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with receiving a post-operative adjuvant chemotherapy 
than in the rest of the population (20 vs 25  months, 
P = 0.150).
Conclusions T he prognosis for patients with primary 
malignant cardiac tumors remains very poor. Each patient 
should be managed on an individual basis, and variety of 
treatment strategy should be performed. Maximizing the 
possibility of obtaining negative surgical margins may pro-
long survival.
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Introduction

Primary cardiac tumors are rare, with an incidence of 
approximately 0.001–0.030  % in unselected patients 
at autopsy. Three-quarters of primary cardiac tumors 
are benign with atrial myxomas comprising 75  % of 
those. Primary sarcomas of the heart are rare and consti-
tute <25  % of primary cardiac tumors (Silverman 1980; 
Miralles et  al. 1991; Burke et  al. 1992). Primary malig-
nant cardiac tumors can affect all age groups but more 
often occur in adults, 75 % of whom were under 49 years 
old. The incidence of cardiac tumors in infancy is <10 % 
(Butany et  al. 2005). Most articles are restricted to case 
report or few examples of primary malignant cardiac 
tumors (Iwa et al. 2009; Fujita et al. 2009; Messias et al. 
2008).

We retrospectively analyzed the techniques for diagno-
sis, the clinical experience and late results of surgical treat-
ment of 29 cases of primary malignant cardiac tumors and 
8 primary malignant cardiac tumors considered not oper-
able at the First Affiliated Hospital of China Medical Uni-
versity over the past 28 years.

Abstract 
Purpose T he literature on primary malignant cardiac 
tumors is relatively limited because of their rare incidence. 
This study aimed to provide a proposed treatment strategy 
for primary malignant cardiac tumors.
Methods T he follow-up outcomes of 29 patients with 
primary malignant cardiac tumors operated, and 8 primary 
malignant cardiac tumors considered not operable from 
1985 to 2013 in the First Affiliated Hospital of China Med-
ical University were retrospectively analyzed.
Results  Of operation receivers, ten patients had posi-
tive surgical margins and nineteen patients had negative 
surgical margins. Eleven patients received a post-oper-
ative neoadjuvant chemotherapy. Patients rejected to 
surgery had a lower survival compared with operation 
receivers (15 vs 23 months, P = 0.011). However, there 
were no significant differences in survival in patients 
rejected to surgery than in patients who had positive 
surgical margins (15 vs 16 months, P = 0.874). Patients 
who had positive surgical margins had a median over-
all survival duration of only 16 months, whereas patients 
with negative surgical margins had a median over-
all survival duration of 27  months (P  =  0.002). There 
were no significant differences in survival in patients 
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Materials and methods

Patients

The patient database of the First Affiliated Hospital of 
China Medical University between 1985 and 2013 was 
searched. The patients who had metastatic disease at the 
time of diagnosis were excluded. Finally twenty-nine 
patients with primary malignant cardiac tumors received 
operation, and eight primary malignant cardiac tumors con-
sidered not operable were identified. Overall, 422 primary 
cardiac tumors were operated at our institution during the 
study period.

Of the 37 patients, 17 were males and 20 were females. 
The mean age was 44.69  ±  13.45  years old (range 12–
73). The mean duration of symptoms at the time of diag-
nosis was 6.88  ±  11.21  months (range 1–48). Of the 37 
patients for whom information about presenting symptoms 
was available, 21 patients (56.8  %) presented with exer-
tional dyspnea, 12 patients (32.4 %) presented with chest 
pain, and 8 patients (21.6  %) presented with palpitation 
(Table 1). Six patients had pericardial fluid, and 5 patients 
had late systolic murmurs. Early diastolic tumor plop was 
heard in 4 patients, accompanied by increased erythrocyte 
sedimentation rate and anemia. Pericardiocentesis was 
performed in 1 patient, and the quality of effusion was 
described as grossly bloody. All patients had no evidence 
of remote metastasis at the time of the initial diagnosis and 
staging.

Electrocardiogram was normal in 8 patients (21.6  %). 
The abnormal changes included ST-T wave change in 11 
(29.7 %), nodal tachycardia in 7 (18.9 %), right ventricu-
lar hypertrophy in 5 (13.5 %), left bundle-branch block in 
3 (8.1 %) and atrial fibrillation in 3 (8.1 %). Chest X-ray 
was normal in 12 patients (32.4 %). The abnormal changes 
included cardiomegaly in 15 (40.5  %), pulmonary con-
gestion in 7 (18.9  %) and pleural effusion in 5 (13.5  %). 
The echocardiogram was abnormal in all patients (Fig. 1). 

