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Abstract Cardiovascular magnetic resonance (CMR)

imaging is often considered the reference method to assess

cardiac tumors. However, little data exists concerning the

effectiveness of CMR for the accurate diagnosis of cardiac

masses. We sought to understand the diagnostic value of

CMR for evaluation of suspected cardiac mass. A total of

249 consecutive CMR cases performed at a single center

from January 2005 to June 2013 for evaluation of masses

found on echocardiography or computed tomography (CT)

were included. All the clinical data and imaging features of

these patients were retrospectively reviewed and medical

records were verified for follow up care. More than half of

the patients referred for evaluation of masses found at

echocardiography or CT were found to have no evidence of

mass by CMR. CMR correctly differentiated between

thrombus and myxoma in 88.4 % cases. Malignant masses

were accurately diagnosed on CMR. However, CMR

missed or misdiagnosed a few cases of benign masses.

Diagnosing cardiac masses remains an important use for

imaging, despite technical difficulties with current imaging

modalities. CMR can play a key role in confirming pres-

ence or absence of a mass. Additionally, in the presence of

a mass, CMR can provide accurate differentiation of

pseudomasses, benign and malignant masses. However, the

limitations of CMR must be recognized.
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Introduction

Cardiac masses are rare, with an autopsy incidence ranging

from 0.001 to 0.030 % [1]. However, even benign cardiac

masses can cause clinical symptoms due to mass effect or

embolism. Most cardiac masses are first detected on

transthoracic or transesophageal echocardiograms (TTE or

TEE) and some on chest computed tomography (CT) per-

formed for other indications. Cardiovascular magnetic

resonance (CMR) imaging is the preferred method for

evaluation of cardiac masses detected by other modalities

due to its multiplanar capabilities, superior spatial resolu-

tion, and ability to characterize tissue [2–4]. Differentiating

benign from malignant masses is crucial as an accurate

diagnosis can affect the work up and management of the

patient [2, 3]. To date, very few studies have evaluated the

effectiveness of CMR in aiding the diagnosis of masses

found by echocardiography or CT, or have discussed the

limitations of CMR for this use [5]. In this work, we per-

form a retrospective single-center analysis of 249 patients

to evaluate the effectiveness of CMR for the accurate

diagnosis of cardiac masses.
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Methods

A retrospective review of CMR exams performed from Jan-

uary 2005 to June 2013 at University of Pennslyvania was

conducted with waiver of consent, which was approved by

our institutional review board. A total of 249 consecutive

patients who underwent CMR for evaluation of mass found

on echocardiography or CT were included. Most of the

patients were referred to our hospital from outside physicians

exclusively for CMR. All the clinical data and imaging fea-

tures for this cohort of patients were retrospectively reviewed

and medical records were verified for follow up care,

including any available pathology or follow up imaging.

CMR imaging was performed on 1.5 Tesla scanners

(Avanto or Espree, Siemens, Germany) using a 16 channel

body surface array anteriorly and portions of a 12 channel spine

array posteriorly, with electrocardiographic gating. Either

0.20 mmol/kg of gadiodamide (Omniscan, GE Healthcare,

Little Chalfont, UK), 0.20 mmol/kg gadopentate (Magnevist,

Bayer HealthCare,Germany) or 0.14 mmol/kg gadobenate

(Multihance, Bracco Imaging, USA) was administered. All

patients were imaged following the same protocol—after

localizers, serial axial steady-state free precession (SSFP)

sections were obtained through the entire chest, followed by

half Fourier acquisition single shot turbo spin echo (HASTE)

axial and short axis imaging covering the entire heart. SSFP

cines in the vertical long axis, four chamber, and short axis

planes were followed by rest perfusion with dynamic contrast

enhanced 2D gradient echo imaging focusing on the identified

mass if present. Finally, delayed inversion recovery prepped

gradient echo sequences were performed 12–15 min after the

contrast injection. The main components of CMR evaluation

included (1) confirming the presence or absence of mass, (2)

identifying any anatomical variants or benign findings simu-

lating mass on echocardiography, (3) in the presence of a mass

on CMR, characterizing the lesion as thrombus, benign, or

malignant based upon imaging features.

Descriptive data is reported as percentages and medians

as appropriate. A Student’s t test was used to detect sig-

nificant differences in patient characteristics. P\ 0.05 is

considered statistically significant. All statistical analyses

were performed on STATA 13 (StatCorp, Texas).

