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ABSTRACT
The evolution of endobronchial ultrasound usage in modern era

Over the past two decades, endobronchial ultrasound (EBUS) has become a
crucial tool for diagnosing pulmonary diseases. The most common indication
of EBUS usage is the diagnosis and staging of lung cancer. Additionally, there
have been significant improvements in the application of convex probe EBUS
in line with the increase in experience and knowledge about EBUS and the
developments in medicine and technology. To enhance diagnostic accuracy
and acquire larger tissue samples, techniques such as cryo-biopsy guided by
endobronchial ultrasound (EBUS) and intranodal forceps biopsy have been
developed. Additionally, elastography functionality has been integrated into
the EBUS application to improve the assessment of targeted lesions. Moreover,
its utilization for evaluating and sampling pulmonary vascular structures has
expanded. It has also found applications in guiding intratumoral therapy, posi-
tioning fiducial markers, and facilitating the drainage of pleural or pericardial
effusions. This review aims to provide an overview of the extended applicati-
ons of convex probe EBUS beyond its conventional uses.

Key words: Endobronchial ultrasound; elastography; intranodal forceps
biopsy; therapeutic application; convex probe ultrasound; cryobiopsy

0z
Modern cagda endobronsiyal ultrason kullaniminin evrimi

Son yirmi yilda, endobronsiyal ultrasonografi (EBUS) akciger hastaliklarinin
teshisinde cok 6nemli bir ara¢ haline gelmistir. EBUS kullaniminin en yaygin
endikasyonu ise akciger kanserinin tanisi ve evrelemesidir. Ayrica, zaman igin-
de EBUS konusundaki tecriibe ve bilgi birikiminin artmasi, tip ve teknolojideki
gelismelere paralel olarak konveks prob EBUS uygulamasinda énemli gelisme-
lere olanak saglamistir. Daha iyi tanisal etkinlik saglanmasi ve daha biiyiik bir
ornek elde etmek icin EBUS rehberliginde uygulanan kriyo-biyopsi, intranodal
forseps biyopsi gibi metotlar gelistirilmistir. Ayrica, hedeflenen lezyonlarin
daha iyi degerlendirilmesi icin elastografi islevi EBUS uygulamasina entegre
edilmistir. Bunun yani sira pulmoner vaskiler yapilarin degerlendirilmesinde
ve orneklenmesinde de EBUS kullanimi artmistir. EBUS un terapétik kullanim
uygulamalari, intratiméral tedavi, referans isaretleyicinin yerlestiriimesi ve
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plevral veya perikardiyal efiizyonun bosaltilmasi icin rehberlik olarak 6rneklenebilir. Bu rehberde konveks prob EBUS un konvansiyo-
nel kullanim alanlarinin 6tesinde farkli uygulama alanlarinin 6zetlenmesi amaglanmistir.

Anahtar kelimeler: Endobronsiyal ultrason; elastografi; intranodal forseps biyopsi; terapétik uygulama,; konveks prob ultrason; kriyo-

biyopsi

The invention of the convex probe (CP) for
endobronchial ultrasonography (EBUS) in 2002
marked a significant milestone in bronchoscopy. This
technological advancement revolutionized the practice
by enabling bronchoscopists to conduct real-time
transbronchial needle aspiration (TBNA) procedures
guided by EBUS. Over the last two decades, EBUS has
undergone significant evolution and has emerged as a
pivotal tool in the realm of pulmonary diseases. This
technique allows bronchoscopists to visualize
structures beyond the airways, including the airway
wall, lung, and mediastinum, facilitating sample
collection (1,2). Guidelines recommend EBUS as the
primary approach for staging the mediastinum of lung
cancer (3,4). Consistent with this, on a global scale,
the primary applications of EBUS in general medical
practice involve the identification of mediastinal and
hilar lesions, as well as the staging of lymph nodes for
lung cancer (5).

Over time, there has been a notable expansion in the
clinical applications of this technique. The need for
sufficient tissue for accurate cancer diagnosis and
molecular analysis has led the bronchoscopist to
modify their usual approach to ensure sample
adequacy. Consequently, there has been a noticeable
increase in the development of novel EBUS
applications extending beyond the traditional
endobronchial approach (2,5,6). This review aims to
highlight the diverse applications of convex probe
EBUS beyond its conventional role in diagnosing and
staging lung cancer.

