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In the everyday practice of respiratory physicians, ultrasound techniques play a key role by en-
abling several diagnostic and interventional procedures. The application of ultrasound to endo-
scopic procedures allows both a visualization and a guided sampling of mediastinal and hilar lymph
nodes. Endobronchial ultrasound can be combined with transbronchial needle aspiration, and,
similarly, endoscopic ultrasound can be combined with fine-needle aspiration to sample virtually all
mediastinal nodal stations from the airways and the esophagus. Endobronchial ultrasound-trans-
bronchial needle aspiration and endoscopic ultrasound—fine needle aspiration showed a comple-
mentary diagnostic yield, and, recently, endoscopic ultrasound with bronchoscope was introduced
in clinical practice to perform a transesophageal needle aspiration by using an ultrasound bron-
choscope. This technique allows a single operator to perform both transbronchial and transesoph-
ageal needle sampling with the same instrument during a single bronchoscopic procedure. Medi-
astinal staging impacts the management of patients affected by lung cancer, and the most recent
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guidelines clearly state that endobronchial ultrasound and endoscopic ultrasound should be the
initial tissue sampling procedure over surgical staging. In addition, endoscopic ultrasound tech-
niques demonstrated an excellent yield in diagnosing lymphoma and benign diseases, for example,
sarcoidosis. The aim of this review was to discuss the current role and future perspectives of
endosonography techniques available for the evaluation of the mediastinum. Special emphasis was
placed on equipment and technical aspects, the diagnostic role, and future directions of develop-
ment. Key words: endosonography; EBUS-TBNA; EUS-FNA; mediastinal lymph nodes; lung cancer
staging; lymphoma; sarcoidosis; EBUS needle injection therapy; simulator-based training. [Respir Care
2018;63(11):1421-1438. © 2018 Daedalus Enterprises]

Introduction

During the past decade, ultrasound-derived techniques
have been introduced in the evaluation of mediastinal dis-
eases. Ultrasound has conferred 2 main advantages: it is
now able to be incorporated into endoscopes and allows
real-time sampling of mediastinal lesions for diagnostic
and, in case of malignancy, staging purposes. Both endo-
bronchial ultrasound (EBUS) and endoscopic ultrasound
are performed through an ultrasound probe directly ap-
plied to a bronchoscope and an endoscope, respectively.!
A convex-probe EBUS scope was introduced in 2004 to
visualize mediastinal lymph nodes.> However, the tech-
nique was already described 1 y earlier by Krasnik et al.3
The convex-probe-EBUS scope was developed to perform
real-time transbronchial needle aspiration (TBNA) of the
mediastinal and hilar lymph nodes under direct EBUS guid-
ance (Fig. 1). Similarly, endoscopic ultrasound can be com-
bined with fine needle aspiration, which allows a guided
sampling of mediastinal lesions. EBUS-TBNA and endo-
scopic ultrasound—fine needle aspiration are considered
minimally invasive procedures to obtain cytology or his-
tology samples, hence, they have replaced surgical staging
as a first step in the evaluation of the mediastinum of
patients with suspected lung cancer.*>

Convex-probe-EBUS allows access to upper paratra-
cheal (stations 2R and 2L), lower paratracheal (sta-
tions 4R and 4L), subcarinal (station 7), hilar (sta-
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tions 10R and 10L), and interlobar (stations 11R and 11L)
lymph nodes.> Endoscopic ultrasound—fine needle aspira-
tion is complementary to EBUS-TBNA by providing ac-
cess to stations 2L, 4L, 7, paraesophageal (station 8), and
pulmonary ligament (station 9) lymph nodes (Fig. 2).> Sta-
tions 2R and 4R are difficult to reach through the esoph-
agus because of the interposition of the trachea; however,
visualization and subsequent sampling is possible in se-
lected cases of large lymph nodes (>2 cm). Stations 5 and
6 are often displayed by endoscopic ultrasound but can
rarely be sampled without piercing the pulmonary artery
or the aorta.> Endoscopic ultrasound—fine needle aspira-
tion can also reach the left adrenal gland, left lobe of the
liver, and the celiac axis, which are potential sites of
metastasis from lung cancer.> Thus, the endoscopist gains
a higher diagnostic accuracy by combining the 2 tech-
niques into a single procedure rather than choosing one
or the other.” Over the past few years, a complete
investigation of the mediastinum and the left adrenal
gland has been performed during a single-scope proce-
dure by a single operator who introduces the EBUS
scope into the esophagus (endoscopic ultrasound with
bronchoscope) after an EBUS procedure.® The purpose
of this review was to summarize the current practice,
recent advances, and future directions of endoscopic
ultrasound techniques in the evaluation of the medias-
tinum.

Technical Aspects and Equipment
Equipment

EBUS and endoscopic ultrasound are performed by us-
ing convex probes that are currently produced by 3 leading
companies: Olympus, Tokyo, Japan; Pentax, Tokyo, Japan
and Fujifilm, Tokyo, Japan. A variety of flexible endo-
scopes with different properties are commercially avail-
able (Table 1). The probe, which is integrated at the tip of
the scope, scans parallel to the insertion direction of the
instrument. Probes emit a range of frequencies between
5 and 12 MHz, which provides high-definition images at a
depth of penetration up to 10 cm. These instruments de-
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Fig. 1. Real-time transbronchial needle aspiration of a mediastinal
lymph node.

liver an endoscopic and ultrasound image simultaneously
and allow a real-time fine needle aspiration-TBNA of the
visualized lesions. EBUS-TBNA and endoscopic ultra-
sound with bronchoscope—fine needle aspiration are per-
formed with a dedicated needle, described in detail below.
For a better coupling between the ultrasound probe and the
airway wall, a balloon at the distal end of the broncho-
scope could be inflated with sterile water. Moreover, the
ultrasound probe is provided with the B-mode and power
color-Doppler function, which improve the capacity of
differentiating lymph nodes from vascular structures.!-?

