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Abstract. The present case study reported on a patient initially 
diagnosed with pulmonary embolism at the First Affiliated 
Hospital of Fujian Medical University (Fuzhou, China) in 
May 2021. Furthermore, a relevant literature review was 
performed. The patient was a 57‑year‑old Chinese male who 
presented with dyspnea and wheezing following exercise. 
Physical examination revealed pulmonary valve second heart 
sound > aortic valve second heart sound but lack of swelling 
on both lower limbs, while the imaging results suggested 
pulmonary artery filling defects. Initially, the patient was 
diagnosed with pulmonary embolism and was administered 
anticoagulation treatment, which lasted for 3  months but 
proved to be ineffective. Subsequent re‑examination via chest 
computed tomography further indicated multiple nodules in 
the left hilum and lung. Therefore, the patient was hospitalized 
for lung aspiration biopsy, which led to the final diagnosis of 
pulmonary artery intimal sarcoma based on the pathological 
review.

Introduction

Pulmonary embolism includes pulmonary thromboembolism 
(PTE), fat embolism syndrome, amniotic fluid embolism, air 
embolism and tumor embolism (1), among which PTE is the 
most common type. Pulmonary arteritis, fibrinous mediasti‑
nitis and pulmonary artery sarcoma are easily misdiagnosed 
as pulmonary embolism. Up to 2021, ~400 cases of pulmonary 
artery intimal sarcoma (PAIS) have been reported in the litera‑
ture (2‑4), most of which were published as case reports. Despite 
these publications, the pathogenesis of the disease remains 
elusive. The average age at onset of PAIS is 50 years and the age 

range of onset is estimated to be 13‑86 years (5‑7). There are 
no significant differences between male and female subjects in 
terms of the prevalence and outcomes of this condition based 
on previous evaluations (8). The clinical symptoms, labora‑
tory findings and imaging features of PAIS are non‑specific, 
which makes diagnosis difficult. To date, there is no standard 
treatment for PAIS. The present study retrospectively analyzed 
the symptoms, clinical images, pathological features (based 
on morphological analysis, immunohistochemical and genetic 
testing), diagnosis, differential diagnosis and treatment of one 
patient who was initially diagnosed with pulmonary embolism 
at an external hospital and was subsequently referred to our 
hospital. The analysis was combined with a literature review to 
enhance awareness and prevent early misdiagnosis and missed 
diagnosis of pulmonary embolism.

Case report

Clinical course in external hospital. A 57‑year‑old male patient 
had complaints of dyspnea and wheezing following climbing 
3 floors persisting for 6 months. Pulmonary artery computed 
tomography angiography (CTA) examination (Fig.  1) 
performed at an external hospital indicated that the left lower 
pulmonary artery and its branches had multiple pulmonary 
embolisms. The laboratory examinations included D‑dimer 
(0.46  mg/l) and the tumor antigen markers carbohydrate 
antigen 19‑9, carcinoembryonic antigen, α‑fetoprotein and 
prostate‑specific antigen (normal concentration values). 
The symptoms worsened following 3 months of irregular 
anticoagulation.

Clinical course at the hospital. The patient then consulted 
our department at the First Affiliated Hospital of Fujian 
Medical University (Fuzhou, China) in May 2021 and received 
standard anticoagulant therapy for an additional 3 months. 
The patient's symptoms improved slightly. However, chest 
CT re‑examination (Fig.  2) indicated multiple pulmonary 
nodules and consequently, the patient was hospitalized. 
Examination of the patient's family history indicated a lack of 
evidence supporting any special history or family history. The 
physical examination indicated pulmonary valve second heart 
sound > aortic valve second heart sound and no swelling on 
both of the lower limbs.