Innovative Methods for Obtaining Larger Tissue
Samples Using Endobronchial Ultrasound

In recent years, personalized treatment plans have
become crucial for patients with lung cancer.
Different types of molecular tests are needed to guide
these treatment plans, and obtaining sufficient
material for cytological, immunohistochemical
analysis, and molecular testing is essential to avoid
repeat procedures (7). Additionally, the diagnostic
yield of EBUS-TBNA is still debated in pulmonary
pathologies other than lung cancer. Especially, for the
diagnosis of lymphoproliferative diseases, larger
tissue samples need to be acquired. Patients suspected
of lymphoproliferative disease need to undergo
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mediastinoscopy despite benign cytological findings
of EBUS-TBNA material (8). Furthermore, previous
data suggested that the diagnostic accuracy of EBUS-
TBNA is still suboptimal, as it is unable to detect
granulomas in around 20% of individuals diagnosed
with sarcoidosis (9,10). Though mediastinoscopy is
the gold standard for diagnosis, it is a relatively
complex method with the potential for severe
complications in some instances. Therefore, the
search for new sampling strategies guided by EBUS
has emerged (11).

CP-EBUS-Guided Transbronchial Mediastinal
Cryo-Biopsy

To improve the collection of an adequate amount of
histologically assessable material, a novel approach
has recently been developed, which involves the
integration of transbronchial mediastinal cryo-biopsy
(TMC) with EBUS guidance. Using that particular
technique provides a greater quantity of mediastinal
tissue for investigation compared to needle
aspiration with minimal complication (12). In this
technique, after the identification of the target lesion
using the convex probe EBUS, its precise location,
dimensions, and vascularization are documented.
Subsequently, a high-frequency needle-knife is
employed to create a small incision in the
tracheobronchial wall near the mediastinal lesion.
Following this, the knife is replaced by a cryoprobe
connected to a cryo system, inserted into the working
channel of the convex probe. A TBNA needle with
repetitive punctures can be used in place of a knife
for this step. Initiating the probe triggers a cooling
process using liquid carbon dioxide, which is then
retracted along with the bronchoscope, bringing the
cryogenically frozen biopsy tissue with it (12,13).

Although its use has not become routine, the number
of studies on EBUS-TMC applications has been
increasing in recent years. The related studies and
primary outcomes are presented in Table 1.
Furthermore, Oikonomidou et al. conducted a study
to assess the size of the sampled lymph node tissue
under the guidance of EBUS. They found that cell-
block slices obtained using a 19G needle showed a
higher count than those obtained with a 1.1 mm
cryoprobe (14).
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Table 1. Summary of studies related to transbronchial mediastinal cryo-biopsy by the guidance of convex probe endobronchial

ultrasound

Study

Study group

Main outcome

Complications

Maturu et al. (7)

46 patients, were subjected to
EBUS-TMC due to

*Non-diagnostic EBUS-TBNA
(n=32)

*Inadequate material
for EBUS-TBNA
(n=14)

*EBUS-TMC confirmed the diagnosis
in 19 of 32 patients (59.2%) whose
EBUS-TBNA non-diagnostic

*All 14 patients with inadequate
material by EBUS-TBNA obtained
adequate material by EBUS-TMC

Minor bleeding in 13
patients

Fan et al. (16)

271 patients were randomized into
two groups:

*Combination group EBUS-TBNA
and EBUS-MCB
(n=136)

*Control group; only EBUS-TBNA

The combined group had a higher
diagnostic yield than the control
group

94% vs. 81%

risk ratio (RR) 1.15

(95% Cl 1.04-1.26; p= 0.0039)

No severe complications
causing death or disabili-

ty.

