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INTRODUCTION

Endobronchial ultrasound‑guided transbronchial needle 
aspiration with the guidance of  a convex array probe 
(CP‑EBUS‑TBNA) is a new technology developed 
in 2002 that can facilitate minimally invasive biopsy 
of  intrathoracic lymph nodes (LNs).[1,2] EBUS‑TBNA 
revolutionized intrathoracic disease diagnosis and lung 
cancer staging and is a pivotal procedure in invasive 
thoracic workup. In addition to the diagnosis and 
staging of  lung cancer,[3,4] intrathoracic LN metastases, 

and lymphomas, EBUS‑TBNA also has a significant 
diagnostic value in benign intrathoracic LNs.[5,6] Through 
the ultrasound probe mounted on the front of  the 
bronchoscope, the operator can observe morphological 
characteristics of  LNs in real time and evaluate the 
nature of  LNs before puncturing.

In clinical diagnosis of  abnormal LNs, intrathoracic 
LNs are usually selected for biopsy based on abnormal 
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computed tomography  (CT) and/or position emission 
tomography  (PET)‑CT. Increased size or FDG 
uptake of  LNs on CT or PET‑CT can guide the 
selection of  LNs to undergo EBUS‑TBNA. In patients 
undergoing EBUS‑TBNA, ultrasonographic features are 
suggested to be used to predict malignant and benign 
diagnoses.[7] Just as ultrasound doctors can distinguish 
the benign and malignant lesions by ultrasound images, 
bronchoscopists can use ultrasonographic features to 
judge the benign and malignant LNs during the process 
of  EBUS‑TBNA. EBUS imaging can guide the selection 
of  LNs for biopsy as well as internal puncture site 
within the LN and biopsy efficiency. In addition, for 
EBUS‑TBNA negative results or insufficient tissue 
volume, EBUS sonographic features have a good 
complementary diagnostic value.

EBUS has three modes including gray scale, 
blood flow Doppler, and elastography, which can 
display sonographic features of  LNs [Figure 1]. 
Bronchoscopists often use qualitative method to evaluate 
the characteristics in clinical practice. A  variety of  
quantitative methods for the three modes have emerged 
in recent years to reduce subjectivity of  qualitative 
assessments. These methods are similar to those used in 
EUS and in other superficial LNs.[8] To form a clinically 
applicable evaluation system, researchers have developed 
various scoring systems for EBUS, but there is no 
comprehensive scoring system combining three modes at 
present. The purpose of  this review is to systematically 
summarize and comment on the diagnostic value and 
research progress of  EBUS imaging.

GRAY SCALE MODE

Gray scale mode is the most traditional ultrasound 
mode and reflects morphological features including 
size, shape, echogenicity, margin, central hilar structure 
(CHS), nodal conglomeration, coagulation necrosis sign 
(CNS), and calcification. Every feature can be analyzed 
by its own qualitative methods. Sonographic features of  
gray scale mode in differentiating benign and malignant 
LNs are summarized in Table  1. Quantitative methods 
are applied in gray scale mode as well, which can 
reduce subjectivity.

Qualitative methods of gray scale mode
Shape
LN shapes include round, oval, and triangular. 
Round and oval are defined as long‑axis/short‑axis 
ratio  <1.5 and  ≥1.5, respectively. LNs are recognized 

as triangular if  the operator can see three arms on 
sonography.[9] Wang Memoli et  al. used draping shape 
in the study, but the shape of  the LNs was based on 
the visual relationship of  the long to short axis and 
was agreed on by the two bronchoscopists performing 
the procedure.[10] Rigorous objective measurements 
of  the ultrasound image with the EBUS software 
or post-procedure calculations of  long axis to short 
axis ratio to determine round or oval shape were 
not routinely performed, so the result may be more 
subjective. In other words, it is more applicable to 
general practice, as definitive size measurements can 
be cumbersome and time‑consuming during the actual 
procedure.[10] Lin et  al. used the shape of  round or 
non-round, and non-round was defined as long axis / 
short axis ratio more than 1.5, or the LNs had other 
irregular shapes  (such as a triangular shape).[11] Multiple 
studies have found that round shape is an independent 
predictor of  malignant LNs.[11‑13] Imai et  al. defined long 
axis diameter to short axis diameter ≥2 as oval, but 
the results showed no significant differences between 
sarcoidosis and lung cancer.[14] Two studies mentioned 
triangle. Gogia et  al. found that triangular‑shaped LNs 
are a strong predictor of  benign disease,[9] and Wang 
Memoli et  al. found that round and oval LNs were 
more likely to be malignant than triangular LNs.[10] In 
studies about benign LNs, Dhooria et  al. found that 
most of  the LNs were oval rather than round in the 
study of  differentiating tuberculosis from sarcoidosis, 
and this result correlates with other studies because 
there were no malignant LNs in this study.[15]

Size
When multiple LNs are seen at one LN station, the 
largest LN is usually sampled for biopsy.[12] The size of  
the LNs incorporates the long and short axes. The long 
axis is the maximum diameter of  the largest section 
of  the LN in gray scale images, and the short axis is 
the largest diameter perpendicular to the long axis. The 
short axis and long axis are measured as distances of  
two perpendicular directions for triangular‑shaped LNs.[12] 
The boundary of  the short axis is usually 10 mm, and 
a short axis >10 mm correlates with malignancy. Some 
studies classified short axis as a specific value. Wang et  al. 
found that short axis >1.42 cm has the highest sensitivity 
and specificity in predicting malignancy.[13] Fujiwara et  al. 
found that the size had a diagnostic accuracy of  76.4%, 
but logistic regression analysis revealed that round 
shape, distinct margin, heterogeneous echogenicity, and 
presence of  CHS were independent predictive factors 
for metastasis, and not short axis.[12] Wang Memoli et  al. 
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found that the likelihood of  malignant LNs increases as 
size increases.[10] Most studies about size mainly refer to 
the short axis, and there are few studies about the long 
axis. Wang et  al. found that a long axis  >1.67 cm had 
higher diagnostic accuracy for predicting metastasis than 
the short axis, and 1.67 cm was similar to 1.70 cm of  
long axis in EUS study.[13,16]

