
E279© 2009 Forum Multimedia Publishing, LLC

ABSTRACT

We describe the management of a patient who pre-
sented with symptoms of severe congestive heart failure. A 
48-year-old man was initially seen in the emergency room, 
admitted to the hospital, and worked up with a transthoracic 
echocardiogram, a transesophageal echocardiogram, and a 
computer tomography scan of the chest. All cardiac valves 
were normal, as was the left ventricular ejection fraction. A 
mobile left atrial tumor measuring 6 × 4 × 5 cm was found 
attached to the left atrial dome, left atrial cuff, and left pul-
monary veins. With each systolic atrial contraction, the 
mass prolapsed into the left ventricle across the mitral valve 
annulus, inducing a gradient of 19 mm Hg. The workup of 
the patient was negative for malignancy. The only feasible 
therapy for this patient was to excise the mass on cardio-
pulmonary bypass and cardioplegic arrest. At the time of 
surgery, the findings confirmed that the mass was attached 
broadly to the left atrial dome wall–epicardium, and the 
attachments were similar to those of the transesophageal 
echocardiographic findings. Atrial attachments extended 
from the base of the heart, along the atrioventricular groove, 
the left dome of the left atrium, the left atrial cuff, and the 
anterior aspect of both left pulmonary veins. The tumor 
could not be adequately excised, and reconstruction of the 
defect was not feasible with the heart in situ. We therefore 
decided to explant the heart and excise the tumor with a 0.5-
cm margin of healthy tissue. The broad left atrial defect was 
reconstructed with bovine pericardium. The reconstruction 
encompassed the dome of the left atrium, the left atrial cuff, 
and the pulmonary veins. The heart was reimplanted back 
into the pericardial cavity. The superior vena cava with the 
retained sinus node was also anastomosed. The pathology 
diagnosis was a benign cavernous hemangioma. The sinus 
rhythm recovered following removal of the aortic cross-
clamp and reperfusion of the heart. The patient had a rapid 
recovery and was discharged home on the 12th postoperative  

day. Placement of a pacemaker was not required because the 
patient retained the sinus rhythm. A review of the litera-
ture on cardiac autotransplantation revealed that this type 
of surgery has been performed frequently in centers that 
have a cardiac transplantation program or a surgeon who 
has cardiac transplantation experience. To our knowledge, 
this report is the first of cardiac autotransplantation for 
benign hemangioma.

INTRODUCTION

Primary cardiac tumors are rare clinical entities. Autopsy 
series reveal that primary tumors of the heart occur with an 
incidence of 0.0017% to 0.28% [Lam 1993; Reynen 1996]. 
Surgical resection is a standard treatment for patients who 
have obstructive symptoms and in whom complete resec-
tion can be achieved [Reardon 2006a]. In the largest Mayo 
Clinic series, 323 of 329 patients with primary cardiac tumors 
were surgically treated, with only 6 (2%) being treated con-
servatively [Elbardissi 2008]; however, some left-sided atrial 
tumors with a complex anatomy present a challenge to the 
surgeon [Reardon 2006a], who has to resect the tumor with 
a margin of healthy myocardium while preserving overall  
cardiac function [Okita 1994; Colucci 2001].

Cardiac autotransplantation (cardiac explantation, ex vivo 
tumor resection, reconstruction, and reimplantation) is a pos-
sible solution for selected cases. It was introduced for com-
plex cardiac tumors of the left heart by Cooley in 1985. We 
present a case of cardiac autotransplantation for excision of an 
anatomically complex benign hemangioma of the left atrium.

CASE PRESENTATION

A 48-year-old man presenting to the emergency room 
with severe shortness of breath and orthopnea was admitted 
to the hospital. The patient’s medical history was consistent 
with human immunodeficiency virus serology, hepatitis C, 
and diabetes. A physical examination confirmed the signs 
and symptoms of congestive heart failure. Auscultation of the 
heart revealed a loud pulmonic P2 and a soft first sound at 
the apex of the heart. Heart failure did not respond to the 
standard therapy with diuretics and angiotensin-converting 
enzyme inhibitors.

