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Background: Convex probe endobronchial ultrasound images can reflect the morphology, blood flow 
status and stiffness of the lesions. Endobronchial ultrasound multimodal imaging has great value for the 
diagnosis of intrathoracic lymph nodes. This study aimed to analyze the application of endobronchial 
ultrasound multimodal imaging on lung lesions.
Methods: Patients undergoing endobronchial ultrasound-guided transbronchial needle aspiration 
in Shanghai Chest Hospital from July 2018 to December 2019 were retrospectively enrolled. Nine 
grayscale features (long and short axes, margin, shape, lobulation sign, echogenicity, necrosis, liquefaction, 
calcification, and air-bronchogram), blood flow volume and elastography five-score method were analyzed to 
explore the best diagnostic method. The gold standard for diagnosing lesions depends on the histological and 
cytopathological findings of endobronchial ultrasound-guided transbronchial needle aspiration, transthoracic 
biopsy, resected sample of lesions, microbiological examination or clinical follow-up of at least 6 months. 
Results: Endobronchial ultrasound multimodal imaging of 97 malignant lung lesions and 19 benign lung 
lesions from 116 patients were analyzed. There were statistically significant differences in distinct margin, 
presence of lobulation sign, presence of necrosis, and elastography grading score 4–5 between malignant 
and benign lung lesions, among which presence of lobulation sign and elastography grading score 4–5 were 
independent predictors. A diagnostic scoring model was then constructed based on the above four features, 
and when two or more features were present, the sensitivity, specificity, positive predictive value, negative 
predictive value and accuracy for malignant lung lesions prediction were 92.78%, 57.89%, 91.84%, 61.11% 
and 87.07%, respectively.
Conclusions: The combination of endobronchial ultrasound grayscale and elastography has potential 
value for malignant and benign lung lesions differentiation. The diagnostic scoring model established in this 
study needs further validation to guide the malignant and benign diagnosis of lung lesions.
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Introduction

Lung cancer is the most commonly diagnosed cancer and 
the leading cause of cancer deaths worldwide, and the 
diagnosis of pulmonary lesions is an important medical 
problem (1,2). Compared to chest computed tomography 
(CT) scan and radiography, ultrasonography can clearly 
reflect the internal structures of lung lesions in real-time 
and guide the biopsy (3). 

Transthoracic ultrasound can be performed for peripheral 
lesions close to the chest wall (4). On account of lung tissue 
naturally containing gas, ultrasonic attenuate for lesions 
far away from the chest wall. Transthoracic ultrasound was 
not suitable for the examination of such lesions in the past. 
With the development of bronchoscopy, endobronchial 
ultrasound (EBUS) has played an important role in 
diagnosing pulmonary lesions (5,6). The thinner radio 
probe EBUS (RP-EBUS) can enter the distal bronchus 
for pulmonary lesions examination, while convex probe 
EBUS (CP-EBUS) can examine the lesions adjacent to the 
trachea or main bronchus (7,8). Study found that echoes, 
margin, vascular, bronchial patency, and hyperechoic areas 
were related to histology of lung lesions (7). Endoscopic 
ultrasonography has previously been widely examined in 
the internal structures of pancreatic lesions, suggesting the 
histopathological status of lesions (9,10). 

CP-EBUS has three modes including grayscale, blood 
flow and elastography (11). CP-EBUS imaging has been 
widely used in the diagnosis of intra-thoracic lymph nodes 
(LNs), and relevant guidelines indicate that in patients 
undergoing EBUS-guided transbronchial needle aspiration 
(EBUS-TBNA), EBUS sonographic features can be used to 
distinguish malignant from benign diagnoses (12). Grayscale 
can reflect morphological characteristics, such as internal 
echoes, bronchi and margin, while Doppler imaging can 
reflect internal blood supply. Elastography can display the 
degree of tissues deformation in the form of colorful images, 
reflecting the relative stiffness of tissues. The corresponding 
colors from low relative stiffness to high relative stiffness are 
red/yellow, green and blue successively (13). Elastography 
is widely used in the whole body such as thyroid, breast, 
liver, prostate, and LNs (14). CP-EBUS elastography 
demonstrated a significant diagnostic value in intrathoracic 
LNs (15). The qualitative elastography method proposed by 
Sun et al. classified elastography images into five categories, 
which was convenient for clinical application, and the 
diagnostic accuracy for intrathoracic malignant and benign 
LNs was 83.82% (16). 

