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Abstract. The object of the study was to evaluate comprehen‑
sively the value of chest non‑contrasted CT (NC‑CT) in detecting 
acute pulmonary thromboembolism (APE). All patients were 
categorized into two groups: i) With APE; and ii) without 
APE based on clinical diagnosis. Using the clot distribution on 
computed tomography pulmonary angiography (CTPA), APE 
was divided into central and peripheral APE. Imaging features 
including hyperdense lumen sign and peripheral wedge‑shaped 
opacity on chest NC‑CT were evaluated. The attenuation value 
of peripheral wedge‑shaped opacity on NC‑CT was compared 
between patients with and without APE. Among the 273 patients, 
there were 110 patients with APE, 49 patients with central APE 
and 61 patients with peripheral APE and 163 patients without 
APE. The hyperdense lumen sign had a sensitivity of 30.0% 
and a specificity of 97.6% in detecting APE. The sensitivity and 
specificity of hyperdense lumen sign in detecting central APE 
were 57.1 and 97.6%, respectively, while the relevant percentages 
in detecting peripheral APE were 8.2 and 97.6%, respectively. 
The mean attenuation value of peripheral wedge‑shaped 
opacity in patients with APE was significantly lower than that 
in patients without APE (P<0.001). Regarding the age‑adjusted 
D‑dimer, there was a decrease of eight D‑dimer positive cases 
for patients >50 years old without APE, confirmed by CTPA. 
In conclusion, chest NC‑CT cannot be used as an alternative 
modality for CTPA in diagnosing APE, however, the hyperdense 
lumen sign had high specificity in the diagnosis of central APE. 
Patients with this symptom and increased D‑dimer may not 
require further CTPA. The lower attenuation value of peripheral 

wedge‑shaped opacity on NC‑CT suggested APE, and CTPA 
confirmation was required. The age‑adjusted D‑dimer had 
higher specificity in excluding APE.

Introduction

Venous thromboembolism, clinically including deep vein 
thrombosis (DVT) and pulmonary thromboembolism (PE), 
is one of the most common cardiovascular diseases, second 
only to myocardial infarction and stroke (1). The annual inci‑
dence of PE ranged from 39 per 100,000 (in Hong Kong) to 
115 per 100,000 population (in the United States) (2). There 
is a large number of predisposing factors associated with 
acute PE (APE) including DVT, lower‑limb fractures, joint 
replacements, surgery, spinal cord injury, cancer and other 
weak risk factors (3,4). The most common symptoms of APE 
include dyspnea, chest pain, cough, hemoptysis, syncope 
and fever (5). Due to the wide range of non‑specific clinical 
symptoms and signs, rapid and accurate diagnosis of APE is a 
big challenge (6). Computed tomography pulmonary angiog‑
raphy (CTPA) has been the gold standard for the diagnosis of 
APE (7,8). This method visualizes the clot in the pulmonary 
artery as a filling defect in the lumen. However, compared with 
CTPA, chest non‑contrasted CT (NC‑CT) is a convenient and 
cost‑effective procedure and often performed for the evalua‑
tion of non‑specific chest symptoms in emergency cases. Chest 
NC‑CT is not considered to be an effective method for APE 
diagnosis, however, some studies reported that the hyperdense 
lumen sign on chest NC‑CT might be a sign of APE (9,10). 
In addition, chest NC‑CT has recently been used in patients 
with COVID‑19 pneumonia, and the incidence of APE was 
relatively high in patients with COVID‑19 pneumonia (11). 
The aim of the present study was to review imaging features of 
APE on chest NC‑CT, and comprehensively analyze the value 
of NC‑CT in detecting APE.

