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Abstract: Convex probe endobronchial ultrasound (CP-EBUS) has been widely used in the lymph node 
staging and restaging of lung tumors and the diagnosis of mediastinal diseases. Recent years have seen 
continuous progress in this technology. For diagnosis, elastography technology can preliminarily distinguish 
between benign and malignant lesions, so that reduce the number of punctures. CP-EBUS can also be 
used as an endoscopic ultrasound (EUS) to guide needle aspirations of liver lesions, retroperitoneal lymph 
nodes and left adrenal gland (LAG) lesions sometimes. Some advances help diagnosing more accurately 
and effectively, such as the intranodal forceps biopsy (IFB), the new type of 22G needle, the rapid on-site 
evaluation (ROSE) and the cancer gene methylation, etc. In addition, special advances are being made in 
diagnosis using artificial intelligence (AI). For treatment, CP-EBUS has yielded novel research results when 
applied to transbronchial needle injection (TBNI) and radioactive seed implantation in clinical cases, and 
blocking of the cardiac plexus in animal studies. The next-generation CP-EBUS is also ready for use in the 
clinic and the technology will be improving continuously. Through this review, we hope to educate clinicians 
on the latest uses of CP-EBUS and open up further research ideas for readers interested in this technology.
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Introduction

Convex probe endobronchial ultrasound (CP-EBUS) has 
been applied clinically for nearly 30 years. Through the 
unremitting efforts of clinicians, this technology is now 
mature and safe, enabling a clear diagnosis for a large 
number of patients. Endobronchial ultrasound-guided 
transbronchial needle aspiration (EBUS-TBNA) is the most 
important application of EBUS. It can be used for accurate 

lymph node staging and restaging of lung tumors (1,2), as 
well as the diagnosis of several mediastinal diseases. Patients 
usually undergo this procedure under sedation only (3). 
Although the technology is mature, much space remains 
for exploring applications of CP-EBUS, and its indications 
are constantly expanding. This review focuses on the two 
aspects of diagnosis and treatment, summarizing the latest 
progress in the basic and clinical research fields of CP-
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EBUS, and opening up further research ideas for readers 
interested in this technology. 

We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/atm-21-225).

Diagnosis

Elastography

Elastography is a type of ultrasound imaging which displays 
different colors under ultrasound according to the degree 
of deformation of the mediastinal lymph nodes or lesions 
after compression (4). Green and red (Type 1) represent 
soft masses and often suggest benign lesions, blue (Type 3) 
represents hard masses and often suggests malignancy, while 
blue-green mixed (Type 2) cannot be judged. Currently, 
EBUS is equipped with this function, and this technology 
has been an active area of research. In 2019, research on 
elastography still focused on judging lesions. Two studies 
found that the consistency rates of Type 3 lymph nodes with 
pathology were 80.7% (5) and 73% (6), and results having 
no significant correlation with the maximum standardized 
uptake value of positron emission tomography-computed 
tomography (PET-CT) images (5). From the above 
findings, elastography has been shown to help distinguish 
benign from malignant growths, but cannot replace 
needle aspiration biopsy. For now, we can only reduce the 
number of punctures (7). In practice, we should attach 
great importance to Type 3 lymph nodes and try to obtain 
specimens. For lymph nodes of the same stage, puncture 
should be performed from Type 1 to Type 3 in order to 
avoid artificial detection errors or implantation metastasis.

Endoscopic ultrasound with bronchoscope (EUS-B)

Ultrasound bronchoscopy, as the name implies, is 
performed mainly in the airways, but can be performed by a 
pulmonologist, thoracic surgeon, or endoscopist. Therefore, 
unlike digestive endoscopy, there is no technical obstacle to 
its application, and the length of the endoscopy body may 
be the only bottleneck. It is routine practice for doctors to 
extend the ultrasound bronchoscope into the esophagus and 
TBNA to the mediastinal lymph nodes in groups 8 and 9. 
However, the use of CP-EBUS to detect and puncture liver 
lesions (8), retroperitoneal lymph nodes (8), and left adrenal 
gland (LAG) lesions (9) are new applications. A study of 
the LAG showed that, of the 274 patients studied, 78 had 

LAG abnormalities detected by EUS-B and underwent fine 
needle aspiration (FNA), after which 9 cases (11.5%) of 
malignant lesions were confirmed. Based on these findings, 
the authors suggested that LAG examinations should be 
a routine part of EBUS inspections (9). Here, we remind 
readers that if EBUS-TBNA is used for purposes beyond 
the N staging of mediastinal lymph nodes in lung cancer, it 
is necessary to replace the needle before puncture of a new 
lesion in order to avoid the risk of implantation metastasis.

TBNA and intranodal forceps biopsy (IFB)

As for the needle, the models available at present are mainly 
25G, 22G, and 19G. In terms of sample quantity, 19G is 
better than 22G, with equivalent safety (10). The 22G and 
the 25G needles show no significant difference in diagnostic 
accuracy (11). Compared with the standard needle, the 
new 22G needle with a groove (ProCore®) has improved 
diagnostic ability (12-14). A comparative study of IFB and 
TBNA showed that TBNA performed better than IFB for 
diagnosing malignant diseases, however, IFB was better at 
diagnosing nonmalignant diseases (15). This result reminds 
us that patients may benefit from the use of IFB when they 
are diagnosed with a benign disease. In terms of the number 
of punctures, each lesion should be punctured at least three 
times in order to obtain a higher diagnostic rate and provide 
material for further mutation analysis (16). Several studies 
have also confirmed that obtaining more samples by EBUS-
TBNA can meet the needs of further mutation analysis after 
diagnostic examinations have been completed (17-19).