Transesophageal echocardiography was examined in 6 
patients. Computed tomography (CT) scan and magnetic 
resonance imaging (MRI) demonstrated the presence of 
the cardiac mass in 16 cases. Multidetector computed 
tomography (MDCT) demonstrated the presence of the 
cardiac mass in 13 cases (Fig. 2). The diagnosis for opera-
tion receivers was confirmed histologically. The most com-
mon histologic type was angiosarcoma (34.5 %), followed 
by malignant fibrous histiocytoma (13.8 %), and the most 
common location was the right atrium (37.9 %), followed 
by the left atrium (Table 2).

Surgical procedure

Median sternotomy allows access for cannulation of the 
ascending aorta and venae cavae. In order to minimize the 
risk of embolisation, manipulation of the heart should be 
minimized until the heart is arrested. The venae cavae are 
cannulated either through the right atrial wall or directly. 
Caval snares are used if an opening of the right atrium is 
planned. Body temperature may be cooled down slightly. 
Cardiopulmonary bypass is started, the aorta is clamped 
before manipulation of the heart, and cardioplegia is given. 
Optimal exposure of the left atrium requires mobilization 
of both cavae. In some instances, a biatrial incision may 
be necessary to expose the tumor at the site of its attach-
ment and easy patch closure of the atrial septum if nec-
essary. For right atrial tumors, both venae cavae may be 
cannulated directly. Cannulation of the jugular or femoral 
veins for venous drainage can be carried out as an alter-
native approach. The right atrium is opened widely, and 
the tumor including its attachment to the cardiac wall is 
resected. Ventricular tumors were resected by ventriculot-
omy. Other techniques such as extracardiac resection and 
pulmonary arteriotomy were also performed. Atrial sep-
tal or free wall of the right atrial reconstruction was per-
formed with prosthetic material or autologous pericardial 
after tumor resection when needed. Valve repair or replace-
ment was also enrolled when the tumor invaded the valve. 
Cardiac autotransplantation (cardiac explantation, ex vivo 
tumor resection, reconstruction and reimplantation) was 
performed for 1 patient with local recurrence in the left 
ventricle. Tumor resection was performed to obtain grossly 
negative margins. Table  3 summarizes types of resections 
for primary malignant cardiac tumors and complications 
after primary malignant cardiac tumors resection. The 
three most common complications among patients who 
underwent primary malignant cardiac tumors resection at 
our institution were pneumonia (5 patients, 17.2 %), heart 
failure (2 patients, 6.9 %) and bleeding (2 patients, 6.9 %). 
There was no death in hospital in the cohort group. Eleven 
patients received a post-operative neoadjuvant chemother-
apy with doxorubicin hydrochloride and ifosfamide.

Table 1   Presenting symptoms of patients with primary malignant 
cardiac tumors

Symptom No. of patients 
N = 37

Exertional dyspnea 21 (56.8 %)

Chest pain 12 (32.4 %)

Palpitation 8 (21.6 %)

Leg edema 3 (8.1 %)

Cough 3 (8.1 %)

Facial swelling 2 (5.4 %)

Fever 2 (5.4 %)

Syncope 1 (3.4 %)
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Overall survival was defined as the time elapsed from 
the date of diagnostic until death (all causes). Surviving 
patients were censored at last follow-up date. Survival was 
estimated using the Kaplan–Meier product limit method, 
and curves were compared using a log-rank test. The data 
were managed and analyzed by SPSS software version 16 
(SPSS In., Chicago, IL).

Results

Eight primary malignant cardiac tumors considered not 
operable were all dead at the last follow-up day, and 2 
of them received neoadjuvant chemotherapy with doxo-
rubicin hydrochloride and ifosfamide. In the 19 patients 
who had negative surgical margins, tumor recurrence 
occurred in 13 patients (8 with local recurrence and 5 
with remote metastases) during the follow-up. Only 4 
patients were free of disease (no local recurrence or 

remote metastases) at the time of analysis with a follow-
up of 6, 18, 22 and 45 months. Another patient with local 
recurrence in the left ventricle was still alive 36  months 
after repeat operation of cardiac autotransplantation. 
Only 1 patients who had positive surgical margins were 
alive at the time of analysis with a follow-up of 6 months. 
Patients rejected to surgery had a lower survival compared 
with operation receivers (15 vs 23  months, P  =  0.011) 
(Fig. 3). However, there were no significant differences in 
survival in patients rejected to surgery than in the patients 
who had positive surgical margins (15 vs 16  months, 
P  =  0.874) (Fig.  4). Patients who had positive surgical 
margins had a median overall survival duration of only 
16  months, whereas patients with negative surgical mar-
gins had a median overall survival duration of 27 months 
(P  =  0.002) (Fig.  5). There were no significant differ-
ences in survival in patients with receiving a post-opera-
tive adjuvant chemotherapy than in the rest of the popula-
tion (20 vs 25 months, P = 0.150) (Fig. 6).