Materials and methods

Study population. This is a single‑center retrospectively 
observational study which was approved by the ethics commit‑
tees of China‑Japan Friendship Hospital (Beijing, China; 
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approval no. 2022‑KY‑048‑1) and performed in accordance 
with the Declaration of Helsinki. Informed consent was 
waived for this retrospective study. All patients who first 
underwent chest NC‑CT and then CTPA within 24 h between 
January 2018 and October 2022 were enrolled in this study. 
Patients with poor image quality of CTPA due to severe 
motion artifacts or the low‑contrasted enhancement of pulmo‑
nary artery were excluded. Patients who were diagnosed 
with chronic PE (CPE), chronic thromboembolic pulmonary 
hypertension, non‑thrombotic PE, pulmonary artery sarcoma 
and Takayasu arteritis as shown in their electronic medical 
records were excluded. The clinical information of all patients 
was recorded using their medical charts and all patients were 
treated at standard clinical practice. Clinical characteristics of 
the patients are given in Table Ⅰ.

CT scan protocols. All patients underwent both chest NC‑CT 
and CTPA on multidetector CT [Toshiba Aquilion ONE 320 
(Canon Medical Systems Corporation) or GE Revolution 
CT (GE Healthcare)] within 24 h. All the scans ranged from 
pulmonary apices to the diaphragm with a craniocaudal direc‑
tion. The slice thickness and interval of NC‑CT was 5 mm.

Parameters for CTPA scanning were as follows: 120 kV; 
100‑300 mA, 0.8 sec rotation time, 0.625‑1‑mm‑thick slices, 
and 0.625‑1‑mm slice interval. Patients received a bolus of 
70‑ml non‑ionic contrast (Ultravist; 370 mg I/ml; Bayer AG), 
followed by a 50‑ml saline flush at a rate range of 4‑4.5 ml/sec. 
The scanning delay time was determined using the contrast 
agent automatic detection trigger technique, which positioned 
the target at the level of the main pulmonary artery with a 
predefined threshold of 100 Hounsfield units (Hu), and fixed 
5‑sec delay scanning.

Imaging analysis. All CTPA images were reviewed by a chest 
radiologist with 12 years of experience on picture archiving and 
communication systems (RG). APE was divided into central 
type and peripheral type based on the clot distribution. Central 
APE was diagnosed when a filling‑defect was observed in the 
main pulmonary artery, left or right pulmonary artery trunk 
and peripheral APE is defined as a clot in the interlobar artery, 
lobar artery and segmental artery (12).

All NC‑CT images were reviewed by two radiologists who 
were blinded to the original CT report, CTPA and clinical diag‑
nosis (MD and ML). The presence of APE and imaging findings 
including the hyperdense lumen sign, peripheral wedge‑shaped 
opacity, mosaic attenuation, pleural effusion and pericardial 
effusion were determined by the consensus of the two chest radi‑
ologists who had 10 and 16 years of experience, respectively. The 
hyperdense lumen sign is defined as a high‑density foci in the 
pulmonary artery on NC‑CT (13), that has a higher density than 
the blood in the heart cavity (Fig. 1). Peripheral wedge‑shaped 
opacity is a roughly triangular or wedge‑shaped high‑density 
area, with a wide base attached to the pleural surface and the 
apex pointing towards the hilum, which can be ground glass 
opacity, mixed density, or complete solid density (14) (Fig. 2).

A radiologist with 7 years of experience reviewed NC‑CT 
and CTPA together (WX). If the hyperdense lumen sign on 
NC‑CT was confirmed as APE by CTPA, the attenuation value 
of the clot on NC‑CT was measured. This was completed by 
selecting the slice that best displayed the high‑density clot and 

placing a circular region of interest (ROI) on it. The attenua‑
tion value of the blood pool was measured by placing a circular 
ROI on the main pulmonary artery, while referring to the 
CTPA image to avoid the area of the clot. The area of periph‑
eral wedge‑shaped opacity was manually circled on the lung 
window, which was used as ROI to measure the average attenu‑
ation value. The average attenuation value on ROI was recorded. 
The mean attenuation values between high‑density clots and the 
main pulmonary artery were compared, as well as the attenua‑
tion value of peripheral wedge‑shaped opacity between patients 
with and without APE. The diameters of the main pulmonary 
artery and ascending aorta and their ratio were measured and 
compared between patients with and without APE.

