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Objective: This study aimed to examine the magnetic resonance imaging (MRI) character-
istics of primary cardiac neoplastic lesions.

Methods: A retrospective investigation was conducted on 24 cases of primary cardiac
neoplastic lesions as confirmed by surgery and pathology results. All the cases in this
study received MRI multi-sequence and multi-dimension scanning, including the cardiac
long-axis and short-axis cine sequences, parameter sequences of the cardiac long axis and
short axis (T1WI, T2WI), first-pass perfusion sequence, and delayed enhancement sequence
of the cardiac long axis and short axis. The age and gender of the patients and the location,
size, signal characteristics, and relationship with the neighboring tissues of all the lesions
were examined.

Results: Twenty-four cases of primary neoplastic lesions were examined in this study, the
onset age was 11-72 years old, the median age was 53 years old, and the mean age was 46
years old. Among these cases, there were 8 cases including males and 16 cases including
females, 19 cases were benign lesions; including 11 cases of myxoma, 4 cases of heman-
gioma, 1 case of paraganglioma, 1 case of PEcoma, 1 case of hamartoma, and 1 case of
lipoma. The malignant lesions included 3 sarcomas and 2 lymphomas in 5 patients.
Conclusion: MRI imaging provides a great value in the preoperative classification of
primary cardiac neoplastic lesions.
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With the rising recognition of cardiac magnetic resonance imaging (CMRI) scan-
ning, more primary cardiac neoplastic lesions have been established, diagnosed, and
treated during the early stages of the disease." CMRI can be used to detect the
structure and function of the heart and the association between the tumor tissue and
the wall, the tumor tissue and the cavity of the heart, and pericardium. The clinical
indications of primary cardiac neoplastic disease lack specificity and are complex
and varied while there is no precise laboratory index for this.>* The MRI data for
this disease are few and preoperative classifications are challenging. In this study,
24 cases of primary cardiac tumors were collected and the clinical and MRI
characteristics were examined to improve the accurateness of a preoperative diag-
nosis of cardiac neoplastic disease.

Information and Methods

Clinical Data
From January 2011 to June 2019, 24 patients with benign and malignant cardiac
tumors that were established by pathology testing were enrolled in this study from
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the First Affiliated Hospital of Zhengzhou University. The
patients enrolled in this study included 8 males and 16
females. The patients’ age ranged within 11-72-years-old,
the median age was 53-years-old, and the average age was
46-years-old. Nineteen patients had benign tumors, includ-
ing 11 cases of myxomas, 4 cases of hemangiomas, 1 case
of paraganglioma, 1 case of PEComa, 1 case of hamar-
toma, and | case of lipoma. Five patients had malignant
tumors, including 3 cases of sarcomas and 2 cases of
lymphoma. The main clinical symptoms included chest
pain while some patients had no clear symptoms that
were discovered by a physical examination. All the
patients’ diagnoses were confirmed by operation and
pathology within 2 weeks.

Equipment and Methods

The Siemens Skyra 3.0T MRI scanner, 18 channel surface
phased array coil, and MRI compatible with Peru electro-
cardiogram gating were used for the scanning in this study.
The scan methods were as follows: (1) The cardiac long
axis and short axis cine sequences; (2) The parameters of
the cardiac long axis and short axis (T1WI, T2WI); (3)
The perfusion sequence of the cardiac long axis and short
axis; and (4) The delayed enhancement sequence (1 patient
did not undergo this scanning); First-pass perfusion and
delayed enhancement sequence. The contrast agent, Gd-
DTPA, was used. A high-pressure syringe was used for the
bolus injection in the patients’ elbow vein; the flow rate
was 3mL/s and the dose was 0.2mmol/kg. Subsequently,
20mL of normal saline was injected and delayed enhance-
ment scanning was performed 10 minutes after adminis-
tering the injection with the contrast agent.