Needles

Endoscopic ultrasound—fine needle (EUS-FNA) aspi-
ration is currently performed with 19, 22, and 25 gauge
needles, whereas EBUS-TBNA needles are available in
4 sizes: 19, 21, 22, and 25 gauge. All these needles have
a removable stylet that is consisted of a retractable sharp
or smooth tip and a sheath, and a proximal port through
which the suction is applied. EBUS-TBNA and EBUS-
FNA needles (19, 21, 22, and 25 gauge) can obtain cy-
tology and histology samples.!%!! There are not sufficient
studies that demonstrate the higher diagnostic accuracy of
endoscopic ultrasound—fine needle aspiration performed
with a 22-gauge needle instead of a 25-gauge needle, de-
spite the larger diameter. The strength of the 22-gauge
needle is the acquisition of a larger portion of tissue, whereas
the 25-gauge needle facilitates the puncture. Therefore, the
choice of both the sample type and needle depends on the
targeted lesion and local expertise.!>!'3 Also, for TBNA,
the needle size (21 or 22 gauge) does not influence the
diagnostic yield.'* However, the larger tissue samples ob-
tained with the larger needles can be useful for ancillary
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testing, including immunohistochemistry and molecular
analysis, which may be crucial for targeted therapy.

The cytology approach with rapid on-site evaluation
does not significantly increase the diagnostic efficacy of
fine needle aspiration on lung cancer diagnosis and staging
but may decrease the complication rate.'>-!¢ In particular,
the use of rapid on-site evaluation during TBNA reduces
the number of needle passes, the procedural time, the rep-
etition of other diagnostic tests (ie, additional broncho-
scopic procedures), and costs.!”

Technique

EBUS-TBNA and endoscopic ultrasound with broncho-
scope—fine needle aspiration can be safely performed as
out-patient procedures. The patient should fast for 4—6 h
before conscious sedation is administered. Endosonogra-
phy is usually performed with the patient in supine posi-
tion and with the operator standing at the head of the bed.
The procedure consists of several phases and starts with
the oral introduction of the scope. At first, the transducer
must be placed on the airway wall close to the target lesion
to obtain the ultrasound image. The up-down lever could
help to reduce the distance between the transducer and
the bronchial wall. The balloon at the distal end of the
bronchoscope, inflated with sterile water, provides bet-
ter ultrasound images when the target lymph nodes are
located in the paratracheal areas, particularly the left
side, whereas it may not be needed in subcarinal and
hilar lymph node stations (7 and 11).'8 The color-Dopp-
ler function is used to determine the presence of blood
vessels. When putting together all these features, ultra-
sound images of enlarged mediastinal and/or hilar lymph
nodes or lesions can be described in detail, including
location, size, echogenicity, vasculation, and relation to
other structures.!® Before puncturing, the needle-cathe-
ter assembly is introduced into the working channel
and the system handle is locked proximal to the en-
trance. The needle is securely retracted, and the sheath
is passed through the working channel until it is visible
on the display. The needle is then unlocked and ready to
execute fine needle aspiration-TBNA.!®

Echographic Morphology of Mediastinal
Lymph Nodes

As mentioned in the previous section, ultrasound en-
ables the identification of lymph node features such as
size, architecture, elasticity, vascular distribution, and per-
fusion pattern.?>-2! Healthy lymph nodes have a short di-
ameter, of <10 mm, a single vascular pedicle at the hilum,
a triangular or oval shape, homogeneous parenchyma,
and a central echogenic structure.?’-?2 The predictive
features of a malignant lymph node depend on size
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Fig. 2. Thoracic lymph nodes: 1, highest mediastinal nodes; 2R, upper paratracheal right; 2L, upper paratracheal left; 4R, lower paratracheal
right; 4L, lower paratracheal left; 7, subcarinal; 8, paraocesophageal; 9, pulmonary ligament; 10, hilar; 11, interlobare; 12, lobar.

Table 1.  Endobronchial Ultrasound Equipment
Endoscone Scope Outer Working Electronic Field Depth of Tissue P Probe
P Length (mm) Diameter (mm) Channel (mm) Probe Scanning of View enetration (mm) Frequency (MHz)
BF-UC180F (Olympus) 600 6.3 2.2 50° convex 80°-135° 2-50 5/6/7.5/10/12
EB1970UK (Pentax) 600 6.9 2.0 75° convex 100°-45° 0-120 5/6.5/7.5/9/10
EB-530US (Fujifilm) 610 6.3 2.0 60° convex 120°-10° 3-100 5/7.5/10/12

Data in the column Probe Frequency represent all the frequencies choosable in each endoscope: 5 MHz / 6 MHz / 7.5 MHz / etc.

(suspected of malignancy if the short-axis diameter is
>10 mm) (Fig. 3), shape (triangular, round, oval, drap-
ing) (Fig. 4), echogenicity (in comparison with medi-
astinal structures that are hyperechoic and vascular struc-
tures that are hypoechoic), and margins.?! The diagnostic
accuracy for malignancy rises to approximately 100%
when the following elements are altered: size (>10 mm),
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a round or oval shape, a heterogeneous echogenicity
(Fig. 5) with coagulation necrosis signs (hypoechoic
areas without blood flow), and sharp margin.?> How-
ever, any suspected lymph node should be sampled re-
gardless of echographic features because no character-
istics allow the endoscopist to exclude lymph nodes for
biopsy.2*
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Fig. 3. Endobronchial ultrasound view of an enlarged lymph node
(4R) suspected of malignancy.

Fig. 4. Endobronchial ultrasound-transbronchial needle aspiration
of a lymph node (4L), presenting an irregular shape.

Suction Versus Non-Suction

After the recognition of a lymph node or mass under
real-time ultrasound guidance, the needle is introduced
through the working channel and the stylet remains in
place during the first puncture and is also used to clean the
tip of the needle of contaminating bronchial cells. Tech-
nically, the stylet is removed when the needle enters the
target, and it is replaced with a negative pressure syringe
(20 mL) if suction is elected to be used.>> Multiple agita-
tions are made with the needle within the node or mass to
obtain a sufficient specimen. With regard to EBUS-TBNA,
a prospective study by Lee et al>° demonstrates that 3 passes
per site are suitable to obtain enough material for the di-
agnosis and staging of patients with proven or suspected
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Fig. 5. Endobronchial ultrasound view of a lymph node (4L), pre-
senting an heterogeneous echogenicity.