Results

Of the 249 patients evaluated for cardiac mass, 96.4 % were

referred with suspected mass on TTE or TEE, nine patients

(3.6 %) were referred because of mass suspected on CT. The

mean age of the patients was 55.9 ± 17.9 years and 43 %

were male. A total of 56.2 % (140/249) patients referred

with a suspicion of mass did not have a mass identified by

CMR. Of these, 35.3 % (88/249) patients were found to

have no evidence of mass or other finding corresponding to

the 87 cases of echocardiogram abnormality and 1 case of

CT abnormality, although one TTE confirmed mass was

missed by CMR. The characteristics of the 249 patients

separated into mass and no mass groups are shown in

Table 1. Significant differences are present in the histories

of thrombus and malignancy between the groups. Of these

140 patients, 65 patients had a median of 24 months of

follow up with an interquartile range of 11 and 48 months.

Of the 109 patients found to have a mass, 24 were lost to

follow up and could not be included in further analysis. Of

the remaining 85 with masses identified, 66 patients (in-

cluding the previous mentioned case misdiagnosed as

fibroelastoma but verified to be inflammation at surgery) had

features of either a benign mass or thrombus and were

managed accordingly(Fig. 1). CMR correctly characterized

thrombus versus benign mass in 89.4 % (59/66) of cases

(Fig. 1). Malignant masses were accurately diagnosed on

CMR 100 % of the time (19/19) with confirmation by

biopsy, surgery and/or positron emission tomography (PET).

Anatomic variants or benign findings

Of the 140 patients where no mass was found by CMR, 52

had anatomical variants/benign findings on CMR (Table 2).

This is 20.9 % (52/249) of total patients (not including one

case misdiagnosed as fibroelastoma by CMR, shown at

surgery to represent chronic inflammation). The most com-

mon was lipomatous hypertrophy of interatrial septum

(17/52). Prominent crista terminalis, prominent epicardial

fat, mitral valve thickening/calcification, increased RV tra-

beculations or prominent moderator band, and aneurysm of

interatrial septum are other common findings.

Thrombi

Twenty nine patients were diagnosed as having thrombus by

CMR (5 referred from CT), corresponding to 34.1 % (29/85)

of all confirmed masses. Twenty eight cases were verified as

thrombus (16 males, 12 females, age range 26–79 years,

mean age 48.0 years) in follow-up as evidenced by resolu-

tion or decrease in size with anticoagulation. One patient

who did not have resolution went to surgery and a myxoma

was found. This was a very small mass (0.6 9 0.8 cm) in

the left atrial appendage and could only be seen as a non-

enhancing defect on first-pass perfusion by CMR.

The incidence of thrombiwasmuchhigher in the right atrium

(RA) compared to the left atrium (LA) in our study. Seventeen

patients had thrombus in the RA, one in the LA, eight in the left

ventricle (LV), and two in the right ventricle (RV). Of 17 RA

thrombi, 13 cases (76.5 %, 13/17) were related to the presence

of a catheter or history of a catheter used for chemotherapy, 2

cases were with a history of deep venous thrombus or
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pulmonary embolism, one case had a history of tricuspid repair

with a hypercoagulable state and one case had a history of

pulmonary hypertension with severe RA dilation. LV thrombi

were seen in dilated cardiomyopathy (n = 3), myocardial

infarction (n = 2), and cardiac sarcoid (n = 2, one of whom

also had a history of myocardial infarction). One gastric carci-

noma patient was found to have an LV apical thrombus.

Benign masses

In our cohort, 37/85 (43.5 %) patients were diagnosed with

benign masses by CMR (3 referred from CT) (14 males, 23

females, age range 25–86 years, average age 59.3 years).

Of these, 17 were managed conservatively and 20 under-

went surgery.

Table 1 Clinical characteristics

of the patients
Mass (n = 109) No mass (n = 140) p

Age (years) 55.0 ± 17.0 56.7 ± 18.6 0.441

Male (%) 44.0 42.9 0.477

Atrial fibrillation (%) 10.1 8.6 0.422

Thrombus history (%) 11.0 4.3 0.037

Smoking history (%) 29.4 25.7 0.309

Cardiomyopathy (%) 5.5 6.4 0.490

Coronary artery disease (%) 11.0 5.7 0.099

Myocardial infarction (%) 2.8 2.1 0.534

History of malignancy (%) 36.7 16.4 0.000

Statistical significance P\ 0.05

Fig. 1 Schematic of the

identification of the cardiac

masses
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Thirteen of 15 masses diagnosed as myxoma by CMR

underwent surgery and two were managed conservatively.