Transthoracic and transesophageal echocardiograms 
clearly identified the presence of a mobile cardiac tumor  
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measuring 6 × 4 × 5 cm (Figures 1 and 2). The tumor pro-
lapsed into the left ventricle through the mitral valve with 
each atrial systole, creating a mitral stenosis physiology and 
inducing a mitral valve gradient of 19 mm Hg. The mass was 
located in the left atrium, with the attachment of the base 
extending from the dome of the left atrium into the left 
atrial cuff and anterior to the left pulmonary veins. The left  
ventricular ejection fraction was normal.

Cardiac catheterization revealed the patient to have  
normal coronary arteries, an elevated pulmonary pressure, an 
elevated right ventricular systolic pressure, and mild elevation 
of the right atrial pressure. He was referred for excision of the 
cardiac tumor.

The main concern was the extent of the tumor implan-
tation, which transesophageal echocardiography revealed to 
extend from the posterior aorta along the dome of the left 
atrium into the lateral aspect of the annulus of the mitral 

valve. The extent of the tumor would appear to preclude exci-
sion and reconstruction with the heart in situ.

SURGICAL MANAGEMENT

A standard midline sternotomy was performed, and the 
pericardium was incised. Palpation along the left side of 
the pulmonary artery immediately revealed the presence of 
a large rubbery mass that compressed the pulmonary artery 
anteriorly. The heart was displaced anteriorly and rotated 
toward the right. Lifting of the heart allowed visualization of 
the entire tumor bulging into the pericardial cavity, and with 
the retracted sternum, it became evident that the tumor was 
not intracardiac but rather covered by a smooth epicardial lin-
ing. The extent of the base attached to the heart was assessed. 
Anteriorly, the attachment extended from the left mid dome 
of the left atrium and posterior to the aorta–pulmonary artery 
and then extended laterally to the left and in front of the left 
atrial cuff and the anterior aspect of both left pulmonary 
veins. The posterior attachment could not be visualized.

The final assessment of this tumor was that it was sub-
epicardial in nature; the edges were well demarcated. Exci-
sion of the mass with a 0.5-cm margin would require a wide 
exposure and reconstruction of the left atrium, for which 
cardiac explantation was required. Therefore, we decided on 
(1) cardiac explantation with retention of the sinus node with 
the superior vena cava, (2) tumor excision, (3) reconstruction 
of the left atrial defect, and, finally (4) reimplantation of the 
heart as an autotransplant.

Figure 1. Apical long axis view demonstrating the left atrial tumor above 
the mitral valve.

Figure 2. Transesophageal echocardiographic view of left atrial mass 
seen obstructing the mitral valve.
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Cannulation of the superior vena cava was distal to the 
sinus node at the level of the azygos vein. All of the remain-
ing cannulation sutures were placed as for an orthotopic 
heart transplant. The patient was heparinized, and the dis-
tal ascending aorta, distal superior vena cava, and inferior 
vena cava were cannulated. Cardiopulmonary bypass was 
initiated, and the core temperature was brought to 28°C. A 
vent was placed through the right superior pulmonary vein. 
The aortic cross-clamp was applied, antegrade cardiople-
gia was administered, and the cardiectomy was performed. 
The excision encompassed the anterior half of the proximal 
superior vena cava with retention of the sinus node. Then, 
the lateral wall of the right atrium was transected, and the 
mid intra-atrial septum was divided. The mid aorta and mid 
pulmonary arteries were transected. Anterior displacement 
of the distal aortopulmonary artery exposed the cardiac 
tumor. The dome of the left atrium, the pulmonary cuff, and 
the anterior aspect of the pulmonary veins were transected 
toward the atrioventricular groove. The heart was removed 
from the pericardial cavity and placed in a bowl of cold 
saline.

The second stage of the procedure consisted of excision of 
the tumor from the left atrium with a 0.5-cm rim of healthy 
atrium (Figure 3). The tumor was completely removed, with 
the incision of the left atrium extending along the mid dome 

of the left atrium posteriorly to the pericardial reflexion. The 
anterior left atrial cuff and both anterior left pulmonary veins 
were removed as a single specimen. The frozen section con-
firmed a benign cavernous hemangioma (Figure 4). The large 
atrial defect precluded direct cardiac implantation, and an 
extensive atrial reconstruction was performed.