lung cancer. However, a minimum of 4 needle passes may
provide an adequate amount of specimen for immunohis-
tochemistry and advanced molecular marker analysis.?’
Moreover, additional material is requested in cases of sus-
pected lymphoma, sarcoidosis, or benign diseases.?32° With
regard to EBUS-TBNA, suction must be avoided after an
initial bloody specimen or when the material is collected
to perform rapid on-site evaluation.?® This practice agrees
with a number of studies that demonstrated a better ade-
quacy of different fine-needle aspiration specimens when
aspiration has not been used.’® The absence of suction
decreases tissue trauma and the number of blood cells
collected by the needle. Currently, there are not sufficient
data that demonstrate what kind of technique is more ad-
equate, and both EBUS-TBNA puncture with and EBUS-
TBNA puncture without suction are considered acceptable
methods.3°

Adequacy Criteria for EBUS Specimens

EBUS-TBNA aims to obtain an adequate specimen for
diagnosis and, in case of malignancy, for mediastinal tu-
mor staging and subtyping. An accepted standard defini-
tion to establish the specimen adequacy, in particular, for
lymph nodes, is still missing. Samples should be rich in
lymphocytes and/or lymphohistiocytic aggregates, and,
when the specimen is poor, the number of lymphocytes
should be higher than blood contamination alone. Any
smear with lymphocytes—lymphoid tissue such as >40 lym-
phocytes per high-power field or >5 low-power fields
with >100 lymphocytes in each and <2 bronchial cell
groups per low-power field is considered adequate.3! The
latter criterion is helpful to avoid misinterpretation of chron-
ically inflamed lung parenchyma as an adequate lymph
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node.?? The sample is clearly diagnostic when numerous
neoplastic cells and scarce lymphocytes or histiocytes are
present.3! The sample is considered not acceptable when
there is high endobronchial contamination, such as mucus
or ciliated bronchial cells, or hemodilution.

Ultrasound Techniques in the Diagnosis and Staging
of Lung Cancer

Lung cancer is one of the most common malignancies
and accounts for very high cancer-related mortality. In the
absence of distant metastases, mediastinal lymph node stag-
ing is the most important factor that affects the manage-
ment and prognosis of patients diagnosed with lung can-
cer. Clinical staging of lung cancer is usually performed
first by radiological imaging, which describes the tumor
involvement of regional lymph nodes, followed by cyto-
logical and/or histological sampling. EBUS-TBNA and
endoscopic ultrasound—fine needle aspiration are minimally
invasive procedures performed to this aim. Most of the
studies on EBUS-TBNA staging follow a systematic ap-
proach by evaluating representative nodes from each node
station.* However, one approach selectively targets en-
larged lymph nodes detected by either computed tomog-
raphy (CT) or CT and positron emission tomography (PET).
When comparing results from studies that used a system-
atic approach with those that used a more selective ap-
proach, only small differences have been reported.* How-
ever, the level of meticulousness (systematic or selective)
may be less important in patients diagnosed with suspected
N2,3 disease. At this point, there are not sufficient data
available to clearly establish the impact of a global or a
limited lymph node assessment.*

Mediastinoscopy Versus Endosonography

Mediastinoscopy is a surgical procedure for the sam-
pling of mediastinal lymph nodes considered as the ac-
cepted standard for a long period of time (sensitivity of
78%).33 Mini-invasive surgical methods (video-assisted
mediastinoscopy and video-assisted mediastinoscopy
lymphadenectomy, and video-assisted thoracoscopic sur-
gery) have been developed for mediastinal staging of non-
small-cell lung cancer to allow a better visualization and a
better lymph node yield.#3* Locoregional staging
(cT4N2-3) has been improved by adding the endoscopic
ultrasound procedure to mediastinoscopy, owing to the
possibility to reach different nodal stations and the ability
to assess mediastinal tumor invasion.?> Several prospec-
tive studies compared EBUS-TBNA diagnostic achieve-
ment with that of mediastinoscopy applied to patients with
enlarged mediastinal lymph nodes on CT or high uptake
on PET.3%37 Some, but not all, studies show a higher EBUS-
TBNA has a higher diagnostic accuracy (91%) than me-
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diastinoscopy (78%, P = .007) per lymph node analysis,
especially for the diagnostic yield at station 7 (79% for
mediastinoscopy vs 98% for EBUS-TBNA, P = .007) and
at station 4L (52.4 vs 81%, P = .027).°

A recent meta-analysis confirmed that EBUS-TBNA and
mediastinoscopy have a similar performance if compared
in mediastinal lymph node staging in lung cancer.3® More-
over, EBUS-TBNA proved to be less invasive and better
tolerated, and with fewer complications. A matter of dis-
cussion is if patients whose disease is staged as negative
by endosonography should undergo surgical staging of the
mediastinum. The ASTER trial® showed a greater sensi-
tivity of staging by combined endosonography (EBUS and
endoscopic ultrasound), followed by surgical staging (in
the case of the absence of nodal metastases) versus surgi-
cal staging alone for mediastinal node metastases. In
addition, the use of mediastinoscopy after a negative en-
dosonography finding improved the sensitivity of medias-
tinal nodal staging up to 94%.° Jenssen et al>? recom-
mended that negative endosonography findings should be
surgically verified in patients with suspicious lymph nodes
on CT or PET. Indeed, the sensitivities of surgery (79%),
endosonography (85%) (EBUS and endoscopic ultra-
sound), and negative endosonography followed by sur-
gery (94%).3°

EBUS-TBNA and Endoscopic Ultrasound-Fine
Needle Aspiration

Recent meta-analyses showed a pooled sensitivity of
EBUS-TBNA for lung cancer in the range of 88 to
93%,+40-43 and a comparable diagnostic efficiency was re-
ported for endoscopic ultrasound—fine needle aspiration. Two
meta-analyses reported a pooled sensitivity of endoscopic
ultrasound—fine needle aspiration in nodal staging of non-
small-cell lung cancer of 83 and 89%.*# Several studies
demonstrated that a combined EBUS and endoscopic ultra-
sound approach improves diagnostic yield in lymph node
staging versus each of the techniques alone.®” The sensitivity
increased by 21%, in average, compared with the esophageal
approach alone (pooled data from 7 studies) and by
13% compared with EBUS-TBNA alone (pooled data
from 9 studies).> The sensitivity of both EBUS and
endoscopic ultrasound for mediastinal lymph node stag-
ing is approximately 90%.473543.45