Results

The Benign Heart Lesions

Myxoma was found in 11 patients, of which myxoma was
found in the left atrium in 3 patients, in the right atrium in
4 patients, in the right ventricle in 3 patients, and the left
ventricle in 1 patient. Amongst these patients, 6 were
female and 5 were male. The MRI manifestations of
myxoma are as follows: The lesions had diverse sizes
and the longest diameter was 1.6-7.7 cm. Most of the
lesions were polypoid and lobulated and demonstrated
heterogeneous signal shadows while the long diameters
were mainly significantly greater than the short diameters.
T1WI1 presents isointense or slightly hyper-intensive sig-
nals (when compared with normal myocardium). In

a small proportion of patients, it may present slightly
hyper-intensive signals. In the present study, TIW1 pre-
sented slightly hyper-intensive signals in 1 patient and
T2W1 presented apparent homogenous or heterogenous
hyper-intensive signals. The heart cine sequence of MRI
presented hypo-intensive signals, the first-pass perfusion
mostly presented hypo-intensive signals, and slightly
hyper-intensive signals were evident on the margins of
certain lesions. The delay enhanced scan revealed that
the central part of the lesion presented hypo-intensive
signals, the margins of the lesions were slightly enhanced,
and the enhancement of the tumor pedicle was evident in
lesions with the tumor pedicle. In the present study, nearly
all of the patients had this delayed enhancement character-
istic; only 1 patient presented clear enhancement in the
delayed phase and the lesion was small, with an approx-
imate diameter of 1.6cm. In the present study, the heart
function of 3 patients was slightly reduced, the lowest
ejection fraction was 47%, the lesion had a diameter of
7.7cm, which was the largest lesion, the lesion was located
in the right ventricle, and grew across the tricuspid valve.
In the other 2 patients, the lesions were located in the right
atrium and it was evident that the lesions moved across the
tricuspid valve in the cardiac cycle. Myxoma of the heart
is largely differentiated according to thrombus; the
thrombi have irregular shapes, low activity and no pedicle,
and present hypo-intensive signals in each sequence
(Figure 1).

Hemangioma was found in 4 patients. Amongst these
patients, hemangioma was found in the left ventricle in 1
patient, in the left atrium in 1 patient, in the outflow tract
of the right ventricle in 1 patient, and in the left supraven-
tricular pericardium in 1 patient. Amongst these patients, 3
were female and 1 was male. The diameter of the lesions
was within 1.3-7.3 cm, the biggest lesion was in the
pericardium; the pathological type was cavernous heman-
gioma, TIW1 presented isointense, slightly hypo-intensive
or slightly hyper-intensive signals and T2WI presented
hyper-intensive or slightly hyper-intensive signals. The
delay enhanced scan revealed that the lesions demon-
strated aclearenhancement, some signals were not homo-
genous, and hypo-intensive signal shadows were evident
in the largest lesion (Figure 2).

Paraganglioma was found in 1 patient. The patient was
a young woman and the lesion was located at the pericar-
dium of the top of the left atrium, had a diameter of
approximately 7.7cm, was quasi-round, and had well-
defined margins. Paraganglioma of the heart presented
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Figure | A 30-year-old male patient, the lesion in the right atrial. (A) the lesion presented isointense signals on TIWI (four-chamber heart); (B) the lesion presented hyper-
intensive signals fat-suppressed T2WI (four-chamber heart); (C) Four-chamber cine sequence of the ventricular systolic phase presented right atrial space-occupying; (D)
During diastolic phase, the four-chamber cine presented that the right atrium mass entered the right ventricle with blood flow; (E) The delayed enhanced four-chamber
sequence presented inhomogeneous enhancement on the margin of the lesion; (F) The pathological findings indicated myxoma (H&E, x 200).

isointense signals on TIWI and hyper-intensive signals on
T2W1, strip flow empty vascular shadows were also evi-
dent around the lesion, in the early stage of the first-pass
perfusion cardiac cycle, a clear enhancement of most parts
of the tumor could be seen and at a later stage, the degree
of enhancement was decreased. The delay enhanced scan
revealed that the tumor demonstrated mild heterogenous
enhancement. The blood supply of the paraganglioma of
the heart mainly came from the direct or indirect branches
of the coronary artery and disordered vascular masses
were rare.

PEcoma was found in 1 patient; the patient was female.
The lesion was located in the pericardium behind the left
ventricle and below the left atrium, had a diameter of approxi-
mately 4.6cm, was quasi-round, and had well-defined mar-
gins. The MRI imaging findings are as follows: TIW1

showed isointense or slightly hypo-intensive signals, pointed
or flaky slightly hyper-intensive signals are evident in it and
T2W1 showed isointense or slightly hyper-intensive signals
and pointed or flaky higher signals are evident in it. The delay
enhanced scan revealed that the lesions showed slightly hypo-
intensive signals and strip and flake enhanced shadows were
evident at the margins and in the center of the lesion.