Because the excision of the atrial tumor produced a large 
defect and precluded direct suturing of donor–recipient left 
atrial cuffs, the reconstruction was performed with 2 bovine 
pericardial patches and 4-0 polypropylene (Prolene) suture. 
The first patch was used to reconstruct the anterior aspect of 
the 2 pulmonary veins and the left atrial cuff. The suture line 
extended toward the pericardial reflexion. The patch had a B 
configuration, allowing retention of a wide lumen for both 
pulmonary veins.

The second pericardial patch was sutured to the edges 
of the defect left at the dome of the left atrium, which 
extended from the right side of the atrial incision and along 
the left atrial pericardial reflexion laterally toward the left. 
The first and second patches were first trimmed to obtain 
good apposition, avoiding redundant pericardium, and to 
provide a circumferential edge to which the excised atrium 
would be implanted. Both patches were sutured together 
(Figure 5).

The final result of the repair was a smooth edge that 
extended from the mid dome of the left atrium toward 1 cm 
to the caudal aspect of the left inferior pulmonary vein.

Figure 3. Excised heart removed from the pericardial cavity. The left 
atrium is widely opened. The tumor (T) is well visualized. The suction 
device has been placed within the left atrial cuff and the pulmonary 
vein. The left atrial cuff incision has been completed. Indicated are the 
aortic clamp and displaced transected aorta (A), interatrial septum (B), 
retracted left atrial dome (C), and posterior left atrial wall (LA). The 
arrows indicate openings of the right and left atrial cuffs.

Figure 4. Left atrial view of the completely excised left atrial tumor.
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Implantation of the heart was done as a standard cardiac 
autotransplantation. The suturing of the patch to the left 
atrium was done with extreme care; the first sutures were 
placed to the preshaped pericardial patch at the level of the 
atrioventricular groove. The heart was parachuted into the 
pericardial cavity, continuing along the oblique sinus and the 
intra-atrial septum, followed by suturing of the remaining 
portion of the patch to the atrial dome and the cranial aspect 
of the interatrial septum, completing the left atrial suture. 
The right atrium anastomosis was initiated at the level of 
the superior vena cava, tissue bites were small to avoid injury 
to the conduction tissue, and a second suture was initiated 
caudally at the interatrial wall and tied in the mid atrium. 
These pericardial–left atrial suture lines were covered with 
tissue glue.

The aorta and the pulmonary arteries were sutured in an 
end-to-end fashion, the heart was deaired, the aortic cross-
clamp was removed, and 100 μg of levothyroxine was admin-
istered through the heart–lung machine. Atrial and ventricu-
lar pacing wires were placed.

Once rewarming was completed, cardiopulmonary bypass 
was discontinued, and the venous cannulae were removed. 
The heart regained sinus rhythm, sustaining excellent hemo-
dynamics. The total aortic cross-clamp time was 95 minutes, 
and the cardiopulmonary bypass time was 128 minutes. The 
patient was discharged home on the 12th day after surgery.

DISCUSSION

Primary cardiac tumors are uncommon. Approximately 
75% to 94% of primary cardiac tumors are benign [Bakaeen 

2003; Blackmon 2008; Elbardissi 2008] and include myxoma, 
papillary fibroelastoma, lipoma, and hemangioma. Six percent 
to 25% of cardiac tumors, representing mostly sarcomas, are 
malignant. Hemangiomas are rare. In a Mayo Clinic series, 
only 7 (2.2%) of 323 tumors were hemangiomas, whereas 
only 1 of 85 primary cardiac tumors from the Methodist 
DeBakey Heart Center represented hemangioma [Bakaeen 
2003]. Lam et al [1993] reported 2 hemangiomas among 7 
primary cardiac tumors. None of 26 patients with benign pri-
mary cardiac tumors in the University of California series had 
hemangioma [Odim 2003].

Most primary cardiac tumors are asymptomatic, although 
patients may present with thromboembolism, symptoms of 
congestive heart failure [Rammos 2007], chest discomfort, 
arrhythmias, conduction disturbances, pericardial effusion, 
coronary insufficiency, or outflow tract obstruction [Odim 
2003]. Sudden cardiac death consequent to conduction distur-
bances or rupture and tamponade has been reported [Burke 
1990]. Our patient’s presentation with dyspnea, orthopnea, 
and signs of congestion was therefore quite typical.

