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ABSTRACT

In the last decade endobronchial ultrasound with real-time guided needle aspiration (EBUS-NA) has 

been recognized worldwide as a tool with remarkable impact on routine clinical practice. In the present 

review article, we focus on specific disease-related features of EBUS-NA, including diagnosis and 

staging of thoracic malignancies, sarcoidosis, tuberculosis and its role in the evaluation of isolated 

enlarged mediastinal lymph nodes. We also address some less common conditions and discuss emerging 

and future developments in EBUS technique. 

Keywords: Interventional ultrasonography; bronchoscopy; mediastinum; neoplasms; thoracic disease; 

sarcoidosis; tuberculosis
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Introduction

The mediastinum is an important anatomic region, 
which contains many vital structures and represents one 
of the main areas of interest for the Pulmonologist and 
the Thoracic Surgeon. 

Several disease processes can affect different medi-
astinal structures where prompt and accurate diagnosis 
has a direct impact on treatment and prognosis. In the 
last decade, convex probe endobronchial ultrasound (CP-
EBUS) with real-time guided needle aspiration (NA) has 
been accepted worldwide as a valuable tool with tremen-
dous impact on routine clinical practice [1-3] (Figure 
1). The equipment can be introduced into the airway or 
in the esophagus as an alternative mediastinal transport 
pathway as far as the left suprarenal gland [4-7]. The in-
vasiveness of the procedure is much lower than concur-
rent techniques and EBUS-NA is feasible on outpatient 
basis under local anesthetic and moderate sedation [8]. 
A high diagnostic yield and very low complication rate 
contribute to establish EBUS-NA as the first-choice diag-
nostic tool in numerous mediastinal disorders [9].

Figure 1.  EBUS guided puncture of a mediastinal lymph node

EBUS-NA is most often used in lung cancer staging, 
for definitive tissue diagnosis in central malignant lesions 
or for diagnosis of other tumors with its origin or spread 
into the mediastinum. The obtained specimens can be pro-
cessed for immunocytochemistry and DNA analysis [10]. 
Additionally, EBUS-NA provides useful diagnostic sam-
ples, including microbiology, for many benign diseases. 
B-mode and Doppler technique support the selection of 
the best biopsy spot, or in certain cases, provide comple-
mentary data for alternative diagnosis [11-14] (Figure 2).

Figure 2. Assessment of mediastinal lymph nodes Doppler 
vascular pattern

The CP-EBUS instrument and NA technique were 
already described in detail in countless previous pub-
lications [15]. Therefore, in this article, we focus on 
specific disease-related features of CP-EBUS, includ-
ing diagnosis and staging of thoracic malignancies, sar-
coidosis, tuberculosis and its role in the evaluation of 
isolated enlarged mediastinal lymph nodes. We also ad-
dress some less common conditions and discuss emerg-
ing developments in CP-EBUS technique.

Lung Cancer Diagnosis 

The standard approach to lung cancer diagnosis com-
prises non-invasive imaging tests followed by invasive 
procedures such as flexible bronchoscopy or CT-guided 
transthoracic needle aspiration (CT-TTNA). The se-
lected technique should offer maximum information 
regarding diagnosis (and staging) with minimum risk 
to the patient. Flexible bronchoscopy has a high diag-
nostic yield for endobronchial tumors but for peripheral 
and extraluminal lesions its sensitivity is rather low [16]. 
Also, CT-TTNA carries a significant risk of complica-
tions especially in central and small lung or mediastinal 
lesions. In the past, some patients would remain without 
a definitive diagnosis despite extensive work-up and had 
to undergo surgical biopsy, not always suitable for those 
with advanced disease or significant comorbidities. 

In the last few years, real-time EBUS-NA proved to 
be an important option to overcome this situation, and 
diagnose lung cancer in patients with centrally located 
tumors. Tournoy et al. [17] reported a sensitivity of 84% 
and Nakajima et al. [18] obtained 94.1% sensitivity and 
94.3% diagnostic accuracy for EBUS-NA in the diag-
nosis of central lung lesions not visible during routine 
bronchoscopy. EUS-NA has also been used to diagnose 
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lung tumors abutting the esophagus [19].The choice be-
tween EBUS and EUS depends on the availability of 
equipment, expertise and the location of the suspicious 
lesion. In an observational study, combined CP-EBUS 
with CP-EUS-B (transesophageal endobronchial ultra-
sound) after failure of conventional techniques, provid-
ed a definitive diagnosis in 106 of 121 cases (87.6%) 
[20]. Dincer et al. [21] even demonstrated that it is 
feasible and safe to perform EBUS-NA or EUS-NA in 
≥10mm lesions not adjacent to the tracheobronchial tree 
or the esophagus. Of mention, this should be tried only 
by highly trained operators since there is the potential 
for reduced yield and higher complications compared to 
the puncture of abutting lesions.  