Echogenicity
Echogenicity includes homogeneous and heterogeneous 
echotexture in distribution, and anechoic, hypoechoic, 
isoechoic and hyperechoic in intensity, relative to the 
surrounding tissue.[17] Surrounding tissues such as 
mediastinal soft tissues are hyperechoic, and major 
vascular structures are hypoechoic.[10] A node is labeled 
as heterogeneous if  there are multiple small areas 
of  varying echogenicity,[15] excluding major vascular 
structures, which are hypoechoic. Heterogeneity 
is usually a predictor of  malignant LNs.[12,18,19] 
Evision et  al. proposed that only heterogeneity was 
a predictor of  malignant LNs, which showed that 
85% heterogeneous LNs were malignant, and the 
shape, margin, CHS, and CNS were not associated 
with malignancy.[20] However, some studies consider 
heterogeneity as a benign predictor. For example, 
Ayub et  al. found that heterogeneity had an accuracy 
of  65.7% in predicting benign LNs.[21] Dhooria et  al. 
found that heterogeneity is a predictor of  tuberculosis 
because of  necrosis, but in this study, the comparator 
was sarcoidosis, not malignancy.[15] Wang Memoli 
et  al. found no statistical significance in echo intensity 
between malignant and benign LNs; only the size 
and shape were relevant.[10] Alici et  al. found the 
diagnostic accuracy for hypoechoic appearance, 
short axis  >10 mm, distinct margins, the absence 
of  CHS, and calcification of  metastatic LNs was 
low (34.1%–41.8%). Benign nodes, particularly those 
affected by anthracosis may show these features.[17]

Margin
Margin is divided into distinct and indistinct. Distinct 
margin is defined as clear visualization of  more than 
50% of  the margin with a high echoic border and 
is related to the expansion of  malignant tumors. 
With rapid tumor growth, the surrounding lung 
tissue becomes a thin layer of  collapse zone, and 
the boundary between tumor and lung tissue can be 
seen on ultrasound. Distinct margin usually predicts 
malignant LNs,[12,18] but can be a benign predictor as 
well. Ayub et  al. found that the diagnostic accuracy of  
a distinct margin for benign LNs was 81.1%.[21] Wang 
Memoli et  al. found no significant difference in margins 
between benign and malignant LNs.[10]

Central hilar structure
CHS is a hyperechoic area within the LN and is either 
present or absent.[22] CHS can be further divided into 
central and eccentric. In general, CHS does not appear 
in malignant LNs, which may be caused by infiltration 
and compression of  tumor tissue or necrotic tissue.[23] 
Absence of  CHS is an independent predictor of  
malignant LNs.[12] Shafiek et  al. found that the sensitivity 
of  CHS absence in diagnosing malignancy was as high 
as 99%, and the negative predictive value  (NPV) was 
90%.[19] In Wang’s study about benign LNs, absence of  
CHS can predict sarcoid nodes, while the presence can 
indicate lymphadenitis.[22]

Nodal conglomeration
Nodal conglomeration is defined as multiple LNs in 
a single LN station. Wang Memoli et  al. recorded the 
number of  LNs as single or multiple, but did not 
perform statistical analysis.[10] Some studies divided 
nodal conglomeration into clustered formation and 
matting. Clustered formation is multiple LNs with 
well‑demarcated margins.[13,22] Matting indicates multiple 
LNs fuse into one large LN due to the damage of  
lymph capsule, showing tumor spread beyond the LN 

Table 1. Summary of sonographic features for malignant lymph nodes prediction of gray scale mode
Sonographic features Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Short axis >10 mm[9,11,12,17‑19,26,47,51,54,59,74] 80.3 (49.3‑96.8) 57.5 (14.3‑80.9) 59.2 (35.2‑89.0) 79.6 (53.9‑90.8) 73.7 (38.2‑89.0)
Round shape[9,11‑13,17‑19,26,47,54,59] 79.8 (16.0‑95.9) 53.1 (21.0‑98.9) 72.2 (50.5‑95.8) 75.0 (36.6‑94.1) 68.0 (54.6‑90.8)
Heterogeneous echogenicity[11,12,17‑19,21,26,47,51,54,59] 77.3 (25.5‑99.0) 73.8 (16.5‑100.0) 76.7 (52.6‑100.0) 77.5 (16.5‑94.4) 77.1 (56.1‑83.9)
Distinct margin[9,11,12,17‑19,21,26,51,54,59] 76.8 (11.6‑100.0) 55.4 (12.0‑92.6) 55.7 (32.5‑87.7) 66.2 (28.6‑100.0) 67.0 (41.8‑81.1)
Absent of CHS[9,12,13,17‑19,21,54,59] 87.4 (15.6‑100.0) 57.5 (8.7‑96.0) 61.7 (30.6‑95.3) 80.2 (17.8‑100.0) 60.6 (28.5‑83.2)
Present of CNS[12,17,18,21,47,59] 25.8 (8.8‑69.4) 92.3 (81.8‑99.8) 78.7 (77.8‑97.0) 67.9 (16.1‑88.4) 69.5 (22.1‑86.0)
Present of nodal conglomeration[13,21] 31.3 (27.5‑35.1) 94.3 (92.0‑96.6) 95.6 (94.7‑96.4) 27.9 (19.5‑36.3) 45.0 (37.8‑52.1)
Echo intensity[17,19,51] 53.8 (21.0‑96.9) 78.0 (10.1‑78.5) 49.0 (29.5‑73.3) 60.8 (49.4‑89.4) 51.8 (34.4‑69.1)
Present of calcification[17,21] 50.9 (2.3‑99.4) 54.4 (8.7‑100.0) 64.9 (29.7‑100.0) 57.0 (16.3‑97.7) 26.0 (17.9‑34.1)
Data was presented as median (range). CHS: Central hilar structure; CNS: Coagulation necrosis sign; NPV: Negative predictive value; PPV: Positive predictive value
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capsule.[23] Nodal conglomeration has been reported to 
be a predictor of  benign LNs, occurring in 27.5% of  
benign LNs and 8% of  malignant LNs.[21] The presence 
of  a clustered formation can predict sarcoidosis, 
while it was often absent in tuberculosis and reactive 
LNs.[22] However, present of  matting is an independent 
predictor of  malignant LNs.[13]

