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Abstract. This study aimed to evaluate the values of thoracic 
multi‑slice spiral computed tomography  (CT) in the diag-
nosis of incidental pulmonary thromboembolism (IPTE) in 
patients with malignant tumors. The clinical data and imaging 
features of a total of 1,684 patients with malignant tumors, 
treated in the Fourth Hospital of Hebei Medical University, 
were analyzed retrospectively in order to investigate the 
types of malignancies, the patients' clinical features, and the 
emboli‑preferred sites. Among the 1,684 patients, 60 patients 
had experienced IPTE (3.56%), 35 were females (58.33%), 25 
were males (41.67%). Lung cancer had the highest incidence 
(n=22, 36.67%). The most common site of IPTE was the left 
lower lobe of pulmonary artery (n=46, 76.67%). The imaging 
results revealed that in 5 patients (8.33%) IPTE did not occur. 
Thoracic multi‑slice spiral CT has a high detection rate of 
IPTE in patients with malignant tumors. Early diagnosis is 
helpful for early clinical treatment and has significant impor-
tance for patients' prognosis.

Introduction

Pulmonary thromboembolism (PTE) has a high incidence and 
mortality and accounts for 10‑15% of adult deaths (1‑3). The 
causes of PTE are complex and diverse. Patients with malig-
nant tumors have greater probability to experience PTE due to 
the fact that the risk of thrombosis caused by braking, surgery, 
radiotherapy, chemotherapy, or metastasis in such patients is 
4‑6 times higher than that in normal populations (2,3). It has 
been reported that the occurrence of incidental pulmonary 
thromboembolism (IPTE) found by conventional computed 
tomography  (CT) in patients with malignant tumors has 
increased from 1.9 to 4.4% (4,5). The prognosis of malignant 

tumors with PTE is even worse. Timely and accurate diagnosis 
of IPTE has great impact on the post‑treatment of patients with 
malignant tumors  (6), is conducive to as‑early‑as‑possible 
clinical treatment of such patients, and can improve their prog-
nosis. The diagnosis of the PTE patients with obvious clinical 
symptoms is relatively simple, and the imaging diagnosis is 
based on CT pulmonary angiography (CTPA), but it is not easy 
for patients with mild or no clinical symptoms. Most cases have 
been found by chest enhanced CT. It has been reported that 
the false‑negative rate of conventional CT for PTE in tumor 
patients ranges from 30 to 75% (7,8). Therefore, we should 
pay much attention to identify whether there is PTE in the 
conventional chest CT scan in patients with malignant tumors, 
especially when no clinical symptoms are present. This study 
analyzed the results of thoracic contrast‑enhanced CT in order 
to research the incidence, type of malignant tumors, preferred 
site, and possible risk factors of IPTE in cancer patients with 
non‑specific clinical signs and symptoms.

Materials and methods

Subjects. A total of 1,702 cancer patients who underwent 
multi‑slice spiral CT in the Fourth Hospital of Hebei Medical 
University  (Shijiazhuang, China) from January  2015 to 
February 2017 were reviewed, among whom 1,684 patients 
that met the inclusion criteria were included. The age range 
of the patients was 28‑81  years old, with an average of 
65.75±4.35 years. Exclusion criteria: i)  partial pulmonary 
arteries could not be traced due to various circumstances, 
such as severe pleural effusion, lung parenchymal mass, lung 
surgery history, or poor pulmonary vascular contrast agent 
filling; ii) patient had previous history of PTE, pulmonary 
mass, or metastatic lesions invading the pulmonary arteries; 
and iii) if for one patient multi‑time scans were performed, 
only one scan was included. Patients with severe liver, kidney, 
or heart dysfunction; or allergic to iodine‑containing agents 
were all excluded. This study was conducted in accordance 
with the Declaration of Helsinki and was approved by the 
Ethics Committee of the Fourth Hospital of Hebei Medical 
University. Written informed consent was obtained from all 
participants and/or guardians.

Methods (imaging protocol). All patients were scanned using 
Philips 256‑slice Brilliance iCT  (standard tube voltage, 
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120 KV; tube current, automatic trigger tube current; scan-
ning layer thickness, 0.9 mm; layer spacing, 0.4 mm; and 
collimation, 128±0.625 mm; Philips Medical Systems B.V., 
Holland, The Netherlands). One dual‑tube high‑pressure 
syringe (Medrad, Inc.; Bayer HealthCare, Indianola, PA, USA) 
was used to inject the non‑ionic contrast agent (Iopromide, 
300 mg/ml; 1.5 ml/kg; Yangtze River Pharmaceutical Group, 
Ltd., Jiangsu, China) and 20 ml of physiological saline via the 
ulnar vein. Each patient was inspected in the supine position 
with a venous injection speed of 4 ml/sec. The scanning range 
was from the thoracic entrance to the diaphragm level.