Examinations. During the hospitalization period, right 
heart catheterization, which is a possibly helpful test for 
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cases with similar presentation, e.g. to rule out the possibility 
of chronic thromboembolic pulmonary hypertension, was 
planned. However, the patient did not consent to undergo this 
examination. Re‑examination of the pulmonary artery CTA 
(Fig. 3) revealed that the left pulmonary artery was completely 
embolized, whereas the right main and middle pulmonary 
arteries were partially embolized. Lung perfusion imaging 
(Fig. 4) indicated that blood perfusion was reduced in the 
majority of the left lung and in the anterior segment of the 
right upper lobe, which was consistent with pulmonary embo‑
lism. The patient underwent CT‑guided percutaneous puncture 
biopsy and positron emission tomography (PET)/CT (Fig. 5), 
which revealed the following: Soft tissue mass in the area of 
the left pulmonary artery and slightly increased metabolism; 
space‑occupying upper lobe of the left lung, slightly increased 
metabolism; nodules in both lungs; left hilum lymph nodes, 
increased metabolism; thickened left pleura with a small 
amount of effusion in the left pleural cavity.

Pathological test. Pulmonary nodule puncture pathological 
evaluation (Fig. 6) suggested the presence of mesenchymal 
tumors. Special staining indicated the presence of mesh fibers 
surrounding the tumor cells. Immunohistochemical evaluation 
demonstrated the following staining patterns: Thyroid tran‑
scription factor‑1 (alveolar epithelium +), smooth muscle actin 
(vascular +), CD31, CD34 (vascular +), vimentin (+) and Ki‑67 
(85%+). Molecular detection analysis indicated that the Ewing 
sarcoma RNA binding protein 1 (EWSR1) gene isolation test 
was negative, whereas the mouse double minute 2 homolog 
(MDM2) gene amplification test was positive (further details 
of the primary and secondary antibodies used for immuno‑
histochemistry and molecular test information are provided in 
Data S1). Based on the medical history, clinical imaging and 
immunohistochemical and molecular test analyses, PAIS was 
diagnosed.

Treatment results, follow‑up and outcome. The patient had 
been hospitalized for about 13 days before being discharged., 
the patient was transferred to a local tumor hospital for chemo‑
therapy treatment and received the first cycle of chemotherapy 
with the ‘epirubicin 70 mg igvtt’ regimen in October 2021. 
The patient responded to the treatment and the symptoms 
were slightly improved. Furthermore, the patient was also 
prescribed ‘anlotinib one tablet qd’ orally. However, the 
chemotherapy was ineffective and the patient succumbed to 
the disease in November 2021.

Discussion

The incidence rate of PAIS, which is a rare malignant mesen‑
chymal tumor, is estimated to be 0.001‑0.03% (2). Its classic 
characteristic is the growth and obstruction of the vascular 
cavity, resulting in distant organ embolization or implantation 
of tumor emboli. PAIS mainly involves the proximal end of the 
blood vessel, which is frequently located in the main pulmonary 
artery (80%) and the left or right pulmonary artery (50‑70%). 
In addition, ~20% of cases have demonstrated additional 
thoracic malignant metastases, involving the lungs, kidneys, 
brain, lymph nodes and skin (9). Features of PAIS, such as age 
of onset, predisposing area, symptoms and imaging manifesta‑
tions, as well as its treatment, are summarized in Table Ⅰ.

It has been indicated that the manifestation of chronic 
right heart failure is frequently derived from PAIS‑associated 
long‑term occupation of the lumen in the pulmonary artery. 
The most common symptoms are dyspnea, cough, chest 
tightness and hemoptysis (10). The features associated with 
malignant tumors, such as fever, fatigue and weight loss, may 
also be present. In the present case, the patient had difficulty 
breathing, which was accompanied by wheezing following 
exercise. Pulmonary embolism initially consisted of antico‑
agulant therapy, which was administered for a total period 
of 6 months. Despite this treatment, the symptoms did not 
improve significantly. Subsequently, the patient was hospital‑
ized following the analysis of the biopsy and CT results, which 
suggested the presence of multiple nodules in the left hilum 
and lung. The final diagnosis was PAIS.