Coagulation necrosis sign
CNS is a hypoechoic region within LNs, without blood 
flow.[12] This can be seen on EUS when detecting 
mediastinal LNs.[24] The typical CNS is one low 
hypoechoic region occupying majority of  the LN, but 
multiple low echoic spots within the LN are recognized 
as heterogeneous echogenicity.[12] However, Alici et  al. 
defined necrosis as cystic  (an anechoic area within the 
LN without any Doppler acquisition) and coagulation  (a 
hyperechoic area within the LN without shadowing).[17] 
Necrosis is usually a predictor of  malignant LNs.[12] 
However, one study found that the diagnostic accuracy 
is only 22.1%, with no statistical difference between 
benign or malignant LNs.[21] In benign LNs, CNS 
usually appears in tuberculosis, and Dhooria et  al. found 
that CNS occurred in 26.1% of  tuberculosis, but only 
3.3% of  sarcoidosis cases,[15] which had significant 
statistical difference.

Calcification
Calcification is a hyperechoic structure of  various 
shapes with an acoustic shadow and can be further 
divided into absent, central, eccentric, and diffuse 
dotty calcification.[17] Fujiwara et  al. did not include 
calcification as a significant echo feature because the 
incidence of  calcification was rare in their experience 
with EBUS.[12] The specificity of  calcification to 
identify benign and malignant LNs was 100% in 
one study, but the accuracy was only 17.9%.[21] 
Another study found that the accuracy of  diagnosing 
calcification in the experimental group was only 
34.1%.[17] In Wang’s study, univariate analysis revealed 
that calcification was a predictor of  malignancy, but 

there was no statistical difference in multivariate 
regression.[13]

Quantitative method of gray scale mode
Qualitative analysis about echogenicity is subjective, and 
thus Nguyen et  al. used gray scale texture to quantitatively 
measure echogenicity. First‑order gray scale texture 
features calculate the mean gray value within a region 
of  interest  (ROI) and depend on individual pixel values 
but not on their interaction with neighboring pixels.[25] 
Second‑order gray scale texture features can reflect 
the color variance within ROI by measuring entropy, 
contrast, correlation, energy, and homogeneity [Figure 2]. 
Malignant LNs show a greater difference in the maximal 
and minimal pixel values, SEM pixel values, entropy, 
correlation, and a lower energy than benign LNs.[25]

Comment on gray scale mode
The length of  the short axis is related to the scan 
angle of  the ultrasonic probe. Thus, the short axis 
is often limited by 1 cm rather than divided into a 
specific value. Operators can adjust the view to see the 
whole LN when it is too large and select the maximum 
section for the measurement. This problem can be 
reduced by wide‑field imaging technology, which can 
capture a series of  two‑dimensional images by moving 
the probe, and then reconstruct and splice them into a 
continuous image.

BLOOD FLOW DOPPLER

There are several kinds of  blood flow Doppler. The 
application in EBUS field mainly includes energy 
Doppler reflecting intensity and color Doppler reflecting 
direction in the early stage. Currently, H‑Flow and 
fine flow are commonly used due to its advantages of  
combining the two mentioned above.

Qualitative methods of blood flow Doppler
Blood flow image evaluation includes blood flow 
volume and vascular distribution. Currently, there are 

Figure 1. Schematic diagram of EBUS‑TBNA and EBUS multimodal image. (a) EBUS gray scale image; (b) EBUS blood flow Doppler image; (c) 
EBUS elastography. EBUS‑TBNA: Endobronchial ultrasound‑guided transbronchial needle aspiration

cba
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three qualitative methods reported to evaluate blood 
flow. The amount of  blood flow was classified from 
0 to 3 originating from breast cancer: Grade 0, no 
blood flow; grade 1, small amount of  flow, one or two 
punctiforms or short rod‑shaped of  color flow signal; 
grade 2, medium amount of  flow, one main vessel or 
a few small vessels could be found as a long strip of  a 
curve; and grade 3, rich flow.[26,27] The results suggest no 
potential for predicting malignancy; grades 0 and 1 were 
not significantly different to grades 2 and 3.[26]

Wang et  al. classified vascular patterns into three 
categories, according to blood flow distribution: 
(1) avascular, the absence of  vascular signals within the 
LNs; (2) hilar, flow of  signals that branches radially 
from the hilus, regardless of  whether the signals 
originated from the central region or from the eccentric; 
(3) nonhilar, which includes central, capsular, and mixed 
(two or more types mixed from the hilar, central, and 
capsular). This classification method has a diagnostic 
accuracy of  79.69% in predicting LN metastasis, when 
defining ‘nonhilar vascular’ as malignant.[13] Tumor cells 
can produce tumor angiogenic factors, which stimulate 
angiogenesis and peripheral blood vessel growth. CHS 
are destroyed by tumor cells in the advanced stages of  
tumors. Therefore, malignant LNs are usually absent of  
CHS vascular, but benign LNs are usually not.[28]

Nakajima et  al. combined vascular distribution with 
blood flow volume and graded vascular image patterns 
as follows: Grade 0, no blood flow or small amounts 
of  flow; grade I, a few main vessels running toward 
the center of  the LN from the hilum; grade II, a few 
punctiforms or rod‑shaped flow signals or a few small 
vessels found as a long strip of  a curve; grade III, 
rich flow, more than four vessels found with different 
diameters or twist‑ or helical‑low signal. The blood flow 
from the bronchial artery  (BA) toward the LN was also 

recorded using Color Doppler imaging as a sign for 
BA inflow. When defining grades 0 and I as benign 
and grades II and III as malignant, the sensitivity, 
specificity, and accuracy were 87.7%, 69.6%, and 78.0%, 
respectively.[29] This method had pretty good diagnostic 
efficiency for that hilar vascular was proposed as a 
benign predictor in blood flow volume analysis.

