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Abstract

Carcinomas rarely occur in the heart, and cardiac surgeons are generally not familiar with cardiac tumors. Some charac-
teristics of cardiac and intrapericardial tumors are reviewed to understand the features of cardiac tumors. Cardiac tumors
are discussed separately from intrapericardial tumors. Primary cardiac tumors are predominantly benign whereas primary
intrapericardial tumors are usually malignant. The prevalence of each tumor types is presented in this review. In both cardiac
and intrapericardial tumors, the incidences of metastatic tumors from cancers outside of the heart are high with carcinomas
occupying more than half of the cases. Generally, the prognosis of primary malignant cardiac tumors is very poor. Cardiac
tumors metastasize to other organs as hematogenous metastases. Surgery must be performed based on all the above-mentioned

features of both cardiac and intrapericardial tumors.
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Introduction

In general, it is believed especially by non-medical popu-
lations that cancers rarely occur in the heart. In addition,
unlike general surgeons, many cardiac surgeons are not
familiar with tumors in the heart [1]. Only 602 cardiac tumor
surgeries were performed out of 66,453 cardiovascular sur-
geries performed in Japan during 2014.

The reality is that carcinomas do not occur in the heart,
but sarcomas are more common in the heart. Carcinomas
begin in the epithelial tissues, and this is the reason why
they do not occur in the heart. The heart consists mostly of
mesenchymal tissues, and the only epithelial tissues are the
endocardium and the pericardium. This lack of carcinomas
is a feature that can differentiate the heart from other organs.
It can be speculated that this lack of carcinomas leads to the
general belief that cancers are rare in the heart.

This report details some features of cardiac tumors that
may well lead cardiac surgeons to better management of
such tumors. Not only diagnosing the existence of such
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tumors and surgically removing them, but also treating them
with a better understanding is a key to patient survival and
quality of life.

Primary cardiac tumors

Cardiac tumors can be classified into cardiac tumors and
intrapericardial tumors [2]. Cardiac tumors include intracav-
ity and mural types based on their location [3]. To avoid con-
fusion, we narrowly define here cardiac tumors as intracavity
and mural tumors. The tumors that are located mostly in the
intrapericardial space or originating from the pericardium
are defined here as intrapericardial tumors.

According to the frequency of malignancies, primary
cardiac tumors predominate as benign tumors and primary
intrapericardial tumors are generally malignant.

According to the Atlas of Tumor Pathology, published
by the Armed Forces Institute of Pathology (AFIP) [4], and
based on a single institution series other than the AFIP, the
most prevalent primary cardiac tumor of 124 surgical and
autopsy cases was myxoma (42%), followed by sarcoma
(14%), rhabdomyoma (11%), papilloma (9%), and fibroma
(7%). The sarcomas were rhabdomyosarcoma (5%), angio-
sarcoma (3%), and other sarcomas (6%). In an exclusive
surgical series, myxomas accounted for over 75% of 986
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cases. The tumors were classified as myxoma (77%), sar-
coma (10%), fibroma (4%), and lipoma (3%).

In the Atlas of Tumor Pathology [4], the most prevalent
intrapericardial tumor in the AFIP was mesothelial cyst
(58%) followed by malignant mesothelioma (13%), and sar-
coma (13%) out of 64 primary cysts and tumors of the peri-
cardium. If one excludes cysts, then malignant tumors (27%)
were more common than benign tumors (13%).

According to Japanese surgical statistics, the types of car-
diac tumor resections are as follows [1]: benign tumor (88%)
and malignant tumor (12%). The benign tumors were classi-
fied as myxoma (70%), papillary fibroelastoma (8%), rhab-
domyoma (1%), and others (10%). The malignant tumors
were classified as primary (7%) and metastatic (4%).

Primary or metastatic

In both cardiac and intrapericardial tumors, the incidences
of metastatic tumors originating from primary tumors
outside of the heart are much higher than that of primary
cardiac tumors. In fact, metastasis to the heart from other
primary cancers is 30 times more common than primary
cardiac tumors [5]. Secondary neoplasms of the pericardium
account for greater than 95% of pericardial neoplastic dis-
eases [6]. Primary pericardial tumors are rare. They are 40
times less common than the metastatic ones from tumors
outside of the heart [7].

