to the heart (4.8% of 
all primary and metastatic heart tumors and 
40% of all surgically resected cardiac metasta-
ses, respectively). The clinicopathological fea-
tures of primary and metastatic sarcomas are 
described in more details below. 

Primary cardiac sarcomas

Clinical features (Table 1): Histological diagno-
sis was pleomorphic myxosarcoma (high-grade 

Figure 1. Distribution of surgically resected cardiac space-occupying lesions at the University of Erlangen between 
1999 and 2011. 
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Figure 2. Contrast-enhanced ECG-gated spiral computed tomography. A: Three chamber view showing the left-ven-
tricular inflow and outflow tract. Arrow-heads indicate the myxosarcoma attached to the anterior leaflet of the mitral-
valve. The black arrow points to the left circumflex coronary artery. B: Short axis view of the mitral valve area (MVA) 
surrounded by the circumflex artery (black arrow). Arrow-heads indicate the myxosarcoma attached to the anterior 
leaflet of the mitral-valve. LVOT: left ventricular outflow tract. C: Long axis view showing the myxosarcoma attached 
to the anterior leaflet of the mitral valve (arrow-heads). LA: left atrium; LV: left ventricle. 

undifferentiated myxoid sarcoma) in 3 patients, 
pleomorphic undifferentiated sarcoma/malig-
nant fibrous histiocytoma (MFH) in one case 
and angiosarcoma in another case. Patients 
were three women and two men with a mean 
age at the time of primary surgical treatment of 
46.6 ± 21.3 years (range 28 – 81 years). 
Interestingly, the mean age of the 3 women 
(56.7 ± 22.7 years) was significantly higher 
than that for men (31.5 ± 4.9 years). Symptoms 
upon admission varied greatly from completely 
asymptomatic to variable symptoms as fatigue, 
exercise intolerance or shortness of breath. 
The angiosarcoma case presented as an emer-
gency with acute-onset hemorrhagic pericardi-

al effusion. Two tumors were located in the left 
atrium, one in the left atrium + the pulmonary 
veins, one in the left ventricle secondarily infil-
trating into all four heart chambers and one in 
the right atrium. Thus, all tumors but one were 
located in the left heart (angiosarcoma was the 
only tumor located in the right atrium). 
Representative CT scan images of one case are 
depicted in (Figure 2).

Surgical treatment and outcome: In all patients, 
surgery was performed via median sternotomy 
and cardiopulmonary bypass with normother-
mia or moderate hypothermia. Tumors were 
resected either through right or left atriotomy 

Table 1. Clinicopathologic features of primary cardiac sarcomas (n=5)
No Age/

sex
Site primary 
tumor

Clinical symp-
toms

Tumor 
size

Histologi-
cal type

treatment Metastasis/Outcome

1 30 M Left atrium Constant growth 
of tumor mass, 
no symptoms 

6 cm Myxosar-
coma high-
grade

Surgical resection 
+ adjuvant chemo-
therapy (Adriamycin 
& Ifosfamide)

3 recurrences resected at 7, 47 & 64 months. 
Died at 64 months of post-operative complica-
tion. 
No distant MTS at autopsy. 

2 53 F Left ventricle+ 
pulmonary ves-
sels+ pericardium

Paroxysmal dys-
pnea and cough 

Multiple 
tissue 
fragments

Myxosar-
coma high-
grade

Tumor debulking Died of cardiovascular failure at 3 months. 
No distant MTS detected.

3 81 F Left atrium Cerebral embolic 
phenomena

6.5 cm Myxosar-
coma high-
grade

Resection Died of breast cancer MTS at 2 months. 
Metastatic breast cancer as collision tumor 
with sarcoma. 

4 28 M Left atrium+ 
pulmonary vein

Hemoptysis 6 cm Pleomorphic 
MFH

Resection Brain MTS at 13 months (resection + RT), small 
bowel MTS 25 months (resection). Died at 29 
months.

5 36 F Right atrium Emergency intra-
cardiac bleeding 

6 cm Angiosar-
coma 

HTX after initial R1 
tumor resection

Alive & well 3 months.

