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Abstract

Background Primary pulmonary artery sarcoma (PAS) is an extremely rare malignant tumor with a poor
prognosis. The clinical manifestations of PAS are diverse, including dyspnea, chest pain, cough, and hemoptysis.

The poor prognosis is often due to delayed diagnosis caused by similarity in imaging findings with pulmonary
thromboembolism (PTE). These cues of diagnosis include the “wall eclipsing sign”, lobulated bulging margins,
gadolinium enhancement during MRl imaging, and FDG uptake during PET/CT imaging. However, there are still many
misdiagnoses.

Case presentation This article reports a woman of reproductive age presenting with a pulmonary artery mass. The
computed tomographic pulmonary angiography and positron emission tomography/computed tomography did not
show obvious signs of pulmonary artery sarcoma, however, contrast-enhanced echocardiography showed moderate
perfusion, which helped differentiate between pulmonary artery sarcoma and pulmonary artery thrombosis, leading
to timely surgical treatment.

Conclusions PAS is a rare form of cancer that can occasionally be visually similar to PTE on radiographic images. Early
diagnosis of PAS is of vital importance to the prognosis of the patients. There are several visual cues that can help
differentiate between the two conditions. Additionally, contrast-enhanced echocardiography provides additional
information on tumor perfusion, offering another effective approach for a prompt and accurate diagnosis.
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Background

Pulmonary artery sarcoma (PAS) is a rare and malignant
tumor that develops within the inner or middle layer of
the pulmonary artery, with an estimated incidence rate
ranging from 0.001-0.03% [1]. The survival period of PAS
approximately 1.5 months for those who did not undergo
surgery timely. Currently, surgical resection remains
the main treatment for PAS. Early and aggressive surgi-
cal removal plays a crucial role in extending the patient’s
lifespan [2, 3]. However, the lack of specific symptoms
associated with PAS often results in misdiagnosis as pul-
monary thromboembolism (PTE), leading to delays of
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appropriate treatment for PAS [4]. Therefore, early, and
accurate diagnosis of PAS is of utmost importance in
determining the prognosis for patients.

Previous study indicated that positron emission tomog-
raphy/computed tomography (PET/CT) is the prefer-
able method for distinguishing between PAS and PTE.
In cases where the tumor lesions show strong 18 F-FDG
uptake while PTE appears as negative on PET/CT imag-
ing [5]. We present a case of a reproductive-aged woman
with a mass in the pulmonary artery. Both computed
tomographic pulmonary angiography (CTPA) and PET/
CT did not reveal any clear signs of primary PAS. How-
ever, contrast echocardiography demonstrated moderate
perfusion, aiding in the differentiation between PAS and
PTE. This information guided the decision for timely sur-
gical intervention.

Case presentation
A 34-year-old female with a history of oral contraceptives
use was admitted to local hospital due to exertional dys-
pnea and experiencing syncope for the past 8 days. The
patient reported dyspnea while climbing stairs, along
with intermittent episodes of transient loss of conscious-
ness lasting approximately 10 s. There were no reported
concomitant symptoms of palpitations, chest tightness,
headache, vertigo, vomiting, or persistent dyspnea. The
echocardiography at the local hospital indicated PTE.
Therefore, she was transferred to our hospital for fur-
ther therapy. Given her medical history and the pos-
sibility of PTE, we initiated anticoagulation therapy
with heparin. Further investigations revealed the fol-
lowing results: D-dimer was 1.60 mg/l FEU (reference
range<0.05 mg/l FFU). Tumor markers showed elevated
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levels of aldehyde dehydrogenase at 32.7 ng/ml (reference
range<20.4 ng/ml). Anti-nuclear antibodies, anti-neu-
trophil cytoplasmic antibodies, anti-cyclic citrullinated
peptide antibodies, anticardiolipin antibodies, anti-2
glycoprotein I antibodies, rheumatoid factor, and lupus
anticoagulant were all negative.

The CTPA showed filling defects in the main pulmo-
nary artery and its branches (Fig. 1). The ultrasound
examination of the limbs yielded normal findings, ruling
out deep vein thrombosis.

As the patient currently does not exhibit acute embolic
symptoms, there is a need to remain vigilant for in-situ
thrombosis caused by malignancy. Therefore, a PET/
CT scan has been arranged to evaluate the nature of the
occupying lesions, and another echocardiography was
conducted to evaluate the efficacy of anticoagulation.
The PET/CT scan did not reveal any conclusive signs of
malignancy throughout the body. Nevertheless, there was
a hypodense lesion in the main pulmonary artery and its
branches, along with mild FDG activity (Fig. 1). Echo-
cardiography revealed hypoechoic mass within the main
pulmonary artery trunk and its branches (Fig. 2). It also
indicated the presence of severe pulmonary hyperten-
sion, as well as enlarged right heart chambers with nor-
mal systolic function. However, the contrast-enhanced
echocardiography displayed a moderate perfusion of the
mass (Fig. 2).