Statistical analysis. Categorical data were expressed as 
percentage and compared using χ2 test or Fisher's exact test. 
Continuous variables were expressed as mean ± standard 
deviation and a unpaired Student's t‑test was performed. If 
continuous variables did not conform to normal distribution, 
they were expressed as median with an interquartile range and 
compared using the Mann‑Whitney U test. The aforementioned 
analysis was performed using SPSS (version 17.0; SPSS Inc.). 
The receiver operating characteristic (ROC) curve analysis 
was used to determine the area under the curve (AUC) using 
MedCalc (version 20.019; MedCalc Software Ltd). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Clinical characteristics. A total of 289 patients underwent 
NC‑CT and CTPA within 24 h. Of these, 16 patients were 
excluded due to poor image quality (six patients) and CPE 
(10 patients), resulting in 273 patients (131 men and 142 women; 
mean age, 64.3±18.0 years, with a range of 20‑93 years) being 
included in the present study. The clinical characteristics of 
patients with and without APE are shown in Table Ⅰ. Among 
the included patients, there were 110 patients with APE and 
163 patients without APE. Among 59 patients with APE, DVT 
of lower limbs was present, which was higher than that of 
patients without APE (P<0.001). No in‑hospital mortality was 
reported. Age, sex and clinical symptoms between patients 
with APE and patients without APE were comparable (P>0.05). 
The D‑dimer of patients with APE was significantly higher 
than that of patients without APE (P<0.001). When referring 
to the age‑adjusted D‑dimer cut‑off value (age x0.01 mg/l), 
there was a decrease of eight D‑dimer positive cases for 
patients >50 years old, who had no APE confirmed by CTPA. 
Both C‑reactive protein and N‑terminal pro B‑type natriuretic 
peptide (NT‑proBNP) were comparable between patients with 
APE and patients without APE (P>0.05).

There were 49 patients with central APE and 61 patients with 
peripheral APE. Table II shows that the age and sex of patients 
in the central and peripheral APE groups were similar. D‑dimer 
and NT‑proBNP in patients with central APE were significantly 
higher than those of patients with peripheral APE (P<0.05).

Chest NC‑CT findings and D‑dimer in patients with and 
without APE. Table III shows chest NC‑CT findings in patients 
with and without APE. The hyperdense lumen sign was found 
in 33/110 patients with APE on NC‑CT (Fig. 1), while the 
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hyperdense lumen sign was found in 4/163 patients without 
APE (false positive; P<0.001; Fig. 3). Thus, the hyperdense 
lumen sign had a sensitivity and a specificity of 30.0 and 
97.6%, respectively, in detecting APE. The mean attenuation 
of high‑density clots was significantly higher than that of the 
main pulmonary artery (67.0±9.9 Hu vs. 37.8±6.6 Hu; P<0.001; 
Fig. 4). Although the peripheral wedge‑shaped opacity in 
34 patients with APE (30.9%) and 34 patients without APE 
(20.9%) was comparable, the mean attenuation value of 
peripheral wedge‑shaped opacity in patients with APE was 
significantly lower than that of patients without APE (Fig. 5). 

The cut‑off value of the peripheral wedge‑shaped opacity 
attenuation for APE diagnosis was ‑125 Hu [AUC, 0.767±0.058; 
95% confidence interval (CI), 0.649‑0.861; sensitivity, 52.9%; 
specificity, 94.1%; P<0.001; Fig. 6].

According to ROC, the cut‑off value of D‑dimer for prediction 
of APE was 2.49 mg/l (AUC, 0.776±0.029; 95% CI, 0.721‑0.825; 
sensitivity, 81.5%; specificity, 68.6%; P<0.001). ROC (Fig. 7) 
indicated that the AUC of the D‑dimer was higher than that of the 
hyperdense lumen sign (AUC, 0.635±0.023; 95% CI, 0.574‑0.693), 
peripheral wedge‑shaped opacity (AUC, 0.549±0.036; 95% CI, 
0.488‑0.609), mosaic attenuation (AUC, 0.543±0.017; 95% CI, 

Table Ⅰ. Clinical characteristics in patients with and without APE.

