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VIDEO HIGHLIGHTS

Video 1: Two-dimensional TTE, apical 4-chamber view,

demonstrates the right ventricular (RV) mass measuring 3.3 �
5.5 cm (arrow) within the dilated (mid diameter, 5.1 cm; RV

length, 8.2 cm) and dysfunctional (tricuspid annular plane sys-

tolic excursion, 1.4 cm; S’ wave, 6.0 cm/sec) RV in patient 1.

Video 2: Two-dimensional TTE, zoomed 4-chamber view,

demonstrates the RA mass (arrow) in patient 1.

Video 3: Two-dimensional TTE, apical 4-chamber view,

demonstrates the resolution of the masses in both the RV and
INTRODUCTION

Diffuse large B cell lymphoma (DLBCL) is themost common histolog-
ic type of non-Hodgkin lymphomas, accounting for 24% of new
cases.1 Typically, DLBCL manifests as a symptomatic enlarged mass,
most commonly a lymphatic nodule, located in the neck, abdomen,
or mediastinum. Constitutional symptoms, such as fever, night sweats,
and weight loss, are observed in 30% of patients.1 Approximately
30% of the patients will have disease originating from extralymphatic
organs, which is associated with poorer prognosis.1 We present 3
unique patients diagnosed with DLBCL who presented with heart
failure symptoms and a mass involving the right atrium and ventricle
(RA and RV).
RA in patient 1 after successful treatment.

Video 4: Two-dimensional TTE, apical 4-chamber, RV-focused

view, demonstrates the RVmass (upper arrow; 2.3� 4.4 cm) and

RA mass (lower arrow; 2.3 � 3.0 cm) and a small pericardial

effusion in patient 2. The mid-RV diameter is dilated at 3.2 cm,

and the RV systolic function was reduced (tricuspid annular

plane systolic excursion, 1.3 cm; S’ wave, 8.0 cm/sec).

Video 5: Two-dimensional TTE, apical 4-chamber view,

demonstrates resolution of RVand RAmasses after treatment in

patient 2.

Video 6: Two-dimensional TTE, parasternal long-axis view,

demonstrates a large (>3.0 cm) pericardial effusion (arrow) with

evidence of cardiac tamponade based on diastolic RV free-wall

motion in patient 3.

Video 7: Two-dimensional TTE, subcostal view, demonstrates

the RA mass (5.3 � 3.3 cm; arrow) in patient 3.

Video 8: Two-dimensional TTE, subcostal view, demonstrates

resolution of the RA mass in patient 3 after treatment.

Viewthevideocontentonlineatwww.cvcasejournal.com.
CASE PRESENTATION 1

A77-year-old womanwith amedical history of hypertension and type
2 diabetes mellitus was diagnosed 5 years prior to the current admis-
sion with right breast human epidermal growth factor receptor 2–
(HER2-) positive adenocarcinoma. The patient underwent neoadju-
vant chemotherapy (including doxorubicin and cyclophosphamide),
followed by lumpectomy, adjuvant radiation, and trastuzumab plus
pertuzumab therapy. The patient attained complete response without
recurrence.

The patient was admitted to the hospital due to exacerbating dys-
pnea, development of bilateral lower extremity edema, and gradual
worsening fatigue and abdominal distension for the prior 3 months.
Physical examination was notable for dyspnea, desaturation of 88%
on room air, elevated jugular venous pressure (JVP), and bilateral
lower extremity edema. The lung examination revealed findings
consistent with bilateral pleural effusion, which was confirmed on
chest x-ray. Transthoracic echocardiography (TTE) showed a dilated
RV (mid-RV diameter of 5.1 cm and RV base to apex of 8.2 cm),
with a large mass located on and protruding from the RV free wall
ardiology (E.G., A.H., O.H., S.B., Y.T., M.L.P.), Division of

ion of Hematology (C.P.), and Department of Internal

viv Sourasky Medical Center affiliated to the Sackler School

niversity, Tel Aviv, Israel.

ology, Heart failure, Intracardiac mass, Lymphoma

b Ghantous, MD, MPH, Department of Cardiology, Tel Aviv

ann 6, Tel Aviv 6423919, Israel. (E-mail: ehab.1988@yahoo.

American Society of Echocardiography. Published by

pen access article under the CC BY-NC-ND license (http://

licenses/by-nc-nd/4.0/).

