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Abstract

Background: Primary cardiac lymphoma (PCL) is extremely rare and progresses rapidly. The treatment of PCL has
not yet been established. Unlike lymphoma that arises from other organs, PCL causes cardiovascular events. We report the
complete remission (CR) of PCL after tumor resection using minimally invasive cardiac surgery (MICS) and chemotherapy.

Case presentation: The patient was a 79-year-old man who visited our hospital with chief complaints of weight loss and
leg edema. A 40 × 30 mm mobile pedunculated tumor continuous with the right ventricular heart muscle was present in
the right atrium upon echocardiography and extended cardiac surgery was difficult to perform. Tumor embolism-induced
sudden death was prevented and a pathological diagnosis was obtained by making a 4-cm skin incision, and tumor
resection with MICS was performed through a right fourth intercostal thoracotomy with a cardiopulmonary system. The
histopathological diagnosis was diffuse large B cell malignant lymphoma. Eight cycles of postoperative rituximab plus
cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) therapy were performed. Three years after surgery,
the tumor was not visible on imaging and CR was maintained.

Conclusions: This case highlights that tumor resection using MICS is effective for avoiding the risk of sudden death. This
technique was useful for the diagnosis and treatment of a malignant cardiac tumor in an elderly patient that required a
difficult extended cardiac surgery.
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Background
Benign tumors such as myxomas account for a high per-
centage of primary cardiac tumors; however, primary ma-
lignant cardiac tumors (PMCTs) account for 5.1–28.7% of
primary cardiac tumors. Primary cardiac lymphoma (PCL)
is extremely rare, accounting for only 1.0–1.6% of PMCTs,
but this tumor is difficult to diagnose and progresses rap-
idly [1, 2]. Moreover, the prognosis is poor because no
consistent treatment has been established [1–3]. Unlike
lymphoma that arises from other organs, PCL causes car-
diovascular events. If a malignant cardiac tumor is sus-
pected, biopsy is necessary to obtain a definitive diagnosis

for chemotherapy and radiotherapy and can be achieved
with either computed tomography (CT)-guided puncture
or an intravenous approach. However, these methods are
not able to prevent sudden death due to tumor embolism,
can yield inaccurate samples due to tumor necrosis and fi-
brin clots, and cannot be used for mobile tumors because
of the risk of embolus formation. Furthermore, cardiac
surgery via a median sternotomy is very invasive, particu-
larly in elderly patients. In addition, radiotherapy cannot
be used with median sternotomy due to the risks of post-
operative surgical site infections and mediastinitis. There-
fore, mobile tumor resection by MICS without a median
sternotomy was performed to reduce the risk of tumor
embolism and to obtain an accurate pathological diagno-
sis. We report the CR of PCL after tumor resection using
MICS and chemotherapy.

* Correspondence: endo.yuki@twmu.ac.jp
1Department of Cardiovascular Surgery, Chiba-Nishi General Hospital, 107-1,
Kanegasaku, Matsudo-shi, Chiba 270-2251, Japan
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Endo et al. Journal of Cardiothoracic Surgery  (2018) 13:97 
https://doi.org/10.1186/s13019-018-0778-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s13019-018-0778-6&domain=pdf
mailto:endo.yuki@twmu.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Case report
The patient was a 79-year-old man with chief complaints
of exertional dyspnea, leg edema, and weight loss. On
transthoracic echocardiography (TTE), a 25 × 40 mm mo-
bile pedunculated mass continuous with the right ven-
tricular heart muscle was detected in the right atrium and
the patient was admitted to our department for close
examination and treatment. At admission, his height was
162.0 cm, body weight was 61.1 kg, body temperature was
36.3 °C, pulse was 62 beats/min, blood pressure was 112/
59 mmHg, and SpO2 was 100% (room air). Pulmonary
sounds were clear with no crackles, and heart sounds were
regular with no murmur. Leg edema was present.
Plain chest radiography revealed a cardiothoracic ratio