Image post‑processing. All images were reconstructed using 
the Adaptive Iterative Reconstruction Algorithm (ASIR). The 
lung images were then exhibited multi‑directionally after 
multiplanar reformation, including the coronal and sagittal 
recombination and the maximum density projection (MIP). 
The positive case was defined as the detection of low‑density 
filling defects in the main pulmonary arterial stem and its left 
and right pulmonary artery branches. The sites of the emboli 
and the accompanied abnormal pulmonary parenchymal signs 
were recorded.

Results

Cancer types. Among the 1,684 patients enrolled in this study, 
1,026 (60.93%) were females and 658 (39.07%) were males. 
The age of the patients ranged from 28 to 81 years old, with 
an average of 65.75±4.35 years old. The main tumor types 
were as follows: 438 cases of lung cancer (26%), 256 cases of 
breast cancer (15.2%), and 324 cases of gastrointestinal cancer 
(19.24%); other tumor types included: liver cancer, pancreatic 
cancer, thymoma, gallbladder cancer, kidney cancer, endo-
metrial cancer, colorectal cancer, and bone and soft tissue 
malignancies. Among the 1,684 patients, 60 patients (3.56%) 
experienced IPTE. Their age ranged from 28 to 79 years old, 
with an average of 62.12±2.15 years. Among these 60 patients 
with IPTE, 35 were females (58.33%) and 25 were males 
(41.67%), and the most common tumor types were: 22 cases 
of lung cancer (36.67%), 7 cases of gastric cancer (11.67%), 
6 cases of breast cancer (10%), 4 cases of lymphoma (6.67%), 
3 cases of esophageal cancer (5%), 3 cases of ovarial cancer 

(5%), 2 cases of thymic carcinoma, gallbladder carcinoma, 
kidney cancer, liver cancer, bone and soft tissue malignant 
tumor, pancreatic cancer, endometrial carcinoma, respec-
tively, and 1 case of colorectal cancer. The major tumor types 
in the patients with IPTE are shown in Table I. The tumor 
type associated with the highest incidence of IPTE is lung 
cancer (Table I and Fig. 1).

Sites of IPTE. A total of 148 emboli were found in the 60 IPTE 
patients, including 21 cases (35%) at the right pulmonary arte-
rial stem, 10 cases (16.67%) at the left pulmonary arterial stem, 
23 cases (38.33%) at the right upper pulmonary arterial lobe 
and branches, 38 cases (63.33%) at the right lower pulmonary 
arterial lobe and branches, 10 cases (16.67%) at the left pulmo-
nary arterial lobe and branches, and 46 cases (76.67%) at the 
left lower pulmonary artery and branches. The most common 
site was the left lower pulmonary lobe and branches, and the 
rarest site was the pulmonary lingular segment of left upper 
pulmonary lobe. Among the 60  IPTE patients, 7  patients 
(11.67%) had emboli in their lower extremity venous system, 
1 patient (1.6%) had emboli in the inferior vena cava, but 
52 patients (86.67%) were found with no embolus in the venous 
system. The imaging results revealed 55 IPTE cases (91.67%), 
but 5 cases (8.33%) were not revealed by the imaging results. 
The sites that were not detected with PTE included 2 cases 
at the posterior basal segment of right lower pulmonary lobe 
branches, 1 case at the lateral and posterior basal segment of 

Figure 1. Axial and coronal views of thoracic contrast‑enhanced CT. Left and right PTE is displayed in males, aged 45 years, with no clinical symptoms. CT, 
computed tomography; PTE, pulmonary thromboembolism.

Table I. Major tumor types in the 60 patients with IPTE.

Tumor type	 n	 Percentage

Lung cancer	 22	 36.67
Gastric cancer	 7	 11.67
Breast cancer	 6	 10
Lymphadenoma	 4	 6.67
Esophageal cancer	 3	 5
Ovarial cancer	 3	 5

IPTE, incidental pulmonary thromboembolism.
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left lower pulmonary lobe branches, respectively, and 1 case 
at the pulmonary lingular segment of left upper pulmonary 
lobe. The sites of IPTE are shown in Table II. Fig. 2 shows 
the PTE at the right pulmonary arterial stem and right lower 
pulmonary basilar arterial branches in males with history of 
liver cancer.

Complications. Among the 60 cancer patients with IPTE, 
28 patients had a variety of complications, including 7 cases 
(11.67%) of subacute atelectasis, 8  cases (13.33%) of lung 
metastases, 6 cases (10%) of pleural effusion, 2 cases (3.33%) 
of mosaic perfusion area, and 5 cases (8.33%) of pneumonia; 
but for the other 32 patients (53.33%) no substantial changes 
were observed. Figs.  3  and  4 show a case of lung cancer 
accompanied by right middle lobe thromboembolism, right 
pleural effusion, and pericardial effusion; and a case of PTE at 
left lower pulmonary arterial lobe after breast cancer surgery.