Clinical characteristic APE (n=110) Non‑APE (n=163) P‑value

Age, years, mean (SD) 65.3 (18.2) 63.6 (17.9) 0.444
Men, n (%) 54 (49.1) 77 (47.2) 0.764
Dyspnoea, n (%) 44 (40.0) 55 (33.7) 0.291
Chest pain, n (%) 25 (22.7) 36 (22.1) 0.901
Cough/sputum, n (%) 20 (18.2) 26 (16.0) 0.629
Hemoptysis, n (%) 8 (7.3) 9 (5.5) 0.557
Fever, n (%) 15 (13.6) 20 (12.3) 0.740
Syncope, n (%)  6 (5.5) 10 (6.1) 0.814
D‑dimer (mg/l), median (IQR) 5.6 (2.7‑13.8) 1.8 (0.9‑3.8) <0.001a

CRP (mg/l), median (IQR) 24.9 (9.8‑67.9) 14.0 (3.3‑81.9) 0.057
NT‑proBNP (pg/ml), median (IQR) 338.0 (72.0‑1817.5) 437.5 (102.8‑2035.3) 0.428
Hemodynamic instability, n (%) 3 (2.7) 0 (0) N/A
DVT of lower limbs, n (%) 59 (53.6) 21 (12.9) <0.001a

Fractures, n (%) 8 (7.3) 4 (2.5) 0.109
Immobilization, n (%) 16 (14.5) 12 (7.4) 0.055
Surgery, n (%) 3 (2.7) 5 (3.1) 1.000
Malignant tumors, n (%) 11 (10.0) 18 (11.0) 0.784
In‑hospital death, n (%) 0 (0) 2 (1.2) N/A 

aP<0.05. APE, acute pulmonary thromboembolism; CRP, C reactive protein; NT‑proBNP, N‑terminal pro B‑type natriuretic peptide; DVT, deep 
vein thrombosis; IQR, interquartile range.

Figure 1. Hyperdense lumen in an 85‑year‑old female patient with sudden loss of consciousness. (A) Chest NC‑CT showing bilateral hyperdense lumen sign 
indicative of saddle embolus (white arrows). (B) Confirmation of saddle pulmonary embolus by CTPA (black arrows). NC‑CT, non‑contrasted computed 
tomography; CTPA, computed tomography pulmonary angiography.
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0.481‑0.604), pleural effusion (AUC, 0.562±0.028; 95% CI, 
0.500‑0.623), pericardial effusion (AUC, 0.571±0.021; 95% CI, 
0.508‑0.631) in the diagnosis of APE.

Chest NC‑CT findings and D‑dimer in central and peripheral 
APE. Chest NC‑CT findings in patients with central and periph‑
eral APE are shown in Table IV, indicating that the frequency 
of hyperdense lumen sign in central APE was higher than in 
peripheral APE (P<0.001), but other CT findings revealed no 
statistical difference between the two groups. Table V indicated 
that 28 patients with central APE and five patients with periph‑
eral APE showed hyperdense lumen sign. The sensitivity and 
specificity of the hyperdense lumen sign in detecting central 
APE were 57.1 and 97.6%, respectively, while they were 8.2 and 
97.6%, respectively, in detecting peripheral APE. Furthermore, 
the AUC of the combination of the hyperdense lumen sign and 
D‑dimer (AUC, 0.915±0.022; 95% CI, 0.868‑0.950; sensitivity, 
83.0%; specificity, 83.3%, P<0.001) was higher than either of 
them (Fig. 8) in detecting central APE.

Discussion

In the present study, the value of NC‑CT in the diagnosis of 
APE was evaluated, and the following findings were reported: 

i) The hyperdense lumen sign had a sensitivity of 30.0% and 
specificity of 97.6% in detecting APE; ii) the sensitivity and 
specificity of the hyperdense lumen sign in detecting central 
APE were 57.1 and 97.6%, respectively, while these were 8.2 
and 97.6% in detecting peripheral APE; the hyperdense lumen 
sign was found to be a valuable diagnostic indicator for central 
APE, whereas it may not be useful for diagnosing peripheral 
APE; iii) although the peripheral wedge‑shaped opacity on 
NC‑CT was comparable between patients with and without 
APE, the mean attenuation value of peripheral wedge‑shaped 
opacity in patients with APE was significantly lower than that 
of patients without APE; and iv) the age‑adjusted D‑dimer had 
higher specificity in excluding APE.

