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Primary cardiac lymphoma (PCL) is a rare

entity [1] and defined as a lymphoma with
the main bulk localized to the heart. The progno-
sis is poor since diagnosis is often delayed and
median survival is less than 12 months. More than
90% of PCL is classified as diffuse large B-cell lym-
phoma (DLBCL).
Combined 18 F-fluorodeoxyglucose positron

emission tomography (FDG-PET)/computed
tomography (CT) scan has been extensively used
in the diagnostic evaluation, staging, and treat-
ment monitoring of different malignant tumors
[2]. Immunochemotherapy is nowadays the most
effective treatment for PCL [3]. Regarding cardiac
lymphoma remission, PET study is suggested to
be more accurate than magnetic resonance imag-
ing (MRI) and echocardiography [4].
The aim of our study was to elucidate the useful-

ness of echocardiographic monitoring in the clini-
cal management through the reports of three
emblematic cases of PCL that were successfully
treated, focusing on changes associated with dis-
ease regression and identification of potential side
effects.
We observed 3 PCL cases among 458 newly

diagnosed lymphomas from 2002 to 2014. PCL
accounted for 0.6% out of all lymphomas. Diagno-
sis was performed by heart mass biopsy in two
patients and by mediastinal lymph node biopsy
in one patient.
At the time of diagnosis, Patients 1, 2, and 3 were

aged 46 years (male), 74 years (male), and 70 years
(female), respectively. Histology confirmed the
diagnosis of DLBCL in all PCL cases. None had
a previous history of cardiac disease or acquired
human immunodeficiency virus. Clinical presen-
tation included shortness of breath, chest pain,
palpitations, and cough; two patients developed
systemic manifestations such as fever. All patients
underwent combined FDG-PET/CT scan for initial
staging, which revealed increased glucose meta-
bolism in correspondence of the cardiac lesions.
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At the time of diagnosis, serial echocardiography
was performed (Fig. 1A) prior to and after each
course of chemotherapy. The lymphoma was
localized at the level of the right chambers in all
patients: the soft tissue density was localized at
the level of the free wall of the right ventricle
(RV), and one patient also presented also a lateral
right atrial wall involvement. All patients had
right ventricular dysfunction, and the one with
pericardial effusion had RV wall hypokinesia
(Figs. 1 and 2). Left ventricular ejection fraction
and volumes were normal in all the patients. We
used sulfur hexafluoride contrast agent (SonoVue,
Bracco Imaging, Milan, Italy) to enhance the visu-
alization of the RV cavity, demonstrate tumor
infiltration, and evaluate tumor vascularity
(Fig. 2, see supplementary material video). Prompt
treatment was initiated in all the patients receiv-
ing pretreatment with steroids and vincristine in
Figure 1. (A) Tissue Doppler of tricuspid annulus and right ventricular s
myocardial velocities. (B) Tissue Doppler of tricuspid annulus and rig
chemotherapy cycle showing improvement of myocardial velocities. (C) Tis
of Patient 1 at the end of chemotherapy treatment showing normalization
order to avoid acute complications, in particular
cardiac perforation due to tumor cytolysis. Next,
six cycles of R-COMP (Myocet not pegylated lipo-
somal doxorubicin, rituximab, vincristine, and
prednisone) were administered. No acute cardiac
event occurred during chemotherapy. In all the
patients, a significant reduction of the mass
dimension (>50%) was appreciable at transtho-
racic echocardiography (TTE) after the first cycle
of COMP.
We also performed tissue Doppler-derived

strain and 2D-strain imaging of the RV with evi-
dence of progressive improvement of RV myocar-
dial function (Fig. 1). When no evidence of cardiac
involvement was demonstrated by TTE, a second
FDG-PET/CT scan confirmed the complete regres-
sion of the tumor involvement of the heart. After
restaging, all three patients were considered to
have had a complete remission (CR). After a
train imaging of Patient 1 at the time of diagnosis showing very low
ht ventricular strain imaging of Patient 1 at the end of the first
sue Doppler of tricuspid annulus and right ventricular strain imaging
of myocardial velocities.



Figure 2. Transthoracic echocardiographic subcostal view showing Patient 1 lymphoma prevalent and localized into the right ventricular free
wall with moderate pericardial effusion at the time of diagnosis.
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median follow-up of 25 months, two patients are
alive and in continuous CR, whereas one patient
experienced an early extra-cardiac relapse, under-
went a salvage therapy, and received an autolo-
gous transplantation, thus achieving a second
CR. Two patients developed late cardiac toxicity
during post-remission surveillance: one patient
started low dose angiotensin-converting enzyme-
inhibitor due to mild biventricular dysfunction,
while one patient started beta-blocker to treat
non-sustained ventricular tachycardia associated
with initial left ventricular dilation without ven-
tricular dysfunction. In accordance with current
literature [5], the incidence of PCL among newly
diagnosed lymphomas is rare with a preferred
right-sided localization. The novel findings in
our experience are the demonstration of an imme-
diate response with evidence of mass regression
since the first pretreatment with steroids, prolong-
ing median survival without acute cardiac compli-
cations. Symptoms related to cardiac lymphoma,
such as dyspnea, arrhythmias, and congestive
heart failure, are unspecific or subclinical, some-
times leading to a diagnostic delay. TTE is fre-
quently the first-line imaging method used for
diagnosis capable to show myocardial infiltration
of the PCL. Even if previous studies have shown
a relatively low diagnostic sensitivity and speci-
ficity [6], serial TTE can provide valuable informa-
tion regarding the size, shape, location, and
mobility of the tumor pre- and post-treatment,
as observed in these cases. They can assess and
monitor the presence of R-COMP therapy car-
diotoxic effects, such as left ventricular systolic
dysfunction, pericardial effusion/tamponade due
to cardiac rupture, and embolization originating
from tissue necrosis with potential life-threaten-
ing consequences [7]. All these information can
be easily provided by TTE without exposure to
ionizing radiation and at low costs. As drawbacks,
echocardiography cannot provide tissue charac-
terization and is less powerful than cardiac MRI
in defining relationships with surrounding struc-
tures, particularly pericardial infiltration. During
restaging phase, cardiac MRI may document con-
trast enhancement (possibly related to residual
inflammation or scar) even if the tumor is no
longer metabolically active, leading to false-posi-
tive findings. For this reason FDG-PET/CT imag-
ing is the preferred modality for assessing
treatment response [8].
Tissue Doppler-derived strain and 2D strain

imaging provide valuable prognostic information
in subclinical disease and are useful for the
assessment of myocardial damage in ischemic
heart disease; it was also found that 2D strain
imaging is highly sensitive for the early detection
of doxorubicin-induced cardiac injury [9].
Based on these small series, we demonstrated

functional improvement of infiltrated myocar-
dium detected by strain imaging in association
with the regression too of myocardial infiltration.
Therefore, deformation imaging could be an early
indicator of therapy responsiveness. Our data
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suggest that PCL outcome has improved in the
modern era, thanks to better diagnostic tools,
which allow earlier diagnosis and more effective
treatment. Serial accurate morphological and
functional echocardiographic evaluation can pro-
vide valuable information in order to assess the
extent of cardiac involvement, identifying poten-
tial complications, and monitoring the response
to treatment.
Appendix A. Supplementary data

Right ventricular cavity enhanced with sulfur
hexafluoride contrast agent and evaluation of
tumor perfusion, which appears heterogeneous.
Supplementary data associated with this article
can be found, in the online version, at http://
dx.doi.org/10.1016/j.jsha.2017.08.001.
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