Airway bleeding
combination group 2%,
control group 1%

[RR 0.67 (95% CI 0.11-

*“TBNA first” group (n=99): TBNA
followed by TMC

*“Cryobiopsy first” group (n= 98):
TMC followed by TBNA

(n=135) 3.96); p=1.00]
Zhang et al. (12) 197 patients were allocated into The overall diagnostic yield was Four-week follow-up
two groups 79.9% and 91.8% for TBNA and duration:

transbronchial mediastinal cryo-biop-
sy, respectively (p= 0.001)

Diagnostic yields were similar for
metastatic lymphadenopathy
(94.1% vs. 95.6%, p= 0.58), while
cryo-biopsy was more sensitive than
TBNA in uncommon tumors
(91.7% vs. 25.0%, p= 0.001)

*No major complications
were noted

*Most common adverse
event: minor bleeding

*Pneumothorax which
resolved spontaneously at
1%

*Pneumomediastinum, all
of which resolved sponta-
neously at 0.5%

(17)

Ariza-Prota et al.

50 patients underwent EBUS-TBNA
and EBUS-TMC in a single proce-
dure.

*The diagnostic yield for EBUS-TBNA
was 82%, and for EBUS-TMC 96%

*TBNA diagnosed two patients that
had an insufficient diagnosis by TMC

*In nine cases, TBNA was not
diagnostic; however, a definitive
diagnosis was reached by cryo-biopsy
TMC established the diagnosis of
lymphoma in all patients in whom this
pathology was suspected (100%)

*The diagnostic concordance between
the two techniques was 56%.

*Two-week follow-up
duration:

*No major complications

*The most predominant
adverse event was minor
bleeding

*No pneumothorax,
pneumomediastinum or
mediastinitis

While the idea of acquiring more substantial
mediastinal specimens while preserving tissue
architecture is appealing, there are also considerations
associated with employing this technique. These
include concerns about cost-effectiveness, whether it
adds diagnostic value for specific molecular analyses

these studies (15).

and PD-LT expression, as well as its applicability to
particular patient groups such as those with
tuberculosis. In addition to these factors, interobserver
variability is a significant concern that can potentially
lead to discrepancies when interpreting the results of
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EBUS Guided-Intranodal Forceps Biopsy

Intranodal forceps biopsy (IFB) has been developed
to obtain a larger specimen volume for pathological
evaluation. The EBUS-intranodal forceps biopsy
(EBUS-IFB) procedure entails inserting micro forceps
through the initial puncture site made by the TBNA
needle. Previous studies have shown that combining
intranodal forceps biopsy with EBUS-TBNA enhances
the overall diagnostic yield (18,19).

The procedure requires a conventional EBUS
bronchoscope, a TBNA needle, and mini forceps
measuring 1.0 mm in diameter. The majority of
research on EBUS-IFB procedures has utilized
22-gauge needles for TBNA. However, there are
reports of successful outcomes utilizing EBUS-TBNA
needles, including 19, 21, and even 25 gauge (20).

In the process of EBUS-TBNA, the airway mucosa is
punctured four to five times using the EBUS-TBNA
needle under ultrasound guidance. This results in a
disruption of the mucous membrane of the airway, as
well as the formation of a pathway through which
mini forceps can be inserted into the specific lymph
node being targeted. While ensuring the EBUS
bronchoscope remains in a stable position, the
procedure involves removing the aspiration needle
from the working channel and subsequently inserting
the mini forceps into the desired location, all under
the guidance of EBUS. The direct view of the mucosal
puncture site by endoscopy is frequently unattainable,
making it an unreliable reference point for guiding
the insertion of mini forceps (20).

Agrawal et al. performed a meta-analysis comprising
six observational studies, which demonstrated that
the use of EBUS-IFB combined with EBUS-TBNA
enhances the overall diagnostic efficacy of
intrathoracic adenopathy sampling in comparison to
the use of EBUS-TBNA alone (92% vs. 67%; OR 5.87
95% confidence interval, 3.081 to 9.04; p< 0.001).
The complication rates are comparatively higher in
combination methods than those observed with
EBUS-TBNA. However, they are purportedly reduced
when compared to transbronchial or surgical
biopsies. Moreover, the subgroup analysis revealed
that the combination method had a higher diagnosis
yield for lymphoma (86% vs. 30%; p= 0.03) and
sarcoidosis (93% vs. 58%; p< 0.001) (21).