APE is one of most frequent acute cardiovascular 
diseases (15). Identifying the predisposing factors is important 
in the assessment of patients with suspected APE. However, 
the predisposing factors were comparable between patients 
with and without APE in the present study, except DVT of 
lower limbs.

For the diagnosis of APE using NC‑CT, the effectiveness 
of the hyperdense lumen sign as an indicator has been the 
subject of various studies. Tatco et al (10) reported an overall 
sensitivity and specificity of the hyperdense lumen sign in 
detecting APE of 36 and 99%, respectively. By contrast, 

Table Ⅱ. Clinical characteristics in patients with central and peripheral APE.

Clinical characteristics Central APE (n=49) Peripheral APE (n=61) P‑value

Age, years, mean (SD) 69.5 (15.3) 61.4 (20.0) 0.059
Men, n (%) 28 (57.1) 26 (42.6) 0.130
Dyspnea, n (%) 27 (55.1) 17 (27.9) 0.004a

Chest pain, n (%) 5 (10.2) 20 (32.9) 0.005a

Cough/sputum, n (%) 8 (16.3) 12 (19.7) 0.651
Hemoptysis, n (%) 0 (0) 8 (13.1) 0.009a

Fever, n (%) 5 (10.2) 10 (16.4) 0.347
Syncope, n (%) 5 (10.2) 1 (1.6) 0.123
D‑dimer (mg/l) , median (IQR) 9.4 (4.4‑16.1) 3.1 (2.0‑7.3) <0.001a

CRP (mg/l) , median (IQR) 26.1 (10.2‑65.3) 24.4 (8.2‑79.8) 0.963
NT‑proBNP (pg/ml) , median (IQR) 753 (205‑3490) 189 (40‑956) 0.001a 

aP<0.05. APE, acute pulmonary thromboembolism; CRP, C reactive protein; NT‑proBNP, N‑terminal pro B‑type natriuretic peptide; IQR, 
interquartile range.

Figure 2. Peripheral wedge‑shaped opacity in patients with acute pulmonary thromboembolism. (A) Roughly triangular ground glass opacity area beneath 
the pleura of the upper lobe of the right lung (white arrow). (B) Wedge‑shaped mixed density area beneath the pleura of the upper lobe of the left lung (white 
arrow). (C) Wedge‑shaped solid density area beneath the pleura of the middle lobe of the right lung (white arrow).
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Ehsanbakhsh et al (13) reported a sensitivity of 42.5% and a 
specificity of 98.6% of the hyperdense lumen sign in detecting 
APE. However, Chien et al (16), found that the sensitivity of 

NC‑CT for diagnosis of central APE was 72.9%, which is 
markedly higher than the results observed in the present study. 
These discrepancies across different studies can be attributed 

Figure 4. Quantitative analysis of the attenuation value of high‑density clots and the main pulmonary artery in patients with APE. (A) Placing the ROI on 
high‑density clots and the main pulmonary artery on chest NC‑CT; the attenuation values were 60 and 34 Hu, respectively. (B) ROI referring to CTPA image. 
APE, acute pulmonary thromboembolism; ROI, region of interest; NC‑CT, non‑contrasted computed tomography; CTPA, computed tomography pulmonary 
angiography; Hu, Hounsfield unit.

Table Ⅲ. Comparison of chest NC‑CT findings in patients with and without APE.