Few studies about CP-EBUS multimodal imaging were 

conducted on intrapulmonary lesions and the diagnostic 
value is worthy of further studies. This study aims to analyze 
CP-EBUS multimodal features in the differentiation of 
malignant and benign lung mass and construct a scoring 
model to guide clinical application.

We present the following article in accordance with 
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/jtd-2020-abpd-005).

Methods

Patients

This was a retrospective observational single-center study. 
Consecutively enrolled pulmonary lesions performed 
by EBUS-TBNA with integrated grayscale, blood flow 
Doppler, and elastography videos at Shanghai Chest 
Hospital from July 2018 to December 2019. Lung lesions 
that had been diagnosed with malignancy or had undergone 
antitumor therapy before EBUS-TBNA were excluded. 
Mediastinal lesions and intrathoracic LNs were not 
included in this study. EBUS-TBNA was performed on 
patients meeting the following criteria: chest CT showing 
enlarged unknown reason pulmonary lesions with or 
without positron emission tomography (PET)/CT showing 
increased FDG uptake [standardized uptake value (SUV) 
≥2.5]; pathological confirmation was clinically required and 
EBUS-TBNA examination was feasible; Patients signed 
written informed consent to undergo EBUS-TBNA. 
Patients having contraindications to EBUS-TBNA were 
excluded. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by institutional ethics board of Shanghai Chest 
Hospital (NO.: KS1946) and individual consent for this 
retrospective analysis was waived.

Videos acquisition and EBUS-TBNA operation 

An ultrasound probe with a scanning frequency of 10 MHz 
was used and images were processed by ultrasonic host 
(EU-ME2, Olympus, Tokyo, Japan) for video acquisition. 
Biopsy of pulmonary lesions in this study was performed 
under the ultrasound bronchoscope (BF-UC260FW, 
Olympus, Tokyo, Japan). Bronchoscopist scanned lesions 
with grayscale mode and measured the long and short 
axes at the maximal cross section firstly, and then recorded 
a 10-s gray-scale, a 20-s blood flow Doppler and two  
20-s elastography videos respectively. The grayscale 
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video should reflect the entire LN status maximumly, and 
Doppler video should be in the cross-section with the 
most abundant blood flow. Elastography shall remain at the 
maximal cross-section of the target lesion. Two-thirds to three-
quarters of the Doppler and the elastography images shall be 
occupied by the lesion (16,17). EBUS-TBNA was performed 
after the ultrasonography. Subsequently, the cytological 
and histological specimens after puncture were sent to the 
pathology department for examination. The gold standard 
for diagnosing lesions was dependent on the histological and 
cytopathological findings of EBUS-TBNA, transthoracic 
biopsy, resected sample of lesions, microbiological examination 
or clinical follow-up of at least 6 months. 