of 49% with no cardiac dilation. Electrocardiography re-
vealed a sinus rhythm with a heart rate of 71 beats/min
with nonspecific ST-T segment changes. Blood chemistry
revealed the following: white blood cell (WBC) count of
51.9 × 104/μL, hemoglobin (Hb) of 14.9 g/dL, platelet
(Plt) count of 16.3 × 104/μL, creatine kinase (CK) of
81 U/L, creatine kinase-MB (CKMB) of 8 ng/mL, lactate
dehydrogenase (LDH) of 161 U/L, C-reactive protein
(CRP) of 0.10 mg/dL, carcinoembryonic antigen (CEA)
of 0.7 ng/mL, prostate-specific antigen (PSA) of 1.2 ng/
mL, squamous cell carcinoma (SCC) antigen of 1.2 ng/
mL, and soluble IL-2 receptor: 633 U/mL. Inflammatory
parameters were within the normal range and the sol-
uble IL-2 receptor level was slightly elevated, but the
levels of other tumor markers were within their normal
ranges. A coronary computed tomography (CT) scan
showed no significant stenosis. It was deemed very diffi-
cult to completely excise, so we decided on partial tumor
resection with MICS to reduce the risk of tumor embol-
ism and to obtain an accurate pathology diagnosis. There-
fore, we did not perform CAG. If we had performed a
CAG, we may have seen arteries feeding the tumor.
TTE showed a 40 × 30-mm mobile pedunculated tumor

in the right atrium that was continuous with the right ven-
tricular heart muscle (Fig. 1a). Transesophageal echocardi-
ography (TEE) showed a solid septated tumor with an
irregular surface invading the free wall of the right atrium
and surrounding the annulus of the anterior cusp and right
and left coronary cusps of the aortic valve (Fig. 1b).
Contrast-enhanced CT showed invasion based on soft tissue
intensity near the tricuspid valve above the anterior right
ventricle in the region between the aorta and pulmonary ar-
tery and around the pulmonary artery (Fig. 2a, b). Cardiac
magnetic resonance imaging (MRI) showed a thickened an-
terior wall near the tricuspid valve and a mass protruding
into the lumen and expanding into the region between the
aorta and the pulmonary artery (Fig. 3a, b); in addition to
the patient’s advanced age, these features made it difficult to
perform extended cardiac surgery. On fluorodeoxyglucose
positron emission tomography (F-18 FDG-PET), there was

abnormal accumulation in the right atrium surrounding the
aortic root (Fig. 4a).
Surgery was performed to prevent tumor embolism-in-

duced sudden death and to obtain a pathological diagno-
sis. Anticoagulation was not performed preoperatively
because it was unlikely that the tumor was a thrombus.
A double-lumen tube was inserted during surgery and a
Swan-Ganz catheter and 14-Fr cannula were inserted
through the right internal jugular vein after draping. In a
supine position with 30° elevation of the right side, a
4-cm skin incision was made in the fourth intercostal re-
gion at the medial aspect of the nipple. Meanwhile, the
femoral artery (FA) and femoral vein (FV) were exposed.
A pericardiotomy was performed 2 cm anterior to the
phrenic nerve and the pericardium was elevated. After
systemic heparinization, an 18-Fr blood supply tube was
inserted through the right FA, and a 25-Fr cannula was
inserted through the right FV to establish a cardiopul-
monary bypass (CPB). The superior vena cava was
blocked with a bulldog clamp and the heart rate was
controlled at 40–50 bpm with a β-blocker. An oblique
incision was made in the right atrium with the heart
beating, and the lumen was observed. The tumor adhered
to the anterior surface of the right atrium but not to the
annular region and had marked mobility. The tumor was
grasped with an Endocatch and the pedicle of 1-cm width
was transected using electric cautery (Fig. 5a). The lack of
any residual right atrial tumor or shunt was confirmed
and the right atrium was closed in a double suture pattern;
the patient was then weaned from CPB. The pericar-
dium was closed as far as possible, the wound was
closed by the standard method, and surgery was com-
pleted. The operative time was 1 h 56 min, and the
duration of CPB was 38 min (Additional file 1).
Intraoperative macroscopic findings revealed a tumor with

a smooth, greyish-white surface (Fig. 5b). A blackish-brown
region suggestive of hemorrhage was present inside and on
pathological examination (Fig. 6), a diffuse proliferation of
round cells with a high nuclear-to-cytoplasmic (N/C) ratio
were observed on hematoxylin and eosin staining. The
tumor cells were mainly medium- and small-sized cells that
contained nuclei with a shallow cut that were the same size
or slightly smaller than the nuclei of vascular endothelial
cells; large cells were also present. Broken nuclear products
and histiocytes phagocytosing these products were also ob-
served. Upon immunohistological staining, the tumor cells
were CD79α-positive and CD3-negative. B-cell-derived cells
were overwhelmingly predominant, which suggested that
the lesion was a B-cell-derived tumor. Epithelial membrane
antigen (EMA) immunostaining was negative. Based on
these findings, the patient was diagnosed with diffuse large
B-cell lymphoma (DLBCL).
Extubation was performed 6 h after surgery and the