With endosonography there is also the potential of pro-
viding diagnosis and mediastinal staging in the same pro-
cedure. It is mandatory that the central tumor is sampled 
after all lymph nodes are punctured, to avoid needle con-
tamination. In other cases, if the primary lesion cannot be 
easily assessed, tissue may be acquired from highly suspi-
cious metastatic lymph nodes to diagnose lung cancer. 

In 2015, a randomized controlled trial by Navani et 
al. [22] have shown that EBUS-NA as the initial inves-
tigation in diagnosis of suspected lung cancer lesions 
reduces the time to treatment decision, compared with 
flexible bronchoscopy or CT-TTNA. 

Of mention, linear EBUS does not replace conven-
tional techniques since its size, angulation and image 
quality do not allow a correct and complete inspection 
of the airways. Most physicians still use EBUS and the 
flexible bronchoscope as complementary tools in the 
same diagnostic procedure.    

Lung Cancer Staging 

The most common indication for EBUS-NA is lung 
cancer staging. Identification of metastatic lymph nodes 
is critical and influences treatment and prognosis. Im-
aging methods are not sufficiently sensitive to detect 
lymph node metastasis and in most cases a minimally 
invasive staging has to be performed.  Recently, Ong et 
al. [23] have shown in N0 PET-CT patients a high false-
negative rate detected by EBUS-NA. In a retrospective 
cohort of 15,316 patients with lung cancer, Ost et al. 
[24] concluded that when lymph node staging does not 
meet the international standard guidelines with medias-
tinal sampling first, patients undergo more diagnostic 
tests (some unnecessary) with greater morbidity.

Most guidelines recommend endosonography as the 

initial sampling method for mediastinal lymph node 
staging [1,25-27]. This is due to the fact that several sys-
tematic reviews and meta-analysis showed that EBUS-
TBNA has a high pooled sensitivity (88-93%) [26,28-
30]. Diagnostic accuracy is at least equivalent to cervical 
mediastinoscopy in the evaluation of mediastinal lymph 
node metastasis in lung cancer [31-32]. In a controlled 
trial, Yasufuku el al. [32] proved that there were no dif-
ferences between CP-EBUS and mediastinoscopy re-
garding N stage (EBUS sensitivity, diagnostic yield and 
negative predictive value were 81%, 93% and 91% and 
mediastinoscopy 79%, 93% and 90% respectively). 

Of notice, some EBUS-NA studies showed limita-
tions regarding its negative predictive value (NPV). This 
means that a negative result should be further confirmed 
by other invasive methods especially if the pre-test prob-
ability is high [29,30]. Dooms et al. [33] showed that en-
dosonography has an inadequate sensitivity to detect N1 
disease in lung cancer (sensitivity of 38% was increased 
to 73% by adding mediastinoscopy). The risk of false-
negative cases is higher if there is: a central tumor, pri-
mary tumor is ≥3cm, suspected N2 disease by PET-CT, 
proven N1 disease or tumor restaging following chemo-
therapy [1]. Staging by CP-EBUS plus EUS followed 
by surgical staging (in case of N0) compared to surgical 
staging alone resulted in higher sensitivity and avoided 
unnecessary thoracotomies [34,35].

Only in selected cases mediastinoscopy may be 
omitted and these negative cases should be subjected to 
follow-up [36]. 

Another important point regarding lung cancer staging 
is that all lymph node stations should be systematically 
investigated because targeted biopsy (guided by chest CT 
and/or PET scan) may downstage the patient [2]. Further 
studies are ongoing to test this hypothesis. Recent guide-
lines advise that at least three different mediastinal nodal 
stations (4R, 4L, 7) should be sampled in NSCLC patients 
with an abnormal mediastinum by CT or PET-CT [1].

Since EBUS-NA cannot assess all mediastinal stations 
it is recommended to be combined with EUS-NA for com-
plete nodal staging [1]. One of the possible advantages of 
the EBUS scope is that it is officially approved in Europe 
to use in the upper digestive track. So, in a single proce-
dure, with the same equipment, the operator can perform 
CP-EBUS and EUS-B [5,6,37] accessing most medias-
tinal and hilar lymph node stations (except station 5 and 
6), improving diagnostic yield,  decreasing the negative 
predictive value and reducing costs [1,38]. The drawback 
is that EBUS plus EUS-B may increase procedure time, 



need prolonged sedation protocols, add complexity to the 
exam and require dedicated skills and training.   