Fig. 1   a Four-chamber view transthoracic echocardiogram focus-
ing on color flow across medial wall of the main pulmonary artery 
(MPA) and a mass (arrow) in the pulmonary artery. Color Doppler 
study showed near obstruction of the left pulmonary artery (LPA), the 
right pulmonary artery (RPA) and MPA (pulmonary artery endothe-
lia sarcoma). b Transthoracic echocardiography (TTE) showed 
a 2.4  ×  3  cm-sized tumor (arrows) in right atrium (RA) and a 

3.8 × 1.8 cm-sized tumor with an irregular echogenicity (arrows) in 
the right ventricle (RV) invaded the adjacent myocardial tissue (syno-
vial sarcoma). c Echocardiogram, four-chamber view. A large echo-
genic mass (arrow) in RA invaded the atrioventricular ring. And the 
post-operative histological examination was an angiosarcoma. d TTE 
showed a large echogenic mass (arrow) in RA invaded the tricuspid 
valve (angiosarcoma)
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Discussion

Approximately a quarter of all cardiac tumors exhibit some 
features of malignancy or behave in a malignant way. 95 % 
of those are sarcomas, and the other 5 % are lymphomas 
(Shapiro 2001). To our knowledge, in 1934, the first ante-
mortem diagnosis of a malignant cardiac tumor based on 
an electrocardiogram and biopsy of a peripheral embolic 
lesion was reported by Barnes (Barnes et  al. 1934). Pri-
mary cardiac tumors remained rare and mostly reported in 
autopsy series and clinical curiosities when diagnosed ante-
mortem until the routine use of echocardiography in 1960s 
(Schattenberg 1968).

Primary malignant cardiac tumors are thus exceedingly 
rare diagnoses. Most of the reported series in the litera-
ture have not found any sex predilection for these tumors 
(Perchinsky et al. 1997; Simpson et al. 2008) and specific 
symptom (Cheitlin et al. 1975). The majority of the patients 
in our group were symptomatic at the time of diagnosis, 

such as dyspnea, palpitation, chest pain, syncope or conges-
tive heart failure; however there is no specific one. Physical 
examination was more commonly nonspecific and reflected 
only the degree of compromise in the cardiac function. 
Late systolic murmurs and early diastolic tumor plop might 
be discovered, which is similar with myxoma. Because of 
nonspecific symptoms and physical signs, the correct diag-
nosis is comparatively difficult.

Echocardiography is well known as a fundamental 
diagnostic tool in intracardiac pathology (Meng et  al. 
2002; McAllister and Fenoglio 1975). MRI allows bet-
ter soft-tissue characterization than CT, is the modal-
ity of choice for evaluating myocardial and pericardial 
involvement (Lund et  al. 1989), and provides functional 
information such as flow direction and velocity in large 
vessels (Araoz et  al. 1999). In the diagnosis of cardiac 
tumors, the use of MDCT and MRI can help differenti-
ate benign from malignant masses. Especially, the use 
of MDCT is advantageous in providing anatomical 

Fig. 2   a Contrast-enhanced CT 
scan showed the tumor (arrows) 
in the right atrium (RA) came 
from superior vena cava (SVC) 
(myxosarcoma). b Sagittal CT 
scan showed a low attenua-
tion, giant mass (arrow) in RA 
(angiosarcoma). c Contrast-
enhanced MRI showing uniform 
low signal (arrow) compared 
with the adjacent blood pool 
(angiosarcoma). d Preopera-
tive 3D CT scan reconstruction 
found the noteworthy lack 
(arrow) of the main pulmo-
nary artery, part of the left 
pulmonary artery and the right 
pulmonary artery (pulmonary 
artery endothelia sarcoma)
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information. Recently, the diagnostic yield of MDCT was 
obviously higher than that of other diagnostic tool. Not 
only does MDCT allow a correct diagnosis, but it also 
allows surgical planning and evaluation of possible types 
of resections. The differences in signal intensity between 

the heart and the adjacent structures permit MRI to define 
mediastinal invasion. Central necrosis in sarcomas is 
demonstrated on contrast MRI’s with gadopentetate 
dimeglumine. Tissue perfusion imaging with MRI or 
MDCT can distinguish neoplasm from thrombus and 
evaluate tumor extent. In our patients, 11 patients were 
diagnosed as malignant cardiac tumors using MDCT; 
moreover, the surgical planning was decided from the 
imaging (Yu et al. 2010, 2011a, b).