patient was transferred to a general ward 2 days after
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surgery. The disappearance of the tumor from the an-
nular region was confirmed on TTE 5 days after sur-
gery and the patient was discharged when he was able
to independently walk 6 days after surgery. After obser-
vation at an outpatient clinic, rituximab plus cyclophos-
phamide, doxorubicin, vincristine, and prednisone
(R-CHOP) therapy was initiated 37 days after surgery.
After 8 cycles were administered in total, an FDG-PET
scan performed 456 days after surgery showed no ab-
normal accumulation (Fig. 4b), indicating CR.

Discussion
PMCTs account for approximately 5.1–28.7% of primary
cardiac tumors and diagnosis is difficult in many cases [1,

2]. PMCTs tend to occur in young patients with a mean
age of 44 years and there was no difference in the ratio be-
tween the sexes [3]. The prognosis is poor, with a five-year
survival rate of 19% [4]. Among PMCTs, although 75% is
sarcoma, 1.0–1.6% is PCL. PCL is defined as extranodal
lymphoma in which lesions only develop in the heart and
pericardium or in which a giant tumor develops in the
heart accompanied by an asymptomatic solitary extracar-
diac lesion or several localized lesions [5, 6]. Common sites
are the right heart and epicardium, and the histological type
is DLBCL in many cases [6]. Unlike lymphoma arising from
other organs, PCL causes cardiovascular events such as
heart failure, cardiac tamponade, arrhythmia, and embol-
ism, leading to an acute presentation [1–7].

a b
Fig. 2 Preoperative contrast-enhanced CT. The big tumor was existed in the right atrium with axial section (a). The right arrows show invasion
based on soft tissue intensity near the tricuspid valve above the anterior right ventricle in the region between the aorta and pulmonary artery,
and around the pulmonary artery with coronal section (b)

a b
Fig. 1 Preoperative echocardiography. a Transthoracic echocardiography showed a mobile pedunculated tumor in the right atrium. b Transesophageal
echocardiography showed a solid, septated tumor with an irregular surface invading the free wall of the right atrium and surrounding the annulus of the
anterior cusp and right and left coronary cusps of the aortic valve
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In our patient, a giant mobile pedunculated tumor in
the right atrium with heart muscle invasion was evident
on TTE and TEE performed to evaluate the causes of
the patient’s difficulty breathing and leg edema. An in-
tracardiac tumor and invasion of the region between the
aorta and pulmonary artery and near the pulmonary ar-
tery were observed without abnormalities in other or-
gans on CT, which suggested a PMCT. In addition, PCL
was suspected because of heart failure symptoms such
as difficulty breathing and leg edema, and the develop-
ment in the right heart.
There were three therapeutic options: 1. complete resec-

tion through median sternotomy, 2. CT-guided or

intravenous biopsy followed by chemotherapy or radio-
therapy, and 3. tumor resection of the mobile part with
MICS followed by chemotherapy or radiotherapy. Regard-
ing complete resection through median sternotomy, this
was deemed too invasive for the patient because the car-
diac invasion pattern of the tumor was complex, would re-
quire resection of the atrioventricular junction, and the
patient was elderly. In addition, median sternotomy is as-
sociated with a high risk of surgical site infections and
mediastinitis if radiotherapy on the mediastinum was ne-
cessary. Certainly, there was a case report in which the
tumor was resected with an emergency median sternot-
omy; however, the results of enlargement surgery via a

Fig. 4 F-18 FDG-PET. a Preoperative PET-CT showed abnormal accumulation in the right atrium surroundings the aortic root. b Postoperative
PET-CT showed complete remission after completion of chemotherapy. Accumulation in the left ventricular myocardium was physiological, and
the abnormal accumulation around the aortic root and pulmonary artery had disappeared