The available scientific data suggest that CP-EBUS 
should be undertaken first, followed by EUS-B [39] because 
adding EBUS to EUS increases accuracy (from 86.5% to 
97.3%) and the opposite did not increase yield or sensitivity.

Since a single dedicated needle is used, N3 stations 
should be punctured first, followed by N2 and finally N1, 
to avoid upstaging. Each lymph node should be punctured 
at least 3 times [15] for cytological characterization and 
eventually molecular analysis (e.g. EGFR, ALK) [40].

An additional indication for CP-EBUS/EUS may be 
the detection and puncture of lung cancer metastases in 
the left adrenal gland. In a retrospective study by Crom-
bag et al. [7] the CP-EBUS scope allowed the identifi-
cation and transgastric puncture of this anatomic struc-
ture in the majority of lung cancer patients with signs of 
malignant involvement.  Prospective data is needed to 
access feasibility and safety.

Lung Cancer Restaging 

Selected studies have addressed the issue of restaging the 
mediastinum by endosonography. To downstage disease, 
stage III NSCLC patients may be submitted to neoadju-
vant chemoradiotherapy.  It is of utmost importance to 
identify the responders since they are able to benefit from 
subsequent surgery. Herth et al. [41] published the first 
EBUS-NA restaging study in lung cancer with an overall 
sensitivity of 76% and NPV of 20%. Other retrospective 
studies confirmed the lower sensitivity and NPV of EBUS 
mediastinal restaging compared to staging [42,43]. In 
2015, a prospective trial combined CP-EBUS and EUS 
with a single echoendoscope for NSCLC restaging had 
an overall sensitivity, accuracy and NPV of 67%, 81% 
and 73%, respectively [4]. In view of these data, guide-
lines suggest that initial restaging may be performed by 
EBUS-TBNA and/or EUS-(B)-FNA for detection of per-
sistent nodal disease but, if negative, subsequent surgical 
staging is indicated before radical surgery is attempted 
(grade C recommendation) [1].

Diagnosis of Extrathoracic Cancer 

Patients with extrathoracic tumors may develop in-
creased mediastinal or hilar lymph nodes. In most cases, 
there is the need to acquire material for correct diagnosis 
and staging. Different scenarios may occur: metastatic 
dissemination of the extrathoracic cancer, second ma-
lignancy, sarcoid-like reaction, reactive lymph nodes or 

benign disease (e.g. tuberculosis, sarcoidosis). Various 
authors reported the utility of EBUS-NA for differen-
tial diagnosis in patients with a previous extrathoracic 
malignancy [44-46]. A meta-analysis with 533 patients 
concluded that EBUS-NA has 85.6% diagnostic accu-
racy to detect mediastinal lymph node metastases of ex-
trathoracic malignancies and 16% probability to have 
a negative result (these cases should be confirmed by 
more invasive methods) [47].

Lymphoma 

In contrast with high diagnostic yield in lung cancer 
staging, diagnosis of lymphoma by EBUS-NA is some-
what less reliable [48]. The reason may lie in subop-
timal size of biopsy specimens, obtained by dedicated 
21G and 22G needles. A small observational study with 
22G needles on 25 patients reported sensitivity, speci-
ficity, positive predictive value (PPV) and negative pre-
dictive value (NPV) of 90.9%, 100%, 100% and 92.6%, 
respectively [49]. In one case, additional mediastinos-
copy was performed for further subtyping. Steinfort et 
al. reported 76% sensitivity with 22G needle, but surgi-
cal biopsy to define the subtype was required in 4 pa-
tients, which decreases the specificity of EBUS-NA for 
definitive diagnosis to 57% [50].

Rapid on-site evaluation of specimen is helpful to 
allocate more material to ancillary studies [48,51]. In 
suspicious cases, further sampling is needed to acquire 
enough material for immunophenotyping by flow cy-
tometry and fluorescence in situ hybridization (FISH), 
which provide the basis for non-Hodgkin lymphoma 
(NHL) subclassification.