During hospitalization, she experienced recurrent epi-
sodes of syncope, resulting in unconsciousness, unre-
sponsiveness, with a heart rate of 45 bpm, respiratory
rate of 10 breaths per minute, and undetectable oxy-
gen saturation level. Due to the suspected presence of a
tumor, emergency surgery was performed. During the

Fig.1 A, B, E, F Preoperative CTPA: The dilation of the pulmonary trunk, filling defects in the main pulmonary artery, left and right pulmonary arteries. C,

D, G, H PET/CT: a slight increase in glucose metabolism of the mass
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Fig.2 A, B Preoperative echocardiography: a large irregular hypoechoic mass detected within the main pulmonary artery. No blood flow revealed in the
mass. C, D Contrast-enhanced echocardiography: the contrast agent was unevenly filling within the mass

Fig. 3 A A mass was observed within the main pulmonary artery and the branches of the left and right pulmonary arteries. The mass appeared soft
and dark in color. B Postoperative pathology revealed a spindle cell tumor, which was diagnosed as a sarcoma based on the combination of immuno-
histochemistry and genetic testing. C, D Postoperative echocardiography: there was an irregular hypoechoic mass measuring approximately 16x9 mm
detected at the level of the pulmonary valve annulus, which was closely related to the pulmonary artery valve. E Postoperative CTPA: membranous
structures were observed in the main pulmonary artery and left pulmonary artery

procedure, the occupying lesions was found within the
main, left and right pulmonary artery. These masses
exhibited a soft texture and dark color, with unclear
boundaries between the masses and the pulmonary ves-
sel wall (Fig. 3). Furthermore, the masses extensively
infiltrated the pulmonary valve and the pulmonary vessel
wall. After the resection, due to severe myocardial edema
in the patient, sternum closure would severely compress
the right heart. The chest incision is closed with multiple
layers of antibacterial dressings, and the patient is sent to

the intensive care unit for secondary monitoring. Ster-
num closure will be performed at an elective time.

The postoperative pathological examination confirmed
the presence of a spindle cell tumor (Fig. 3). Further
immunohistochemical and genetic testing demonstrated
the diagnosis of a malignant sarcoma. The specific sub-
type was identified as intimal sarcoma with FNCLCC
grade 3 classification. Immunohistochemistry results
exhibited positive expression of MDM?2, CDK4, P16, with
focal desman positivity, focal EMA positivity, focal TLE-1



Liu et al. Thrombosis Journal (2024) 22:4

positivity, and a Ki-67 proliferation index of 30%. FISH
testing revealed amplification of the MDM2 and FRS2
genes, but no amplification of the CDK4 gene.

The patient recovered well after surgery and dis-
charged. The postoperative echocardiography revealed
the presence of an irregular hypoechoic mass measuring
approximately 16X9 mm at the level of the pulmonary
valve annulus. This mass was closely associated with the
pulmonary artery valve. Additionally, the postoperative
CTPA showed the presence of membranous structures
within the main pulmonary artery and left pulmonary
artery.

Unfortunately, this patient experienced syncope again
and passed away 2 months after the surgery, likely attrib-
uted to two primary factors. Firstly, immediate closure
of the chest wall was not feasible following the surgery
due to tissue swelling. Once the inflammation subsided,
the chest wall was subsequently closed again. Secondly,
as the tumor had spread to the pulmonary valve, com-
plete separation was not achievable, resulting in a relapse
shortly.

Discussion

PAS typically presents with an indolent onset, and its
clinical symptoms resemble those of PTE. Common
manifestations of PAS include exertional dyspnea, chest
pain, cough, hemoptysis, and fatigue [6]. The treatment
for PTE is anticoagulation or thrombolytic therapy.
However, for the treatment of PAS, there is no standard
treatment plan. Surgical resection is the main treatment
method, and the possibility of surgery depends on fac-
tors such as the patient’s cardiopulmonary reserve, tumor
location, and presence of distant metastasis. It has been
reported that approximately 47% of patients with primary
PAS were initially misdiagnosed as having PTE before
undergoing surgery. Furthermore, this misdiagnosis led
to a delay in surgical intervention for about 39% of these
patients [7]. Therefore, achieving a timely and accurate
diagnosis of PAS is crucial for ensuring the best possible
prognosis for patients with PAS.