A remarkable study focused on identifying predictors of
false-negative results in 775 patients with non-small-cell
lung cancer staged negative by EBUS, endoscopic ultra-
sound, or combined endoscopic ultrasound and EBUS, and
retrospectively analyzed.*¢ Three variables (central loca-
tion of the lung tumor, nodal enlargement on CT and
Fludeoxyglucose (FDG) avidity for N2/N3 on PET) are
associated with false-negative endoscopic ultrasound
and/or EBUS outcomes. By combining these variables in
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Fig. 6. Endobronchial ultrasound view (A) and endoscopic ultrasound with bronchoscope (B) of the same enlarged lymph node (7).

a logistic regression model, the investigators identified
subgroups of subjects who had a low probability of false-
negative endosonography outcomes. These subjects pre-
sented limited benefit from additional surgical staging, and
they could directly undergo surgical resection. In detail,
one subgroup (peripheral lung tumor, nodal enlargement
on CT without FDG avidity for N2/N3) had a low pre-
dicted probability (7.8%) for false-negative endoscopic ul-
trasound. For combined endoscopic ultrasound—-EBUS,
2 subgroups were identified: peripheral located tumor with
nodal enlargement on CT but without FDG avidity for
N2/N3 (predicted probability, 4.7%) and centrally located
tumor without affected lymph nodes on CT or PET (pre-
dicted probability, 3.4%). Thus, for specific well-defined
subsets of patients with non-small-cell lung cancer, the
low predicted probability of metastasis after negative en-
dosonography might justify omitting confirmatory surgi-
cal staging.

EBUS-TBNA and Endoscopic Ultrasound With
Bronchoscope-Fine Needle Aspiration

Endoscopic ultrasound with bronchoscope is a recently
introduced procedure that consists of a transesophageal
approach by using an ultrasound bronchoscope. Endoscopic
ultrasound with bronchoscope enables the performance of
both TBNA and fine-needle aspiration sampling with the
same equipment during a single procedure and by a single
operator (Fig. 6) to optimize time and maximize cost sav-
ings.*” This approach is particularly useful in patients with
poor respiratory conditions or incoercible cough.

Efficacy and Diagnostic Yield. Several studies demon-
strate the efficacy of the endoscopic ultrasound with bron-
choscope technique in lung cancer diagnosis and staging,
with a wide range of diagnostic yield, from 45.5 to 100%,
mainly depending on the number, size, and localization of
the nodal stations.848-54 In these studies, the additional
diagnostic gain provided by endoscopic ultrasound with
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bronchoscope—fine needle aspiration over EBUS-TBNA
was from 2.2%, as reported by Herth et al® in 150 subjects
with suspected lung cancer, to 69%, as reported by
Araya et al®! in 26 patients. The efficacy of endoscopic
ultrasound with bronchoscope—fine needle aspiration com-
bined with EBUS-TBNA has been remarked by a meta-
analysis of 10 studies.> The combined sensitivity of both
of the procedures was 91%, which was significantly higher
than the pooled sensitivity of EBUS-TBNA alone (80%),
and the pooled additional diagnostic gain by adding endo-
scopic ultrasound with bronchoscope was 7.6%.

In choosing the primary procedure between EBUS and
endoscopic ultrasound with bronchoscope, the addition of
endoscopic ultrasound with bronchoscope—fine needle as-
piration to EBUS-TBNA did not significantly increase ac-
curacy (from 91.9 to 93.2%, P = .75) and sensitivity (from
82.4 10 85.3%, P = .74). On the contrary, by adding EBUS-
TBNA to endoscopic ultrasound with bronchoscope—fine
needle aspiration, accuracy (from 86.5 to 97.3%, P = .02)
and sensitivity (from 60.0 to 92.0%, P = .008) signifi-
cantly increased.>® Thus, according to these data, EBUS-
TBNA seems to be a better primary procedure in endo-
scopic mediastinal staging.

A recent systematic review and meta-analysis aimed to
describe the diagnostic accuracy and the added value of
the combined use of EBUS and either endoscopic ultra-
sound or endoscopic ultrasound with bronchoscope in de-
tecting mediastinal nodal metastases (N2/N3 disease).5” In
the selected 13 studies (which totaled 2395 patients), the
addition of endoscopic ultrasound to EBUS increased sen-
sitivity on average by 0.12, whereas, when adding EBUS
to endoscopic ultrasound, sensitivity improved by 0.22;
the mean sensitivity of the combined approach was 0.86,
and the mean negative predictive value was 0.92.57

Another meta-analysis examined 12 studies (1,515 sub-
jects) to provide a synthesis of the evidence on the diag-
nostic performance of EBUS plus endoscopic ultrasound
in patients who underwent mediastinal staging.>® The
pooled sensitivity for combined EBUS—endoscopic ultra-
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sound was 87%, and the specificity was 99%, and, for
EBUS and endoscopic ultrasound performed with a single
bronchoscope group, the sensitivity improved to 88% and
specificity improved to 100%.58 The investigators con-
cluded that EBUS plus endoscopic ultrasound is a highly
accurate and safe procedure that should be considered in
selected patients with lymphadenopathy that is not acces-
sible with conventional EBUS (Fig. 2).58 The sensitivity of
endoscopic ultrasound—fine needle aspiration and EBUS-
TBNA for the detection of metastatic invasion in subjects
selected on the basis of CT enlargement or PET positivity
(inclusion criteria shared by the above-mentioned studies)
was significantly higher than in subjects with negative CT
findings or without any selection based on CT or PET.#244
The combined use of endoscopic ultrasound and EBUS
prevents >50% of scheduled surgical staging procedures
by diagnosing advanced disease in patients with suspected
lung cancer and enlarged or PET-positive lymph nodes.33->°