Quantitative methods of blood flow Doppler
There have not been any studies about the application 
of  quantitative methods for blood flow images in 
EBUS. Sun et  al. developed a software copyright for 
the EBUS blood flow quantitative analysis system 
(China software copyright: 2019SR0069140), using the 
vascularity index  (VI) and scattering index  (SI) methods 
to quantitatively analyze blood vessels within LNs 
[Figure  3].

Blood flow quantitative methods are more developed 
in breast cancer, nasopharyngeal cancer, and laryngeal 
cancer. Zhou et  al. studied the diagnostic value of  
the VI in 3D ultrasound in predicting metastases of  
cervical LNs. The terminal vessel branches of  the 
tree‑like framework within the tumor were counted 
one by one, by consensus of  three sonographers, and 
then divided by the volume of  the tumor to obtain 
the value of  the VI. By analyzing the coordinates 
of  the curve, the largest Youden’s index was 0.719, 
and the corresponding VI value was 4.4565. The 
accuracy of  the curve coordinates as 85%, sensitivity 
was 95%, and the specificity was 75%. Therefore, VI 
for laryngeal cancer is an effective tool for predicting 
cervical LN metastasis.[30] Lee studied the application 
value of  VI in LN metastasis of  papillary thyroid 
carcinoma and the relationship among VI, VEGF, 
and microvessel density.[31] They found that VI was 
significantly correlated with microvessel density, but 
failed to show any significant correlations with LN 

Figure 2. Diagram of quantitative method for EBUS gray scale image. The first‑order gray scale texture features are mean pixel value within ROI 
reflecting echo intensity, and the second‑order gray scale texture features mainly reflect echo homogeneity within ROI. EBUS: Endobronchial 
ultrasound; ROI: Region of interest
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metastasis.[31] Kagawa et  al. studied the relationship 
between the quantification of  blood flow and the size 
of  LNs in patients with cervical LNs metastasis of  
oral cancer and used VI and SI to analyze the largest 
section images of  LNs. Isolated flow signal units of  <3 
pixels were excluded as noise signals. Researchers 
divided the LNs into four groups of  different sizes and 
found that, for metastatic LNs, the VI was highest in 
Group  1, and decreased as size increased. The VI of  
benign LNs did not differ significantly among the four 
groups. For metastatic LNs, the SI increased as LN 
size increased and was significantly higher than that of  
benign LNs in Groups 2–4. Flow signal units are more 
scattered in larger metastatic LNs because the increased 
number of  blood vessels produced by angiogenesis 
are displaced by the growth of  tumor cells, forcing 
the blood vessels to move around or through tumor 
cells. A  Doppler ultrasound image shows only one cut 
surface of  an entire LN, and thus meandering blood 
vessels appear as scattered flow signal units. With tumor 
cell growth, the meandering of  blood vessels increases. 
Therefore, SI representing the discontinuity of  flow 
signals increases as LN size increases.[32] Quantitative 
methods can reduce the error caused by subjective 
factors, and its diagnostic value in EBUS is worth 
exploring.

Comment on blood flow Doppler
Blood flow volume grading method is not ideal,[26] and 
a new and effective method needs to be developed. 
Moreover, the combination of  qualitative and 
quantitative methods may have greater application value 
and need further research.

ELASTOGRAPHY

As a new ultrasound imaging technology, elastography 
can measure the degree of  tissue deformation in gray 
scale mode and quantify tissue elasticity.[33,34] The colors 
related to hard tissue, intermediate state, and soft 
tissue are blue, green, and yellow/red, respectively.[35] 
Elastography was first applied to breast lesions,[36] and 
later used in prostate,[37] thyroid,[38] pancreas,[39] liver,[40] 
EUS,[41] and EBUS examinations,[42,43] to help distinguish 
benign and malignant LNs and lesions. In general, 
tumor tissue has more cells and blood vessels, so it has 
a harder texture than normal tissue.[44] In other words, 
the harder the tissue, the more likely it is malignant. 
Therefore, the principle of  elastography is to reflect 
malignancy indirectly by measuring the hardness 
of  tissue. In EBUS elastography, by comparing the 
elasticity of  the target tissue and surrounding tissue, the 
scanned area can be reconstructed and converted into 
a color signal, which is superimposed on the B‑mode 
imaging, and the B‑mode image and elastography 
are displayed on the monitor at the same time. This 
section mainly describes the application methods of  
elastography in EBUS images, including qualitative and 
quantitative methods.

Qualitative methods of endobronchial ultrasound 
elastography
Three‑score method
Izumo et  al. first classified elastography into three 
types: Type  1, predominantly non-blue  (green, yellow, 
and red); Type  2, part blue, part non-blue  (green, 
yellow, and red); and Type  3, predominantly blue.[45] 

Figure 3. Diagram of quantitative method for EBUS blood flow image. The VI is defined as the number of pixels in the flow signals divided by 
the number of pixels in ROI. The SI is defined as the number of isolated flow signal units in ROI. VI: Vascular index; SI: Scattering index; ROI: 
Region of interest; LN: Lymph node
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This method classified Type  1 as benign and Type  3 
as malignant and was used by many subsequent 
studies.[18,46‑50] Studies about qualitative methods of  
EBUS elastography are summarized in Table  2. 
Korrungruang et  al. classified elastography into type  1 
and non‑type  1 for statistics,[48] and Hernández Roca 
et  al. compared Types 1 and 2 with Type  3.[50] For 
type  1 LNs, a high NPV can reduce unnecessary 
puncture when rapid on‑site evaluation (ROSE) shows 
adequate TBNA specimen and benign lymphocytes. 
Type  3 elastography can guide the rapid selection 
of  LNs that need to be punctured. However, type  2 
cannot differentiate benign and malignant, so this 
method may has limited clinical application value.