Analysis of videos

The following indicators were recorded after the collection 
of multimodal videos based on previous studies: grayscale 
(17-23): (I) long and short axes (long axis is the longest 
diameter of the lesion, short diameter is the maximum 
diameter perpendicular to the long diameter); (II) margin: 
more than 50% of the boundary that can be well-defined on 
the ultrasound image belongs to distinct margin, otherwise 
it is indistinct; (III) shape: circular is defined as round or 
oval shape, and irregular means polygonal or complex shape 
based on chest CT definitions; (IV) lobulation sign: presence 
of lobulation is defined as >3 undulations, otherwise it 
is absent; (V) echogenicity: homogeneous means the 
consistency of internal echo except for the internal blood 
vessels and air-bronchogram, otherwise as heterogeneous; 
(VI) necrosis: present as hyperechoic, hypoechoic or 
anechoic areas without any Doppler acquisition within the 
lesions, otherwise it is absent; (VII) liquefaction: present 
as hypoechoic regions without blood flow within lesions; 
(VIII) calcification: presence of hyperechoic structure of 
various shapes with acoustic shadows on ultrasound image, 
otherwise it is absent; (IX) air-bronchogram: presence of 
laminar and regular hyperechoic concentric short lines on 
the hypoechoic background, otherwise as absent. Blood 
flow volume was categorized based on breast cancer (24):  
grade 0, no blood flow; grade 1, punctiform blood flow; 
grade 2, less than four small vessels with or without 
punctiform blood flow; grade 3, four or more vessels were 
visualized within the lung lesion. Grade 0–1 is considered as 
a benign indicator while 2–3 as a malignant indicator. The 
qualitative elastography was based on the five-score method 
of intrathoracic LNs (16). All sonographic features above 
were evaluated based on videos. 

Assessment process of sonographic features

In this study, three experts evaluated the above features 
of pulmonary lesions twice independently blind to other 
clinical data and the final diagnosis, and then intra-observer 
agreement was calculated. Each expert gave a final value for 
the two assessments’ different results, which was used for 
calculating the inter-observer agreement among the three 
experts. Kappa values range from 0 to 1 based on Landis 
et al.: 0–0.20, slight agreement; 0.21–0.40, fair; 0.41–0.60, 
moderate; 0.61–0.80, substantial; 0.81–1.00, perfect 
agreement (25). Different results among the three experts 
were discussed to determine the final result together used 
for subsequent analysis.

Statistical analysis

Chi-square test or Fisher’s exact test were used for categorical 
variables. Elastography was counted as a dichotomous 
variable, among which scores 1–3 were considered as benign 
indicators and scores 4–5 as malignant indicators. Further 
binary logistic regression was performed for the categorical 
variables with statistical significance in univariate analysis or 
significant clinical value. Statistical differences of continuous 
variables including long and short axes were tested by 
independent sample t-test. P<0.05 was considered statistically 
significant for all the above statistics. The receiver operating 
characteristic (ROC) curve was performed on continuous 
variables to analyze the optimal cutoff value and area under 
the curve (AUC) in identifying the benign and malignant 
pulmonary masses (26). ROC curve analysis was performed 
to further analyze the diagnostic value of the qualitative 
elastography method on pulmonary lesions. All continuous 
variables took data corresponding to the largest Yoden’s index 
as cutoff values. Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV) and accuracy 
were calculated by the corresponding formulas. In addition, 
Cohen’s Kappa method was used for consistency analysis (27).  
All statistics were performed on SPSS version 25.0 (IBM 
Corp., Armonk, NY, USA).

Results

Baseline patients and lesions characteristics

EBUS multimodal imaging and EBUS-TBNA were 
performed on 116 lung lesions from 116 patients (85 
males and 31 females with mean ages of 62.60±9.95 and 
62.87±11.49 years, respectively, P=0.901). As shown in Table 1, 
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lung lesions in the right upper lobe accounted for the largest 
proportion (38.79%). Only 19 benign lesions were analyzed 
in this study including 8 nonspecific lymphadenitis, 10 
tuberculosis and 1 aspergillosis. Adenocarcinoma accounted 
for the largest proportion of malignant mass, followed by 
squamous cell carcinoma and small cell carcinoma.

Intra- and inter-observer agreement

All sonographic features assessed in this study had a perfect 
intra-observer agreement with k values greater than 0.81. 
For inter-rater agreement, distinct margin, lobulation sign, 
echogenicity, necrosis, liquidation and calcification had 
substantial agreement. In addition, shape, air-bronchogram, 
blood flow volume and elastography grading score had 
perfect agreement (Table 2).