Under the Dome. A crucial application for endoscopic
ultrasound with bronchoscope is that of sampling of sub-
diaphragmatic structures, such as the left adrenal gland,
the liver, and celiac nodes. Traditionally, the adrenal glands
have been sampled by image-guided fine-needle aspiration
performed percutaneously by using either ultrasonography
or CT. However, these techniques presented a failure rate
of up to 14% and were burdened with adverse events in
0.4-12% of cases.°®-¢! Endoscopic ultrasound—fine needle
aspiration of either adrenal gland and endoscopic ultra-
sound with bronchoscope—fine needle aspiration of the left
adrenal gland offer a less-invasive and more-accurate sam-
pling method associated with lower adverse effects and
complications rates.®®-¢! A retrospective study showed that
45 subdiaphragmatic biopsy procedures (25 left adrenal
gland, 7 liver, and 13 celiac node) performed with endo-
scopic ultrasound with bronchoscope obtained, in all the
cases, adequate samples, a large enough sample for im-
munohistochemistry and other ancillary tests.°> In a pro-
spective multi-center trial, endoscopic ultrasound with
bronchoscope—fine needle aspiration was compared with
conventional endoscopic ultrasound—fine needle aspiration
for left adrenal gland analysis in the subjects with lung
cancer.®® The success rate for left adrenal gland analysis
(visualized, sampled, and adequate tissue obtained) was 89%
(39/44) for endoscopic ultrasound with bronchoscope—fine
needle aspiration, and 93% (41/44) for endoscopic ultra-
sound—fine needle aspiration. In subjects in whom the left
adrenal gland was detected and sampled, sensitivity for
metastatic involvement was at least 87% for endoscopic
ultrasound with bronchoscope, and at least 83% for con-
ventional endoscopic ultrasound.

Tolerability and Safety. A comparison between EBUS-
TBNA and endoscopic ultrasound with bronchoscope—fine
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needle aspiration in terms of tolerance, efficacy, and safety
was performed in subjects who had lesions accessible by
both EBUS-TBNA and endoscopic ultrasound with bron-
choscope—fine needle aspiration and were randomized to
undergo either procedure.®* Both EBUS-TBNA and endo-
scopic ultrasound with bronchoscope—fine needle aspira-
tion provide high accuracy. Compared with EBUS-TBNA,
endoscopic ultrasound with bronchoscope—fine needle as-
piration was associated with a shorter duration of the pro-
cedure, lower doses of intravenous midazolam and intra-
airway lidocaine, less-frequent oxygen desaturations, and
higher operator satisfaction. In addition, no major compli-
cations have been reported, and endoscopic ultrasound with
bronchoscope—fine needle aspiration proved to be a safe
procedure.%*

Cytology and Ancillary Testing

Both EBUS-TBNA and endoscopic ultrasound—fine nee-
dle aspiration provide excellent specimens that have proven
to be well suited for ancillary testing, such as immunohis-
tochemistry and tumor genotyping. With regard to the cy-
tology of specimens, 2 considerations are worth mention-
ing. First, the operator must avoid collecting cellular
contaminants (eg, bronchial columnar cells, histiocytes,
fragments of cartilage, mesothelial cells, or glandular cells
derived from submucosal seromucinous glands) during the
needle pass through the tracheal wall,3! and the pathologist
should be careful to not misinterpret these benign cells.
Second, EBUS-TBNA tumor specimens are used for both
staging and subtyping the disease, so samples have to be
large enough to perform molecular testing. Sample ade-
quacy has been discussed above in the “adequacy criteria
for EBUS specimens” section.

Generally, when cytomorphology alone is insufficient
for a definitive characterization, an initial limited panel of
immunohistochemical markers is recommended, including
adenocarcinoma (thyroid transcription factor 1 or napsin A)
and squamous cell markers (p63, p40, or cytokeratin 5/6).3!
Non-small-cell lung cancer should also be tested for the
presence of a driver mutation [such as epidermal growth
factor receptor (EGFR), anaplastic lymphoma receptor ty-
rosine kinase (ALK), c-ros oncogene 1 receptor tyrosine
kinase (ROS1), or Programmed death-ligand 1 (PD-L1)]
that can be specifically treated with a targeted therapy.
EBUS-TBNA successfully acquires adequate cellular ma-
terials for tumor genotyping in non-small-cell lung cancer,
as demonstrated by several studies.®>-%° In these studies,
successful testing of at least one target (such as EGFR or
Kirsten rat sarcoma viral oncogene homolog mutation
analysis or ALK fluorescence in situ hybridization) was
observed from 72 to 98% of samples.®>-%°
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Ultrasound Techniques in the Diagnosis of
Lymphoma

Lymphoma is one of the common differential diagnoses
in patients with mediastinal lymphadenopathy. Current
guidelines recommend surgical excision biopsy as the
accepted standard for diagnosis, nodal architecture assess-
ment, phenotypic and molecular studies,’?-74 because treat-
ment depends on precise lymphoma subtyping. Needle-
core and endoscopy biopsies should be reserved when
surgical risk is excessively elevated, and fine-needle aspi-
rate is considered inappropriate or not recommended. The
role of fine-needle aspiration cytology for lymphoma di-
agnosis is still controversial. One of the negative points for
such a test is the lack of tissue architecture preservation
compared with surgical excisions. However, in the current
World Health Organization classification,”> lymphomas are
distinguished, not only on the basis of tissue architecture
but also on immunophenotypic, cytogenetic, and molecu-
lar features, the latter tests even being feasible on cytology
samples. Given the undoubtedly high diagnostic yield of
EBUS-TBNA for nodal staging of non-small cell lung
cancer, this tool has also been tested for the diagnosis of
mediastinal lymphomas.

Diagnostic Approach

One of the largest studies was conducted by Moonim
et al,?8 which prospectively evaluated the diagnostic per-
formance of EBUS-TBNA in a subtype diagnosis of de novo
and relapsed mediastinal lymphomas. In this study, a con-
sultant cytopathologist performed rapid on-site evaluation
in the operating room, and the final diagnosis was formu-
lated after multidisciplinary team consultation.?® The re-
sults were excellent, both for diagnosis and for subtyping
of lymphomas into 3 categories (high-grade non-Hodgkin
lymphoma, low-grade non-Hodgkin lymphoma, and Hodg-
kin lymphoma).?® An EBUS-TBNA diagnosis was ade-
quate for clinical management in 84 of 100 cases (84%).%8
A systematic review focused on this topic, which revealed
discrepancies and heterogeneity among studies, with an
overall sensitivity, NPV (Negative Predictive Value), and
diagnostic accuracy range of 38-91%, 83-96.4%, and 91—
97%, respectively.”®

Most of the analyzed studies were retrospective, non-
randomized, non-controlled, and conducted on small co-
horts.”® Sub-classification of lymphomas was found to be
even more problematic, with reported rates that ranged
from 38 to 88.8%, as highlighted by another review.””
More recently, Grosu et al’® retrospectively estimated the
diagnostic ability of EBUS-TBNA. They used likelihood
ratios to quantify the ability of EBUS-TBNA to diagnose
lymphoma and sensitivity and specificity for lymphoma
subtyping. Rapid on-site evaluation and cytopathological
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assistance were available. EBUS-TBNA was able to es-
tablish a diagnosis of lymphoma in 63 of 75 subjects (84%).
The sensitivity of EBUS-TBNA for subtyping was 77%.78
A significant increase in diagnostic accuracy for lympho-
mas was obtained by using EBUS-guided miniforceps
instead of needles in the biopsy of paratracheal, subcari-
nal, and hilar nodes.”-80 However, after these promising
results, no further experiences have been published up to
now, and, therefore, no definitive conclusion can be drawn
about this technique.

