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Introduction 
As the access to advanced cardiac imaging grows, primary cardiovascular tumors are increasingly encountered despite being very rare (1). Primary tumors of the aorta and pulmonary arteries have non-specific clinical manifestations which often lead to a late diagnosis. These tumors are most commonly mesenchymal – with various types of sarcomas most frequently seen (2). Primary great artery sarcomas are rare and have been reported arising most frequently from the pulmonary artery trunk (2). Vascular location of a myxoma is extremely rare. Cardiovascular magnetic resonance (CMR) is an advanced imaging modality, which together with an efficient study protocol and expert analysis gives a timely accurate diagnosis or reduces the differential diagnosis entities. We reviewed the imaging findings of 10 patients with histologically proven primary tumors of the pulmonary arteries and the aorta who had CMR studies at our institution on a 1.5T Avanto, Siemens, with breath-holding and ECG-triggering technique. 

Figure 1, Supplementary Video 1. Aortic myxoma.  A 47 year old man presented with acute leg ischemia and was treated by embolectomy. On computed tomography, an aortic dissection and thrombus were suspected. CMR showed a large irregular intraluminal mobile mass arising from the posterior wall of the descending aorta (orange arrows), mildly hyperintense to the skeletal muscle on cine (A, Supplementary Video 1), T1-weighted (B), hyperintense on T2-STIR (C) with significant enhancement in late gadolinium phase (E) compared to the early phase (D). Histology of the viscous material from the embolectomy confirmed this to be a myxoma. Myxoma is the most common primary cardiac tumor, typically seen in the left atrium, attached to the septum. It usually varies in size, has smooth or lobulated contours and is slightly mobile. It does not cross tissue planes; usually, there is no pericardial involvement. 
[image: figures%20revised/small%20jpgs/Figure%201.jpg]
Figure 2. Aortic leyomyosarcoma. A 66 year old man presented with chest pain. In the inferior part of the visceral mediastinal compartment, there was a mass encasing the distal descending aorta (orange arrows). It was mildly heterogeneous on cine (A), T1-weighted (B) and hyperintense on T2-W STIR (C) images. There was some enhancement of the tumor on arterial phase of MR angiography (D), which was more evident on early and late phase gadolinium-enhanced images in the cross-cut plane (E, F). Leiomyosarcoma with spindle and pleomorphic cells, arranged in sheets and fascicles was seen on histology (G). Leiomyosarcoma is a malignant mesenchymal neoplasm containing smooth muscle reminiscent spindle cells and collagenous background; it is most commonly found arising from the uterus or gastrointestinal tract. Vascular leiomyosarcomas are rare and usually affect the inferior vena cava; the aortic location is extremely rare. The tumor is sessile, solid and usually solitary. 
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Figure 3. Angiosarcoma of the right pulmonary artery (RPA). A 21 year old man with constriction of RPA seen on CT was referred to CMR. Axial (top panel) and cross-cut (mid panel) planes showed a lesion arising from the inferior and posterior walls of the right pulmonary artery with mildly hyperintense signal on T1-W images (A, D) and high signal on T2-W STIR images (B, E), orange arrows. On the late gadolinium phase (D, F) the lesion showed dense enhancement with an area of hypointense signal, suggestive of a thrombotic/necrotic component. There was segmental occlusion on pulmonary arterial phase of MR angiography (G, blue arrow). On through-plane velocity mapping study, there was flow acceleration in the RPA with peak recorded velocity of 1.6m/s (orange arrows in magnitude and phase images, H-I). Angiosarcoma, the most common primary cardiovascular malignancy, is a high grade sarcoma with prominent neo-vascularization and aggressive spread through tissue planes. 
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Figure 4. Spindle cell sarcoma of pulmonary arteries. A 70 year old woman with suspected leiomyosarcoma was referred to CMR to assess the extent of the mass. Intraluminal masses (orange arrows) within the MPA, RPA (top panel) and LPA (mid panel) were seen on CMR. The masses were hyperintense on T2 STIR (C, H) images and showed heterogeneous enhancement with areas of low signal intensity, suggesting thrombotic and/or necrotic changes on early (D, I) and late gadolinium phases (E, J). MRA was acquired to assess the anatomy of the affected pulmonary tree (K). On histology, pulmonary artery sarcoma showed spindle cells arranged in short fascicles with strong hyperchromatic and atypical nuclei (K). Spindle cell sarcoma of pulmonary arteries is often referred to as intimal sarcoma and usually has very similar imaging appearances to pleomorphic sarcoma: intraluminal heterogeneous mass spreading along the vessel’s wall with obvious contrast enhancement and necrotic areas. 
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Figure 5. Malignant peripheral nerve sheath tumor (MPNST). A 41 year old man presented with chest pain and breathlessness. A lobulated heterogeneous mass between the aortic root, pulmonary arteries and left atrium (orange arrows) was seen on CMR (axial plane in top panel, vertical long axis plane in bottom panel). It was mildly heterogeneous on T1-weighted and bSSFP images (A, C) and hyperintense as well as heterogeneous on T2-weighted images (B). The enhancement pattern on late phase inversion recovery image (D) indicates a fluid-filled necrotic component. The location suggests it may have originated from the pulmonary plexus. Previously known as malignant schwannoma, neurogenic sarcoma, and neurofibrosarcoma, malignant peripheral nerve sheath tumor is a neoplasm of peripheral neural origin and is often associated with neurofibromatosis type I. 
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Figure 6. Table with a summary of the histological diagnosis, location of tumor, morphology and CMR tissue characteristics. Both of the two primary aortic tumors were located in the mid-descending aorta. The location of the primary tumors of the pulmonary arteries was variable, nevertheless most of them (5/8) were found in the right pulmonary artery. The majority of the tumors (8/10) had an intraluminal component. All of the tumors had high signal intensity of T2-STIR images and enhanced late after contrast administration. Four patients had small pleural effusions. Of note, none of the ten patients had evidence of pericardial effusion.
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Conclusion
Primary tumors of the aorta and pulmonary arteries are rare, usually mesenchymal and have non-specific clinical manifestations. In our study, 9 out of 10 tumors were malignant with aortic myxoma being the only benign tumor. Dedicated cardiovascular magnetic resonance imaging with expert analysis helps to achieve a timely diagnosis. 
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CMR features of primary aortic and pulmonary artery tumors