M, male; F, female; MFH, malignant fibrous histiocytoma; MTS, metastasis; HTX, heart transplantation; RT, radiotherapy.
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Figure 3. A: Intraoperative photograph showing large 
polypoid exophytic angiosarcoma after opening of 
the right atrium. RA, right atrium; IVC, inferior vena 
cava. B: Intraoperative gross photograph showing a 
giant myxosarcoma with yellowish myxoid appear-
ance (maximal diameter of 65 x 40 x 45 mm). C: In-
traoperative photograph showing a diffuse tumor re-
currence in the left and right atrium attached to the 
tricuspid valve. D: Resected tumor mass with valve 
leaflets (same as C). LA, left atrium; RA, right atrium; 
RV, right ventricle. 

or ventriculotomy depending on the tumor loca-
tion. In all cases, en bloc excision of the tumor 
mass was aimed; if this was not possible, the 
operative strategy was individualized towards 
the most helpful resection. Because of the 
extensive growth and infiltration of most sarco-
mas into adjacent myocardium, it was often not 
possible to excise the tumor mass completely 
with free margins. However, gross disease 
could be resected in 4 cases. One case (angio-
sarcoma) with positive margins underwent sub-
sequent heart transplantation. 

Follow-up: A follow-up of 8.4 patient years was 
created (mean, 1.6 years). The 30 day mortality 
for primary sarcoma surgery was 0/5 (0%). The 
one year mortality was 2/5 (40%). Both patients 
died during the first year postoperatively due to 
cancer-related progressive heart failure. All of 4 
patients with extended follow-up died of pro-
gressive tumor-related heart failure at 2-64 
months (mean, 24.5 months). The longest sur-
vival was 64 months (1 patient). This patient 
with myxosarcoma experienced three recur-
rences. He died of postoperative heart failure 
after resection of the third recurrence and 

unsuccessful implantation of a left ventricle 
assist device (LVAD) on the second postopera-
tive day (64 months from initial diagnosis). One 
patient with undifferentiated pleomorphic sar-
coma developed brain and small bowel metas-
tasis at 13 and 25 months respectively. He was 
treated by combined surgery and radiotherapy, 
but he died of cardiopulmonary failure five 
months after intestinal metastasis. Except for 
this patient, no distant metastases were 
observed in the remaining four patients. The 
fifth patient (with angiosarcoma) is a recent 
case with a limited follow-up of 3 months (alive 
and well after HTX).

Pathological features of primary cardiac sarco-
mas: Tumors ranged in size from 6 cm to more 
than 8 cm (submitted as tissue pieces) with a 
mean size of 6.5 cm. Grossly, they varied also 
from pseudoencapsulated predominantly pol-
ypoid to diffusely infiltrating masses (Figure 3). 
The cut surface was described as fleshy with 
areas of necrosis and hemorrhages. 

Histological spectrum of primary cardiac sarco-
mas: Myxosarcomas showed variable but gen-
erally remarkable cellularity and significant 
degree of anaplasia. The tumor cells were spin-
dled to polygonal with hyperchromatic nuclei 
that possess irregular nuclear membranes and 
smudge chromatin. The cytoplasm was pale-
eosinophilic to amphophilic with ill-delineated 
cell borders. The tumor cells were occasionally 
arranged into short fascicles but most com-
monly formed irregular sheets within variably 
myxoid background. A characteristic features 
was the presence of numerous vascular chan-
nels in the stroma that were surrounded by 
hypercellular tumor cell aggregates that blend-
ed with the vascular structures (Figure 4A, B). 
One tumor showed areas with high-grade epi-
thelioid morphology mimicking epithelioid 
angiosarcoma or melanoma (Figure 4C). 
Abundant myxoid matrix occasionally showed a 
prominent reticular microcystic pattern mimick-
ing pulmonary oedema (Figure 4D). Other pecu-
liar patterns seen in one case was signet ring 
cell pattern reminiscent of epithelioid heman-
gioendothelioma (Figure 4E) and multivacuolat-
ed lipoblast-like differentiation (Figure 4F). The 
latter was more prominent surrounding areas 
of necrosis. Interestingly, all tumors showed 
focal bland-looking areas that mimicked benign 
myxomas but these areas were ill-defined and 
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blended with the highly atypical ones (Figure 
4D). The most superficial parts of the tumors 
showed extensive necrosis surrounded by a 
cambium-like superficial (luminal) component. 
Areas of coagulative necrosis were seen in all 
cases but mostly were less extensive. Only one 
case showed unequivocal myxomatous compo-

nent that blended with more atypical areas 
(Figure 5). This tumor also displayed focal 
venous invasion (Figure 5). The mitotic activity 
ranged from 1-4 mitoses per one HPF.