Specimen Handling

The cytopathological assistance for handling, process-
ing, and interpretation of the specimen is deemed a critical
point in the EBUS-TBNA diagnostic possibility for lym-
phoma. EBUS-TBNA can provide adequate material for
cytomorphology, which is the first step of the evaluation.
The specimen could also be suitable for additional ancil-
lary tools, such as flow cytometry, immunophenotyping,
immunohistochemistry, and microbiology. The presence
of an experienced cytopathologist for rapid on-site evalu-
ation could warrant specimen adequacy and triage.8! Flow
cytometry could establish B-cell clonality and is helpful in
sub-classifying some lymphomas. Immunohistochemistry
staining on cell-block sections is another ancillary test
with widespread use. Cytogenetics or fluorescence in situ
hybridization (FISH) can be useful for identifying chro-
mosomal translocations. Both cell block sections and cy-
tology smears can be suitable for FISH assay.

Much criticism has been laid at inadequate sampling of
fine-needle aspiration for the diagnosis of lymphoma. A
multidisciplinary team coordination among radiologists,
endoscopists, hematopathologists, and oncologists is
needed to minimize such inadequacy.”’” Rates of diagnos-
tic success could significantly vary among lymphoma sub-
types.82 Chronic lymphocytic lymphoma and mantle-cell
lymphoma could be identified by using fine-needle aspi-
ration in conjunction with pertinent ancillary tests. On the
contrary, a diagnosis of Hodgkin lymphoma by using cy-
tology could be very difficult due to inherent limitations of
tissue sampling (hypocellularity, lack of clonal population,
loss of architecture, rarity of Reed-Sternberg cells).®3 Ad-
equate grading of follicular lymphoma on cytological ma-
terial could be particularly difficult.8* The use of a larger
needle size, such as 19 gauge, could overcome the limi-
tations of cytology in this field. A review by Gimeno-
Garcia et al®> analyzed 5 studies that used endoscopic
ultrasound biopsy with core needles. In this series, lym-
phoma diagnosis was obtained in 94% of the cases and
sub-classification according to the World Health Organi-
zation criteria was possible in 85% of the cases.33
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Perspectives

The expanding role of genetic testing in the field of
hematopoietic malignancies could help clinicians to go
beyond the need for tissue morphology. In the future, novel
molecular and genetic testing, such as next-generation se-
quencing, could become routinely applied to the diagnos-
tic workup of patient specimens; EBUS—fine needle aspi-
ration samples could be fit for these options.’¢87 New,
prospective trials are urgently needed to throw light on the
diagnostic possibilities of EBUS and endoscopic ultra-
sound—fine needle aspiration in the field of lymphomas;
with the close collaboration of dedicated and experienced
cytopathologists. With the development of newer, reliable,
ancillary cytology tools, endosonography could possibly
become the first-line test for mediastinal lymphomas in the
future, and thus replicate the brilliant results obtained in
solid tumors, for example, lung cancer. A significant in-
crease in diagnostic accuracy for lymphomas was obtained
by using EBUS—guided miniforceps instead of needles in
the biopsy of paratracheal, subcarinal, and hilar nodes.

Ultrasound Techniques in the Diagnosis of
Sarcoidosis

Flexible bronchoscopy and ancillary bioptic techniques,
including endobronchial biopsy, transbronchial lung bi-
opsy, and TBNA have been extensively used for diagno-
sis, especially in stage 1 or stage 2 sarcoidosis. In recent
years, a meta-analysis indicated a satisfying diagnostic
yield for conventional blind TBNA, of 62%, and also
showed that the addition of transbronchial biopsy (TBB)
to TBNA could even increase the diagnostic yield up to
83%.83 Different studies compared EBUS-TBNA with con-
ventional bronchoscopic techniques for the diagnosis of
sarcoidosis.?9> A 2013 randomized study in a highly se-
lected population showed a higher diagnostic yield for
EBUS or endoscopic ultrasound (80%, 95% CI 73-86%)
versus conventional bronchoscopy with endobronchial bi-
opsy plus TBB (53%, 95% CI 45-61%).%> In 2014, an-
other randomized trial compared the diagnostic yield of
conventional TBNA (cTBNA) versus EBUS-TBNA, with
TBB and endobronchial biopsy being performed in all the
cases. EBUS-TBNA had the highest individual yield as a
standalone test, even if the comparison with TBB was not
statistically significant. In the EBUS-TBNA group, the
diagnostic yield was statistically significantly superior com-
pared with the cTBNA group, and the addition of TBB to
both groups significantly improved the diagnostic perfor-
mance, without increasing the rate of adverse events.”®
The lack of superiority for EBUS-TBNA versus TBB in
this study could be explained by the fact that >50% of the
study population had pulmonary infiltrates.®” A recent meta-
analysis reported an excellent diagnostic yield for EBUS-
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TBNA, which further confirmed that additional techniques,
such as TBB and endobronchial biopsy, could increase the
diagnostic performance, even though significant heteroge-
neity was found among selected studies.%®

To determine the diagnostic value of EBUS-TBNA in
unselected populations, Trisolini et al*® performed a meta-
analysis that included 14 studies. The results confirmed an
excellent diagnostic performance for EBUS-TBNA (pooled
diagnostic yield, 79%; sensitivity, 84%), although, a sig-
nificant inter-study heterogeneity in sensitivity was ob-
served.” A recent randomized study showed the best di-
agnostic yield (75%) for endoscopic ultrasound—fine needle
aspiration as a standalone test compared with EBUS-TBNA
(64%). The combination of the 2 endosonographic tech-
niques showed sensitivity and accuracy of 80%, whereas
the combination of the standard bronchoscopic procedures
led to an accuracy of 64%. The diagnostic yield was higher
for endoscopic ultrasound compared with EBUS, but this
was not statistically significant.'% These observations were
further confirmed by a retrospective analysis.'?! The ad-
dition of a rapid on-site evaluation to EBUS-TBNA did
not seem to increase the diagnostic yield, whereas a rapid
on-site evaluation could greatly increase the diagnostic
performance of cTBNA.!92 More recently, a preliminary
experience with a flexible 19-gauge EBUS-TBNA needle
demonstrated a diagnostic yield of 93% for sarcoidosis,
which hints that a larger lumen could increase the likeli-
hood of finding non-caseating granulomas.!! However,
these results need confirmation by means of prospective,
larger studies. In conclusion, the definitive response about
the role of endosonography as standalone test for sarcoid-
osis is yet to come. Thus far, the utility of adding airways
and parenchymal biopsies should not be neglected, and
clinicians should combine all the available biopsy tech-
niques to increase the diagnostic yield.!