Fig. 3 Preoperative cardiac MRI. Cardiac MRI showed a thickened anterior wall near the tricuspid valve with axial section (a) and a mass
protruding into the lumen and expanding into the region between the aorta and pulmonary artery with coronal section (b)
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median sternotomy incision are poor and there has never
been a good report [8, 9]. Regarding CT-guided or intra-
venous biopsy, this could not prevent sudden death due to
tumor embolism and atrioventricular valve obstruction.
Generally, biopsy could have been achieved with a
CT-guided or intravenous approach and some reports
have shown these approaches’ effectiveness [8–10].
However, these techniques were not possible in this
case because the tumor was very mobile; in addition,
these methods can yield inaccurate samples due to
tumor necrosis and fibrin clots [10].
Based on these considerations, to avoid the risk of em-

bolism and perform a biopsy in a minimally invasive man-
ner, we decided to perform tumor resection using
minimally invasive beating-heart surgery followed by

adjuvant therapy. Preoperative FDG-PET showed abnormal
accumulation in the right atrium surrounding the aortic
root and the pathological diagnosis was DLBCL. This dis-
ease responds to anthracycline-based chemotherapy regi-
mens [11] and remission has been reported after
chemotherapy alone or after chemotherapy used in com-
bination with radiotherapy [12, 13] The DLBCL treatment
algorithm for our patient recommended combined modal-
ity treatment with 3 cycles of R-CHOP therapy with
involved-field radiotherapy (IFRT) or 6–8 cycles of
R-CHOP therapy ± IFRT [14–16]. Early diagnosis and
treatment intervention may determine the outcome [13],
and 8 cycles of R-CHOP therapy were performed to avoid
radiotherapy, beginning 37 days after MICS tumor resec-
tion. There was no abnormal accumulation on FDG-PET

Fig. 6 Pathology. The tumor cells were CD79α-positive and CD3-negative. B-cell-derived cells were overwhelmingly predominant, suggesting that
the lesion was a B-cell-derived tumor. Epithelial membrane antigen immunostaining was negative

a b
Fig. 5 Intraoperative photos and specimen. a An oblique incision was made in the right atrium with the heart beating, and the lumen was
observed. The tumor adhered to the anterior surface of the right atrium but not to the annular region and had marked mobility. b Intraoperative
macroscopic findings revealed a tumor with a smooth, greyish-white surface
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after completing chemotherapy at 456 days after surgery
and CR was achieved. IFRT was not performed because
the radiation range was unclear and damage to the heart
muscle by direct irradiation was possible. Careful observa-
tion has been recommended for patients with CR after
R-CHOP therapy because there are no data showing im-
proved survival with maintenance therapy [17]. Our patient
has had no recurrence and careful follow-up is ongoing.

Conclusion
This case provides an example of a patient with an ac-
curate pathological diagnosis who underwent successful
chemotherapy and in whom sudden death by tumor em-
bolism was avoided by tumor resection with MICS ra-
ther than by median sternotomy, which is associated
with risks of delayed wound healing and mediastinitis if
postoperative radiotherapy is required. As in this patient,
tumor resection with MICS may be useful for patients in
whom sudden death by tumor embolism is highly likely
and in whom chemotherapy, radiotherapy, or both are
necessary.

Additional file

Additional file 1: Movie S1. Operation movie. (MOV 139246 kb)

Funding
Funding from Chibanishi General Hospital is gratefully acknowledged.

Availability of data and materials
Data Availability Guidance for Authors and Editors.

Informed consent
We received explicit consent from the patient.

Author’s contributions
YE is the corresponding author. YN conceived of the study and participated
in its design and coordination. YE, MK, NY, YI, TH, RO and HK helped to draft
the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Cardiovascular Surgery, Chiba-Nishi General Hospital, 107-1,
Kanegasaku, Matsudo-shi, Chiba 270-2251, Japan. 2Departments of Oncology,
Chiba-Nishi General Hospital, 107-1, Kanegasaku, Matsudo-shi, Chiba
270-2251, Japan. 3Departments of Hematology, Chiba-Nishi General Hospital,
107-1, Kanegasaku, Matsudo-shi, Chiba 270-2251, Japan.

Received: 17 April 2018 Accepted: 27 August 2018

References
1. Butany J, Nair V, Naseemuddin A, Nair GM, Catton C, Yau T. Cardiac tumors:

diagnosis and management. Lancet Oncol. 2005;6:219–28.
2. Burazor I, Aviel-Ronen S, Imazio M, Markel G, Grossman Y, Yosepovich A,

Adler Y. Primary malignancies of the heart and pericardium. Clin Cardiol.
2014;37:582–8.