Although the incidence of metastases in the heart is high,
these tumors are seldom treated surgically. As the Japanese
surgical statistics show, only 4% of all cardiac tumor surger-
ies are performed for resection of metastatic cardiac tumors
[1]. The discrepancy between the incidence and surgically
treated metastatic cases is easily understandable. Most car-
diac or intrapericardially metastasized cases are systemically
metastasized, and are not curable by surgical resection of
only these lesions.

Common cancers metastasized

Mukai et al. found an increased incidence of secondary car-
diac tumors compared with that of primary cardiac tumors
in a series of autopsies [8]. They found only one instance
of a primary tumor among the 2,649 autopsies of malig-
nant tumors. In contrast, there were 407 cases (15%) of
metastasis to the heart from a malignant tumor originating
from other organs, including 78 cases (3%) of pericardial
metastasis and 329 cases (12%) of cardiac metastasis with
or without pericardial involvement. Based on the literature,
Amano et al. cites the incidence of primary cardiac tumors
diagnosed at autopsy as 0.0017-0.33% which is much lower
than the frequency of metastasis (13.6%) to both the heart
and the pericardium at autopsy [9]. According to Burke and
Virmani, among their data of 6,240 autopsies, 654 cases
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(10%) were identified as cardiac metastases and 299 cases
(5%) as pericardial metastases [10]. A high frequency of
metastasis was seen in malignant melanoma (49%), malig-
nant germ cell tumors (42%), and leukemia (34%). A lower
frequency of metastasis was seen in lung cancer (28%), lym-
phoma (21%), breast cancer (20%), and esophageal cancer
(17%) while the lowest frequency of metastasis was seen
in gastric cancer (7%), hepato-biliary cancer (2%), ovarian
cancer (4%), and colorectal cancer (6%). Since the absolute
number of cases of each original malignancy was differ-
ent, lung cancer, breast cancer, lymphoma, leukemia, and
esophageal cancer had a high number of metastatic cases.
Carcinomas as a whole occupied more than half of both the
cardiac and pericardial metastatic cases.

Survival

According to the Case Western Reserve University group,
primary malignant cardiac tumors continue to be associ-
ated with a poor prognosis [11]. Their data were obtained
by accumulating 516 sarcoma, lymphoma, or mesothelioma
patients from 18 cancer registries in the United States. This
series included patients receiving surgery in 44% of the
cases, and receiving radiation in 19% of the cases, but the
use of chemotherapy was not documented. The 1-, 3-, 5-year
survival rates of 32, 17, and 14% for 1973 to 1989 improved
to 50, 24, and 19% for 2000-2011 (P =0.009). Their sur-
vival, although still poor, appears to have increased over
the past 5 decades. Some cases have good prognosis even if
diagnosed as malignant. For example, the author has a case
of a malignant solitary fibrous tumor (SFT) with a good
prognosis after resection [12, 13].

Survival is highly dependent on the completeness of the
surgical excision. In a series of 34 primary sarcomas from
the Mayo Clinic, the median survival for those who under-
went a complete surgical excision was 17 months compared
with 6 months for those where a surgical complete exci-
sion could not be achieved (P=0.01) [14]. Yu et al. had a
similar conclusion in a series of 29 patients. Patients who
had positive margins had a median 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) [15]. There were no significant differences in
survival whether the patients received post-surgical adjuvant
chemotherapy or not. However, Habertheuer et al. insisted
on the importance of adjuvant chemotherapy and radiation
[16]. In a series of 10 sarcoma patients who underwent open-
heart surgery, patients who underwent adjuvant combination
chemotherapy or doxorubicin (mono-chemotherapy) and
radiation had a mean survival of 45.7 months compared to
4.2 months for patients who were treated with either radia-
tion alone (median survival 4 months), mono-chemotherapy
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(median survival 5 months), or who did not receive any adju-
vant therapy (P <0.05).