/j.case.2023.08.008
into the RV. Another small, noninferior vena cava–involving mass
was observed in the RA (Figure 1, Videos 1 and 2). To further evaluate
the cardiac masses, the patient underwent a cardiac computed tomog-
raphy (CCT) scan, which revealed the presence of large intracardiac
masses involving both the RA and RV (Figure 2). The primary differ-
ential diagnosis (DD) included sarcoma, breast carcinoma, or lym-
phoma. Following a multidisciplinary team discussion, the patient
underwent right pleural tap, which yielded large, atypical cells upon
analysis. Flow cytometry conducted on the pleural fluid indicated
the presence of a clonal population of B cells, confirming the diagnosis
of DLBCL.
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Figure 1 Transthoracic echocardiogram of patient 1 before (top row) and after treatment (bottom row). (A)Apical 4-chamber view,mid
diastolic phase, demonstrates the RVmassmeasuring 3.3� 5.5 cm (arrow). (B) Apical 4-chamber zoomed view, systolic phase, dem-
onstrates the RA mass measuring 2.3� 3.3 cm (arrow). (C) Apical 4-chamber view, mid diastolic phase, demonstrates the regression
of the masses in both the RV and RA after treatment.
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CASE PRESENTATION 2

A 73-year-old woman with a history of dyslipidemia was admitted
due to 6 weeks of exertional dyspnea and bilateral lower extremity
edema. No fever, chest pain, weight loss, or night sweats were re-
ported. Vital signs were normal; however, physical examination was
notable for increased JVP, diminished heart sounds, and bilateral
lower extremity edema. Labs were significant for elevated brain natri-
uretic peptide levels (216 pg/mL). The initial point-of-care ultrasound
showed large pericardial effusion, followed by TTE examination
revealing a large mass in the RA and RV (Figure 3, Video 4). The
DD considered the possibility of both primary and secondary cardiac
tumors. Total-body computed tomography identified 2 largemasses in
the RA and RV (Figure 4) and 2 enlarged lymph nodes in the medias-
tinum, with the largest measuring up to 1.3 cm. Pericardial tap was
nondiagnostic.
A multidisciplinary team composed of an interventional cardiolo-
gist, hematologist, radiologist, and pulmonary specialist determined
that a cardiac mass biopsy would be the most optimal and secure
method for diagnosis. Consequently, a transcutaneous biopsy of the
RV mass led to a tissue diagnosis of DLBCL.
CASE PRESENTATION 3

A 76-year-old woman with a history of localized left breast intraductal
carcinoma, treated with lumpectomy and radiation therapy 1 year
prior to the current admission, presented to the hospital with com-
plaints of fatigue and exertional dyspnea. Vital signs were normal,
except for a sinus tachycardia of 100 beats per minute. Physical exam-
ination was notable for tachypnea, elevated JVP, and diminished heart
sounds. Lab tests were significant for elevated brain natriuretic peptide



Figure 2 Cardiac computed tomography images of patient 1 before (top) and after (bottom) treatment. Axial view at themidlevel of the
heart (top) demonstrates the RA (asterisk) and RV (arrow) masses, measuring 3.0� 3.2 cm and 4.0� 5.5 cm, respectively. After treat-
ment, mass regression is demonstrated at a similar level of the heart for direct comparison (bottom).
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levels of 1,202 pg/mL. Transthoracic echocardiogram revealed a large
pericardial effusion (maximal diameter of the pericardial effusion
space measured 3.7 cm) and a large mass in the RA, along with a
smaller mass detected in the other 3 heart chambers (Figure 5,
Videos 6 and 7).

After a multidisciplinary team discussion and consideration of the
patient’s medical history, the major DD included angiosarcoma, lym-
phoma, or relapse of breast carcinoma. Given the patient’s pretampo-
nade state, a therapeutic pericardiocentesis was performed, which
drained 1 L of fluid. Cytological analysis of the fluid excluded the pres-
ence of sarcoma and carcinoma cells but revealed atypical lymphoid
cells, which were consistent with lymphoma. Subsequently, the pa-
tient underwent CCT imaging (Figure 6) and laboratory workup,
which excluded involvement of other organs. Histological and immu-
nohistochemical analyses of the fluid were consistent with the diag-
nosis of DLBCL.
Following a comprehensive hematological workup for staging, all 3
patients were treated with 6 courses of rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone (R-CHOP protocol, first
cycle given in reduced dosage with cyclophosphamide pro-phase).
It is noteworthy that the third patient required a pacemaker implanta-
tion before the treatment due to symptomatic complete atrioventric-
ular block. Following discharge, they were closely monitored with
frequent imaging assessments. A significant improvement in heart fail-
ure symptoms was observed shortly after the second treatment in all 3
cases, along with a significant decrease in the size of the masses. All
patients achieved complete response.

DISCUSSION

Lymphoma affecting the heart and pericardium is typically secondary
to disseminated disease and rarely seen as primary malignancy.