Four‑score method
He et  al.[51] used the four‑score method of  Furukawa 
et  al.[52] in head and neck LNs: 1 point when over  80% 
of  the section was green and yellow/red; 2 points when 
over  50% but  <80% of  the section was green and 
yellow/red; 3 points when over  50% but <80% of  the 
section was blue; and 4 points when over  80% of  the 
section was blue. This method defined points  ≥2.5 as 
malignant and was used in central lung lesions later.[53] 
The results are listed in Table 2. The four‑score method 
did not classify the cutoff  as an integer value, and the 
percentage of  color is difficult to accurately define in 
clinical operations, so this method has limited clinical 
significance.

Five‑score method
Sun et  al. divided elastography qualitative scores into 
five scores  [Figure  4],[54] which comes from EUS 
elastography.[55] By classifying 1–3 as benign and 4–5 
as malignant, Sun et  al. found that the mean values 
of  malignant and benign LNs were 4.29  ±  0.71 and 
2.82  ±  1.18, respectively, and the diagnostic accuracy 
was 83.82%. By comparing the diagnostic efficiency 
of  single B‑mode features, 5‑score method, and mean 
gray value, 5‑score method had the highest diagnostic 
accuracy.[54] Verhoeven et  al. used two visual analog 
scale (VAS) scoring methods for visual scoring of  the 
strain  –  the first method: 1, predominantly blue; 2, 
blue and green; 3, predominantly green; 4, green and 
red; and 5, predominantly red. The second method 
is a modified version of  the Tsukuba score, a scoring 
system based on a combination of  the visualized color 
and the pattern of  the strain image: Score 1, strain is 
seen in the entire hypoechoic area  (the entire lesion is 
shown in green similar to the surrounding tissue); Score 
2, strain is seen within most of  the hypoechoic area but 

some areas show no strain  (the lesion is a mixture of  
red, green, and blue); Score 3, strain appears only in the 
periphery, no strain in the center of  the lesion  (center 
of  the lesion is blue, the periphery is green); Score 4, 
no strain is measured within the lesion  (the entire lesion 
is shown in blue); Score 5, no strain is measured within 
the lesion nor in the surrounding tissues  (the lesion and 
the surrounding tissues are blue); and Score X, typical 
artifact seen when blood vessels invade the LN. Red 
in the center of  the surrounding vessel, green in the 

Figure 4. Representative appearance of the qualitative pattern analysis 
of EBUS elastography images.[54]  (a) Score 1  (scattered soft, mixed 
green‑yellow‑red);  (b) Score 2  (homogeneous soft, predominantly 
green);  (c) Score 3  (intermediate, mixed blue‑green‑yellow‑red);  (d) 
Score 4 (scattered hard, mixed blue‑green); (e) Score 5 (homogeneous 
hard, predominantly blue). EBUS: Endobronchial ultrasound

d
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vicinity. The first VAS scoring method classified 1–2 
points as malignant and 3–5 points as benign. And, the 
second classified scores 4–5 as malignant and scores 
1–3 as benign.[56] Trosini‑Désert et  al. used a color 
score originating from pancreatic masses: Score 1 was 
assigned when the image showed a homogenous soft 
tissue area  (green) corresponding to normal tissue; 
score 2 was when the image indicated heterogeneous 
soft tissue  (green, yellow, and red) corresponding to 
fibrosis or inflammatory tissue; score 3 was when 
the image displayed mixed colors or a honeycombed 
elastography pattern indicative of  mixed hard and 
soft tissue making the interpretation difficult; score 
4 was when the image displayed a small soft  (green) 
central area surrounded by mainly hard  (blue) tissue 
corresponding to a malignant hypervascularized lesion; 
and score 5 was assigned to lesions representing mainly 
hard  (blue) tissue with areas of  heterogeneous soft 
tissue  (green and red) representing zones of  necrosis 
in an advanced malignant lesions.[57] Score 3 was an 
indeterminate color, and in pancreatic masses, score 
1–2 was considered as benign and 3–5 as malignant; 
but in EBUS elastography, classifying 1–3 as benign 
and 4–5 as malignant may achieve the best diagnostic 
performance.[58] In clinical practice, setting the NPV 
of  elastography parameters to 100% is important to 
not miss a malignant lesion. Scoring  <3 as benign 
can achieve an NPV of  100% for malignancy.[58] The 
modified Tsukuba score combines with the hardness 
of  surrounding tissues, which may be not suitable for 
LNs images that are too large to see the boundary. 
Compared with the three or four‑score method, the 
five‑score method is more detailed and comprehensive 
in dividing colors.