The case diagnosed as undifferentiated pleo-
morphic sarcoma/MFH showed a higher degree 

Figure 4. Representative histological images of primary cardiac myxosarcomas. A: prominent vascular pattern of 
myxosarcoma with hypercellular perivascular cuffing (B: higher magnification). C: abrupt transition to a high-grade 
epithelioid pattern surrounded by stromal sclerosis. D: pulmonary edema-like myxoid pattern, note clear-cut nuclear 
atypia. E: chondromyxoid signet ring-like areas mimicked epithelioid hemangioendothelioma. F: prominent cytoplas-
mic vacuoles in areas of necrosis mimicked fatty differentiation (protein S100 negative). 
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of cellular and nuclear pleomorphism, more 
solid compact growth pattern, presence of 
numerous multinucleated tumor giant cells and 
more prominent fascicular growth pattern 
(Figure 6A, B). The angiosarcoma showed a pre-

dominance of (Kaposiform) spindle cell morphology 
with fascicular growth pattern and brisk mitotic 
activity (Figure 6C). All tumors, irrespective of their 
line of differentiation, showed unequivocal infiltra-
tive growth into the surrounding myocardial tissue. 

Figure 5. Cardiac myxosarcoma probably originating within myxoma. A: residual myxoma-like areas (upper right) 
blended with sclerosing atypical spindle cell sarcoma (lower left). Inset: myxoma-like cells lacked significant atypia. 
B: focus of venous invasion was seen within adjacent myocardium (Inset: note atypical hyperchromatic nuclei). C: 
Myxoma-like areas strongly expressed calretinin, as opposed to isolated positive cells in the sarcomatous area (D). 
On the contrary, p16 was nearly absent in the myxoma-like component (E) but diffusely ands strongly expressed in 
the atypical component (F). 
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Immunohistochemistry in primary cardiac sar-
comas: Immunohistochemical analysis revealed 
diffuse and strong expression for vimentin in all 
cases. Alpha-smooth muscle actin was variably 
expressed in myxosarcomas, occasionally 
showing a submembranous myofibroblast-like 
pattern. None of the tumors, except the angio-
sarcoma, expressed CD34 or other endothelial 
markers. Furthermore, calretinin was strongly 
expressed in the bland-looking myxoma-like 
areas of one myxosarcoma (Figure 5). The 
angiosarcoma strongly expressed CD31, ERG, 
factor VIII and FLI-1 (all represent markers of 
endothelial differentiation) (Figure 6D) but not 
HHV8 and D2-40, thus ruling out the possibility 
of anaplastic (so-called sarcomatous) Kaposi 
sarcoma. 

Heart metastasis from extra-cardiac sarcoma 
(Table 2): There was one case each of osteosar-

coma, myxoid liposarcoma, spindle cell sarco-
ma and alveolar soft part sarcoma that gave 
rise to intra-cardiac metastasis. Patient’s mean 
age was 41.7 and 50.7 years at the time of pri-
mary sarcoma diagnosis and cardiac metasta-
sis surgery, respectively. The mean age of sar-
coma metastasis patients was higher than that 
of primary cardiac sarcoma patients (50.7 years 
vs. 45.6 years). Three of the 4 primary sarco-
mas were localized in the extremities (left upper 
arm, right gluteus maximus and left thigh) and 
one was localized in the thoracic wall. The time 
interval between diagnosis of the extra-cardiac 
sarcoma and the heart metastasis surgery was 
5, 36, 156 and 240 months (mean, 109 
months). Three of the 4 cardiac metastases 
were located in the left heart (2 in the left atri-
um and 1 in the left ventricle) and one involved 
the right atrium and the inferior vena cava 
(Figure 7A). The osteosarcoma patient devel-

Figure 6. Example of non-myxoid cardiac sarcomas. A: This undifferentiated sarcoma/MFH showed a papillary pol-
ypoid component that was probably responsible for the brain and intestinal metastasis detected later in this patient. 
B: typical solid growth pattern with pleomorphic multinucleated tumor cells and significant mitotic activity. C: the 
angiosarcoma displayed deceptive spindle cell morphology. D: strong cytoplasmic expression of CD31 (main image) 
and nuclear reactivity with ERG (subimage) in the angiosarcoma.
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oped multiple lung metastasis 4 years prior to 
cardiac metastasis. The patient with the alveo-

lar soft part sarcoma had a history of treated 
brain metastasis 15 years prior to cardiac 

Table 2. Clinicopathologic features of sarcomas metastatic to the heart (n=4) 
No Age primary 

sarcoma/ sex
Age car-
diac MTS

Site prima-
ry tumor

Histological 
type

Site of cardiac 
MTS

Time to car-
diac MTS

Clinical symp-
toms

Other organ MTS Outcome

1 36 F 49 Left upper 
arm

Conventio-
nal osteo-
sarcoma

Left atrium 13 years Functional mit-
ral stenosis

Lung MTS 4 years 
before cardiac MTS

Died of lung MTS 
at 10 months.