Post-operative pathology reports revealed 10/13 to be

myxomas (Table 3), 2 were found to be thrombi and one

was a hemangioma. These confirmed myxoma cases (in-

cluding the one diagnosed as thrombus described earlier)

occurred in patients ranging from 22 to 81 years old, and

were seen predominantly in females (2 males, 9 female,

age range 22–81 years, average age 52.7 years). Seven

myxomas were found in the LA and four in the RV; the

sizes ranged from 0.6 to 7 cm. Ten myxomas diagnosed by

CMR showed mild patchy or peripheral delayed enhance-

ment (Table 3). In the conservatively managed group, the

two cases diagnosed as myxoma on CMR were placed on

anticoagulation therapy with follow-up imaging showing

resolution of masses, suggesting that they were thrombi. Of

the 4 misdiagnosed thrombus cases (two found in surgery,

two had resolution on follow-up with anticoagulation), all

had mild peripheral delayed enhancement on CMR imag-

ing . One example is shown in Fig. 2 compared to a cor-

rectly diagnosed myxoma. Thus, 12.5 % (4/32) of proven

thrombi in our study demonstrated mild delayed enhance-

ment. Three out of four were found in the RA and one in a

massively dilated LA. Two out of the three in the RA has a

history of line placement. Considering all the confirmed

thrombi and myxoma cases, CMR correctly differentiated

between them in 88.4 % (38/43) cases.

The mass verified to be hemangioma at surgery was at

the junction of the RA and inferior vena cava. It had

intermediate signal on SSFP sequences and high signal on

HASTE sequences with early perfusion and significant late

gadolinium enhancement (LGE).

Three lipomas present along the interatrial septum were

surgically excised and one present in the sub-endocardium

of the LV was managed conservatively. Two fibroelas-

tomas were diagnosed by CMR on the aortic valve and

Table 2 Summary of anatomic variants or benign findings

N (%) Location

Lipomatous hypertrophy of the interatrial septum 17 (32.1 %) Interatrial septum

Prominent crista terminalis 8 (15.1 %) RA

Prominent epicardial fat 6 (11.3 %) Epicardium

Mitral valve thickening/calcification 7 (13.2 %) LV

Increased RV trabeculations or prominent moderator band 4 (7.5 %) RV

Aneurysm of the interatrial septum 3 (5.7 %) Interatrial septum

Left ventricular non-compaction 2 (3.8 %) LV

Pericardial thickening 2 (3.8 %) Pericardium

Large right atrial diverticulum 1 (1.9 %) RA

Large hiatus hernia 1 (1.9 %) –

Partially thrombosed aneurysm of the right Sinus of Valsalva 1 (1.9 %) Sinus of Valsalva

Chronic inflammation of valve (initially misdiagnosed as fibroelastoma) 1 (1.9 %) Aortic valve

RA right atrium; RV right ventricle; LV left ventricle

Table 3 Summary of 10 cases of pathologically confirmed myxomas diagnosed with CMR

Age Sex Location Size (cm) SSFP HASTE Perfusion LGE

58 F LA-IAS 5.0 9 4.0 High High No Patchy enhancement

59 M LA-IAS 1.4 9 1.0 High High No Patchy enhancement

81 F RVOT 1.6 9 2.6 High Intermediate No Peripheral enhancement

63 F RV 2.2 9 1.8 Heterogeneous High No Focal and peripheral enhancement

41 F LA-IAS 3.0 9 1.8 High High No Mild patchy enhancement

31 F RV 2.6 9 7.0 High intermediate No Patchy enhancement

65 M LA-IAS 4.0 9 3.0 High Intermediate No Mild patchy enhancement

22 F RVOT 4.0 9 6.0 Intermediate Intermediate No Enhancing stalk

49 F LA 1.8 9 1.4 Heterogeneous High No Patchy enhancement

63 F LA-IAS 2.1 9 3.3 Heterogeneous – Yes Patchy enhancement

LA left atrium; IAS interatrial septum; RVOT right ventricular outflow tract; RV right ventricle; LAA left atrial appendage; SSFP Steady-state free

precession; HASTE half Fourier acquisition single shot turbo spin echo; LGE late gadolinium enhancement
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both went to surgery, one proved to be fibroelastoma, the

other showed chronic inflammatory changes. One heman-

gioma and one calcified amorphous tumor diagnosed by

CMR were also verified by surgery.

Malignant masses

In patients with masses, 22.1 % (19/86; 11 males, 8 females,

age range 27–93 years, average age 57.3 years) were diag-

nosed as malignant, of which 12 were primary and 7 were

metastatic lesions. Primary malignancies included lym-

phoma (n = 5), sarcoma (n = 4), leukemic chloroma

(n = 1), myxofibrosarcoma (n = 1) and malignant histio-

cytosis (n = 1). Metastatic lesions were from melanoma

(n = 4), lung carcinoma (n = 1), metastatic neuroendocrine

carcinoid (n = 1) and gastric carcinoma (n = 1).