EBUS multimodal sonographic features findings for lung 
lesions

Figure 1 displays eight features of the grayscale mode, except 
for the measurement of long and short axes. Univariate 
analysis revealed significant statistical differences in margin, 
lobulation sign, necrosis and elastography grading score 
to diagnose malignant and benign lung lesions, but not in 
blood flow volume (Table 3). Multivariate analysis found that 
both lobulation sign and elastography grading score were 
independent predictive factors for malignant lesions (Table 3).  
Table 4 shows statistical differences between the long and 
short axes of the benign and malignant lesions. The ROC 
curves were performed and the best cutoff value for long 
and short axes were 29.20 and 25.41 mm, respectively 
(Figure 2). The elastography grading score was 3.42±0.61 
for benign and 3.87±0.55 for malignant lung lesions, 
among which squamous cell carcinoma, adenocarcinoma, 
small cell carcinoma, inflammation and tuberculosis were 
3.89±0.57, 3.86±0.50, 3.81±0.54, 3.25±0.71 and 3.50±0.53, 
respectively. Figure 3 shows the overall distribution of 
benign and malignant lesions in the elastography grading 
score method, which corresponded to the high sensitivity 
and low specificity of the qualitative method.

EBUS scoring model construction

To further explore whether the combination of features 
could achieve better diagnostic value, diagnostic performance 
analysis was performed on features with significant statistical 
differences. Results in Table 5 showed that when two or 

Table 1 Baseline characteristic of lung lesions

Characteristic Value

EBUS size (long axis, mean ± SD, mm)

Malignant lesions 29.30±6.58

Benign lesions 24.76±7.08

EBUS size (short axis, mean ± SD, mm)

Malignant lesions 24.27±6.72

Benign lesions 18.13±5.69

CT size※ (long axis, mean ± SD, mm)

Malignant lesions 50.46±18.96

Benign lesions 40.78±13.24

CT size※ (short axis, mean ± SD, mm)

Malignant lesions 35.90±12.64

Benign lesions 24.81±7.34

Location, No. (%)

Left upper lobe 12 (10.34)

Left lower lobe 28 (24.14)

Right upper lobe 45 (38.79)

Right middle lobe 4 (3.45)

Right lower lobe 27 (23.28)

Diseases, No. (%)

Adenocarcinoma 49 (42.24)

Squamous carcinoma 19 (16.38)

Adenosquamous carcinoma 1 (0.86)

NSCLS-NOS 4 (3.45)

Small cell carcinoma 16 (13.79)

Combined large cell neuroendocrine 
carcinoma

1 (0.86)

Large cell carcinoma 1 (0.86)

Unknown type of lung cancer 3 (2.59)

Typical carcinoid tumor 1 (0.86)

Neuroendocrine tumor not otherwise 
specified

2 (1.72)

Inflammation 8 (6.90)

Tuberculosis 10 (8.62)

Aspergillosis 1 (0.86)
※, CT sizes were measures on 93 malignant lesions and 17 
benign lesions. NSCLS-NOS, non-small cell lung cancer not 
otherwise specified; EBUS, endobronchial ultrasound; SD, 
standard deviation; CT, computed tomography.
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more of the four features including distinct margin, presence 
of necrosis, presence of lobulation sign and elastography 
grading score 4–5 appeared, the sensitivity, specificity, PPV, 
NPV and accuracy for malignant lesions prediction were 
92.78%, 57.89%, 91.84%, 61.11% and 87.07%, respectively. 

Discussion

CP-EBUS high-frequency probe and multiple ultrasonic 

modes make it possible to clearly observe the boundary and 
internal structures, blood vessels and deformation degree 
of pulmonary lesions. A total of nine grayscale features, 
blood flow distribution and elastography grading score 
were explored in this study and the combination of four 
statistically valuable features guided the clinical diagnosis of 
lung lesions.