Another sampling instrument is the Acquire® 22G
fine needle, manufactured by Boston Scientific Co,
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which features a Franseen tip. The 22G fine needle
instrument is designed with three cutting edges,
allowing for the collection of larger specimens.
Balwan et al. evaluated the feasibility and potential
benefits of this approach in granulomatous disorders
and determined a diagnostic yield of 95% (22).
Furthermore, this needle can also be employed for
obtaining samples from abdominal lesions guided by
endoscopic ultrasound (23). Another tool is the
ProCore® needle, developed by Cook Medical in
Bloomington. It features a core trap mechanism
designed specifically for obtaining histology samples.
This is accomplished by shearing material from the
lesion as the needle is in motion. The diagnostic
accuracy of this needle appears to be comparable to
that of a conventional 22-gauge needle in detecting
both malignancy and sarcoidosis (24,25). The
ProCore® needle is also used for extrathoracic lesion
sampling. Karsenti et al. discovered that the Acquire
needle can yield more tissue and exhibit improved
diagnostic accuracy compared to the ProCore®
needle when performing EBUS-guided biopsies of
pancreatic masses (26).

Methods to Enhance Visualization Modalities in
Endobronchial Ultrasound

Elastography

Elastography is a sensitive and accurate quantitative
method for visualizing the distributions of strain and
elastic modulus in soft tissues. Tissues exhibit a
response to external or internal compression in the
form of deformation, displacement, or velocity. This
response can be digitally transmitted and overlaid
into a 2-dimensional (2D) ultrasound image. The
resulting image utilizes a color-coded system to
represent tissue stiffness, with red indicating the
softest, green indicating intermediate, and blue
indicating the hardest stiffness levels. Malignant
tumors possess a greater degree of stiffness compared
to normal tissues and demonstrate reduced elasticity,
hence enabling the potential of ultrasonic elastography
to differentiate between malignant and benign
lesions. Ultrasound elastography shows significant
diagnostic efficacy in distinguishing between benign
and malignant lesions such as the liver, kidney,
pancreas, breast, thyroid, prostate, and lymph nodes.
However, the ideal and established assessment
approach for EBUS elastography remains uncertain,
and there is a requirement for improvements in the
performance of this technique as highlighted in much
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of the published research (5,27,28). In a meta-
analysis including seventeen studies to investigate
the impact of EBUS elastography for discrimination
between benign and malignant hilar and mediastinal
LNs., the authors showed the diagnostic performance
of EBUS elastography for hilar and mediastinal lymph
nodes is well-established, with a sensitivity of 0.90
(95% Cl, 0.84-0.94) and a specificity of 0.78 (95%
Cl, 0.74-0.81) respectively (29). Concerning benign
lesions, Madan et al. indicated that the diagnostic
utility of elastographic lymph node features for
distinguishing between tuberculosis and sarcoidosis
during EBUS-TBNA is limited (30).

Visualization and sampling of vascular structures

EBUS enables notable visibility of the structures
encompassing the airways, involving the vascular
structures, including the aortic arch, left and right
pulmonary artery trunk, azygos vein, and lobar
arteries. In general practice, complete evaluation of
those structures requires computed tomography and
angiography. However, applying these techniques is
restricted in patients with allergies, renal dysfunction,
and during pregnancy due to the necessity of
administering a contrast agent. In such scenarios,
EBUS offers a diagnostic avenue, and several
researchers have endeavored to utilize EBUS as a
diagnostic tool for pulmonary vascular disease,
involving both pulmonary embolism and non-
embolic manifestations of the condition (31-34).

EBUS, equipped with color Doppler imaging
capabilities, enables pulmonologists to rapidly
evaluate the size of the thrombus and the extent of
obstruction (6). The use of EBUS for the diagnosis of
pulmonary embolism (PE) was first documented by
Casoni et al. in a case involving a 26-year-old
individual (33). Subsequently, other cases of
pulmonary embolism identified by EBUS were
reported (34-38). In 2017, Li et al. introduced a
technique that provides guidance and orientation
positions for exploring the left pulmonary artery, right
pulmonary artery, and pulmonary trunk (39). A pilot
study showed that EBUS has a detection accuracy of
96% in identifying PE, and this accuracy increases to
100% when exclusively focusing on centrally
positioned emboli (40). Jull et al. conducted a study
involving 100 patients suspected of having lung
cancer, and their findings revealed a positive
predictive value of 100% for EBUS in detecting
pulmonary embolism (41).