Discussion

With the development of new multi‑slice spiral CT technolo-
gies, the detection rate of thoracic contrast‑enhanced CT in 
detecting PTE has been gradually increased. Advantages 
of these method include non-invasiveness, speed, and the 
capability to obtain images as far as sub‑pulmonary arterial 

branches. At present, it is believed that in‑time diagnosis of 
PTE in patients without specific clinical symptoms is very 
important, and therefore change of clinical treatment protocols 
is necessary in order to reduce mortality. It has been reported 
that the mortality of untreated PTE patients is ~30%, but this 

Figure 2. Axial views of thoracic contrast‑enhanced CT. The PTE at the right pulmonary arterial stem and right lower pulmonary basilar arterial branches is 
displayed in males with history of liver cancer. CT, computed tomography; PTE, pulmonary thromboembolism.

Figure 4. PTE at left lower pulmonary arterial lobe after breast cancer sur-
gery in female, aged 56 years. PTE, pulmonary thromboembolism.

Figure 3. Lung cancer accompanied by right middle lobe thromboembolism, 
right pleural effusion, and pericardial effusion in female, aged 57 years.

Table II. Sites of the 148 emboli.

Site	 n	 Percentage

Right main pulmonary arterial stem	 21	 35
Left main pulmonary arterial stem	 10	 16.67
Right upper pulmonary arterial	 23	 38.33
lobe and branches
Right lower pulmonary arterial	 38	 63.33
lobe and branches
Left upper pulmonary arterial	 10	 16.67
lobe and branches
Left lower pulmonary arterial	 46	 76.67
lobe and branches
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probability can be reduced to 3‑10% by early diagnosis and 
appropriate treatment (8,9). In this study, PTE was found to 
be more common in females than males, in consistency with 
a certain research (9). Several studies have reported that the 
incidence of IPTE in cancer patients is 2.5 or 4.6%, respec-
tively (10,11). The incidence of IPTE in this study was found 
to be 3.56%, similar to the reported results.

The mechanisms of IPTE in malignant tumors are different. 
In literature, it has been reported (12) that the malignancies 
that have the biggest probability of PTE are lung and colorectal 
cancer. Another study (13) has reported that the incidence of 
PTE is greater in breast cancer, lung cancer, and colon cancer, 
while it is rare in liver and cervical cancer. Another research 
has also reported that PTE occurs more often in tumors as lung 
cancer, malignant melanoma, and gynecological cancer, but 
the tumors with the lowest incidence of PTE are genitourinary 
malignancies (14). In this study, the patients with lung cancer 
had the highest probability of PTE, which is consistent with 
certain reports. We believe that lung cancer has the highest 
rate among all tumors, so its probability of IPTE is also the 
largest. Certain related studies have reported that in China, 
lung cancer has the highest incidence, so PTE in lung cancer 
accounts for the largest part (15,16).

Previous findings show the sites of PTE to occur near 
the central and lobar pulmonary arteries (17). In this study, 
108  emboli  (72.97%) were found in the proximal end 
of pulmonary artery (main stem and lobular segmental 
branch), and 40 emboli (27%) occurred in the distal end 
(sub‑segmental branch). In addition, another study evaluated 
the most common site for PTE to be the right pulmonary 
artery branch of lower lobe (n=33, 71.7%) (12). In this study, 
however, the incidence of PTE in the left lower pulmonary 
lobe was the highest, while the incidence was the lowest in 
the left upper pulmonary branch. The reason is not clear 
and may be related to the differences of the included cancer 
patients. In addition, thoracic contrast‑enhanced CT can also 
observe the disease‑caused conditions in the lung paren-
chyma, mediastinal pleura, or chest wall (5). The changes in 
the lung parenchyma associated with PTE include pulmo-
nary infarction, pulmonary hemorrhage, mosaic perfusion, 
masses, atelectasis, or pleural effusion (18,19). In this study, 
subarachnoid atelectasis occurred in 7 patients (11.67%), 
pulmonary metastases occurred in 8  patients (13.33%), 
pleural effusions were observed in 6 patients (10%), mosaic 
perfusion area was observed in 2 patients (3.33%), pneumonia 
occurred in 5 patients (8.33%), while for 32 patients (53.33%) 
no substantial findings were observed. As for deep vein 
thrombosis, certain studies have reported that 34.4% of PTE 
patients have deep vein thrombosis (20,21), and it has been 
reported that 43% of emboli originate from the deep venous 
system of the lower extremities, and 6.5% originate from the 
inferior vena cava thrombosis (22,23). The percentages in 
our study were 11.67 and 1.6%, lower than those reported, 
and it is estimated to be related to the clinical treatment and 
patients' own conditions.

In conclusion, contrast‑enhanced multi‑slice spiral CT can 
improve the detection rate of IPTE in patients with no clinical 
symptoms, and the sites that are easy to be misdiagnosed 
should be carefully observed. Complications in PTE should 
be addressed for efficient early diagnosis and early treatment.

This study has some limitations. First, few cases are 
included in the study; thus, statistical errors may occur. Second, 
the cases included in this study are common malignant tumors 
in the region of Shijiazhuang, China. The incidence of malig-
nant tumors in this region may be different from other regions, 
which may result in inconsistent results. Third, this study did 
not perform statistics toward the successful treatment, survival 
and mortality rate of the tumor patients with IPTE, which will 
be the aim of our future research.
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