Metastasis to other organs

Cardiac tumors are also known to metastasize to other
organs. Approximately 80% of primary cardiac angiosar-
comas have metastatic disease at the time of diagnosis [17].
The lung is the most common site of metastasis, and other
common sites include the liver, lymph nodes, bone, and
adrenals. Out of 47 cases of cardiac malignant fibrous his-
tiocytoma, 9 cases involved metastasis to the brain, 5 cases
to the lung, 5 cases to the bone, and 4 cases to the adre-
nal glands [18]. The overall frequency of metastasis was
20 cases (43%), and the results suggested hematogenous
metastasis. Reported organs that had metastases from a car-
diac sarcoma include lungs, which are the most common site
(53%), soft tissue including the mediastinum (19%), bone
(11%), brain (8%), and liver (6%) [19].

Diagnostic procedures

Echocardiography is the best diagnostic tool for intracavity
and mural cardiac tumors. Recent advances in echocardiog-
raphy have led to a determination of both the precise locali-
zation and size of the tumors prior to surgery. Computed
tomography (CT), magnetic resonance imaging (MRI), and/
or angiography further add to the diagnostic information.
For intrapericardial tumors, CT and MRI are helpful for
clarifying the anatomy of the tumor and invasiveness into the
cardiac structures [2]. These methods even reveal the vascu-
larity of the tumors and are superior to echocardiography.
Shown in Fig. 1 is an example of an intrapericardial tumor
attached to the left ventricular (LV) wall. It was taken from
the above-mentioned intrapericardial SFT. The CT scan
reveals a heterogeneous mass on the left side of the heart
which is slightly enhanced (Fig. 1a). The MRI reveals the

Fig. 1 a Computed tomography
of the intrapericardial solitary
fibrous tumor. The tumor was
located on the left side of the
left ventricle attached to the left
ventricular wall. b Magnetic
resonance image (T2-weighted
image) of the tumor

mass with low signal intensity regions on the T2-weighted
images (Fig. 1b).

Tumors, such as neurogenic tumors, SFT, sarcoma, and
mesothelioma, can be included among the differential diag-
nosis [12]. The problematic aspect is that the malignancy
of the tumors cannot be assessed with these diagnostic
measures.

Hemodynamically, the effect of these cardiac and intra-
pericardial tumors is diverse. Even if malignancy is sus-
pected, there are cases of cardiac tumors that require emer-
gency surgery due to hemodynamic deterioration. For
example, Yamamoto et al. reported a case of right ventricular
sarcoma with pulmonary perfusion defect [20]. We reported
a case of an intrapericardial lipoma with non-sustained ven-
tricular tachycardia [21].

Surgical indications

Benign intracavity tumors should be removed surgically due
to the possibility of embolism. Other cases that require sur-
gery include benign tumors causing hemodynamic dysfunc-
tion, pericarditis, cardiac tamponade, and arrhythmia [21].

For malignant tumors, surgery is indicated to debulk
the tumor as either a palliative procedure [22] or for tissue
diagnosis [23]. Malignant primary cardiac neoplasms often
require palliative surgery, because 78% of the patients pre-
sent with a mechanical blood flow obstruction [24]. In such
cases, emergency surgery is often indicated.

Whether malignant or benign, the indications for emer-
gency surgery are based on the clinical symptoms. Cardiac
tumors can cause a large variety of symptoms, including the
following involving four indications [23]: (1) obstruction of
intracardiac blood flow or interference with valve function,
(2) arrhythmias or pericardial effusions with tamponade
due to local invasion, (3) embolization, causing systemic or
pulmonary deficits, and (4) systemic or constitutional symp-
toms caused by the tumors.
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The most common clinical presentation is heart failure,
followed by symptoms caused by peripheral emboli to the
cerebral, systemic and coronary arterial circulatory systems
[23]. Congestive heart failure symptoms (28%) and thrombo-
embolism (17%) accounted for close to half of the presenting
signs and symptoms in one series of patients [25]. In another
series, congestive heart failure was indicated in 68% of the
cases and peripheral embolization in 20% of the cases [26].
Although dependent on the patients’ condition, these symp-
toms generally required emergency surgery.