The five cases of proven lymphoma all showed hetero-

geneous enhancing masses involving predominantly the

right side of the heart. Bulky masses were noted in three

cases and pericardial effusions in two cases. Tumors

encased vessels including the right coronary artery (n = 3),

superior vena cava (n = 2) and inferior vena cava (n = 1),

however the vessel lumen remained patent in all cases.

Nine patients underwent cardiac biopsy, 4 patients had

biopsies of other tissues including lymph nodes and liver

and 1 patient underwent cardiac surgery. Of the 7 patients

diagnosed as having cardiac metastases, 5 underwent PET

for confirmation, one had a biopsy of a hepatic metastasis

and one underwent cardiac surgery. Nine patients had

follow up CMR 3 months to 1 year after initiation of

therapy. Five masses showed decreases in size, two

remained stable, one showed complete resolution and one

had progressed.

CMR missed case

During follow-up, one benign mass, which was missed on

CMR, was confirmed to be present by TTE. In this case,

CMR showed pulmonic valve stenosis with a prominent jet

in the pulmonary artery, which obscured a small mass in

the main pulmonary artery (Fig. 3). This small mass was

unchanged on multiple subsequent follow-up TTE studies.

Discussion

Although the incidence of cardiac masses is quite low [6,

7],CMR offers invaluable assessment, given its ability to

assess each chamber of the heart in motion, the relationship

of the heart to the adjacent structures, and superior tissue

characterization. We have shown that CMR is excellent in

excluding masses and differentiating between benign find-

ings and malignant masses. However, limitations of CMR

do exist and some cases could be missed or misdiagnosed.

Echocardiography is the primary initial mode of detec-

tion and evaluation of cardiac masses, however TTE can be

limited due to poor acoustic windows and lack of soft

tissue characterization [8]. The Eustachian valve at the

junction of the IVC and RA [9], the Coumadin ridge (tissue

between the left superior pulmonary vein and LA) [10], and

Fig. 2 Comparison of a thrombus misdiagnosed as a myxoma and a

correctly diagnosed myxoma by CMR. Images a–e A mass is seen in

the right atrium suggestive of myxoma, later proven a thrombus.

Images f–j A mass diagnosed as myxoma in right ventricle, confirmed

pathologically. Images a and f, steady-state free precession images

showing the mass with higher signal intensity than the myocardium

and lower than the blood pool. Images b and g, half Fourier

acquisition single shot turbo spin echo images showed higher signal

intensity in myxoma (g) than thrombus (b). Images c and h, rest
perfusion images showed mobile thrombus appear to be perfused

while less mobile myxoma was not. Images d and i, magnitude

images of late gadolinium enhancement (LGE) imaging showed mild

enhancement for both. Images e and j, LGE imaging with phase

sensitive inversion recovery showing that the central enhancement in

thrombus was no longer present, but the peripheral enhancement

persist (e) and similar findings were present in the myxoma (j)
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a prominent moderator band in the RV [11] can all simulate

a mass at echocardiography. Benign variants like lipoma-

tous hypertrophy of the interatrial septum and aneurysms

of the interatrial septum can appear as masses [12, 13]. In

our study, the most common benign variant was lipomatous

hypertrophy of the interatrial septum. The multiplanar

capabilities and soft tissue characterization ability of CMR

helps to identify these variants correctly.

Thrombus is one of the most common cardiac masses,

representing 37.6 % of all confirmed masses in our study. Of

these, 62.5 % were present in the RA (including the 4 mis-

diagnosed as myxomas) and 75 % of these RA thrombi were

associated with presence or history of line placement. LV

thrombi are associated with poor myocardial contractility and

low ejection fraction, such as adherence to infarcted and

scarred myocardium [14]. LA thrombi, predominantly in the

form of LA appendage thrombi associated with atrial fibril-

lation are usually assessed by TEE and their low frequency in

our patient population may represent a referral bias.

Thrombi have traditionally been described as hypointense

masses adherent to chamber walls [15], without enhance-

ment on either early post contrast or delayed imaging,

although cases of findings of peripheral enhancement in

chronic thrombus have been reported [16, 17]. In our study,

12.5 % of proven thrombi demonstrated mild delayed

enhancement. Early imaging after contrast administration

may aide the differentiation of myxoma versus thrombus

[18], but it was not routinely performed during the study

period at our institution.