The most useful diagnostic tool is the echocardiogram, 
which precisely locates the tumor and defines its extent in 
almost all cases. The echocardiographic appearance may also 
allow quite accurate prediction of the tumor type and whether 
it is malignant or benign. Magnetic resonance imaging serves 
as the next most important test, in which the density of the 
images may allow identification of tumor cell type [Vander 
Salm 2000].

Tumor resection is a standard surgical treatment for car-
diac tumors, and autotransplantation is rarely used.

Historically, cardiac autotransplantation was initially used 
for treatment of Prinzmetal angina [Clark 1977; Bertrand 
1981]. The idea was to provide a complete denervation of the 
heart and therefore to eliminate intractable chest pain. This 
practice was soon discontinued because of high morbidity and 
mortality, but the technique was used for surgical removal of 
extensive and posteriorly located cardiac tumors that were 
difficult for standard surgical resection.

In the experience of the Methodist DeBakey Heart Cen-
ter, where 85 patients with primary cardiac tumors have been 
treated, only 5 (5.4%) of 93 operations were autotransplan-
tations, all of which were performed for malignant cardiac 
tumors, including 3 malignant fibrous histiocytomas, 1 leio-
myosarcoma, and 1 undifferentiated sarcoma [Bakaeen 2003]. 
Another report from the Texas Heart Institute summarized 
this institution’s experience with 21 autotransplantations per-
formed in 20 patients with malignant or complex benign car-
diac tumors unresectable by a traditional approach. Of the 20 
patients, 17 had malignant lesions, and 3 had benign disease. 
Two patients had left ventricular lesions, and the rest had 
left atrial lesions. Histologic analyses revealed 7 malignant 
fibrous histiocytomas, 5 undifferentiated sarcomas, 3 leio-
myosarcomas, 1 malignant osteosarcoma, 1 myxoid sarcoma, 
2 paragangliomas, and 1 myxoma [Blackmon 2008]. Other 
case reports of cardiac autotransplantation have described left 
atrial sarcoma [Reardon 1999; Iskander 2005; Doty 2006], left 
ventricular sarcoma [Reardon 2006b], recurrent or large left 
atrial myxoma [Scheld 1988; Rosetti 2006; Gammie 2007], 

Figure 5. View similar to Figure 3. The tumor has been widely excised, 
the pericardial patch has been sewn to reconstruct the left pericardial 
cuff, and part of it has been sutured to the left atrial dome. Indicated 
are the aortic clamp (A), the posterior left atrial wall (LA), and the 
pericardial patch (P). The arrows indicate openings of the right and left 
atrial cuffs. PV indicates pulmonary vein.
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and malignant fibrous histiocytoma [Wagner 1999; Wang 
2006]. Our report is the first of cardiac autotransplantation 
performed for benign cavernous hemangioma.

The autotransplantation approach provides wide visual-
ization, which allows complete resection of left atrial tumors 
[Lam 1993; Reardon 2006a] and achievement of tumor-free 
margins, as well as good reconstruction of the atrial defect. 
We therefore performed a complete cardiac explantation, ex 
vivo tumor resection, reconstruction of the created defect with 
bovine pericardium, and subsequent cardiac reimplantation.

A transaortic approach has been used for left ventricular 
tumors [Kawada 1996], but this approach may provide insuf-
ficient exposure. Ventriculotomy [Rammos 2007] has been 
used as in the transmitral valve approach [Kudo 2004; Kurian 
2006], with the heart in situ or explanted [Elbardissi 2008], 
and it has provided excellent exposure for complete resection 
of intraventricular tumors and reconstruction of the interven-
tricular septum [Troise 2003].

Although orthotopic cardiac transplantation has been per-
formed to treat patients with benign and malignant tumors 
[Michler 1997], drawbacks include the lack of organ availabil-
ity and problems related to immunosuppression [Gowdama-
rajan 2000; Catton 2008]. In an experienced surgical center, 
cardiac autotransplantation is a viable option for patients who 
have otherwise nonresectable cardiac tumors, especially those 
that are posteriorly located.