According to previous reports, PAIS has the histological 
features of a poorly differentiated or undifferentiated mesen‑
chymal tissue‑derived malignant tumor. The majority of the 
tumor cells are spindle cells, whereas certain epithelial and 
certain giant and multinucleated tumor cells are also visible 
in the focal points (2). The pathological analysis of the present 
case revealed that the tumor cells were arranged in an epithe‑
lioid or spindle shape with concomitant nuclear atypia and 
pathological mitosis. It has been reported in the literature 
that PAIS is frequently detected based on MDM2 (65%), 
cyclin‑dependent kinase 4, platelet‑derived growth factor 
receptor α (81%) and EGFR (76%) gene amplifications (11). 
In the present case report, a lack of ectopic expression of the 
EWSR1 gene was noted by fluorescence in situ hybridiza‑
tion (FISH; results not shown). The patient was positive for 
MDM2 gene amplification, which was similar to the results of 
Wang et al (2).

In addition, comprehensive genomic profiling (CGP) is 
the sequencing of DNA and RNA from tumor samples, which 
enables the identification of known and novel alterations that 
may drive oncogenicity. Therefore, it is not surprising that 
CGP is increasingly being used in the evaluation and manage‑
ment of sarcomas (12). For instance, Wu et al (13) reported 
a case of disseminated primary pulmonary artery sarcoma 
achieving clinical tumor response to olaparib based on genetic 
alterations detected by CGP, which involved the DNA repair 
pathway. This provides supportive evidence that olaparib 
may be a promising therapeutic agent for patients with 
disseminated primary pulmonary artery sarcoma harboring 
haploinsufficiency of the DNA damage repair mechanism (13). 
Although CGP may refine the histological tumor diagnosis 
with its inherent ramifications for management, little is known 
regarding its application in PAIS. Therefore, due to the limita‑
tion in the equipment used, the FISH method was selected as 
an alternative to CGP for the early detection of PAIS.

The radiological characteristics of PAIS comprise a filling 
defect in the pulmonary artery lumen, extraluminal tumor 
invasion and a nodular appearance. Despite its specific char‑
acteristics, previously published studies have indicated that 
≥50% of patients with PAIS are initially misdiagnosed as cases 
of chronic pulmonary thromboembolism (CPTE)  (4,7,14). 
According to previous reports, lesion morphology (determined 
by CT) and location may help distinguish between PAIS and 
CPTE. The CT features of PAIS are expansive growth and a 
bulging appearance against the direction of blood flow. The 
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Figure 1. Pulmonary artery CT angiography examination prior to anticoagulation treatment. (A) Left lower main pulmonary artery, (B) its proximal branch 
and (C) its distal branch were observed to have a large mural filling defect, which filled the lumen (red arrow). No filling defect was noted in the main trunk 
of the right pulmonary artery and its branches.

Figure 2. Chest CT re‑examination after 6 months of anticoagulation. Multiple solid nodules of different sizes. Lesions with diameters of (A) ~2.81 cm, 
(B) ~2.47 cm, (C) ~2.24 cm and (D) ~1.73 cm were noted in the left hilum and left lung (red arrow); a certain number of these nodules adhered to the pleura. 
The larger nodule had the following dimensions: 4.2x3.3 cm.
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Figure 3. Pulmonary artery CTA examination following 6 months of anticoagulation treatment. Small nodular filling defects were observed in (A) the right 
main pulmonary artery (red arrow) and (B) right middle pulmonary artery (red arrow). (C) Multiple irregular filling defects were noted in the left main 
pulmonary artery (red arrow).