2 31 F 51 Right 
gluteus 
maximus

Alveolar 
soft part 
sacroma

Interventricular 
septum, left 
ventricle

20 years Paroxysmal 
cardiac pain. 

Brain MTS 16 years 
ago and concurrent 
to heart MTS

Alive & well 34 
months after 
HTX.

3 38 F 38 Thoracic 
wall

Spindle cell 
sarcoma

Left atrium, 
mitral valve

5 months Bronchus tumor 
infiltration, 
no symptoms

None Died of cardiopul-
monary failure at 
30 months.

4 62 M 65 Left thigh Myxoid 
liposarcoma

Right atrium+ 
inferior vena 
cava

3 years Slight dyspnea None Died of cardiopul-
monary failure at 
2 months.

F, female; M, male; MTS, metastasis; A&W, alive and well; HTX, heart transplantation.

Figure 7. Representative gross and histological images of secondary cardiac sarcomas. A: Intra-operative gross 
photograph of intracavitary sarcoma metastasis. B: histological image of osteosarcoma metastasis showed promi-
nent osteoid with myxoid pattern that would be mistaken for a myxomatous primary neoplasm. C: metastatic myxoid 
liposarcoma retained features of the primary tumor with hypercellular areas. D: this metastasis from pleomorphic 
sarcoma resected after chemoradiation deceptively mimicked thrombosed benign angiomatous lesion on frozen 
section, but numerous atypical degenerating pleomorphic tumor cells were seen between the vascular channels 
(inset).
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metastasis and a second brain metastasis syn-
chronous to cardiac metastasis (also resected). 
The detailed clinicopathological features of this 
case have been published previously [13]. 
However, more extended follow-up was 
obtained for this patient who had undergone 
cardiac transplantation as a result of unresect-
able sarcoma metastasis. She is currently (dur-
ing writing of this manuscript) alive and well 
without evidence of disease 34 months after 
cardiac transplantation. The remaining two 
patients had no evidence of other organ involve-
ment. Three patients died of tumor-related car-
diopulmonary failure or lung metastasis at 2, 
10 and 30 months (mean, 14 months) after 
cardiac metastasis surgery. The histology of 
cardiac sarcoma metastasis corresponded to 
that of the primary tumor. However, particular 
growth pattern seemed to be unique to cardiac 
metastasis. Extensive necrosis affecting the 
most superficial part of the intracavitary cardi-
ac metastasis was a characteristic feature with 
prominent organisation and increased angio-
ma-like vasculature. One patient́ s metastasis 
was initially judged at frozen section as a benign 
angiomatous lesion. Representative images of 
cardiac metastasis from soft tissue sarcoma 
are depicted in Figure 7B-D. 

Discussion

Primary cardiac sarcomas represented 6.7% of 
primary cardiac tumors in our series. Most were 
high-grade myxoid or undifferentiated pleomor-
phic sarcomas that qualified as myxosarcomas 
or undifferentiated sarcoma/MFH, respective-
ly. One patient suffered from angiosarcoma. 
We encountered no cases of primary liposar-
coma, leiomyosarcoma, synovial sarcoma, 
rhabdomyosarcoma, or other rare sarcoma 
subtypes included in previous series [14, 15]. It 
is remarkable, that some of these rare histo-
logical subtypes are not represented, even in 
the series of 75 cases published by Burke et al 
[7]. This remarkable variation reflects the rarity 
of the individual sarcoma subtypes in the heart 
and underscores the importance of reporting 
even small complementary case series. In the 
series published by Burke et al (n=75), angio-
sarcoma, undifferentiated sarcoma and osteo-
sarcoma were the most common subtypes 
encountered. However when lumped together, 
tumors of probable fibro-/myofibroblastic line 
of differentiation and undifferentiated tumors 

(undifferentiated sarcoma/MFH/myxosarco-
ma) outnumbered all other subtypes [7]. 

The development of non-invasive cardiac imag-
ing like TTE, TEE, CT and MRT are of utmost 
value in the preoperative assessment of cardi-
ac tumors [9]. Although TTE is useful in the ini-
tial evaluation of suspected tumors, TEE is fre-
quently required for a more comprehensive and 
accurate assessment [16, 17]. CT can ade-
quately demonstrate the morphology, location, 
and extent of a cardiac mass and its main 
advantage over the echocardiography is in 
allowing for assessment of extra-cardiac dis-
ease or metastases [18, 19]. In addition, cardi-
ac-gated MRI has the advantages of a wide 
field of view, high contrast and spatial resolu-
tion, and multiplanar imaging capabilities which 
allow precise demonstration and location of a 
mass, including its anatomic relationship to the 
cardiac chambers and any involvement of myo-
cardium, pericardium, or contiguous structures 
[20, 21]. The accuracy of cardiac imaging diag-
nosis depends on the image quality grade and 
a comprehensive imaging protocol [22]. 