Tumor lesions usually grow expansively by squeezing 
the surrounding normal tissues to form a distinct boundary 

Table 2 Intra- and inter-observer agreement of sonographic features

Characteristic Intra-observer agreement Inter-observer agreement

Margin 0.839 (perfect) 0.672 (substantial)

Shape 0.909 (perfect) 0.844 (perfect)

Lobulation sign 0.919 (perfect) 0.633 (substantial)

Echogenicity 0.935 (perfect) 0.681 (substantial)

Necrosis 0.907 (perfect) 0.620 (substantial)

Liquidation 0.898 (perfect) 0.792 (substantial)

Calcification 0.914 (perfect) 0.795 (substantial)

Air-bronchogram 0.940 (perfect) 0.854 (perfect)

Blood flow volume 0.985 (perfect) 0.970 (perfect)

Elastography grading score 0.951 (perfect) 0.886 (perfect)

Figure 1 Diagram of CP-EBUS grayscale features for pulmonary lesions. CP-EBUS, convex probe endobronchial ultrasound. 

Distinct margin                       Indistinct margin                     Circular shape                      Irregular shape             Present of lobulation sign        Absent of lobulation sign

Homogeneous                     Heterogeneous                    Present of necrosis              Present of liquidation             Present of calcification               Air-bronchogram
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Table 3 Distribution and diagnostic value of EBUS sonographic features 

Characteristic Classification Benign (n) Malignant (n) Univariate P value
Multivariate P 

value
Adjusted OR for positive 

(95% CI)

Margin Distinct 13 85 0.034* – –

Indistinct 6 12

Shape Circular 10 69 0.114 – –

Irregular 9 28

Lobulation sign Present 4 56 0.003* 0.009 5.05 (1.50–17.05)

Absent 15 41

Echogenicity Homogeneous 8 28 0.254 – –

Heterogeneous 11 69

Necrosis Present 3 42 0.024* – –

Absent 16 55

Liquidation Present 0 11 0.123 – –

Absent 19 86

Calcification Present 7 27 0.430 – –

Absent 12 70

Air-bronchogram Present 4 7 0.060* – –

Absent 15 90

Blood flow volume Grade 0 1 5 0.704* – –

Grade 1 0 4

Grade 2 3 22

Grade 3 15 66

Elastography Score 2 1 3 0.005* 0.007 3.13 (1.36–7.18)

Score 3 9 13

Score 4 9 75

Score 5 0 6

*, indicators that were statistically different in univariate analysis, or that were considered clinically valuable by the bronchoscopist were 
then used for subsequent multivariate regression analysis. EBUS, endobronchial ultrasound; OR, odds ratio; CI, confidence interval.

Table 4 Analysis of the optimal diagnostic performance of continuous variables

Characteristics P value Cutoff AUC Sen (%) Spe (%) PPV (%) NPV (%) Acc (%)

Long axis 0.008 29.20 0.701 (0.579–0.823) 61.86 84.21 95.24 30.19 65.52

Short axis 0.000 25.41 0.750 (0.650–0.850) 48.45 94.74 95.24 26.47 56.03

Elastography 0.005 3.50 0.692 (0.556–0.827) 83.51 52.63 90.00 38.46 78.45

AUC, area under the curve; Sen, sensitivity; Spe, specificity; PPV, positive predictive value; NPV, negative predictive value; Acc, accuracy.
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with a round or oval shape. Tumors will demonstrate the 
lobulation sign when they grow large enough (18). On 
the contrary, infectious tissues can disseminate through 
the bronchi leading to irregular shapes with indistinct 
boundaries (18,19). In this study, well-defined margin and 
the presence of lobulation sign were predictive indicators 
of malignancy. However, due to a limited scanning angle of 
60°, the ultrasonic image could not display the integrated 
shape of the targeted lesion; thus, the shape had limited 
diagnostic value. Moreover, the multivariate analysis 
showed that the lobulation sign was an independent 
predictor of malignancy. Necrosis and calcification in 