Figure 4. Pulmonary perfusion imaging after 6 months of anticoagulation. A limited radioactive distribution was noted in the anterior part of the left upper 
lobe, whereas the remainder of the left lung and the anterior segment of the right upper lobe demonstrated a sparse radioactive distribution‑defect area (red 
arrow). No abnormal radioactive distribution was noted in the remainder of the right lung. RPO, right posterior oblique; LPO, left posterior oblique; RL_P, 
right lateral position; LL_P, left lateral positions; RAO, right anterior oblique; LAO, left anterior oblique.
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proximal end of the tumor exhibits a lobulated structure and 
the distal end of the tumor has a grape‑shaped appearance 
with uneven enhancement (4,14). The tumor may extend to 
the bifurcation of the pulmonary artery, pulmonary valve and 
right ventricular outflow tract. In contrast to these findings, 

the proximal end of CPTE is a straight cup‑shaped structure, 
which is caused by the blood flow to the surface of the blood 
clot. In addition, pulmonary thromboembolism rarely occurs in 
the pulmonary valve or pulmonary trunk due to the increased 
blood flow in these areas (15). In the present case report, the 

Figure 5. PET‑CT examination after 6 months of anticoagulation. Thickening of the soft tissue in the left pulmonary artery and formation of a mass with mild 
FDG uptake (the maximum cross‑sectional area is ~4.7x3.9 cm); a soft‑tissue mass was noted in the upper lobe of the left lung (size, ~11.7x8.6x9.6 cm), with a 
slightly higher FDG uptake. The lesion was involved the left hilum inwardly and the costal pleura in an outward direction; the upper lobe of the left lung nodule 
was noted in the tongue (~2.1 cm in diameter) and FDG uptake was mild. The left hilar demonstrated multiple lymph nodes (the larger diameter is ~2.5 cm) 
and FDG uptake was increased (red arrow). FDG, 18F‑fluorodeoxyglucose.
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early enhancement CT did not demonstrate any significant 
enhancement. The pulmonary artery CTA exhibited a filling 
defect of the pulmonary artery trunk and the tumor was 
confined to the lumen; therefore, it was misdiagnosed as 
pulmonary embolism.

According to previous studies, 18F‑fluorodeoxyglucose 
(FDG) PET/CT may help distinguish PAIS from CPTE based 
on the maximum standardized uptake value (SUVmax). 
The SUVmax of PAIS is significantly higher than that of 
CPTE. When the cutoff value was 3.3, the reported sensi‑
tivity, specificity and accuracy were 98.4, 96.8 and 97.8%, 
respectively  (16). However, certain false‑negative cases 
have also been reported. In the reports of Suto et al (17) and 
Takauchi et al (18), the uptake of FDG in PET/CT used for the 

diagnosis of patients with PAIS was poor. The histopathology 
of these cases indicated highly malignant cells with low cellu‑
larity and a significant type of interstitial myxoid tissue. In the 
current case report, the left pulmonary artery exhibited mild 
FDG uptake (SUVmax 4.2) and increased FDG uptake of the 
left hilar multiple lymph node (SUVmax 8.1), which supported 
the diagnosis of PAIS.

The clinical and imaging manifestations of PAIS are 
frequently similar to those of pulmonary embolism. In addi‑
tion, the tumor may easily cause thrombosis, which may be 
misdiagnosed. This is the reason why PAIS requires to be 
distinguished from CPTE. The common symptom of CPTE 
is difficulty in breathing following exercise, which is progres‑
sively worsening. In the present case report, the patient had 

Table I. Summary of the characteristics of PAIS.

Item	 Details

Age of onset	T he average age of onset of PAIS is 50 years and the age range of onset is 13‑86 years (5‑7). 
Predisposing area	 It is frequently located in the main pulmonary artery (80%) or left or right pulmonary artery
	 (50‑70%) (9).
Transferring possibility	 Approximately 20% of cases demonstrate additional thoracic malignant metastases, involving 
	 lungs, kidneys, brain, lymph nodes and skin (9).
Symptoms and signs	T he classic symptoms include dyspnea, cough, chest tightness, hemoptysis, fever, fatigue and 
	 weight loss (10).
Microscopy image	T he tumor cells mainly include spindle cells, whereas others are epithelial, and giant and 
	 multinucleated cells present in focal points (2).
Radiological characteristics	 It displays the filling defect in the pulmonary artery lumen with uneven enhancement, 
	 extraluminal tumor invasion and a nodular appearance (4,7,14).
FDG PET/CT	T he SUVmax of PAIS may be higher than that of CPTE.
Treatment	S urgical resection is generally considered to be the best treatment option. Whether adjuvant 
	 chemotherapy and radiotherapy improve the treatment response remains controversial (10,20).