Quantitative methods of endobronchial ultrasound 
elastography
Strain ratio
Qualitative methods are usually affected by subjective 
factors, and more objective quantitative methods 
are needed. The largest possible area of  the node 
is outlined from the superimposed elastography 
image, and the same procedure was performed on a 
similar‑sized area that was surrounded by apparently 
normal tissue. SR is the strain of  surrounding tissue to 
LN. Studies about SR method in EBUS elastography 
are shown in Table  3.[48,51,56,58,59] Hernández Roca et  al.[50] 
found that the best cutoff  value of  SR was 4, and 
the corresponding area under the curve  (AUC) was 
0.75. The calculation of  SR requires the presence of  
surrounding mediastinal tissue and avoiding large blood 

vessels, but many elastic images of  LNs fail to meet 
this requirement. The measurement of  SR correlates 
with the depth of  ROI and reference area, since 
different depths of  region with the same hardness 
may appear different strain. Furthermore, the results 
also varied with the selection of  control areas. The 
optimal cutoff  value of  SR showed large variations 
between different studies, ranging from 4 to 32.07.[50,51] 
Compared with frequency histogram and stiff  area 
ratio  (SAR), SR is a more variable parameter.[60]

Stiff area ratio
SAR is the ratio of  pixels in the blue area to the area 
of  target LN. Diagnostic values of  SAR in predicting 
malignancy are shown in Table 3.[61‑63] Ma et  al. used the 
concept of  blue color proportion, that is, the pixel value 
of  the blue area divided by the pixel value of  the entire 
LN area.[63] Mao et  al. defined blue pixels that range from 
145 to 180 in the HSV color model as hard areas.[64] 
Hernández Roca et  al. defined the color density of  0–49 
in RGB color model as blue, which is a hard area, finding 
that malignant LNs had a higher proportion of  blue 
pixels  (66% vs. 32.5%, P = 0.016). When the value is 52, 
the AUC is 0.87.[50] In Abedini’s study, the results showed 
that a significant correlation when SAR was used as the 
predictor of  malignancy or anthracosis.[61] Nakajima et  al. 
found that there was no statistical difference of  benign 
and malignant LNs SAR in the ex vivo surgical samples, 
with a malignant mean SAR of  0.300 and a benign 
mean SAR of  0.269.[62] Elastography cannot visualize the 
absolute value of  tissue elasticity. It can only show the 
stiffness of  the LN area relative to the surrounding tissue. 
The external environment is different from the internal 
environment, and it is difficult to cover the entire LN 
area, so results will vary, indicating that the SAR method 
may be not appropriate in  vitro.[62]

Strain histogram
The strain histogram is the average strain value in the 
selected area, which represents average tissue elasticity. 
In the histogram, the X‑axis represents the elastic 
value between 0 and 255  (each value is represented 
by the pixel color), where 0 is the hardest and 255 
is the softest, and the Y‑axis represents the number 
of  pixels for each value.[65] Table  3 lists some studies 
about EBUS strain histogram.[56,58] Hernández Roca 
et  al.[50] reported that the average color dispersion of  
malignancy was lower than that of  benign  (48.8  vs. 
94.8). When the average dispersion of  LNs was 61, 
the diagnosis efficacy was the best, with an AUC of  
0.83. Verhoeven et  al. found that the strain histogram 
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is the best method compared to the SR and two other 
qualitative methods.[56]

Mean gray value
After performing a pixel‑by‑pixel subtraction of  the 
gray scale image from the elastography image, the 
matrix of  red, green, and blue values obtained from 
subtraction can be transformed into a matrix of  gray 
tone, and these values vary from 255  (all blue pixels) 
to 0  (all red pixels). The mean gray value is the ration 
of  sum gray to number of  points, which was used in 
breast cancer.[66] The average gray values of  malignant 
and benign LNs in Sun’s study were 199.11  ±  5.64 
and 169.52  ±  47.31, respectively  (P  <  0.01),[54] and 
the software copyright of  the EBUS elastography 
quantitative analysis system  (China software copyright: 
2015SR191866) has been developed.

Mean hue value
The mean hue value is defined as the mean value of  
hue within an ROI, using the HSV color model, which 
was used for EUS research before.[67,68] Mao et  al. used 
this method for EBUS elastography quantitatively, 
showing a worse diagnostic value than SAR in 
differentiating intrathoracic LNs.[64]

Comment on elastography
Elastography can guide the selection of  LNs for 
biopsy, the localization of  malignant components within 
LNs,[69,70] and can be used as a ROSE technique for 
the diagnosis of  non-small cell lung cancer  (NSCLC). 
Elastography mainly reflects the hardness of  tissue, 
so fibrosis within benign LNs and central necrosis 
within malignant LNs may influence the accuracy 
of  elastic evaluation.[18] Fibrosis in sarcoidosis may 
show a blue pattern[71] and cause false‑positive results, 
as well as calcification in pneumoconiosis LNs. In 
Abedini’s study, with the exclusion of  anthracosis 
nodes from analysis, the statistical difference between 
malignant and non-malignant  (original P  =  0.032) was 
more significant  (P  <  0.001).[61] Sun et  al. found that 
tuberculosis and sarcoidosis LNs were stiffer than 
non-specific inflammation LNs due to the presence 
of  epithelioid granulomas. False‑negative results 
appeared in small cell lung cancer and lymphoma, 
and false‑positive results appeared in nonspecific 
inflammation and tuberculosis.[54]

Elastography usually has better diagnostic value than 
a single gray scale feature.[54,59] He et  al. found the 
diagnostic accuracy of  distinct margins, homogenous, 

hypoechoic, no air-bronchogram, and elastography 
score in central lung lesions were 71.9%, 63.2%, 71.9%, 
70.2%, and 73.7%, respectively.[53] However, elastography 
is easier to vary due to breathing exercises and adjacent 
vascular pulsations compared with gray scale and 
blood flow image. Hence, a representative elastography 
image should be selected from frames with good 
repeatability of  dynamic recording under a relatively 
stable pressure curve or amplitude to reduce the bias. 
As the developing of  neural network, it has been used 
in EUS and pancreatic mass elastography,[68,72] and can 
also be used in EBUS elastography, with automatic 
selection of  representative images from videos, to 
achieve more objective results.