Compared to PTE, patients with PAS might exhibit
additional symptoms such as fever, anemia, weight loss,
increased erythrocyte sedimentation rate, and absence
of hypercoagulability [8]. Previous studies have indicated
that levels of D-dimer in patients with PAS were usu-
ally within the normal range. Therefore, the presence
or absence of elevated D-dimer levels may serve as an
important indicator for differentiating between PAS and
PTE [9]. Other factors that can help distinguish between
PTE and PAS include the patient’s history of contracep-
tive use, and hypercoagulability due to various reasons.
Additionally, the presence of deep vein thrombosis is
also considered a contributing factor to the development
of PTE. The elevated D-dimer level may be associated
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with the formation of the local thrombus [10]. Nearly
5% patients had concurrent large thrombus burden sur-
rounding the tumor [7]. Furthermore, the release of pro-
coagulant substances by tumor cells, such as mucins and
coagulation factors, can induce a hypercoagulable state
and secondary fibrinolysis hyperactivity, which might
also contribute to the elevated D-dimer levels. Therefore,
an elevated D-dimer level alone cannot directly exclude
the diagnosis of primary PAS. In this case, the patient
had only mild elevated D-dimer levels which could be a
potential distinguishing element between PAS and PTE.

Imaging examinations also play a crucial role in the
diagnosis of PAS (Fig. 4). PAS is primarily manifested on
CTPA as a larger mass located in the main pulmonary
artery, left or right pulmonary artery, or even the right
ventricular outflow tract [11]. The tumor exhibits irregu-
lar margins and may display lobulations or septations. It
often causes dilation of the proximal pulmonary artery
and adjacent branch vessels. Additionally, aneurysmal
dilation in the distal arteries may be observed, resem-
bling grape-like nodules within the lung [11]. Therefore,
the location of the lesions can be important for differen-
tiating PAS from other conditions. Previous studies have
reported that 85% of PAS cases involve the main pulmo-
nary artery, 71% involve the right pulmonary artery, 65%
involve the left pulmonary artery, 32% involve the pulmo-
nary valve, and 10% involve the right ventricular outflow
tract [12]. Also, some PAS may invade the lungs or medi-
astinum [13]. In contrast, PTE often occurs in the right
lung, bilateral lower lungs, and peripheral pulmonary
arteries, which rarely affects the main pulmonary artery
or other areas.

The differences in morphological characteristics also
hold significance in distinguishing between PAS and
PTE, which were summarized in Fig. 4 and Table 1. Due
to the localized accumulation, expansion, and infiltration
of tumor tissue into the walls of the pulmonary artery,
PAS appears as a massive embolus on CTPA, almost
completely occupying the entire lumen of the pulmonary
arteries. The tumor mass aligns with the course of the
pulmonary vascular tree, and the free end convex to the
blood flow, giving rise to the term “wall eclipsing sign’,
which is a characteristic sign of PAS [14]. However, in this
case, no evident “wall eclipsing sign” was observed on the
CTPA, which can lead to a misdiagnosis of PTE. In con-
trast, in cases of PTE patients, the emboli are unlikely to
completely block the main pulmonary artery due to the
hemodynamic forces and activation of the body’s fibrino-
lytic system. As a result, they often manifest as proximal
filling defects that appear flat, or cup shaped. In addition,
lobulated PAS often creates sharp angles with the vessel
wall, whereas chronic PTE tends to form blunt angle [15].
These morphological differences can aid in differentiating
between PAS and PTE.
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Fig. 4 The multimode image characteristics of PAS and PTE (note: The CMR of PAS reprinted from European Heart Journal. Nijjar PS, Igbal FM, Alraies MC,
Valeti US, Tadavarthy SM. Primary pulmonary artery sarcoma masquerading as pulmonary embolism: role of cardiac MRI. Eur Heart J. 2016;37(18):1479)

Magnetic resonance imaging (MRI) offers high-reso- enhancement patterns observed in MRI, PAS commonly
lution capabilities and can aid in distinguishing between  presents with aneurysm- or grape-like distal struc-
PAS and PTE by assessing flow and gradients through- tures exhibiting heterogeneous enhancement [17]. This
out the pulmonary artery vasculature [16]. Regarding the = unique imaging marker is indicative of PAS. The level of
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Table 1 Comparing PAS and PTE in clinical imaging
PAS PTE

CTPA + Occupying the entire lumen of - Appear flat, or
the pulmonary arteries cup shaped
«"Wall eclipsing sign” « Blunt angle with
« Sharp angles with the vessel the vessel wall
wall
MRI « Aneurysm- or grape-like distal ~ + No enhance-
structures exhibiting heteroge- ~ ment and delayed
neous enhancement enhancement
- Delayed enhancement « Clear demarca-
- Higher T2 signal intensity tion with artery
- Artery wall thickening wall
PET/CT High '8F-FDG uptake Low/no "®F-FDG
uptake
TTE « Expansive growth with raised ~ « Regular
border morphology
+ Medium-low echo, with an « Uniformly
uneven internal echo hypoechoic
- Slightly mobile «Immobile
« Color doppler display obvious - Distal end to
blood flow signal inside the cyst  proximal end
- No obvious
blood flow signal
inside the cyst
Contrast-TTE Moderate-high perfusion Low perfusion