benign lesions all led to heterogeneity. Calcification often 
occurred in tuberculous granuloma and calcification it 
occurred in 50% of tuberculosis cases in this study (28). 
Therefore, echogenicity in this study had a limited value 
in predicting malignancy. Echo-free areas in RP-EBUS 
images corresponded to necrosis (7). Studies showed 
that necrosis on CP-EBUS images was a predictor of 
intrathoracic malignant LNs (29). Similar results were 
obtained in this study, and necrosis had a diagnostic value 
in differentiating benign from malignancy. The long 
and short axes were commonly analyzed in intrathoracic 
LNs. Studies found that the short diameter > 10mm was 
a predictor of malignant LNs (17,29,30). However, due to 
the natural difference in structure between lung tissue and 
LNs, although the long and short axes had AUC values 
of 0.701 and 0.750, respectively, the clinical value was 
limited because the range of inflammation could generally 
be large. The short axis was not included into the model 
construction, because the size of short axis varies greatly 
between EBUS image and chest CT. The size on EBUS 
imaging cannot accurately reflect the characteristics of 
the pulmonary lesions, and quantitative indicators in 
scoring model are inconvenient for real-time application. 
An air-bronchogram is seen as linear hyperechoic areas in 
ultrasound images and it usually appears in pneumonia (7). 
Multiple millimetric hyperechoic structures can be created 
on the ultrasonographic images due to the air trapped in the 
small airway (19,31). Peripheral lung lesions demonstrated 
that the absence of linear-discrete air bronchogram was an 

Table 5 Construction of CP-EBUS scoring model for lung lesions

Characteristics Sen (%) Spe (%) PPV (%) NPV (%) Acc (%)

Distinct margin 87.63 31.58 86.73 33.33 78.45

Present of necrosis 43.30 84.21 93.33 22.54 50.00

Present of lobulation sign 57.73 78.95 93.33 26.79 61.21

Elastography grading score 4–5 83.51 52.63 90.00 38.46 78.45

Scoring model

0 3.09 84.21 50.00 14.55 16.38

1+ 96.91 15.79 85.45 50.00 83.62

2+ 92.78 57.89 91.84 61.11 87.07

3+ 60.82 78.95 93.65 28.30 63.79

4 21.65 94.74 95.45 19.15 33.62

CP-EBUS, convex probe endobronchial ultrasound Sen, sensitivity; Spe, specificity; PPV, positive predictive value; NPV, negative 
predictive value; Acc, accuracy.

Figure 2 ROC curves analysis of long and short axes for lung 
lesions. The cutoff values of long and short axes were 29.20 and 
25.41 mm, respectively. ROC, receiver operating characteristic. 
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echoic feature indicating malignancy with a high sensitivity 
but a low specificity (20). Air-bronchogram appeared in 
four of the eight cases of inflammation in our study, but no 
air-bronchogram was found in tuberculosis. In general, the 
proportion of inflammation was small, and the specificity 
of air-bronchogram was only 21.05%, without statistical 
difference between benign and malignant lung lesions. 

The blood flow volume classification in this study came 
from breast cancer. However, we found that inflammatory 
masses and tuberculosis were also rich in blood flow; hence 
there was no significant statistical difference between 
malignant and benign lesions. This classification could 
not quantify blood flow, and vascular index and scattering 
index may be valuable for analyzing blood flow volume (32). 
Blood flow distribution in intrathoracic LNs has the value 
of predicting malignancy and hilar blood flow is a predictor 
of benign LNs (17). However, due to the absence of hilar 
structure in lung lesions, blood flow distribution was not 
analyzed in this study. 