Cardiac sarcomas are often not resectable 
entirely due to their large size, anatomic loca-
tion and infiltrative growth, and only tumor deb-
ulking may be possible in such cases [23, 24]. 
Accordingly, surgery represents only a palliative 
strategy in several cases. However, surgery 
should be recommended to prevent potentially 
life-threatening complications. Adjuvant 
chemo- and/or radiotherapy can prolong sur-
vival in a few patients, but is rarely curative 
[25]. The mean survival for 40 patients with 
follow-up in the series of Burke et al was 11 
months (median, 6 months) [7]. Most patients 
died of tumor-related cardiopulmonary compli-
cations or metastatic disease. Zhang et al 
showed tumor grade to have a potential prog-
nostic significance in cardiac sarcoma [26]. 
However, most primary cardiac sarcomas, as in 
our study, are high-grade tumors. The potential 
value of cardiac sarcoma grading needs to be 
validated in larger future studies. Distant 
metastasis from cardiac sarcoma was seen in 
31/75 cases [7], mostly in the lungs, but none 
metastasized to the gastrointestinal tract in 
that series. In our cases, only one tumor has 
metastasized (brain and intestine). 

Cardiac sarcomas tend to show a site-specific 
histology. In particular, angiosarcomas were 
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almost invariably located in the right atrium 
[14, 27] contrasting with a left atrial localiza-
tion of osteosarcomas and a majority of myxo-
sarcomas [7, 28]. Histologically, myxosarcomas 
differ from atrial myxomas by their higher cel-
lularity, significant atypia, brisk mitotic activity, 
presence of coagulative necrosis and infiltra-
tive growth. None of the three left atrial myxo-
sarcomas in the series by Burke et al showed 
transition from benign areas or typical myxoma 
component making it unlikely that these cases 
represent malignant myxoma or transformed 
myxomas [7]. Our 3 myxosarcomas blended 
with less atypical areas reminiscent of myxo-
ma. However, the myxoma-like component in 
two cases showed unequivocal atypia and 
expressed p16 but lacked calretinin (marker of 
atrial myxoma) expression, thus being identical 
to the high-grade component of the tumor. 
However, one of our cases showed focal areas 
typical of myxoma with calretinin+/p16- profile 
that was the opposite of the high-grade compo-
nent in the same neoplasm suggesting an ori-
gin from preexisting myxoma. Thus, it is likely 
that myxosarcoma and myxoma represent dis-
tinct entities, but more studies on their expres-
sion profiles are needed to address the issue of 
histogenetic relationship if any. The expression 
of smooth muscle actin was common as vimen-
tin in most tumors in the series of Burke et al 
and probably reflects the ubiquity of this mark-
er in a variety of undifferentiated and pleomor-
phic neoplasms. 

In this study, we described 4 patients with car-
diac metastasis from soft tissue sarcomas. 
Two larger series of sarcoma metastases to the 
heart has been reported recently [29, 30]. 
Considering these two series and ours, most 
patients had other organ metastasis either 
concurrent to or preceding cardiac metastasis. 
Leiomyosarcoma and clear cell sarcoma domi-
nated the Takenaka et al series. Metastasis 
affected mostly the left atrium. However the 
duration between primary sarcoma diagnosis 
and cardiac metastasis varied greatly among 
the Takenaka et aĺ  series (range, 8-108 
months, mean 44.5 months) and our cases 
(range, 5-240 months; mean, 109 months). 
Based on overlapping age at presentation, 
tumor site and histology, a thorough search for 
an extra-cardiac primary tumor seems warrant-
ed upon diagnosis of a cardiac sarcoma. The 
remote clinical history is of great relevance, 

given that 2 of our 4 cases developed cardiac 
metastasis after ≥ 13 years. Cardiac transplan-
tation might represent an option for patients 
with unresectable sarcoma metastasis con-
fined to the heart. 

In conclusion, primary and metastatic cardiac 
sarcomas can present with highly variable and 
non-specific symptoms with overlapping fea-
tures. The most useful diagnostic tools are 
echocardiography, CT and MRT. Nevertheless, 
complete surgical tumor resection often proves 
to be challenging if not absolutely unfeasibly. 
Combined modern treatment modalities includ-
ing heart transplantation for selected cases 
may improve survival. 
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