Hamartoma was found in 1 patient; the patient was
male. The lesion was located in the inferior wall of the
left ventricle, which had a diameter of approximately
2.8 cm and had relatively well-defined margins, but the
margins were not smooth. TIW1 presented hyper-
intensive signals, T2W1 presented hyper-intensive signals
but the signals of the lesions were not homogenous and
strip and flaky hypo-intensive signals were evident on the
T1IW1 and T2W1 images.
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Figure 2 A 60-year-old female patient, a pericardial space-occupying region on the upper part of the left ventricle. (A) Two-chamber cine sequence presented hypo-
intensive signals on the space-occupying in the upper left ventricle, the margins were clear and the signals were homogenous; (B) TIWI (two-chamber heart) presented
isointense or slightly hyper-intensive signals in lesions; (C) T2WI presented hyper-intensive signals; (D) First-pass perfusion presented peripheral enhancement; (E) The
delayed enhanced sequence presented inhomogeneous enhancement on the margins of the lesion; and the hypo-intensive signal area around the lesion; (F) The pathological

findings indicated cavernous hemangioma (H&E, x 200).

Lipoma was found in 1 patient; the patient was female.
The lesion was located in the right atrium, which had
a diameter of approximately 8.5cm, had well-defined mar-
gins, and the signals were homogenous. TIW1 and T2W1
presented hyper-intensive signals.

Malignant Heart Lesions
Sarcoma was found in 3 patients. Amongst these
patients, sarcoma was found in the blood vessels in 2

patients; 1 of them had epithelioid hemangioendothe-
lioma and in the other patient, the sarcomas were
located on the top and lateral wall of the right atrium.
In the 3rd patient, the sarcomas were found in the
and the
Synoviosarcoma was found in 1 patient, which were

superior vena  cava right  atrium.

on the left atrioventricular site and superior pericardium,
had diameters ranging within 3.5—11.9cm, the angiosar-

coma and synovial sarcoma had indistinct margins, and
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demonstrated heterogenous signals. The MRI imaging
findings were as follows: TIWI1 presented isointense
or hypo-intensive signals, patchy hyper-intensive signals
were evident in it and T2W1 presented isointense sig-
nals, patchy and hyper-intensive signals were evident in
it. Fat-suppressed imaging revealed that the lesions pre-
sented slightly hyper-intensive signals, the short T1 long
T2 signal presented hyper-intensive signals, the lesions
presented heterogenous enhancement in the first-pass
perfusion, the delay enhanced scan revealed that clear
heterogenous enhancement could be seen in the par-
enchyma of lesions, and the short T1 and long T2

image revealed that there was no enhancement in the
center of the lesion (Figure 3).

Lymphomas were found in 2 patients; both patients
were female. The lymphomas had diameters of 5.5-
7.4 cm and the lesions were all located in the right atrium
and had an indistinct boundary with the right atrial wall.
The MRI imaging findings were as follows: TIW1 pre-
sented isointense or slightly hyper-intensive signals,
T2W1 presented hyper-intensive signals, the tumor was
attached to the right atrial wall with a wide base, part of
the right atrial wall was involved and thickened, hetero-
genous and slightly hyper-intensive signals were evident

Figure 3 A 34-year-old female patient. (A) Four-chamber heart cine sequence presented hypo-intensive signals in the space-occupying the right atrium; (B) TIWI
presented wide-basedisointense or slightly hyper-intensive signals in the right atrium; (C) Fat-suppressed T2WI presented slightly hyper-intensive signals in the lesion; (D)
The first-pass perfusion presented slightly inhomogeneous enhancement of the right atrial space; (E) The delayed enhanced sequence presented inhomogeneous
enhancement on the margins of the lesion; (F) The pathological findings indicated angiosarcoma (H&E, % 200).
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during the first-pass perfusion, the delay enhanced scan
revealed that heterogenous enhancement were evident in
certain lesions, and some lesions presented hypo-intensive
signals without clear enhancement (Figure 4).