The optimal cutoff value of the elastography grading 
score was 3.5, suggesting that the five-score method used 
for intrathoracic LNs previously was also applicable to lung 
lesions because a score 1–3 was defined as benign (16). This 
elastography grading method was similar to color VAS score 

studied by Verhoeven et al. (33). Sun et al. found that the 
sensitivity and specificity of the elastography grading score 
for malignant LNs prediction were 85.71% and 81.82%, 
respectively (16). The sensitivity in this study was 83.51%, 
meaning a better predictive value for malignancy than 
benign. However, the specificity was only 52.63% in lung 
lesions, indicating that benign lesions in our study were 
relatively stiff, while elastography could only reflect the 
stiffness of lung lesions rather than the benign or malignant 
nature of lesions. Studies found that a history of pulmonary 
tuberculosis and apparent inhalation exposure to mineral 
dust such as coal or asbestos could influence the relative 
stiffness of LNs (34-36). Fibrosis in sarcoidosis granulomas 
may lead to false positive results of elastography grading 
score, similar to granulomatous fibrosis in tuberculosis 
(28,37). Compared to inflammation, tuberculosis is stiffer 
and the elastography score were 3.25±0.71 and 3.50±0.53, 
respectively. However, the diagnostic accuracy of 78.45% 
for differentiating benign from malignant central lung 
lesions in our study was higher than the study using the 
elastography qualitative four-score method which showed a 
diagnostic accuracy of 73.7% (8). 

The scoring model in our study found that when two or 
more features which had significant statistical differences 

Figure 3 Distribution of diseases by elastography grading score. There were 3 cases of malignant lesions in score 2, including 1 
neuroendocrine tumor not otherwise specified, 1 squamous cell carcinoma and 1 adenocarcinoma. The benign lesion was inflammation. 
The 13 malignant lesions in score 3 were 7 adenocarcinoma, 1 squamous cell carcinoma, 4 small cell carcinoma and 1 NSCLS-NOS. The 9 
benign masses in score 4 contained 5 tuberculosis, 3 inflammation and 1 aspergillosis. The 6 malignant tumors in score 5 included 1 typical 
carcinoid tumor, 1 small cell carcinoma, 2 adenocarcinoma, 1 squamous cell carcinoma and 1 NSCLS-NOS. NSCLS-NOS, non-small cell 
lung cancer not otherwise specified.
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occurred, the diagnostic efficiency of malignancy prediction 
could reach the best. Score 0 had a specificity of 84.21%, 
which means the lesion was more likely to be benign when 
none of the four features were present. The sensitivity 
of score 1 for malignancy prediction was 96.91%, that is, 
when at least one of the four characteristics appeared, the 
probability of false negative results was low. The PPV of 
score 3 and 4 were 93.65% and 95.45%, that is, when at 
least 3 or 4 characteristics appeared, the lesion examined 
had a high probability to be malignant. The advantages of 
various EBUS characteristics could be complementary to 
achieve the best diagnostic efficiency. The scoring model 
can help the bronchoscopists to diagnose the benign and 
malignant lesions in real time during the EBUS-TBNA 
operation. When the pathological results are negative, it can 
also assist in the diagnosis of benign and malignant lesions. 
But pathological biopsy is still needed because the scoring 
model cannot replace pathological results.

This study still has some limitations. Patients were 
sequentially enrolled in a single specialized hospital where 
benign lesions account for a finite proportion, which might 
lead to unstable diagnostic effect of the scoring model. 
Data from multi-center studies that increase the proportion 
of benign lesions may lead to more objective and broadly 
applicable results. Second, this was a retrospective study 
and some lung lesions undergoing EBUS-TBNA might be 
omitted in the process of video collection. In addition, this 
scoring model was only constructed retrospectively without 
prospectively validation. Thus, a multi-center prospective 
study to validate the scoring model is worthy of further study.

Conclusions

For pulmonary lesions examined by EBUS-TBNA, when 
at least two of the four features (distinct margin, necrosis, 
lobulation sign and elastography grading score 4–5) were 
present on CP-EBUS images, the diagnostic accuracy 
for pulmonary lesions can reach the best of 87.07%. The 
diagnostic scoring model constructed based on EBUS 
grayscale and elastography may have the potential in 
differentiating benign from malignant pulmonary lesions, 
especially in malignancy prediction. 
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