Cardiac autotransplantation has been used for the man-
agement of various conditions, including Prinzmetal angina 
[Clark 1977; Bertrand 1981], complex congenital cardiac 
defects [Rosetti 2006], atrial fibrillation with mitral valve 
surgery [Troise 2003], long QT syndrome [Pfeiffer 1992], 
mitral valve replacement [Novitzky 2003; Wang 2006], giant 
left atrium [Livi 1998; Gordeev 2006; Barbukhatti 2009], and 
atrioventricular disruption after mitral valve replacement [El-
Essawi 2007]. Autotransplantation is a useful surgical tech-
nique for complete excision of tumors not accessible via stan-
dard procedures. This surgery should be performed in heart 
transplantation centers and/or by surgeons with a cardiac 
transplantation background.

REFERENCES

Bakaeen FG, Reardon MJ, Coselli JS, et al. 2003. Surgical outcome in 85 
patients with primary cardiac tumors. Am J Surg 186:641-7; discussion 
647.

Barbukhatti KO, Boldyrev SY, Antipov GN, Porhanov VA. 2009. First 
experience of cardiac autotransplantation for giant left atrium treatment. 
Interact Cardiovasc Thorac Surg 8:173-5.

Bertrand ME, Lablanche JM, Tilmant PY, Ducloux G, Warembourg H 
Jr, Soots G. 1981. Complete denervation of the heart (autotransplanta-
tion) for treatment of severe, refractory coronary spasm. Am J Cardiol 
47:1375-8.

Blackmon SH, Patel AR, Bruckner BA, et al. 2008. Cardiac autotrans-
plantation for malignant or complex primary left-heart tumors. Tex 
Heart Inst J 35:296-300.

Burke A, Johns JP, Virmani R. 1990. Hemangiomas of the heart. A clini-
copathologic study of ten cases. Am J Cardiovasc Pathol 3:283-90.

Catton C. 2008. The management of malignant cardiac tumors: clinical 
considerations. Semin Diagn Pathol 25:69-75.

Clark DA, Quint RA, Mitchell RL, Angell WW. 1977. Coronary artery 
spasm: medical management, surgical denervation, and autotransplanta-
tion. J Thorac Cardiovasc Surg 73:332-9.

Colucci WS, Schoen FJ. 2001. Primary tumors of the heart. In: Braun-
wald E, Zipes DP, Libby P, eds. Heart disease: a textbook of cardiovascu-
lar medicine. 6th ed. Philadelphia, Pa: W.B. Saunders. p 1807-22.

Doty DB, Doty JR, Reid BB, Anderson JL. 2006. Left atrial sarcoma: 
resection and repair by cardiac autotransplant and in situ pericardial 
patch. Ann Thorac Surg 82:1514-7.

Elbardissi AW, Dearani JA, Daly RC, et al. 2008. Survival after resec-
tion of primary cardiac tumors: a 48-year experience. Circulation 
118(suppl):S7-15.

El-Essawi A, Biancosino C, Anssar M, Kutschka I, Breitenbach I, Har-
ringer W. 2007. Atrioventricular disruption managed by ex-situ repair 
and autotransplantation. J Heart Valve Dis 16:359-61.

Gammie JS, Abrishamchian AR, Griffith BP. 2007. Cardiac autotrans-
plantation and radical bi-atrial resection for recurrent atrial myxoma. 
Ann Thorac Surg 83:1545-7.

Gordeev ML, Naimushin AV, Khudonogova SV, et al. 2006. Autotrans-
plantation of the heart as a method of treatment of valvular disease, atrio-
megalia with pronounced disturbances of hemodynamics [in Russian]. 
Vestn Khir Im I I Grek 165:78-82.

Gowdamarajan A, Michler RE. 2000. Therapy for primary cardiac 
tumors: Is there a role for heart transplantation? Curr Opin Cardiol 
15:121-5.

Iskander SS, Nagueh SF, Ostrowski ML, Reardon MJ. 2005. Growth of 
a left atrial sarcoma followed by resection and autotransplantation. Ann 
Thorac Surg 79:1771-4.

Kawada M, Oda K, Hirose K, Fukutomi T, Yamashiro T, Ogoshi S. 1996. 
A case report of surgical treatment for left ventricular papillary fibroelas-
toma [in Japanese]. Nippon Kyobu Geka Gakkai Zasshi 44:1159-62.