Table 2   Tumor pathology and location in the operation receivers

MFH malignant fibrous histiocytoma, PAES pulmonary artery endothelia sarcoma, MM malignant mesenchymoma, US undifferentiated sarcoma

Tumor pathology No. of patients Locations of tumors

Left atrium 
(n = 6)

Left ventricle 
(n = 2)

Right atrium 
(n = 11)

Right ventricle 
(n = 3)

Right atrium and 
right ventricle 
(n = 4)

Great arteries 
(n = 3)

Angiosarcoma 10 (34.5 %) 1 1 6 1 1

MSH 4 (13.8 %) 3 1

Myxosarcoma 3 (10.3 %) 2 1

Synovial sarcoma 2 (6.9 %) 2

PAES 2 (6.9 %) 2

Rhabdomyosar-
coma

2 (6.9 %) 2

MM 1 (3.4 %) 1

Leiomyosarcoma 1 (3.4 %) 1

Fibrosarcoma 1 (3.4 %) 1

Liposarcoma 1 (3.4 %) 1

Lymphoma 1 (3.4 %) 1

US 1 (3.4 %) 1

Table 3   Resection type and complication of primary malignant car-
diac tumors

RA right atrium, MPA main pulmonary artery, LPA left pulmonary 
artery, RPA right pulmonary artery

Variables No. of patients

Resection type N = 29

 Pericardial reconstruction of RA 13 (44.8 %)

 Tricuspid valve replacement 8 (27.6 %)

 Mitral valve replacement 4 (13.8 %)

 Mitral valve repair 2 (6.9 %)

 Pulmonary valve, MPA, LPA and RPA replacement 1 (3.4 %)

 Pulmonary valve and MPA replacement 1 (3.4 %)

 Vascular prosthesis bypass between innominate vein 
and right atrium

1 (3.4 %)

 Cardiac autotransplantation 1(3.4 %)

Complication N = 29

 Pneumonia 5 (17.2 %)

 Heart failure 2 (6.9 %)

 Bleeding 2 (6.9 %)

 Wound infections 1 (3.4 %)

 Renal insufficiency 1 (3.4 %)

 None 15 (51.7 %)

 Death in hospital 0

Fig. 3   Patients rejected to surgery had a lower survival compared 
with operation receivers (15 vs 23 months, P = 0.011)
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Patients rejected to surgery had a lower survival com-
pared with operation receivers in our study. It seems that 
the patients can take some advantage from the operation. 
However, there were no significant differences in survival in 
patients rejected to surgery than in the patients who had pos-
itive surgical margins in our study. It also demonstrated that 
the poor prognosis of the patients who had positive surgical 
margins was the same as the patients who did not receive 
operation. The largest reported series of cardiac malignant 
tumors consists of 34 patients treated at the Mayo Clinic 
over a 32-year period (Simpson et  al. 2008). The median 
survival was significantly longer when a complete surgical 

resection was possible (17 versus 6 months when complete 
resection was not possible). Similarly, in our study, the 
median survival was longer in those who had negative sur-
gical margins (27 vs 16 months in those who had positive 
surgical margins). So, negative surgical margin status was 
found to be important for survival after malignant cardiac 
tumors resection. To achieve complete resection, a technique 
of cardiac autotransplantation, which involves cardiac exci-
sion, ex vivo tumor resection with cardiac reconstruction and 
cardiac reimplantation, has been reported. This approach 
permits an aggressive and complete resection (Reardon 
et al. 2006a; Blackmon et al. 2008). Cardiac autotransplan-
tation is a feasible technique for resection of complex left-
sided cardiac tumors because ventriculotomy is not appeal-
ing due to the need to injure good muscle in entering the 
ventricle. Recurrent disease after previous resections can be 
safely treated with this technique. Operative mortality and 
overall survival seems favorable in this series of patients. 
Benefits of this technique include improved accessibility 
and ability to perform a complete tumor resection with reli-
able cardiac reconstruction (Reardon et al. 2006b). Cardiac 
autotransplantation was performed for one patient with local 
recurrence in the left ventricle in our hospital, and the trans-
mitral valve approach has provided excellent exposure for 
complete intraventricular tumor resection, reconstruction of 
the interventricular septum and mitral valve replacement. 
The patient was well with a follow-up of 36  months. The 
poor results with surgical resection have led to occasional 
attempts to treat patients with cardiac transplantation, if ext-
racardiac disease is not present. In the largest series, results 
of cardiac transplantation in patients with malignant tumors 
(most of which were sarcomas) were evaluated in a review 