3. Ramlawi B, Leja MJ, Abu Saleh WK, et al. Surgical treatment of primary
cardiac sarcomas: review of a single-institution experience. Ann Thorac Surg.
2016;101:698–702.

4. Guilherme H, Al-Kindi SG, Hoimes C, Park SJ. Characteristics and survival of
malignant cardiac tumors: a 40-year analysis of >500 patients. Circulation.
2015;132:2395–402.

5. HA MA, Fenoglio JJ. Tumors of the cardiovascular system. Atlas of tumor
pathology, 2nd series. Fascicle 15. Washington: Armed Forces Institute of
Pathology; 1978. p. 99–100.

6. Ceresoli GL, AJM F, Bucci E, Ripa C, Ponzoni M, Villa E. Primary
cardialymphoma in immunocompetent patients: diagnostic and therapeutic
management. Cancer. 1997;80:1497–506.

7. Patel J, Melly I, Sheppard MN. Primary cardiac lymphoma: B- and T-cell cases
at a specialist UK centre. Ann Oncol. 2010;21:1041–5.

8. Anghel G, Zoil V, Remotti D, et al. Primary cardiac lymphoma: report of two
cases occurring in immunocompetent subjects. Leuk Lymphoma. 2004;
45(4):781–8.

9. Sang-Bum Kang MD, Seung-Won Jin MD, Eun-Kyeong Lee MD, et al. A case
of non-Hodgkin’s lymphoma with massive involvement of the right atrium.
Kor Circ J. 2000;(4):492–6.

10. Tanaka J, Takamoto S, Ryu T, Ichikawa K, Masuo M, Saito T. Primary cardiac
lymphoma: a case report. J Cardiol. 2002;40:225–9.

11. Perich A, Cho SI, Billett H. Primary cardiac lymphoma: an analysis of
presentation, treatment, and outcome patterns. Cancer. 2011;117:581–9.

12. Masaki Y, Hideaki N, Nobuo K, et al. Multidisciplinary approach for primary
cardiac lymphoma associated with hemodynamic failure caused by tricuspid
valve obstruction. J Cardiol Cases. 2016;13:189–92.

13. Miyashita T, Miyazawa I, Kawaguchi T, Kasai T, Yamaura T, Ito T, et al. A case
of primary cardiac B cell lymphoma associated with ventricular tachycardia,
success fully treated with systemic chemotherapy and radiotherapy. Jpn
Circ J. 2000;64:135–8.

14. Persky DO, Unger JM, Spier CM, Stea B, LeBlanc M, McCarty MJ, et al. Phase
II study of rituximab plus three cycles of CHOP and involved-field
radiotherapy for patients with limited-stage aggressive B-cell lymphoma:
southwest oncology group study 0014. J Clin Oncol. 2008;26:2258–63.

15. Miller TP, Dahlberg S, Cassady JR, Adelstein DJ, Spier CM, Grogan TM, et al.
Chemotherapy alone compared with chemotherapy plus radiotherapy for
localized intermediate and high-grade non-Hodgkin's lymphoma. N Engl J
Med. 1998;339:21–6.

16. Pfreundschuh M, Trümper L, Osterborg A, Pettengell R, Trneny M, Imrie K, et
al. CHOP-like chemotherapy plus rituximab versus CHOP-like chemotherapy
alone in young patients with good-prognosis diffuse large-B-cell lymphoma: a
randomised controlled trial by the MabThera international trial (MInT) group.
Lancet Oncol. 2006;7:379–91.

17. Habermann TM, Weller EA, Morrison VA, Gascoyne RD, Cassileth PA, Cohn
JB, et al. Rituximab-CHOP versus CHOP alone or with maintenance rituximab in
older patients with diffuse large B-cell lymphoma. J Clin Oncol. 2006;24:3121–7.

Endo et al. Journal of Cardiothoracic Surgery  (2018) 13:97 Page 6 of 6

https://doi.org/10.1186/s13019-018-0778-6

	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case report
	Discussion
	Conclusion
	Additional file
	Funding
	Availability of data and materials
	Informed consent
	Author’s contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