EBUS not only allows pulmonary embolism but is
also capable of detecting non-thrombotic pulmonary
vascular pathologies, including vascular tumor
invasion, tumor embolism, pulmonary arterial
sarcoma, and arterio-venous malformation (31,42,43).
Ghattas et al. also described EBUS findings related to
chronic thromboembolic pulmonary hypertension as
thrombus lining the vessel wall, organized
intravascular thrombus, and intravascular fibrotic
web (44).

One notable limitation of EBUS is its limited capacity
to examine lesions located near the central airway.
Additionally, the image quality is often suboptimal
due to the lower frequency of EBUS (6,32).

Therapeutic application of EBUS

In recent decades, there has been a significant
advancement in our understanding of lung cancer,
leading to an expanded range of treatment options.
Intratumoral therapy presents a viable approach in
these circumstances, as it has promise in
circumventing checkpoint resistance and reducing
systemic side effects (45). The volume of studies
investigating the use of chemotherapy and
immunotherapy, or a combination of both, to target
endobronchial or peribronchial lesions using EBUS is
growing steadily (45,46). While EBUS enables precise
real-time needle placement into the intended lesion,
challenges remain regarding optimal positioning,
necessary dosage, and the potential risk of drug
retention (47).

EBUS is also employed for precise placement of
fiducial markers, aiding in tracking for patients
undergoing stereotactic radiation therapy for
mediastinal and lung malignancies (48,49). In Majid
et al. study, 51 fiducial markers were deployed in 37
patients via CP-EBUS guidance. Out of 37 patients,
five necessitated a second procedure due to the
unsuccessful placement of a fiducial marker. In this
study, the median dimension of the lesion was
recorded as 2.2 cm (IQR 0.4-3.3), and the median
distance from the central airway was found to be 2.4
cm (IQR 0-3.4) (50). DeWitt and colleagues reported
a retrospective study on endoscopic ultrasound
guidance to drain pleural effusion. This study
successfully utilized the EBUS scope in nine instances
to insert into the esophagus and effectively drain
pleural effusion. This procedure vyielded sufficient
samples for cytological investigation, demonstrating
its efficacy without notable problems (51). Similarly,
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Cocciardi et al. conducted drainage of a loculated
pleural effusion that could not be addressed through
conventional thoracentesis (52). Additionally,
aspiration of posteriorly loculated pericardial effusion
via endobronchial ultrasound-guided approach was
described in different case reports (53,54).

Other applications

EBUS has also been employed to sample pleural and
pericardial lesions beyond effusions. Kassirer et al.
reported a case that underwent pleural biopsy using
EBUS with an esophageal approach (55). Hossain et
al. described a patient in whom EBUS was utilized to
diagnose pericardial mass (56). In previous reports,
EBUS was used to diagnose thyroid nodules (57,58).
Casal et al. documented 12 patients in which thyroid
biopsies were conducted via CP-EBUS TBNA (59).
The utilization of EBUS also provides microbiological
assessment in pulmonary diseases. EBUS-TBNA is a
diagnostic technique that effectively identifies
pulmonary TB and tuberculosis lymphadenitis. The
acquisition of sufficient lymphocytic material is
beneficial for testing for acid-fast bacilli through
staining and subsequent examination to determine
the presence of necrotizing granulomas (60,61). A
meta-analysis including eight studies with 809
patients revealed that the combined sensitivity and
specificity values for diagnosing intrathoracic
tuberculosis using EBUS-TBNA were 0.80 and 1.00,
respectively. Still, the pooled sensitivity was more
remarkable, at 0.87 (62). Using EBUS also enables
obtaining material for fungal culture, so prompt
detection of fungal infections such as histoplasmosis,
mucormycosis, and coccidioidomycosis (63-66).

In summary, CP-EBUS serves to evaluate mediastinal
lesions, provide guidance for needle aspiration, and
explore the neighboring vascular structures close to
the airway. Furthermore, it holds potential for
therapeutic applications for pulmonary diseases. The
increasing demand for tissue samples for diagnostic
assessment and the expanding understanding of the
pathological and molecular characteristics of lung
cancer will further propel the advancement of the
endobronchial ultrasound scope as a pivotal
diagnostic tool in diverse pulmonary conditions.
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