PAIS, pulmonary artery intimal sarcoma; CPTE, chronic pulmonary thromboembolism; FDG, 18F‑fluorodeoxyglucose; PET, positron emission 
tomography; CT, computed tomography; SUVmax, maximum standardized uptake value.

Figure 6. Histology of left lung biopsy tissue. (A) H&E staining (magnification, x10). (B) H&E staining (magnification, x40). The cells were arranged in an 
epithelioid or spindle‑like shape and multinucleated tumor cells were observed (red arrow).
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undergone regular anticoagulation therapy for ≥3 months; 
however, the symptoms did not improve significantly. 
Furthermore, early laboratory examinations displayed normal 
D‑dimer levels, which indicated a reduced possibility of the 
patient having CPTE. However, imaging examinations (CT 
pulmonary angiography and radionuclide pulmonary perfu‑
sion imaging) indicated pulmonary embolism, since CPTE 
could not be ruled out. Subsequently, the patient's pulmonary 
embolism was progressively worsening and the lumen of the 
filling defect was not obviously swelling but demonstrated a 
‘worm‑eaten’ appearance and infiltrating changes. Finally, the 
condition was diagnosed as PAIS based on puncture pathology 
and immunohistochemistry, which was further supported by 
a high intraluminal uptake rate indicated in PET‑CT. The 
differential diagnosis of PAIS from pulmonary fungal infec‑
tion is not always easy, since the imaging manifestations of 
the mass‑like or nodular lung fungal infection have various 
similarities to those of malignant tumors. However, fungal 
infections are frequently secondary to various immune 
dysfunctions; therefore, the ‘air crescent sign’ is a typical 
manifestation of pulmonary mycosis and may be adopted as the 
main diagnostic criterion for pulmonary fungal infection (19).

To date, there is no standard treatment for PAIS. Surgical 
resection is generally considered to be the best treatment 
option for PAIS at present, including pulmonary endarterec‑
tomy, lobectomy or pneumonectomy. The appropriate surgical 
approach must be evaluated according to tumor performance, 
the existence of pulmonary hypertension and the patient's 
clinical condition (20). The potential of treatment improve‑
ment by adjuvant chemotherapy and radiotherapy remains 
controversial. Currently, no consensus exists on the effect of 
surgery combined with radiotherapy and chemotherapy on 
the overall survival rate of patients (10). Chemotherapy may 
be an option for patients with unresectable or recurring focal 
sarcoma (21). The most common adjuvant therapy includes 
doxorubicin and ifosfamide chemotherapy either alone or 
in combination with radiotherapy (22). In the current case 
report, the patient received chemotherapy with the drug 
‘epirubicin’.

The prognosis of patients with PAIS is poor and the survival 
time of untreated cases is ~1.5‑3 months (23). A previous study 
reported that the median survival after complete surgical 
resection may be extended to 36.5±20.2 months, whereas 
that of incomplete surgical resection may be extended to 
11±3 months (5).

The present case report demonstrated that in the case of 
anticoagulant thrombolytic therapy for pulmonary embolism 
being ineffective (notably in middle‑aged patients) the possi‑
bility of PAIS should be taken into consideration. It is also 
suggested that early diagnosis by means of the multi‑faceted 
observation of medical history, clinical signs, imaging features 
and histopathological examinations may improve the prog‑
nosis of the disease.
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