Age,y [Sex, MIF Tumor Location Morphology Vessel Heterogeneity | TAW | T2W | Enhancement | Pericardial Pleural
obstruction effusion effusion
66 M Leiomyosarcoma Descending aorta Smooth contours, - + 4| 44+FS ++ - Small
sessile, intramural

a7 M Myxoma Descending aorta Lobulated, mobile, - + T . e - -
intraluminal

21 M Angiosarcoma RPA Lobulated, mobile, + + + | ++FS + - -
intraluminal

a1 M High grade sarcoma Between the aortic root, Sessile, - + 1| ++Fs + - Small

(MPNST) pulmonary arteries and left | smooth contours
atrium

43 M Intimal sarcoma RPA Sessile, lobulated, + -+ 1| ++Fs ++ - -
intraluminal

59 M Pleomorphic sarcoma 1 RPA, mediastinum Sessile, lobulated + + T +FS + - Small

67 [ Pleomorphic sarcoma 2 LPA Sessile, lobulated, + -+ 1| ++Fs + - -
intraluminal

70 F Spindle cell sarcoma 1 MPA, RPA, LPA Lobulated, mobile, + + 1| ++Fs + - Small
intraluminal

30 M Spindle cell sarcoma 2 LPA Sessile, lobulated, + -+ 1| ++Fs ++ - Small
intraluminal

47 M Spindle cell sarcoma 3 RPA Sessile, lobulated, + + T | ++Fs ++ - -

intraluminal
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