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TECHNICAL NOTE
Intra-operative Ultrasound as a Tool to Assess Free Borders of Primary
Vascular Aortic Tumors During Resection
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Introduction: Primary vascular tumors are rare and, in general, have a poor prognosis. Complete resection is
associated with a better prognosis. Radical resection depends on safe discrimination of tumor borders.
Technical summary: A 54 year old woman presented with abdominal pain. Imaging revealed a mass in the
thoracic aorta, highly suspicious of angiosarcoma which was confirmed post-operatively by histological analysis.
Open surgery was performed. Prior to clamping of the aorta, intra-operative ultrasound established clear
delineation of the tumor borders.
Conclusion: Intra-operative ultrasound was, in this case, a safe and easy method to determine the tumor borders,
providing a simple guide to in toto tumor removal.
� 2016 The Authors. Published by Elsevier Ltd on behalf of European Society for Vascular Surgery. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Primary aortic sarcomas are extremely rare, with approxi-
mately 145 cases described worldwide.1 The angiosarcoma,
originating from endothelium, was first described in 1873,2

and to date, about 45 cases have been reported in the
literature.1,3e8 Symptoms of primary aortic sarcomas often
include abdominal pain and symptoms of occlusive vascular
disease, such as acute embolic ischemia, claudication, and
renovascular hypertension. More rarely, accompanying
symptoms such as fever, fatigue, and weight loss are pre-
sent.1,3,5 The intravascular tumor may mimic occlusive
aortic and/or gastrointestinal disease, thereby delaying the
diagnostic process, which may contribute to a poorer
prognosis of these highly malignant neoplasms, which
metastasize to bone, lung, liver, skin, and kidney.3,4 The
reported mean survival is 16 months (median, 7 months) for
all patients, increasing to 20 months (median 10 months)
after surgical treatment.3 Complete tumor resection pro-
vides the best chance of cure and prolonged survival.5

The objective was to introduce the use of intra-operative
ultrasound as a tool for establishing tumor borders, as
exemplified in a recent case of angiosarcoma in the thoracic
aorta.
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SURGICAL TECHNIQUE

A 54 year old woman presented with 8e10 months of
abdominal pain. There was 12 kg weight loss that may have
been due to abdominal pain, and non-specific lower ex-
tremity symptoms described as strange, neurogenic,
sometimes cold feelings from the legs. She had never
smoked and had a previous medical history of second de-
gree atrio-ventricular block, hypertension, migraine, and
Grave’s disease. Because of her symptoms, she underwent
gastro-endoscopic evaluation as well as non-contrast
computed tomography (CT) imaging, which did not reveal
any abnormalities. The symptoms persisted, and CT angi-
ography, magnetic resonance imaging (MRI) and fludeox-
yglucose positron emission tomography/CT (FDG-PET/CT)
scans (Fig. 1A,B) were performed. These revealed an intra-
luminal polypoid mass in the thoracic aorta located on level
of the 10th and 11th thoracic vertebra. The FDG-PET/CT
scan showed the process to be hypermetabolic, differenti-
ating it from an atherosclerotic plaque and mural thrombus,
and providing a strong suspicion of a vascular tumor. The
imaging showed no signs of distant metastases.

Open surgical resection of the tumor with prosthetic
replacement of the aorta was performed. It was conducted
under left heart perfusion during clamping of the aorta,
with retrograde perfusion from the left femoral artery. After
exposure of the affected aorta, intra-operative ultrasound
with a 9 MHz linear probe was used to identify the cranial
and caudal limits of the tumor prior to clamping. Ultra-
sound was conducted in B-mode, since the angiosarcoma
had very different echodensity and texture compared with
the normal, albeit slightly atherosclerotic, vascular wall
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Figure 1. Diagnostic T2 weighed MRI (A) and FDG-PET/CT (B); yellow arrows indicate the tumor.
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(Fig. 2A). This was done for two purposes: first, to ensure
removal of the entire tumor with generous margins
(Fig. 2B), and second, to assist clamp placement to avoid
inadvertent crushing or fragmentation of the tumor.

Subsequent pathological analysis confirmed the diagnosis
of angiosarcoma arising from the intima, with clear resec-
tion margins. After an uneventful post-operative period, the
patient underwent adjuvant chemotherapy, as recom-
mended by the oncologists on the basis of the little
knowledge that exists on post-operative treatment of
angiosarcomas. Subsequent follow up PET/CT scans have
unfortunately shown metastases in the ribs. It is not known
if the metastases occurred before or after the operation, as
the operation was one month after the primary scans.

DISCUSSION

Angiosarcoma is a rare but aggressive neoplasm of which
little knowledge exists, making diagnosis and treatment a
Figure 2. Intra-operative ultrasound image (A) showing altered echoden
blood (darker); photograph of the removed aorta (B) in toto after ha
presenting the identical (distal) extent of the tumor.
challenge. In this case the patient presented with abdom-
inal pain and weight loss, not uncommon for patients with
this type of cancer.1,3e5 An intraluminal mass identified on
CT angiography can be difficult to distinguish from the much
more frequently observed atherosclerotic plaques or mural
thrombus. Little has been described regarding the use of
FDG-PET in the diagnostic process.1,6 In the present case,
FDG-PET and MRI both increased the suspicion of
malignancy.

If there is no evidence of metastatic disease, radical
resection with prosthetic replacement is recommended3

as, according to the literature, total tumor resection is
one of the only treatments associated with longer survival.
Other than conventional frozen section analysis, no
methods of intra-operative demarcation have been
described previously. Direct intra-operative ultrasound, as
a supplementary imaging modality to the PET-CT and MR
scans, provided clear tumor delineation with minimal
sity of the aortic (lightest) polypoid tumor (light, yellow arrow) and
ving been cut open, displaying the angiosarcoma, yellow arrows
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disturbance to the aorta, thus minimizing the risk of tumor
spread.
CONCLUSION

Use of intra-operative ultrasound, is safe and effective as an
adjunct in the open surgical resection of primary tumors of
the aorta.
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