Imaging findings APE (n=110) Non‑APE (n=163) P‑value

Hyperdense lumen sign, n (%) 33 (30.0) 4 (2.5)  <0.001a

Peripheral wedge‑shaped opacity, n (%) 34 (30.9) 34 (20.9) 0.060
Attenuation value of peripheral wedge‑shaped ‑126.5 (‑215.5‑52.5) ‑30.5 (‑76.3‑8.0) <0.001a

opacity (Hu), median (IQR) 
Mosaic attenuation, n (%) 12 (10.9) 6 (3.7) 0.018a

Pleural effusion, n (%) 25 (22.7) 57 (35.0) 0.030a

Pericardial effusion, n (%) 9 (8.2) 37 (22.7) 0.003a

MPAd, mm, median (IQR) 28.4 (25.4‑32.5) 27.7 (24.4‑31.3) 0.158
AAd, mm, mean (SD) 33.1 (4.6) 32.3 (4.4) 0.213
MPAd/AAd, median (IQR) 0.88 (0.81‑0.97) 0.86 (0.79‑0.97) 0.283

aP<0.05. Hu, Hounsfield units; IQR, interquartile range; MPAd, diameter of main pulmonary artery; AAd, diameter of ascending aorta; 
MPAd/AAd, ratio of pulmonary artery diameter to ascending aorta diameter.

Figure 3. False positive case of hyperdense lumen sign. (A) High‑density opacity in left pulmonary artery on chest NC‑CT (white arrow). (B) No filling defect 
in left pulmonary artery on CTPA. NC‑CT, non‑contrasted computed tomography; CTPA, computed tomography pulmonary angiography.
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primarily to variations in sample sizes and the inclusion 
criteria used. It is noteworthy that most existing studies have 
concentrated on central APE, with only a limited number of 
studies providing a comprehensive analysis that includes both 
central and peripheral APE (10,13). This divergence in focus 
and methodology underscores the complexity of accurately 
diagnosing APE and highlights the need for further research 

that encompasses a broader spectrum of APE manifestations. 
The value of the hyperdense lumen sign in both central and 
peripheral APE was first assessed. The sensitivity of the hyper‑
dense lumen sign in detecting peripheral APE was only 8.2% 
in the current study. Calcified lymph nodes around the hilar 
are particularly prone to cause the false hyperdense lumen 
sign. The hyperdense lumen sign in the peripheral pulmonary 

Figure 6. ROC curve of the peripheral wedge‑shaped opacity attenuation 
value for APE diagnosis (cut‑off value, ‑125 Hu). ROC, receiver operating 
characteristic; APE, acute pulmonary thromboembolism; Hu, Hounsfield 
unit.

Figure 5. Peripheral wedge‑shaped opacity in patients with and without APE. (A) The attenuation value of peripheral wedge‑shaped opacity on chest NC‑CT 
was ‑174 Hu in a patient with suspected COVID‑19. (B) Filling defect in the outer basal segment pulmonary artery of the left lower lobe indicating pulmonary 
infarction (white arrow). (C) Filling defect in the outer basal segment pulmonary artery of the left lower lobe on oblique coronal MIP image (white arrow). 
(D) The attenuation value of peripheral wedge‑shaped opacity on chest NC‑CT was ‑73 Hu in a patient with suspected pulmonary infarction. (E) No filling 
defect in the medial segment pulmonary artery of the right lung middle lobe on axial MIP image (white arrow). (F) At one month after the anti‑inflammatory 
treatment, the lesion was absorbed, and there was residual cord‑shaped opacity (white arrow), suggesting pneumonia. APE, acute pulmonary thromboembo‑
lism; NC‑CT, non‑contrasted computed tomography; Hu, Hounsfield unit; MIP, maximal intensity projection.

Figure 7. ROC curves of D‑dimer, hyperdense lumen sign, peripheral 
wedge‑shaped opacity, mosaic attenuation, pleural effusion and pericardial 
effusion for APE diagnosis. ROC, receiver operating characteristic; APE, 
acute pulmonary thromboembolism.
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artery is affected by partial volume averaging, motion artifact 
and image noise, resulting in a decline in the accuracy of 
the assessment. Consequently, the hyperdense lumen sign on 
NC‑CT is a valuable indicator for central APE, however, its 
usefulness in detecting peripheral APE is limited. Moreover, 
when the hyperdense lumen sign and the D‑dimer were 
combined, the diagnostic performance of detecting central 

APE was substantially improved. This finding indicates that 
patients presenting with hyperdense lumen sign in the central 
pulmonary artery may not require further CTPA examination.