Figure 3 Transthoracic echocardiogram of patient 2 before (top) and after treatment (bottom). Apical 4-chamber, RV-focused view,
systolic phase (top), demonstrates the RA (asterisk) and RV (arrow) masses measuring 2.3� 4.4 cm and 2.3� 3 cm, respectively. The
RV cavity is dilated (mid-RV diameter = 3.2 cm). Apical 4-chamber view, systolic phase (bottom), demonstrates the resolution of the
masses in both the RV and RA after treatment.
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Among primary cardiac tumors, lymphomas represent only 1.3%, and
among extranodal lymphomas, the incidence is 0.5%. However, up to
20% of secondary cardiac involvement has been reported.2,3 Diffuse
large B cell lymphoma is considered the most common type of lym-
phoma involving the heart. The diagnostic criteria for primary cardiac
lymphoma (PCL) have evolved since its initial description in the
1930s, leading to various definitions.4 According to the 2015 World
Health Organization classification, PCL is defined as lymphoma that
exclusively involves the heart or when the primary burden of the tu-
mor is located in the cardiac chambers, myocardium, or pericardium,
even if a limited extracardiac lymphoma is present.5

Primary cardiac lymphoma is most commonly found in the right-
sided cardiac chambers, particularly the RA,5 and is almost exclusively
classified as DLBCL.2 Symptoms of heart failure are typically the initial
presenting symptoms of PCL, with dyspnea being the most common.
The complications of cardiac lymphoma reflect the location of the
tumor and can include conduction abnormalities, pericardial effusion
(including tamponade), congestive heart failure, angina, and superior
vena cava syndrome.4Our patients demonstrated clinical and imaging
findings consistent with existing literature. All 3 patients presented
with symptoms indicative of heart failure, while 2 patients exhibited
an additional complication of pericardial effusion, requiring drainage.
Notably, all patients presented with masses affecting the right heart
chambers.

Echocardiographic imaging allows a noninvasive assessment of
lymphoma cases involving the heart, with TTE identifying approxi-
mately 55% of intracardiac masses and transesophageal echocardi-
ography raising the sensitivity to nearly 100%.2,6,7 Cross-sectional
imaging plays an important role in further characterizing the cases,
with both CCT and cardiovascular magnetic resonance imaging



Figure 4 Cardiac computed tomography images of patient 2 before (top) and after (bottom) treatment. Axial view at themidlevel of the
heart demonstrates the continuous, contrast-enhanced mass from the RA through the tricuspid valve to the RV (arrow) measuring
6.0 � 5.0 cm. After treatment, mass regression is demonstrated at a similar level of the heart for direct comparison (bottom).
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providing enhanced evaluation of heart involvement and ruling out
other diagnoses.2,8 Histologic examination is necessary for the final
diagnosis of lymphoma. Obtaining a tissue diagnosis for heart masses
may be challenging due to the mass mobility and suboptimal three-
dimensional visuality. As demonstrated in our cases, starting with a
safe procedure for tissue diagnosis may suffice and prove effective.

All 3 of our patients underwent a total-body computed tomogra-
phy scan. The imaging modality was selected due to its wide availabil-
ity, capacity to identify other affected sites, and routine use as part of
the standard lymphoma protocol before commencing treatment.

The standard therapy protocol for DLBCL involves the administra-
tion of the R-CHOP chemotherapy protocol. Although radiation and
surgery have been employed as treatment options, they are usually
reserved for palliative care or when chemotherapy cannot be toler-
ated by the patient.9

The prognosis for PCL or secondary cardiac lymphoma is generally
poor, with a median overall survival rate of 2.2 years.10

CONCLUSION

In this paper, we describe 3 cases of PCL that were presented with
symptoms of heart failure. All 3 patients demonstrated significant
improvement in quality of life and complete response to standard pro-
tocol.



Figure 5 Transthoracic echocardiogram of patient 3 before (top) and after treatment (bottom). Subcostal 4-chamber view, systolic
phase (top), demonstrates the RA mass (arrow) measuring 5.3 � 3.3 cm. Subcostal 4-chamber view, diastolic phase (bottom), dem-
onstrates the regression of the RA mass after successful treatment.
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Figure 6 Cardiac computed tomography images of patient 3 before (top) and after (bottom) treatment. Axial view at themidlevel of the
heart demonstrates the contrast-enhanced mass protruding from the right atrioventricular groove into the RA cavity continuous to-
ward the RV (arrow) measuring 6.0� 4.0 cm. After treatment, mass regression is demonstrated at a similar level of the heart for direct
comparison. Multiple ‘‘star’’ artifacts are seen from the pacemaker wires.
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