Ultrasound Techniques in the Diagnosis of Infections

EBUS-TBNA has also been used for the diagnosis of
infectious diseases, mainly Mycobacterium tuberculosis
and Histoplasma capsulatum. Intrathoracic tuberculous
lymphadenopathy is a far from rare manifestation of pul-
monary tuberculosis. The clinical diagnosis could be chal-
lenging due to a lack of distinctive clinical and radiolog-
ical signs. The first 2 cases of tuberculous lymphadenitis
diagnosed with EBUS-TBNA were described in 2009.104
Other researchers described endoscopic ultrasound—fine
needle aspiration of tuberculous mediastinal lymphade-
nopathy.!05-19¢ Navani et al'?7 studied 156 consecutive sub-
jects with isolated intrathoracic tuberculosis lymphadeni-
tis. They found that EBUS-TBNA was diagnostic of
tuberculosis in 94% of the subjects when combining path-
ological findings and microbiological investigations.!0”
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EBUS-TBNA histopathology was diagnostic or sugges-
tive of tuberculosis in 86% of the subjects, whereas, in
47%, a positive culture of M. tuberculosis was obtained.!07
Similar results were found in a 2013 Chinese study'°® and
in a more recent retrospective Turkish study.!08.19 Similar
culture rates were found for mediastinoscopy,'!® whereas
variable culture rates were found for endoscopic ultra-
sound—fine needle aspiration,'0%-!11.112 and lower rates for
TBNA without EBUS.'3.114 More elevated culture rates
(62%) were found by a retrospective Australian study.'!>
The low culture rates in mediastinal tuberculous lymph-
adenopathy may be due to the scarcity of bacillary load in
the lymph node, insufficient suitable cellular material sam-
pling, and technical difficulties in culturing M. tuberculo-
sis. A recent meta-analysis found a culture-positive rate of
54% for EBUS-TBNA, with significant heterogeneity
among included studies.!!'® The pooled diagnostic yield of
EBUS-TBNA for mediastinal tuberculous lymphadenopa-
thy was 80%.'!¢ These results were confirmed by another
almost concomitant meta-analysis that included 809 sub-
jects from 8 different studies.!'” The calculated pooled
sensitivity and specificity of EBUS-TBNA for a diagnosis
of intrathoracic tuberculosis were 80% and 100%, respec-
tively.!1”

Various articles tried to address whether nucleic acid
amplification tests could be useful for the diagnosis of
tuberculous lymphadenopathy. The results were contrast-
ing, with sensitivities that ranged from approximately 56 to
38%.118:119 The Xpert MTB/RIF (Cepheid, Sunnyvale, Cal-
ifornia), a highly specific integrated polymerase chain re-
action assay,'?? was tested on EBUS-TBNA samples from
88 cases of patients with definite tuberculosis. Xpert dem-
onstrated an overall sensitivity for culture-positive tuber-
culosis of 72.6%.'2! An additional role for an Xpert MTB/
RIF assay was also suggested by a recent Korean study,
even if the results were limited by the small number of
subjects.!?? Few studies have addressed the usefulness of
EBUS-TBNA in subjects infected with the human immu-
nodeficiency virus.'?3-125 The largest of these studies was
recently published and showed a high diagnostic yield for
EBUS-TBNA for tuberculosis lymphadenitis.'>> Nonethe-
less, this study included also malignancies, so it is hard to
draw definitive conclusions.'?> Due to the overall good
diagnostic yield, EBUS-TBNA should be considered the
procedure of choice in the diagnostic workup of all the
cases in which tuberculous lymphadenopathy is suspected.
Knowledge regarding the usefulness of EBUS-TBNA for
fungal and non-mycobacterial infections is scarce and lim-
ited to case series.!?6-128 It seems that EBUS-TBNA has a
limited role for fungal infections. Caseating granulomas
seems to be more commonly associated with a positive
lymph node fungal stain and culture.'?®

In conclusion, apart from M. tuberculosis, Mycobacte-
rium avium, or endemic fungal infection, EBUS-TBNA

RESPIRATORY CARE ® NOVEMBER 2018 VoL 63 No 11

Table 2. Severe and Minor EBUS-TBNA and EUS-FNA
Complications
Adverse Events
Severe Minor
EBUS-TBNA
Pneumothorax and/or Bleeding at puncture
pneumomediastinum site
Massive bleeding Cough
Severe cough Fever
Infections (mediastinitis, mediastinal Bradycardia
abscess, pleuropericarditis, Hypotension

pneumonia, sepsis)
Airway edema and/or hypoxemia Sore throat
Respiratory failure or arrest
Left-sided mainstem bronchus laceration
Needle fracture
EUS-FNA

Infections (mediastinitis, mediastinal abscess, ~Abdominal and/or

pleuropericarditis, pneumonia, chest pain

sepsis) Fever
Mediastinal bleeding and hematomas Sore throat
Esophageal perforation Stridor

EBUS = endobronchial ultrasound
TBNA = transbronchial needle aspiration
EUS = endoscopic ultrasound

FNA = fine-needle aspiration

samples submitted for routine microbiological studies have
minimal clinical utility due to frequent bacterial contam-
ination and inadequate sensitivity to exclude infectious
causes of lymphadenopathy.!3° Nevertheless, the role of
fine-needle aspiration cytology in diagnosing infections
has greatly expanded. The collaboration of dedicated cy-
topathologists and cytotechnologists to attend a TBNA,
provide rapid on-site evaluation, triage the slides, and per-
form special stains and ancillary tests, seems to be a cru-
cial point and one of the major challenges in this field.'3!
Larger, prospective studies in which cytopathologists and
microbiologists are actively involved are needed to ad-
dress this topic.