Discussion

Cardiac myxoma is the most common benign tumor of the
heart, which can appear in both the atrial and ventricular
cavities. This tumor mainly occurred in the left atrium
(approximately 75%) followed by the right atrium
(approximately 20%) and rarely occurred in the ventricles
(approximately 5%).* In the present study, the incidence of
tumors in the left and right atrium was the same and the

incidence of tumors in the ventricle was 33.3%, these
results are different from previous reports and the inci-
dence was not unusual. The disease often occurs in
females and the age of onset is typically 30—60-years-
old. In the present study, the age of onset was 16-72-
years-old and the range of the age of onset was more
widespread. A previous study showed that the enhance-
ment mode of myxoma was gradual enhancement from the
tumor pedicle to the center because of the radial distribu-
tion of the blood vessels from the tumor pedicle to the
center.” But, Liu et al reported that the delay enhanced
scan of myxoma showed the tumor pedicles were visibly
enhanced.® The present study, however, showed that the

Figure 4 A 55-year-old female patient, right atrial space-occupying region. (A) Four-chamber heart cine sequence presented hypo-intensive signals in the space-occupying
region in the right atrium; (B) TIW|1 presented slightly hyper-intensive signals; (C) T2W| presented heterogenous hyper-intensive signals; (D) The enhancement of the first-
pass perfusion was not clear; (E) The delayed enhancement showed that part of the lesion presented inhomogeneous enhancement; (F) The pathological findings indicated

lymphoma (H&E, x 200).
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enhancement mode of myxoma was mostly gradual
enhancement from the tumor pedicle to the center, but
the degree of enhancement was only slight. The enhance-
ment was only visible in 1 patient and the lesion was
located in the right ventricle. The reasons for this result
may be as follows: The lesions were small, in which there
were many components of fibrous tissue and blood ves-
sels. When some myxomas are large and move across the
valve, it is easy to affect the cardiac function.

Cardiac hemangioma is a rare primary tumor of the
heart and can be divided into cavernous hemangioma,
capillary hemangioma, and tendril hemangioma according
to the histopathological types. The incidence of cavernous
hemangioma is relatively high.”® In the present study,
cavernous hemangioma was found in 2 patients and capil-
lary hemangioma was found in 1 patient. There was no
significant difference in the onset age and gender for this
disease.

Paraganglioma is a rare neuroendocrine tumor, which
is even more unusual in the heart, and primarily occurs in
the left atrial visceral ganglion, therefore, it is more often
located at the top or posterior wall of the left atrium and
more common in women than men’ and in young adults.
The case in the study was consistent with previous
literature.'® A non-enhanced scan of this case revealed
that the strip flow empty vascular shadows were evident
around the tumor. This characteristic could also be seen in

"' \which is a characteristic

paraneuromas in other sites,
imaging manifestation of paraganglioma and the vessel
may be a blood supply artery or a blood stasis vein.'
The presence of metastasis is a reliable basis for the
diagnosis of benign and malignant paraganglioma. In this
patient, no metastasis was observed by positron emission
tomography-computed tomography (PET-CT).

PEcoma is also known as a perivascular epithelioid cell
differentiation tumor and is a kind of mesenchymal tumor
with the features of perivascular epithelioid cells and can
occur in all parts of the body, including the kidneys, lungs,
uterus, pancreas, rectum. PEcoma in the heart is fairly
rare.'*> PEcoma often occurs in young and middle-aged
women, most cases include benign lesions, and the lesions
usually show round or quasi-round mass shadows.
Previous studies on PEcoma in the liver revealed that the
lesions presented hypo-intensive signals and hyper-
intensive signals on T2WI1, the delay enhanced scan
revealed that the lesions presented hypo-intensive signals,

and punctate or linear vascular shadows and delayed

enhancement of the pseudo capsule could also be
seen.'*!> The manifestation of the lesions, in this case,
was similar to that in previous literature.

Hamartoma of the heart is very rare; patients typically
have no clear clinical symptoms and the lesions are found
by physical examinations. Hamartoma of the heart grows
slowly, is a benign lesion, and its base is as hard as bone
attaching to the heart. When the tumor is large, it can
affect the vascular functions and cause corresponding
signs or symptoms. In this case of hamartoma, both
T1WI and T2WI showed endocardial mass high signals;
this suggested that the content of fat in it was high and
flaky low signals were evident around it. The delay
enhanced scan revealed that there was no clear enhance-
ment in the tumor, but enhancement was evident around
the tumor.