The hyperdense lumen sign depends on the density contrast 
between thrombus and blood. The findings of the present study 
revealed that high‑density clots within the main pulmonary 
artery exhibited a mean attenuation value significantly greater 

Table Ⅳ. Chest NC‑CT findings in patients with central and peripheral APE.

Imaging findings on NC‑CT Central APE (n=49) Peripheral APE (n=61) P‑value

Hyperdense lumen sign, n (%) 28 (57.1) 5 (8.2) <0.001a

Mosaic attenuation, n (%) 7 (14.3) 5 (8.2) 0.309
Peripheral wedge‑shaped opacity, n (%) 14 (28.6) 19 (31.1) 0.769
Pleural effusion, n (%) 8 (16.3) 17 (27.9) 0.151
Pericardial effusion, n (%) 4 (8.2) 5 (8.2) 0.995
MPAd, mm, median (IQR) 29.4 (26.4‑33.0) 27.0 (24.6‑32.0) 0.074
AAd, mm, mean (SD) 33.6 (4.3) 32.6 (4.8) 0.283
MPAd/AAd, mean (SD) 0.91 (0.15) 0.88 (0.12) 0.283

aP<0.05. IQR, interquartile range; MPAd, diameter of main pulmonary trunk; AAd, diameter of ascending aorta; MPAd/AAd, ratio of pulmo‑
nary artery diameter to ascending aorta diameter.

Table Ⅴ. Comparison of non‑contrasted CT findings and D‑dimer in diagnosis of central APE and peripheral APE.

  AUC Sensitivity Specificity Youden
APE type Sign (95% CI) (%) (%) index P‑value

Central Hyperdense 0.702±0.036 57.1 97.6 0.404 <0.001a

APE lumen sign (0.636‑0.763)
 Peripheral wedge‑ 0.535±0.036 28.6 79.8 0.083 0.324
 shaped opacity (0.466‑0.604)
 Mosaic 0.553±0.026 14.3 96.3 0.106 0.044a

 attenuation (0.483‑0.621)
 Pleural effusion 0.596±0.033 83.7 35.6 0.193 0.003a

  (0.527‑0.663)
 Pericardial 0.573±0.026 91.8 22.7 0.145 0.005a

 effusion (0.503‑0.640)
 D‑dimer (mg/l) 0.863±0.026 95.7 68.6 0.643 <0.001a

  (0.808‑0.908)
Peripheral Hyperdense 0.529±0.019 8.2 97.6 0.057 0.125
APE lumen sign (0.461‑0.596)
 Peripheral wedge‑ 0.554±0.034 31.2 79.8 0.109 0.112
 shaped opacity (0.487‑0.620)
 Mosaic 0.523±0.019 8.2 96.3 0.045 0.239
 attenuation (0.455‑0.590)
 Pleural effusion 0.536±0.035 72.1 35.6 0.077 0.308
  (0.468‑0.602)
 Pericardial 0.573±0.024 91.8 22.7 0.145 0.003a

 effusion (0.505‑0.638)
 D‑dimer(mg/l) 0.708±0.037 70.5 68.6 0.391 <0.001a

  (0.643‑0.768)

aP<0.05. APE, acute pulmonary thromboembolism; AUC, area under the curve; CI, confidence interval.
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than that of blood, aligning with the observations made by 
Kanne et al (9) who provided a benchmark attenuation value for 
acute thrombosis. However, the density of the clots is determined 
by their composition, mainly including red blood cells and fibrin. 
When the thrombus contracts, the water in it will decrease, which 
concentrates hemoglobin and increases the attenuation value of 
the clot (16). With the degradation of red blood cells and fibrin in 
the embolus, the density of the clot will gradually decrease (17). 
The average attenuation value of acute emboli <8 days old was 
~66 Hu on NC‑CT, whereas those >8 days old had a lower attenu‑
ation of 55 Hu (18). Hematocrit is also an important factor that 
affects the density of embolus and blood pool (19). These factors 
collectively contribute to the low sensitivity of the hyperdense 
lumen sign in detecting central APE. The dynamic changes in 
emboli density over time, influenced by their composition and the 
physiological processes of contraction and degradation, present 
challenges in the consistent detection of APE using the hyper‑
dense lumen sign. Understanding these intricacies is essential 
for interpreting NC‑CT images accurately and improving the 
diagnostic approach for APE.