CTPA computed tomographic pulmonary angiography; MRI magnetic
resonance imaging; PET/CT positron emission tomography/computed
tomography; TEE trans-thoracic echocardiography

enhancement is also associated with tumor differentia-
tion [16]. PAS tumors typically exhibit a varied pattern of
delayed enhancement, with time-signal intensity curves
that gradually increase over time. Additionally, they tend
to have higher T2 signal intensity compared to PTE [5].
However, PAS patients often experience respiratory diffi-
culties, and the prolonged breath-holding time limits the
practicality of using MRI in such cases. As a result, the
clinical utilization of MRI in cases involving tumors was
infrequent in the past.

In PET/CT examinations, PTE often presents as radio-
tracer sparsity or defects, which is important in distin-
guishing between PAS and PTE [18, 19]. What is more,
a single PET/CT examination can provide information
on the metabolic activity of the pulmonary artery mass
while also offering an overview of the patient’s systemic
condition. It can also help determine the presence or
absence of distant metastasis, allowing for a compre-
hensive evaluation of malignant tumors in a single ses-
sion [20]. Studies have elucidated that the maximum
standardized uptake value (SUVmax) can be used to dif-
ferentiate between PAS and PTE. Ito K et al. [21]demon-
strated that the mean SUVmax of PAS (7.63 +/- 2.21) was
significantly higher than that of PTE (2.31 +/- 0.41). Xi
et al. [22]further indicated that, employing a cutoff value
of 3.3, the sensitivity, specificity, and accuracy were found
to be 98.4%, 96.8%, and 97.8%, respectively. These studies
highlight the significance of PET/CT in the diagnosis of
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PAS, nevertheless, these are all single-center studies with
limited samples. It should be noted that in some cases,
the 'F-FDG uptake may be low, resulting in negative
findings on PET/CT and potentially leading to a misdi-
agnosis of PTE. [23] The low 8F-FDG uptake can be
attributed to the limited presence of tumor cells and an
abundance of mucinous tissue [23]. Additionally, tumor
necrosis, hemorrhage, calcification [24], or chronic
thrombosis [25]can also contribute to the low uptake of
BE_FDG in tumors. Therefore, PET/CT may not be the
most optimal screening tool, particularly due to its cost
and accessibility [26]. In cases where there is a strong sus-
picion of PAS, a negative PET/CT result cannot entirely
exclude the diagnosis. In this case, the '*F-FDG uptake
is low, which confounded the diagnosis of PAS [27]. As a
result, a subsequent contrast echocardiography was per-
formed to assess the perfusion of the mass and provide
further valuable information.

Transthoracic echocardiography is one of the essential
methods for diagnosing PAS, which allows for dynamic
observation of the tumor’s location, size, shape, activ-
ity, spatial structure, and adjacent relationships, provid-
ing a preliminary assessment of the tumor’s benign or
malignant nature and its degree of infiltration [12]. Color
Doppler can display the bloodstream signals within the
tumor.

Contrast-enhanced echocardiography demonstrated
excellent sensitivity and specificity in distinguishing
between thrombi and PAS [28, 29]. Contrast-enhanced
imaging allows for dynamic observation of the complete
morphology of PAS, including the width of the attached
base, presence of a stalk, and mobility, with the assistance
of contrast agents. By assessing the contrast perfusion
within the lesion, it helps to differentiate between tumors
and thrombi, as well as evaluate the extent of infiltration
into the branch arteries. Additionally, it enables simul-
taneous assessment of pulmonary artery hypertension
caused by tumor obstruction. On the other hand, con-
trast-enhanced ultrasound imaging during PTE shows
no contrast perfusion within the lesion. Furthermore, the
contrast agents used in echocardiography are radiation-
free and less likely to cause allergic reactions, making
them a safer option for patients. They can be excreted
through the alveoli, resulting in minimal impact on renal
function. Additionally, they have high repeatability and
can be administered multiple times if necessary [30].

Conclusions

PAS is a rare form of cancer that can occasionally be
visually similar to PTE on radiographic images. Early
diagnosis of PAS is of vital importance to the progno-
sis of the patients. There are several visual cues that can
help differentiate between the two conditions. These
cues include the “wall eclipsing sign’; lobulated bulging
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margins, gadolinium enhancement during MRI imaging,
and FDG uptake during PET/CT imaging. Additionally,
contrast-enhanced echocardiography provides additional
information on tumor perfusion, offering another effec-
tive approach for a prompt and accurate diagnosis.
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