Fig. 4   There were no significant differences in survival in patients 
rejected to surgery than in the patients who had positive surgical mar-
gins (15 vs 16 months, P = 0.874)

Fig. 5   Median survival for those who had positive surgical margins 
was 16 months compared with 27 months for those who had negative 
surgical margins (P = 0.002)

Fig. 6   There were no significant differences in survival in patients 
with receiving a post-operative adjuvant chemotherapy than in the 
rest of the population (20 vs 25 months, P = 0.150)



1053J Cancer Res Clin Oncol (2014) 140:1047–1055	

1 3

of 21 cases (Gowdamarajan and Michler 2000). Although 
mean survival was only 12 months, seven patients were free 
of recurrent malignancy at a mean follow-up of 27 months. 
In view of the difficulty in determining respectability preop-
eratively, attempts at resection should be coordinated with 
donor availability. Should resection prove feasible, a second 
recipient should be available to avoid wasting a donor heart.

The role of adjuvant chemotherapy after surgery remains 
to be defined. In some retrospective reports, adjuvant 
chemotherapy after surgery failed to modify the natural 
course of the disease and only a surgical complete resection 
was significantly associated with longer survival (Llom-
bart-Cussac et  al. 1998; Donsbeck et  al. 1999; Bakaeen 
et al. 2009). In recent reports, chemotherapy after surgery 
is considered to obtain satisfactory results (Radulescu et al. 
2008; Catton 2008). Bakaeen et al. (2009) concluded multi-
modal therapy can achieve reasonable survival for patients 
with resected cardiac sarcomas, and patients with local 
tumor recurrence or metastatic disease may still benefit 

from aggressive treatment. However, a retrospective study 
of the French Sarcoma Group reported series of cardiac 
malignant tumors consists of 124 patients over a 33-year 
period (Isambert et  al. 2014). They concluded chemo-
therapy was significantly associated with better overall 
survival only in nonoperated patients, but not in operated 
patients. The same as them, in our group, there were no 
significant differences in survival in patients with receiving 
a post-operative adjuvant chemotherapy than in the rest of 
the population. These numbers of our study are too small 
to derive firm conclusions, but are not encouraging. The 
role of radiotherapy alone or in the adjuvant setting is also 
limited. The high doses of radiation used to treat sarcomas 
in other locations are poorly tolerated by the heart. To our 
knowledge, there is 1 case report of a patient with an unre-
spectable high-grade cardiac sarcoma who was cured using 
hyper fractionated radiotherapy (twice daily) to a total dose 
of 7,050 centigrays with a radiosensitizer, 5-iododeoxyur-
idine (Movsas et al. 1998).

Fig. 7   Algorithm of the treatment strategy for primary malignant cardiac tumors
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In light of our experience and findings of other groups, 
we recommend following a treatment strategy for primary 
malignant cardiac tumors (Fig. 7). When a patient presents 
with a cardiac tumor, MRI or MDCT of the chest, abdomen 
and pelvis should be performed to determine the extent of 
disease. If the patient has localized disease, then the sur-
geon should determine whether the tumor can be resectable 
with negative margins, and if so, resect the tumor. However, 
if the surgeon determines that the tumor cannot be resected 
with negative margins or if the patient has metastatic dis-
ease; a biopsy of the metastatic site or a transvenous biopsy 
of the cardiac mass should be done to determine the tumor 
type. If the tumor is a sarcoma, the patient may receive neo-
adjuvant therapy, which may have an effect against cardiac 
sarcoma. After that the patient should be reevaluated. If the 
tumor is likely to be resectable with negative margins, then 
it should be removed. However, if the tumor is not thought 
to be resectable with negative margins, surgical resection 
may be controversial and other techniques, for example, 
cardiac autotransplantation or cardiac transplantation can 
be adopted if the patient has no metastatic disease. If the 
patient has metastatic disease, the second-line neoadjuvant 
therapy can be adapted.

The current study had several potential limitations, 
including those inherent to any retrospective study. The sin-
gle-center nature of the experience also limits the general-
izability of surgical outcomes. However, the major strength 
of the present manuscript is its time spanning and the rela-
tively large size of the cohort in analysis.

In conclusion, primary malignant cardiac tumors remain 
a rare but lethal disease. To our knowledge, there are insuf-
ficient data in the literature to guide treatment decisions for 
this complex disease. Each patient should be managed on 
an individual basis, and variety of treatment strategy should 
be performed. Maximizing the possibility of obtaining neg-
ative surgical margins may prolong survival.

Conflict of interest  We declare that we have no conflict of interest.
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