ASSOCIATION OF ENDOBRONCHIAL 
ULTRASOUND IMAGE FEATURES AND 
PREDICTIVE TOOLS

The clinical application of  EBUS sonographic features 
requires certain criteria. To explore the best diagnostic 
efficiency, some researchers combined several features 
and formulated scoring systems. Similar mathematical 
models can be seen with breast cancer.[73] Wang et  al. 
found that at least two of  the features (presence 
of  matting, nonhilar vascular pattern perfusion, 
absence of  CHS, and round shape) can achieve the 
best performance in predicting malignancy.[13] In 
differentiating benign LNs, Wang et  al. found that at 
least four sonographic features from five categories 
(short axis  >1 cm, absence of  CHS, distinct margin, 
presence of  clustered formation, and presence of  
nonhilar perfusion) can achieve the optimal diagnostic 
efficiency in predicting sarcoid nodes, as well as 
two sonographic features  (presence of  necrosis sign 
and absence of  clustered formation) in predicting 
tuberculous nodes, and at least two sonographic features 
of  the three categories  (presence of  CHS, absence of  
clustered formation, and presence of  hilar perfusion or 
avascular) in predicting reactive lymphadenitis.[22]

Trosini‑Désert et  al. combined colorimetric scores with 
LN diameter: colorimetric score 1 or 2 considered 
benign; colorimetric score 3 and diameter  <13.8 mm 
considered benign; and colorimetric score 4 and average 
elasticity  <54 considered malignant, which provided a 
sensitivity and specificity of  100% for LNs classified 
by one of  these three rules.[58] The diagnostic accuracy 
in combing the four features  (oval, indistinct margins, 
homogenous echogenicity, and absence of  CHS) with 
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SR was 90.9% reported by Fujiwara et  al., which was 
higher than a single method.[74]

Shafiek et  al. retrospectively analyzed 208 LNs and 
constructed a predictive system using five features 
including distinct margin, round shape, short 
axis  ≥10 mm, heterogeneous echogenicity, and absence 
of  CHS. The former three features were scored 1 
point, and the latter two 1.5 points. In prospective 
verification of  65 LNs, the sensitivity and specificity of  
a sum score >5 points were 78% and 86%, respectively. 
Among them, the absence of  CHS, round shape, and 
size were significantly correlated with malignant LNs.[19]

Schmid‑Bindert et  al. developed a scoring model by 
retrospectively analyzed six features, including shape, 
margin, echogenicity, CHS, short axis, and blood flow. 
Researchers found that if  the presence of  3–6 positive 
variates was seen as high risk, and 1–2 positive variates 
as low risk, the odds ratio for malignancy was 15.5 
(95% CI: 3.631–66.173). The feasibility of  the EBUS 
ultrasound standard lies in the NPV. When ≤2 features 
were present, the probability of  malignancy was only 
5%.[26]

Alici et  al. retrospectively analyzed the echogenicity 
(anechoic, hypoechoic, isoechoic, or hyperechoic), echo 
homogeneity, shape, size, margin, necrosis, calcification, 
and CHS of  1,051 LNs. An algorithm on whether to 
sample LNs was constructed first in the experimental 
group, and then a modified algorithm was applied 
in the study group. The algorithm had sensitivity, 
specificity, positive predictive value  (PPV), NPV, and 
accuracy of  100%, 51.2%, 50.6%, 100%, and 67.5%, 
respectively.[17]

Evison et  al. investigated whether LNs with negative 
EBUS‑TBNA results in lung cancer patients require 
further surgical staging. A  risk model was constructed 
by three independent predictors  (echogenicity, SUV, 
and SUV ratio) and was divided into low‑risk group 
(≤1 point) and high‑risk group  (≥2 points). The NPV 
of  the model in the modeling set and the validation set 
were 99.3%  (95% CI: 96.1%–99.6%) and 97.9%  (95% 
CI: 92%–99.6%), respectively. During the staging of  
lung cancer, for LNs with negative EBUS‑TBNA 
results, this model can guide which patients need 
further staging and which can be treated directly.[20] 
Gu et  al. constructed a scoring model using features 
including size, shape, heterogeneity, and qualitative 
elastography method. When 3–4 was classified as high 

risk and 1–2 as low risk, the odds ratio for malignancy 
was 9.44  (95% CI: 3.99–22.32; P  <  0.0001), and the 
combined model was superior to elastography alone.[47]

INTRA‑ AND INTEROBSERVER 
AGREEMENT

To study the consistency of  ultrasound features within 
and between assessors, many studies use consistency 
assessment methods. Intraobserver consistency is 
defined as the difference of  two assessments by the 
same assessor. Interobserver consistency is defined 
as differences between two or more evaluators and 
is usually assessed by means of  Cohen’s kappa  (k). k 
values range from 0  (no agreement other than what 
would be expected by chance) to 1  (perfect agreement). 
K  values  >0.81 are considered as perfect agreement; 
0.61–0.80 were considered substantial; 0.41–0.60 
moderate; 0.21–0.40 fair; and 0.00–0.20 as slight 
agreement.[75] Related results are listed in Table  4.

Garcia‑Olivé et  al. also studied reviewer’s diagnosis on 
malignant or not, with k values of  0.555 and 0.337 
for intra‑  and inter-rater agreement, respectively.[76] 
Schmid‑Bindert found that k values were 0.978 for 
CHS with blood vessels, 0.978 for CHS without 
bloods vessels, and 0.800 for color power Doppler 
index.[26] In Shafiek’s study, the inter-rater agreement 
(IRA) reached 80% was defined as good, and IRA 
for hyperechogenic density in the interior of  the 
LN was 81.6%.[19] Nakajima et  al. evaluated blood 
flow videos and the final results were determined by 
consensus of  at least two reviewers of  three reviewers. 
The intraobserver agreement was 0.830–0.853, and 
the interobserver agreement was 0.83, indicating 
good consistency in the evaluation of  blood flow 
videos.[29] de Melo et  al. studied the endosonographic 
features of  LNs in aerodigestive malignancies, and 
three experts independently evaluated three variables. 
Shape had a fair interobserver agreement with k 
value of  0.35, and echogenicity and margin had 
moderate interobserver agreement, with k values of  
0.46 and 0.43, respectively.[77] Wang et  al. found that 
the intraobserver consistency was 0.93 and 0.92, and 
the interobserver consistency was 0.84 and 0.87 for 
clustered formation and nonhilar perfusion of  vascular 
pattern, respectively.[22]

DISCUSSION

EBUS imaging plays an important role in the diagnosis 
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of  intrathoracic benign and malignant LNs. In lung 
cancer workup, PET‑CT is routinely recommended 
before intended curative treatment to identify metastasis 
of  LNs. However, PET‑CT may have false‑positive and 
false‑negative results in the diagnosis of  LNs. In recent 
years, EBUS imaging begins to play an important role 
in the diagnosis of  intrathoracic LNs due to its unique 
image‑forming principle and rapid development. EBUS 
sonographic features can help bronchoscopist to judge 
malignant and benign LNs based on CT or PET‑CT 
and may also supplement the false diagnosis. However, 
at present, there is no study comparing the diagnostic 
value of  PET‑CT and EBUS sonographic features.