Myxomas are the most common benign cardiac tumors;

they are found predominantly in women, with reported

occurrence of 75 % in the LA, 20 % in the RA, and 5 % in

the ventricles [19]. We have found a similar gender distri-

bution in myxomas, but a different distribution in locations

with 63.6 % in the LA and 36.4 % in the RV; in contrast to

thrombus, which were predominantly found in the RA

(62.5 %) and LV (25 %) in our study. Myxomas are

typically pedunculated and show high signal intensity on

T2-weighted imaging, thought to be due to high water

content in myxomatous tissue. On SSFP cine sequences,

they appear hyperintense compared to myocardium and

hypointense compared to the blood pool, which allows good

visualization of mobility. Heterogeneous signal may be seen

on other sequences depending on the presence of fibrosis

and the fraction of fibrotic tissue. Myxomas in our study had

similar CMR features to prior reports [4]. The case that was

misdiagnosed as hemangioma showed early perfusion and

more significant LGE. These indicated a highly vascularized

mass, which should be an important feature to differenti-

ate hemangioma from myxoma.

Other benign masses commonly encountered are lipo-

mas and fibroelastomas. Lipomas are well defined, encap-

sulated tumors that follow the signal intensity of fat on the

chest wall and appear hypointense on fat suppressed

sequences. Lipomatous hypertrophy appears as thickening

and is not encapsulated. Fibroelastomas are pedunculated

tumors, generally smaller than 1.5 cm, that are usually

associated with valves. They do not show early contrast

enhancement on perfusion imaging, but show uniform

delayed enhancement. The common differentials are veg-

etation or thrombus on valves, which do not show delayed

enhancement [4, 20, 21]. However, the case of chronic

inflammation on the aortic valve in our study was misdi-

agnosed as fibroelastoma due to its delayed enhancement.

Primary cardiac malignancies include lymphomas, sarco-

mas and mesothelial tumors. Large, bulky masses with vas-

cular encasement without obliteration of lumen are typical

features of lymphoma [2, 22]. Sarcomas usually present as

bulky masses with irregular margins and invasive features

involving one or more chambers; they may show heteroge-

neous enhancement due to the presence of necrosis or hem-

orrhage. These tumors may be associated with pericardial

effusions and metastasis to mediasternal nodes, lungs and

other organs. Secondary metastasis to the heart occurs

Fig. 3 The case with pulmonary mass missed by CMR due to

turbulence in the pulmonary artery (PA). a 2D echocardiography

image of mass (thick arrow) in the PA, located above pulmonary

valve (PV) (thin arrow). b Systolic phase of the cine CMR showed

pulmonary stenosis with prominent turbulence in the PA. c Diastolic

phase of cine CMR image of main PA showed persistent flow

turbulence. No mass was visible. RVOT right ventricular outflow

tract. RV right ventricle. RA right atrium
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frequently from melanoma, lung, breast and gastric carcino-

mas [23]. They may show intramural or pericardial involve-

ment and superior or inferior vena cava metastases [24].

Signal characteristics and contrast enhancement features are

variable inmetastatic lesions [3]. In our study,wewere able to

make correct diagnoses on all primary cardiac and metastatic

malignancies using the combination of these features, with

confirmation by histopathology or PET imaging.

One of the most important findings of this study is the

demonstration of the limitations of CMR. CMR evaluation

can be difficult in general in the presence of artifacts (for

example, valve prosthesis and intracardiac leads) and

arrhythmias (due to irregular motion and difficult cardiac

gating). Evaluation of small masses adjacent to flow dis-

turbances and associated with moving valves can be chal-

lenging as well, as shown in our case of missed small

pulmonary artery mass in a patient with pulmonic stenosis.

Our study has several limitations. Lack of a gold standard

diagnosis is a limitation for the diagnosis of thrombus. Res-

olution after anticoagulation served as a surrogate endpoint

for the diagnosis of thrombus in our study, but it is possible

that themasses were not there in the first place or decreased in

sizewithout treatment. Furthermore, a number of nomass and

anatomic variants cases had no additional follow-up or further

imaging studies (although one case with persistence on TTE

was recognized). Therefore, we do not know the true positive

or negative predictive value of CMR. In addition, referral bias

has to be recognized as not all patients with masses found on

echocardiography underwent CMR.

Conclusion

Diagnosing cardiac masses remains an important applica-

tion for imaging, despite challenges for diagnosis using

current imaging modalities. CMR can play a key role in

making an accurate diagnosis and for confirming the

presence of a mass or anatomic variants that may simulate

masses. In the presence of a mass, CMR can provide

accurate differentiation of benign and malignant lesions.

However, the limitations of CMR must be recognized such

as evaluating a small mass in turbulent flow.
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