Among other CT abnormalities, peripheral wedge‑shaped 
opacity is frequently reported in APE. This is considered to 
represent pulmonary infarction (20). In pulmonary infarction, the 
density of the peripheral wedge‑shaped opacity is often a mixture 
of ground glass opacity and consolidation, and central lucencies are 
often observed (21). However, peripheral wedge‑shaped opacity is 
not specific for diagnosing pulmonary infarction as it can also be 
seen in pneumonia, tumors, or other diseases. The current study 
found that the frequency of peripheral wedge‑shaped opacity 
between patients with and without APE was similar, however, 
the mean attenuation value of peripheral wedge‑shaped opacity 
in patients with APE was significantly lower than that in patients 
without APE. The peripheral wedge‑shaped opacity cut‑off value 
for APE was ‑125 Hu (AUC, 0.767), with high specificity. Thus, 
the peripheral wedge‑shaped opacity in a mixture of ground glass 

opacity and consolidation indicated the pulmonary infarction 
which requires further CTPA confirmation. Mosaic attenuation, 
pleural effusion and pericardial effusion are not sufficient to 
distinguish APE from other diseases.

Previous studies have found that the increase of D‑dimer 
is closely associated with APE (22,23). The current study 
also found that the D‑dimer of patients with APE was higher 
than that of patients without APE. Moreover, the D‑dimer 
of patients with central APE was also higher than that of 
patients with peripheral APE. A large multinational study 
showed that age‑adjusted D‑dimer had higher specificity 
in excluding APE (24). In the current study, D‑dimer posi‑
tive cases decreased according to the age‑adjusted D‑dimer 
which minimized the need for CTPA, thereby decreasing 
radiation exposure and complications associated with contrast 
agents. Furthermore, when the hyperdense lumen sign and 
the D‑dimer were combined, the diagnostic performance 
for detecting central APE was substantially improved. This 
finding indicated that patients with the hyperdense lumen sign 
in central pulmonary artery and increased D‑dimer may not 
require further CTPA examination.

Compared with previous studies (9,10,13,17), the present 
study provided a comprehensive evaluation of the value of chest 
NC‑CT in detecting APE, which included not only the assess‑
ment of central APE but also peripheral APE, offering a more 
complete analysis of the condition. It was found that combining 
the hyperdense lumen sign with D‑dimer levels improved the 
diagnostic performance for detecting central APE, which was a 
novel approach not widely explored in previous studies.

Although the current study included a relatively large number 
of cases, there are some limitations. Since this is a single‑center 
retrospective study, a thinner slice thickness on NC‑CT cannot 
be obtained and only 5‑mm‑thick slices were used to evaluate 
the hyperdense lumen sign, so hyperdense lumen sign in periph‑
eral APE must be underestimated. Magnetic resonance imaging 
(MRI) has emerged as a valuable alternative to CTPA in the 
evaluation of APE, particularly in patients with contraindications 
to iodinated contrast or in pregnant or young patients (25). In a 
future study, the bright‑blood static steady‑state free precession 
sequences in the diagnosis of APE will be analyzed. Artificial 
Intelligence has been applied to disease diagnosis based on CT 
or MRI. A deep learning model may be developed for predicting 
APE based on NC‑CT and clinical data in a future study.

Although chest NC‑CT cannot replace CTPA in diagnosing 
APE, the hyperdense lumen sign had high specificity in diag‑
nosis of central APE. Patients with this sign on NC‑CT and the 
increased D‑dimer may not require further CTPA. The lower 
attenuation value of peripheral wedge‑shaped opacity on NC‑CT 
strongly suggested APE and required CTPA confirmation. 
Age‑adjusted D‑dimer had higher specificity in excluding APE.
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