EBUS-NA provided diagnosis in 100% of relapsed 
lymphoma cases and an accurate alternative diagnosis 
in 97% of patients from the same group [52]. Sensitiv-
ity for subtyping to high-grade NHL, low-grade NHL 
and Hodgkin lymphoma in relapsed and de novo diag-
nosed patients was 90%, 100% and 79% respectively 
[52]. Grosu et al. were able to establish the diagnosis 
and subtype the lymphoma in 67% of new diagnosed 
patients and in 81% of relapsed lymphoma patients by 
EBUS-NA using 22G needle [53].

In conclusion, EBUS-NA may be used as an initial pro-
cedure for patients with suspected mediastinal lymphoma 
and may decrease the need for more invasive approaches 
[48,54,55]. Sensitivity for final diagnosis and subtyping 
varies, but is more reliable for relapsed than newly diag-
nosed patients [52,55,56].  Although EBUS-NA can reli-
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ably provide alternative diagnosis, negative results do not 
completely exclude lymphoma [48,52,57,58 ].

Sarcoidosis 

Most patients referred for evaluation of suspected pul-
monary sarcoidosis present stage I or II disease, with in-
creased lymphadenopaties. Flexible bronchoscopy with 
transbronchial lung biopsies (TBLB), endobronchial bi-
opsies and non-guided needle aspiration have been the 
traditional method for diagnosis, when there is an indi-
cation for tissue confirmation. These sampling methods 
may be associated with adverse events such as bleeding 
or pneumothorax, especially in non-experienced hands. 
Instead, the detection of non-caseating granulomas can 
be easily and safely obtained by CP-EBUS or EUS in 
mediastinal and hilar lymph nodes (Figure 3).

Figure 3. Non-caseating granuloma obtained by EBUS-NA 
in a patient with sarcoidosis

A randomized controlled trial published by Tremblay et 
al. [59] showed that EBUS-NA in patients with sarcoidosis 
is able to improve the diagnostic sensitivity in 22% com-
pared to conventional TBNA. Another study [60], proved 
the enhanced diagnostic yield of EBUS/EUS (80%) versus 
bronchoscopy (53%) in sarcoidosis, although this trial did 
not include conventional TBNA. In 2014, Gupta et al. [61] 
demonstrated that individually EBUS-NA has the highest 
diagnostic yield (74.5%) and it is even better when com-
bined with TBLB (90.9%) but the diagnostic yield of non-
guided TBNA plus endobronchial biopsies and TBLB al-
lows comparable results (85.5%, P > 0.05).  In conclusion, 
EBUS/EUS may be the procedure of choice to diagnose 
sarcoidosis stage I and II, however those who do not have 
this equipment can still get a high diagnostic yield by com-
bining the conventional techniques.

Tuberculosis

Intrathoracic tuberculosis lymphadenitis is a frequent 

companion of pulmonary tuberculosis and may as well 
represent a form of extrapulmonary tuberculosis on its 
own. The sputum smear for acid-fast bacilli and micro-
biological culture are still the mainstay of diagnosis, es-
pecially in the era of multi-drug resistant tuberculosis 
[62]. However, negative sputum, especially in the ab-
sence of pulmonary involvement represents a diagnostic 
challenge. Prompt histological diagnosis and isolation 
of tuberculosis bacilli was successfully achieved with 
19G needles during standard TBNA procedure in HIV 
positive and negative patients with 83-87% sensitivity 
and 100% specificity [63,64]. EBUS-NA has an advan-
tage of precise targeting the affected lymph nodes, but 
at the same time the disadvantage of thinner, 21G and 
22G dedicated needles. Recent meta-analyses reported 
80% pooled sensitivity and 100% specificity [65,66]. In 
all studies, 22G needles were used, except in Navani et 
al. where a combination of 21G and 22G needles had a 
sensitivity of 94% [67]. The culture and smear positive 
rates were 54% and 30% respectively [66]. Although 
the mycobacterium culture has a lower diagnostic yield 
than cytopathologic investigation, improves overall 
sensitivity from 72.7% to 95.4% [68]. The same ap-
plies to polymerase chain reaction of Mycobacterium 
tuberculosis from EBUS-NA samples, which increases 
diagnostic yield in addition to cytopathology and mi-
crobiology [69].

Isolated Enlarged Lymph Nodes 

Mediastinal or hilar lymphadenopathy is a relatively 
common finding on chest CT-scans performed for various 
reasons. The term isolated mediastinal and hilar lymph-
adenopathy (IMHL) is defined as at least one enlarged 
lymph node in the mediastinum or hilus without evidence 
of lung nodule or mass or extrathoracic malignancy. The 
main diagnostic goal is to recognize a treatable condition 
like a granulomatous disorder (e.g. tuberculosis, sarcoid-
osis) or malignancy (e.g. lymphoma, metastasis or rare 
lymphoproliferative disorders) and to exclude patients 
with reactive lymph nodes associated with many chronic 
diseases (e.g. heart failure, bronchiectasis, chronic bron-
chitis, interstitial lung diseases, etc.) [70-74].