Surgical techniques

Surgery should be performed after a precise and careful pre-
surgical assessment that has determined all of the above-
mentioned features of cardiac or intrapericardial tumors.
Whether to use cardiopulmonary bypass [21, 27], whether
to arrest the heart for resection [12, 21, 27], whether to pur-
sue complete resection [12], and so on are basic approaches
that will be determined with full knowledge of the tumor
location, size, metastatic status, and condition of the patient.
Broader aspects of surgery, such as whether to pursue longer

Fig.2 Macroscopic view of

a cardiac tumor. The patient’s
head is located at the bottom of
the pictures. a The tumor (left
side of the picture) was attached
to the ventricular wall (right
side of the picture). It was yel-
lowish in color with scattered
white solid parts. b Tumorec-
tomy being performed with a
harmonic scalpel. The left ven-
tricular wall was deeply excised
during the tumor removal

survival by a palliative procedure or rather a better quality of
life by conservative therapy also must be considered.

The surgery for the malignant SFT of the LV wall
described above was technically difficult. Shown are the
related CT scan and MRI (Fig. 1) [12]. The tumor was
attached to the LV wall with a broad stalk (Fig. 2a). Since
malignancy was not diagnosed before the surgery, as much
as possible of the tumor had to be removed. For that pur-
pose, the tumorectomy was performed under cardiac arrest
using a harmonic scalpel with secure hemostasis. The tumor
apparently invaded the LV wall and complete resection was
not accomplished (Fig. 2b). Histopathological examination
of the tumor showed spindle cell proliferation with myxoid
degeneration, and nuclear atypia was present (Fig. 3). The
tumor was diagnosed to be SFT of low-grade malignancy. To
minimize the risk of recurrence, partial resection of the LV
wall with a patch reconstruction might have been indicated.
In such a case, an assist device might have been needed.

Another technique that can be considered in a case of
malignancy is an ex situ resection of the tumor [28], or so-
called auto-transplant. This technique refers to removing the
heart out of the thorax to facilitate complete resection of
the tumor, and the heart is then re-implanted in its original

Fig. 3 Histopathology of the tumor. Spindle cell proliferation with atypia can be seen. Hematoxylin and eosin. a X200. b x400
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position. This technique is indicated in tumors involving
either the left atrium or the dorsal great vessels. Depending
on domestic laws, a heart transplant can also be considered
as a final treatment option, provided distant metastases can
be ruled out [28].

Other surgical techniques include robotic technology.
Some institutions aggressively use robotics, especially for
atrial myxomas [29]. Also, either cryoablation of the atrial
myxoma stalk [30] or tumor implantation site [31] is becom-
ing more common as a surgical therapy. These methods can
be applied in cases with good prognoses.

Other methods of treatment

In addition to surgery, other treatment approaches include
chemotherapy and radiotherapy [20, 28, 32], as mentioned
above. These methods are important when the cardiac
tumors are malignant with dissemination to other organs, or
when the tumors begin cardiac metastases originating from
tumors in other organs. These adjuvant therapies require
individual regimens and specifically designed protocols [20].
It is important for oncologists, radiotherapists, and surgeons
to cooperate closely in such cases [28]. Since the numbers of
cases are small, treating cardiac tumors as a team with full
use of each specialist’ knowledge and experience is crucial
for optimal treatment and outcome.

Conclusions

In summary, several important points can be made with
regard to cardiac tumors. Carcinomas do not generally
occur in the heart or in the intrapericardial space. As pri-
mary tumors, the frequency of benign tumors is high for car-
diac tumors, and frequency of malignant tumors is high for
intrapericardial tumors. For both cardiac and intrapericardial
tumors, metastatic tumors originating from other organs are
more common than primary cardiac tumors.
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