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Abstract
[bookmark: _Hlk58622726]Intimal sarcomas simultaneously involving the right atrium and the inferior vena cava are rare. We report an advanced cardiac intimal sarcoma in the right atrium of a 19-year-old man that was complicated by tumor-related inferior vena cava thrombosis. We initially performed partial tumor resection and vena cava thrombectomy to resolve the circulatory obstruction, because complete resection was difficult due to the invading malignancy and an unclear margin. The patient received adjuvant chemo- and radiotherapy along with anticoagulant therapy. After 3 months, the border of the residual sarcoma was clear, and the patient underwent a secondary complete sarcoma excision (including that of the right atrium) and a suprahepatic vena cava reconstruction. At the 2-year follow-up, there was no tumor recurrence. We conclude that aggressive treatment and a staged complete resection can lead to improved outcomes for advanced cardiac intimal sarcoma with poor prognosis.

[bookmark: _GoBack]Keywords: Cardiac tumor, Cardiac Intimal sarcoma, Inferior vena cava thrombosis

Introduction
Primary cardiac malignant tumors are rare, with an incidence rate of 0.00025–0.0075% (based on autopsy findings).1 Among them, mesenchymal sarcomas comprise the largest group and include angiosarcomas, leiomyosarcomas, liposarcomas, malignant fibrous histiocytomas, and undifferentiated intimal sarcomas.2 Intimal sarcomas are the least reported sub-type, and commonly arise from great vessels such as the pulmonary artery or the thoracic aorta. They are extremely rare in the heart, and even then, mostly originate in the left heart.3 The reported survival is < 1 year, and complete tumor resection is key to improving outcomes. We report a case of an advanced cardiac intimal sarcoma involving the inferior vena cava, which was successfully resected using staged surgeries.
Case report
A 19-year-old man presented with abdominal distension, nausea, vomiting, and dyspnea. Physical examination revealed right upper quadrant abdominal tenderness and bilateral leg pitting edema. Computed tomography (CT) revealed a large lobulated mass in the right atrium (Figure 1A). A crescent-shaped non-enhanced hyperdense thrombus was observed in the suprarenal inferior vena cava (Figure 1B). Transthoracic echocardiography revealed a large right atrial mass that was nearly blocking the flow through the tricuspid valve (Video 1). During hospitalization, the patient’s dyspnea and hypoxemia worsened, leading to an emergency surgery for tumor resection. Operative findings included a large right atrial tumor without a clear border, attached to the interatrial septum and invading the inferior vena cava.
The tumor was fragile and difficult to resect completely. Histopathological analysis showed a pleomorphic sarcoma composed of spindle, epithelioid, and pleomorphic cells, arranged in sheets and fascicles with collagenous stroma and extensive hemorrhage (Figure 1C). Immunohistochemistry analysis revealed that the tumor cells stained negative for CD31 (Figure 1D) and positive for MDM2 (Figure 1E). Fluorescence in situ hybridization revealed positive MDM2 amplification (Figure 1F). These findings confirmed the diagnosis of a malignant cardiac intimal sarcoma. The patient received adjuvant chemo- (doxorubicin and ifosfamide) and radiotherapy for the residual tumor and was prescribed an anticoagulant (endoxaban, 60 mg/day) for thrombosis. After 3 months, CT showed resolution of the thrombus (Figure 2A), localization of the residual tumor at the suprahepatic vena cava, and recurrent tumor growing from the atrial septum (Figure 2D, intraoperative finding). We then undertook a second operation and achieved complete tumor resection. Through median sternotomy, we radially incised the diaphragm to approach the suprahepatic inferior vena cava and used a bovine pericardium patch to reconstruct the resected right atrium. The tumor-invaded vena cava was excised above the hepatic vein confluence and replaced with a 20-mm Goretex straight graft (Figure 2E). The patient received pazopanib as post-operative target therapy and showed no tumor recurrence at the 2-year follow-up. The vena cava prosthesis remained patent (Figure 2B, C).
Discussion
Intimal sarcomas, especially those involving the right heart, are extremely rare. Their diagnosis is challenging, because the clinical and radiological findings are often non-specific. MDM2 amplification by immunohistochemistry and confirmation by FISH are pathognomonic in differentiating intimal sarcomas from other histological subtypes of cardiac sarcomas.3, 4 Tests for CD31, CD34, and factor VIII are typically negative, but may be positive with angiosarcomatous differentiation.3 The prognosis is very poor, with an average life expectancy of 3–12 months.3 Complete tumor resection improves survival, whereas chemotherapy and radiotherapy are alternative treatments for unresectable tumors.3 Our patient had an extensive and unresectable intimal sarcoma simultaneously involving the right atrium and the adjacent inferior vena cava. It arose from the subendothelial intimal layer of vessels, invading the lumen and obstructing the venous flow. Anticoagulants are the first-line therapy for venous thromboembolism.5 In this case, although the tumor recurred despite adjuvant chemotherapy and radiotherapy, thrombolysis made complete resection possible in the secondary operation. To the best of our knowledge, this is the first reported case of an intimal sarcoma simultaneously involving the heart and the vena cava, in which complete resection was achieved through a staged operation strategy.
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Figure Legends

Figure 1. Pre-operative computed tomography scan showing a lobulated tumor in the right atrium (A) and invasive tumor-related thrombosis (invasion into the vena cava) (B). Hematoxylin-eosin staining (100×) (C). Immunohistochemistry using anti-CD31 antibody (100×) (D). Immunohistochemistry using anti-MDM2 antibody (100×) was positive for MDM2 (E). Fluorescence in situ hybridization was positive for MDM2 amplification (F)

Figure 2. Images taken after 3 months of anticoagulant therapy show the recovery of patency of the vena cava and a residual suprahepatic vena caval tumor (A). Images taken after one year show patency of the graft and no tumor recurrence (B and C). The residual and recurrent sarcoma was completely resected (D), while the right atrium was reconstructed with a bovine pericardium patch and the suprahepatic vena cava with a straight Gortex graft (E). 
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