Kudo M, Misumi T, Koizumi K, Suzuki T, Nakagawa M. 2004. Intraop-
erative trans-mitral endoscopic resection of left ventricular tumor. Jpn J 
Thorac Cardiovasc Surg 52:308-10.

Kurian KC, Edwards FH, Jacob B, Monteiro C, Chiong J. 2006. Papil-
lary fibroelastoma presenting as left ventricular mass. Tex Heart Inst J 
33:63-5.

Lam KY, Dickens P, Chan AC. 1993. Tumors of the heart: a 20-year 
experience with a review of 12,485 consecutive autopsies. Arch Pathol 
Lab Med 117:1027-31.

Livi U, Rizzoli G. 1998. Autotransplantation procedure for giant left 
atrium repair. Heart Surg Forum 1:71-5.

Michler RE, Goldstein DJ. 1997. Treatment of cardiac tumors by ortho-
topic cardiac transplantation. Semin Oncol 24:534-9.

Novitzky D, Perry R, Ndaba D, Bowen T. 2003. Cardiac autotransplan-
tation for mitral valve replacement. Heart Surg Forum 6:424-8.

Odim J, Reehal V, Laks H, Mehta U, Fishbein MC. 2003. Surgical 
pathology of cardiac tumors. Two decades at an urban institution. Car-
diovasc Pathol 12:267-70.

Okita Y, Miki S, Ueda Y, Tahata T, Sakai T, Matsuyama K. 1994. Recur-
rent malignant fibrous histiocytoma of the left atrium with extracardiac 
extension. Am Heart J 127:1624-8.



The Heart Surgery Forum #2009-1027

E284

Pfeiffer D, Fiehring H, Warnke H, Pech HJ, Jenssen S. 1992. Treat-
ment of tachyarrhythmias in a patient with the long QT syndrome by 
autotransplantation of the heart and sinus node-triggered atrial pacing. J 
Thorac Cardiovasc Surg 104:491-4.

Rammos KS, Ketikoglou DG, Hatzibougias IG. 2007. Large left ven-
tricular capillary hemangioma with cavernous areas. Tex Heart Inst J 
34:128-9.

Reardon MJ, DeFelice CA, Sheinbaum R, Baldwin JC. 1999. Cardiac 
autotransplant for surgical treatment of a malignant neoplasm. Ann Tho-
rac Surg 67:1793-5.

Reardon MJ, Malaisrie SC, Walkes JC, et al. 2006. Cardiac autotrans-
plantation for primary cardiac tumors. Ann Thorac Surg 82:645-50.

Reardon MJ, Walkes JC, DeFelice CA, Wojciechowski Z. 2006. Car-
diac autotransplantation for surgical resection of a primary malignant left 
ventricular tumor. Tex Heart Inst J 33:495-7.

Reynen K. Frequency of primary tumors of the heart. 1996. Am J Cardiol 
77:107.

Rosetti M, Tighe DA, Chandok D, Gammie JS, Griffith BP, Folland ED. 
2006. An unusual cause of pulmonary vein stenosis: a case report and 
review of the literature. Echocardiography 23:685-8.

Scheld HH, Nestle HW, Kling D, Stertmann WA, Langebartels H, 
Hehrlein FW. 1988. Resection of a heart tumor using autotransplanta-
tion. Thorac Cardiovasc Surg 36:40-3.

Troise G, Brunelli F, Cirillo M, et al. 2003. Cardiac autotransplantation 
for the treatment of permanent atrial fibrillation combined with mitral 
valve disease. Heart Surg Forum 6:138-42.

Vander Salm TJ. 2000. Unusual primary tumors of the heart. Semin 
Thorac Cardiovasc Surg 12:89-100.

Wagner S, Hutchisson B, Baird MG. 1999. Cardiac explantation and 
autotransplantation. AORN J 70:99-100, 102, 104-7; quiz 108-12.

Wang CH, Yu HY, Chi NS, et al. 2006. Complete excision of primary 
cardiac malignant fibrous histiocytoma involving the left atrial free wall 
and mitral annulus by modified autotransplantation. J Thorac Cardiovasc 
Surg 131:731-3.