A cardiac lipoma is a rare primary tumor of the heart,
which can occur at any age and the common sites of
incidence include the right atrium, left ventricular sub-
endocardium, and pericardium.'® There are two types of
cardiac lipomas: Solitary and infiltrative lipomas. Solitary
cardiac lipomas usually have clear margins and a complete
envelope, but infiltrative cardiac lipomas have unclear
margins and the tumor can infiltrate the myocardium.'’
The lesions, in this case, were solitary lipoma, the lesion
was located in the right atrium, and the diameter was
approximately 8.5cm. The heart cine sequence of MRI
revealed that the lesions showed high signals, low signal
capsular shadows were evident around the tumor mass,
and the margins were well-defined. The MRI images of
the lesions showed typical homogenous hyper-intensive
signals on TIW1 and hyper-intensive signals on T2W1.

Malignant primary tumors of the heart are also relatively
rare, accounting for 10-25% of tumors of the heart, 75% of
which are cardiac sarcoma. Among them, angiosarcoma is
the most common, followed by undifferentiated sarcoma,
osteosarcoma, leiomyosarcoma, and synoviosarcoma. In
this study, 2 patients had angiosarcoma, 1 patient had syno-
viosarcoma, and 1 of the angiosarcomas was low malignant
epithelioid hemangioendothelioma. Angiosarcoma is also
called
a malignant tumor originating from the vascular endothelial

malignant ~ hemangioendothelioma and s
cells. Primary angiosarcoma of the heart usually occurs
between the age of 30-60-years-old, the average age is 39-
years-old. This tumor typically occurs in males, the tumor
masses are usually found in the right atrium and epicar-
dium, and the proportion of the lesions in the right atrium is
as high as 93%.'%'? The findings in the present study was
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consistent with previous studies; the tumor occurred in the
right atrium in 1 patient and occurred at the top of the right
atrium and under the epicardium of the lateral wall in
another patient, the wall of the right atrium was affected
and visibly thickened, there was no clear specificity in the
MRI image, TIW1 presented isointense or slightly hypo-
intensive signals, T2W1 presented heterogenous hyper-
intensive signals, hypo-intensive signals were evident in it,
strip and flaky slight enhancement could be seen in the first-
pass perfusion, and delay enhanced scan revealed clear
heterogenous enhancement. In 1 patient with angiosarcoma,
pericardial thickening was evident and the delay enhanced
scan revealed that the lesions presented clear enhancement.
This patient was considered to have pericarditis.

Synoviosarcoma is a kind of malignant tumor with the
characteristics of epithelial or mesenchymal biphasic dif-
ferentiation. Case reports in previous studies revealed that
the onset age of cardiac synoviosarcoma was 16—64-years-
old, this tumor occurred more frequently in males and
usually occurred in the pericardial cavity.”” This case of
synoviosarcoma was also found in the pericardium of the
left atrioventricular sidewall, which manifested as a mass-
shaped mixed-signal shadow, the boundary with the peri-
cardium was not clear, and the left atrioventricular septum
showed pressure changes. The researcher also examined
that the center of the lesion may have been bleeding.
Previous studies on MRI analysis of cardiac synoviosar-
coma are rare. A previous study in China reported that
TIW1 presented isointense signals, T2W1 presented
“Triple signal” signs, that is, isointense, hypo-intensive,
slightly hyper-intensive or obviously hyper-intensive sig-
nals. The cases in this study were consistent with the
literature and the characteristic indications were also
observed.

Primary cardiac lymphomas are very rare, accounting
for 1.3% of primary cardiac tumors and most of them are
B-cell lymphoma, which usually affects the right heart; the
most common onset site is the right atrium. There was no
significant difference in the age and gender of the patients
with this disease. In the present study, both cases of
cardiac lymphoma were B-cell lymphoma and both lesions
were located in the right atrium, these were consistent with
the findings shown in previous literature. Cardiac lym-
phoma has indistinct margins, irregular shapes, and poor
activity.?""*

The limitation of this study is that there were few cases
and only conventional sequences were used to summarize
the appearances of cardiac tumor lesions. In the future,

more cases should be collected for subsequent study and
quantitative analyses of tumor lesions should be completed
using conventional and updated sequences to better diag-
nose or differentially diagnose cardiac tumors.

Conclusions

In summary, the MRI characteristics of primary cardiac
tumors have certain features and these features combined
with the disease history can improve the accurateness of
preoperative diagnoses.
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