Although mediastinoscopy was a standard diagnos-
tic procedure, recent the REMEDY clinical trial dem-
onstrated, that EBUS-NA may be recommended as a 
first line investigation for IMHL [75]. EBUS-NA had 
92% sensitivity and 40% negative predictive value for 
a treatable condition and spared mediastinoscopy in 
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87% of patients [75]. Moreover, the study also proved 
cost-effectiveness of such approach. EBUS-NA was also 
more accurate and cost-effective in comparison to classi-
cal TBNA [76]. However, the REMEDY trial, although 
prospective, found only 5% of patients with reactive 
lymphadenopathy, which might reflect some kind of pre-
selection of patients referred to diagnostic work up [75]. 

Another single-center study found a much higher 
prevalence (48%) of reactive lymph nodes [77]. The pres-
ence of symptoms was not a reliable predictive factor for 
differentiation between reactive and pathological IMHL. 
EBUS-NA had an overall diagnostic accuracy and NPV of 
91% and 84.2% respectively [77]. Therefore, the authors 
recommend surveillance, rather than further invasive pro-
cedures in the low risk group of older patients with comor-
bidities and with maximum lymph node diameter below 
20mm, where the NPV may reach 93.8% [77].

Mediastinal Cysts

Mediastinal cysts may be classified as bronchogenic, 
pericardial, or enteric, depending on their lining epithe-
lium. They are often punctured because of diagnostic 
uncertainty, although they have characteristic anechoic 
Doppler negative appearance on ultrasound examina-
tion [78] (Figure 4). EBUS guided real-time aspiration 
can be a therapeutic alternative to surgical resection 
[79,80]. Complications were reported in 16.1% of pa-
tients after EBUS-NA of the cyst, mostly as an infection 
[78,81]. Pericardial cysts are sometimes connected with 
pericardial sack and an infectious pericarditis might 
arise, either after intentional or accidental puncture [82, 
83]. The use of prophylactic antibiotic should be con-
sidered before cyst puncture.

Figure 4. Anechoic Doppler negative mediastinal cyst

Future of CP-EBUS 

CP-EBUS technique and applications are still under 
further development. New imaging techniques such as 

elastography may complement the procedure by better 
selection of the biopsy spot, which can result in more 
effective and less invasive diagnostic of mediastinal le-
sions and lung cancer staging [84-86] (Figure 5).

Figure 5. Elastography in a malignant lymph node

Novel 19G EBUS-NA needles were introduced and 
may further enhance the diagnostic yield, especially in 
detection and subtyping of lymphomas (Figure 6).

New EBUS bronchoscopes with higher resolution 
and smaller size of ultrasonic probe will reach deeper 
into the bronchial tree and into the upper lobes.

Combined CP-EBUS plus EUS-B procedure will be-
come standard of care for lung cancer mediastinal stag-
ing in most interventional units.

Figure 6. Histological material obtained with a dedicated 
19G EBUS needle

Intra-tumoral delivery of cytostatic drugs by trans-
bronchial guided needle injection may improve local 
control of recurrent central airway and mediastinal can-
cers, reducing doses and side effects [87-89].

There are also several none-conventional indications 
where CP-EBUS could occasionally be used, for instance 
the diagnosis of pulmonary embolism in patients with 
contraindication for intravenous contrast agent and for 
detection of non-thrombotic endovascular lesions [90].
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Conclusion
As a conclusion, CP-EBUS resulted from the effort of 
innumerous investigators that believed that ultrasound 
imaging could be accomplished in the airways. 

EBUS-NA and EUS-B-NA are now recommended as 
the first procedures for NSCLC lymph node staging. The 
technique has also clinical impact for lung cancer diagnosis 
and restaging of thoracic and extrathoracic malignancies. 

In benign diseases, such as tuberculosis and sarcoid-
osis stage I/II EBUS-NA proved its added value by in-
creasing diagnostic yield. 

The international scientific community is still pur-
suing optimal performance as further studies are per-
formed and new indications are tested. Structured learn-
ing programs and supervised training are essential to 
appropriately disseminate CP-EBUS.
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