In clinical operation, for gray scale mode, shape, 
margin, echo homogeneity, and CNS can be chosen.[12] 
For blood flow Doppler, distribution of  blood flow can 
be chosen, and for elastography, the five‑score method 
studied by Sun et  al. can be chosen.[13,54] For quantitative 
methods, there are many kinds of  elastography 
quantitative methods, and it is difficult to draw a unified 
cutoff  value for each indicator. Even for the same 
indicator such as strain ratio  (SR), differences between 
the cutoff  values are quite large.[50,51] With respect to 
the interobserver agreement, it can reduce the subjective 
differences of  qualitative results, and k values in most 
studies can reach to 0.81–1.0 which belongs to perfect 
agreement except Garcia‑Olive et  al.[76]

Previous studies, mainly retrospective, analyzed 
sonographic factors to find features and combinations 
with the best diagnostic performance, but there 
have been few prospective validations of  predictive 
tools. Besides, although many studies found that 
the diagnostic value of  elastography is better than 
qualitative gray scale, the diagnostic performance of  
elastography combined with gray scale is superior 

reported by Fujiwara et  al.[74] Features coming from 
different modes can supplement each other to make up 
disadvantages of  a single mode. However, there has not 
been any research on the combination of  three EBUS 
modes. Combining the optimal evaluation methods 
of  the three modes to construct a comprehensive 
evaluation tool, and prospectively verify its diagnostic 
efficacy, is an important area for future research. In 
addition, the application scope of  many results is 
limited by the inclusion criteria, such as the exclusion 
of  benign diseases from the study that patients with 
lung cancer staging. Multicenter studies without limiting 
the types of  diseases are necessary to overcome bias 
caused by distributional difference of  patients among 
different hospitals. Therefore, multicenter prospective 
studies that do not limit the types of  diseases are 
required.

The evaluation of  sonographic features by people 
is subjective. With the development of  artificial 
intelligence  (AI), application of  AI to EBUS imaging 
field may acquire better effect. Tagaya et  al. used 
back‑propagation algorithms to construct an artificial 
neural network  (ANN) model for the diagnosis of  
benign and malignant LNs. The diagnostic accuracy of  
ANNs was 91%, better than 78% and 51% of  surgeons 
with 5  years and 1  year of  experience, respectively.[78] 
Although quantitative methods can reduce subjective 
bias, the analyzed pictures are still derived from manual 
selection. Video‑based deep learning methods can 
eliminate subjective factors and automatically select 
representative images from dynamic videos for feature 
extraction and picture classification. We have designed 
an automatic image selection model based on deep 
learning, followed by application of  the transfer learning 
and multitask learning methods to classify pictures 
[Figure  5]. AI has been widely studied in other fields 

Table 4. Studies about intra‑ and interobserver agreement on gray scale sonographic features
Study Observers Short axis 

>10 mm
Present 
of CNS

Round 
shape

Absent 
of CHS

Heterogeneous 
echogenicity

Distinct 
margin

Present of 
calcification

Intraobserver
Garcia‑Olivé et al.[76] 8 0.826 0.721 0.615 0.565 0.441 0.407 \
Wang et al.[22] 2 \ 0.920 \ 0.910 0.910 0.870 0.850

Interobserver
Garcia‑Olivé et al.[76] 8 0.641 0.340 0.445 \ \ 0.274 \
Schmid‑Bindert et al.[26] 2 \ \ 0.992 \ 0.896 0.886 \
Shafiek et al.[19] 2 0.860 \ 0.910 0.872 0.922 0.915 \
Wang et al.[22] 2 \ 0.870 \ 0.850 0.890 0.830 0.820
Alici et al.[17] 3 1.000 1.000 1.000 0.950 1.000 1.000 0.970
Evison et al.[20] 2 \ 0.830 0.850 0.890 0.860 0.400 \

CHS: Central hilar structure; CNS: Coagulation necrosis sign
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such as gastrointestinal, breast, and head and neck 
pathology previously.[79,80] In the future, the combination 
of  EBUS image and AI is worthy of  further research.

EBUS sonographic features have been widely studied 
in intrathoracic LNs, but relatively rarely in central lung 
lesions. It is unknown whether the EBUS assessment 
criteria for lesions are consistent with LNs. Previous 
studies reported transthoracic ultrasound elastography in 
subpleural tumors,[81] but there is only one study about 
EBUS elastography and gray scale features of  central 
lung lesions.[53] Therefore, the exploration of  EBUS 
features in lung lesions is a direction worth studying.

CONCLUSION

EBUS sonographic factors of  gray scale, blood flow 
Doppler, and elastography can be used to predict 
malignant and benign diagnosis of  intrathoracic 
LNs, but no treatment can be started based on 
ultrasonographic features and tissue samples should still 
be obtained to confirm a diagnosis. There are multiple 
analysis methods, but lack of  a universal methods 
combining the three ultrasound modes. A  multi-center 
prospective verification of  a comprehensive model, and 
the combination of  EBUS imaging with AI, will be 
worthy to study in the future.
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