Specimen processing

Although EBUS-TBNA has been shown to provide 
enough specimens, compared with other methods (such as 
mediastinoscopy, percutaneous lung biopsy, or surgery), 
the specimens obtained by needle aspiration biopsy can 
be scarce, and therefore, precious. Sometimes, the needle 
may yield few specimens, however, the suction syringe may 
collect some material. This collected material has been 
found to have a high agreement with the final diagnosis, 
suggesting that the collected material should be mixed with 
the needle aspiration specimens (20). After obtaining the 
core tissue, normal saline is flushed through the needle to 
obtain a rinse fluid sample. In 331 patients with benign 
lesions, 42 (12.7%) were later diagnosed with tuberculous 
lymphadenitis using rinse fluid samples (21). This result 
suggests that using existing specimens to improve the 
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diagnosis rate of benign diseases represents an important 
research direction for CP-EBUS.

The clinical value of rapid on-site evaluation (ROSE) 
for EBUS-TBNA has also been recognized. Studies have 
confirmed that ROSE can be accomplished by trained non-
pathologists, such as pulmonologists (22), and perhaps 
even by artificial intelligence (AI) in the future (23). When 
ROSE cannot be implemented, macroscopic on-site 
evaluation (MOSE) using filter paper can also evaluate the 
specimen quality and improve the accuracy of diagnosis (24).  
Normally, a TBNA specimen is processed by a hospital 
pathologist and a final diagnosis is made. If the preoperative 
evaluation or ROSE suggests that the disease is malignant, 
but the final pathology result is negative, the clinician 
faces a dilemma. Neither passive regular follow-up nor 
active secondary EBUS-TBNA seem to be the best 
choice, and further examination of the obtained specimens 
might be the most cost-effective option. A retrospective 
study of 887 patients with EBUS-TBNA was carried 
out, and 44 patients had negative results. When pan-
cytokeratin immunohistochemistry was performed on these 
negative specimens, 3 patients (6.8%) were found to have 
cytokeratin-positive micrometastasis (25). This situation 
raises an interesting question. For patients with clinically 
suspected tumors, should hematoxylin and eosin negative 
specimens be further evaluated by immunohistochemistry? 
At present, most pathology departments will not do so. In 
recent years, the detection of lung cancer gene methylation 
has been on the rise. Studies show that this method can 
help distinguish between benign and malignant pathological 
specimens (26). The combination of SHOX2 and RASSF1A 
has been commercialized in China, and this method 
provides a powerful qualitative tool for the analysis of 
negative specimens.

AI

The use of AI-assisted ROSE has been proposed. In 
fact, AI has rapidly integrated into all aspects of the 
medical field. One common application involves finding 
abnormalities accurately through deep learning of a large 
number of images. CP-EBUS also obtains images, so can 
it be combined with AI? Some researchers have used a 
large number of radial probe EBUS images to perform 
deep learning analysis. In one such study, the accuracy of 
diagnosis was 85.4%, the sensitivity was 87.0%, and the 
specificity was 82.1%, which shows the strong potential of 
this application (27). The combination of CP-EBUS and AI 

is believed to soon become a research topic of great interest.

Treatment

CP-EBUS itself cannot treat disease directly, but through 
its guidance, with the aid of a needle and other tools, many 
diseases can be treated. Transbronchial needle injection 
(TBNI) is the most commonly used method. Cisplatin 
injection through TBNI has been used to treat mediastinal 
neoplasms. A recent study showed that optimizing the 
number and location of EBUS-TBNI sites significantly 
reduced the cisplatin dose required for the effective 
treatment of lung cancer (28). CP-EBUS can also be used 
to guide the placement of fiducial markers, which facilitates 
precise positioning for radiotherapy. The use of autologous 
blood instead of commercial foreign materials to block the 
needle reduces the cost to radiotherapy patients and the 
possibility of being injured by foreign bodies (29). Through 
CP-EBUS, iodine-125 radioactive seeds can be implanted 
for local radiotherapy. Among the 40 patients treated in a 
seed implantation study, 30 (75%) had complete remission 
or partial remission at 6 months with no deaths, suggesting 
that the treatment may have good efficacy and safety (30). 

At present, CP-EBUS is mainly used for mediastinal-
occupying lesions. In addition to the treatments discussed, 
other uses include aspiration of mediastinal cysts and 
abscesses (31,32). Research on cardiovascular disease is 
mainly limited to the diagnosis of pulmonary embolism 
(33,34) and rare pulmonary vascular tumors (35,36), and has 
yet to enter the treatment stage. According to the anatomic 
position of the cardiac plexus, researchers injected lidocaine 
into the aortopulmonary window under the guidance of 
CP-EBUS, which effectively blocked the cardiac plexus (37). 
Although this study was in an animal model, it paves the 
way for another future application of CP-EBUS. CP-EBUS 
may be used in the future as a high-precision guide for 
puncture and drug injection to treat refractory arrhythmias, 
refractory pain, and other conditions.

Summary

The above describes the recent academic progress in the 
field of CP-EBUS diagnosis and treatment. In addition, 
clinical research has also confirmed the application of CP-
EBUS in pediatrics (38-42). The next-generation CP-
EBUS (BF-Y0063; Olympus Corporation, Tokyo, Japan) 
is also ready for use in the clinic, with a smaller probe 
and more flexibility (43). With clinicians and equipment 
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manufacturers working together, CP-EBUS technology will 
improve, and ultrasonic robots may even be developed (44), 
providing even more benefits to patients.
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