Complications

Few reliable data are available on the safety of endo-
scopic ultrasonography, mainly because follow-up of pa-
tients for possible complications is not always performed
in routine practice. Nevertheless, as the procedures have
become widespread, descriptions of severe complications
have increased and endosonography has proven to be a
fairly safe technique with a serious adverse events rate of
<1% when using the combined approach of EBUS—en-
doscopic ultrasound>” (Table 2). von Bartheld et al'3? re-
viewed 190 articles with >16,000 subjects who underwent
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EBUS-endoscopic ultrasound, and no fatal outcomes were
found. All deaths reported in the literature occurred in
subjects with compromised performance status. In these
patients, endoscopic ultrasound is usually preferred to
EBUS because of its tolerability.!3? Infectious complica-
tions, such as mediastinitis and mediastinal abscess for-
mation, were the main severe adverse events (overall rate
of 0.14%) reported by von Bartheld et al.'32 Only 2 cases
of severe infectious complications in patients with lung
cancer has been found, mostly in patients at risk (patients
affected by diabetes mellitus,'3* sarcoidosis, or cystic le-
sions). Patients with infections, potentially life-threaten-
ing, should require an adequate antibiotic therapy or may
undergo surgery. Oguri et al'3> suggested that a large ne-
crotic mass is more frequently associated with infectious
complications, probably due to avascularity of the lesion.!3¢
Oki et al*4 advocated that, in the case of necrotic lesions,
reducing the puncture numbers and performing adequate
puncture may decrease infectious complications.

Gastrointestinal perforations related to endoscopic ul-
trasound—fine needle aspiration and pneumothorax and
pneumomediastinum after EBUS-TBNA procedures has
been reported.’3?> Pneumothorax was the most common
major adverse event (0.53%) described by an United States
registry, which included >1,300 patients who underwent
EBUS-TBNA (complication rate of 1.4%).!37 In addition,
a very unusual complication is needle fracture, an event
reported 3 times by Vial et al.!3® This scenario could be
very dangerous, especially in case the needle fragment
could not be removed (only one case described in the
literature).!3® Severe cough, left-sided main bronchus lac-
eration, and massive hemoptysis were also recorded as
severe adverse events related to EBUS-TBNA.>7 Oki et al®*
found that cough was more frequent during EBUS-TBNA
than during endoscopic ultrasound—fine needle aspiration
and that an adequate amount of sedatives and anesthetics
should be used to achieve a similar tolerance during both
procedures. Seldom, severe coughing may lead to aborting
the procedure.

The survey by Asano et al'3° reported a higher risk of
peri- or postprocedural hemorrhage (0.68%) than did the
current literature, with one case of massive hemorrhage
that required prolongation of hospitalization. Minor bleed-
ing at the puncture site is often observed but rarely re-
quires intervention. The rate of minor adverse events is
underestimated due to a lack of an accurate follow-up.
von Bartheld et al!3? described few minor adverse events
(0.22%), although hemoptysis, sore throat, or intractable
coughing are common concerns in clinical practice. Bleed-
ing at the puncture site occurred in 4 patients and, except
for one self-limiting case, required noradrenaline injec-
tion.!32 Yan et al'#? found that minor or moderate bleeding
was a rare complication of the EBUS-TBNA procedure. In
a Korean study, the incidence of fever after EBUS-TBNA
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was reported to be 20%.'3* In the majority of cases, fever
develops during the day after the procedure and recedes
within a day; 6 subjects (1.1%) presented with fever for
>24 h, and 3 subjects developed infectious complications
(0.54%).13* However, the incidence of fever and infectious
complications was underestimated because there was no
long-term follow-up, and 39% of subjects who were fe-
brile received antibiotic treatment.!3* The cause of this
fever remained unknown, and it seems to have no rela-
tionship with bronchoscopic procedures.'34

Only 2 more studies reported fever after EBUS-TBNA,
with the limitation of estimating its incidence through a
questionnaire survey: the Japanese nationwide survey
(4 cases of fever [0.05%])'3° and a study, of 3,123 cases,
that evaluates only fever that lasted >24 h.'4! In a recent
retrospective analysis of >1,000 procedures performed
in a single center during 5 y, all the subjects were
observed for a minimum of 2 h after EBUS-TBNA.!42
Complications recorded included fever and chills, ex-
cessive coughing, chest pain, bradycardia (heart rate
<60 beats/min), sustained hypoxemia (fall in pulse oxi-
metric saturation of <88% for >1 min), respiratory
failure or arrest, pneumothorax, bleeding, and escala-
tion of the level of care.'*> Minor complications en-
countered were self-limiting, few major complications
required intervention and, notably, there was no mor-
tality.!#> In conclusion, this article confirms the accept-
able safety profile of endosonography.!4?

Future Directions

Future development for endosonography should be cen-
tered on different topics, such as an increase in diagnostic
yield and safety of the procedure or develop new treatment
strategies (Table 3).

Elastography

To improve the diagnostic value of EBUS—endoscopic
ultrasound, one of the most promising techniques is elas-
tography.!43144 Elastography is a real-time noninvasive
strain imaging technique that measures the relative stiff-
ness of a tissue. Some investigators used this measurement
to differentiate benign from metastatic lymph nodes and to
reveal the best EBUS-TBNA targets.!*> Healthy or inflam-
matory lymph nodes present a significantly stiffer cortex
than the medulla and hilum. On the contrary, the presence
of metastatic infiltration appears on elastography as an
increase in tissue stiffness. Several studies have been pub-
lished concerning the use of elastography, a recent meta-
analysis reported a sensitivity of 88% and specificity of
85% in detecting malignant from benign lymph nodes dur-
ing endoscopic ultrasound elastography.!4°
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Table 3.  Future Directions

Research Field Future Development

Diagnosis and staging of
lung cancer

Combined EBUS-EUS (-B) staging

Elastography

EUS and/or EBUS-guided confocal
laser endomicroscopy

Diagnosis and subtyping Novel molecular and genetic testing
of lymphoma

Diagnosis of infections Special microbiological stains

EBUS-guided transbronchial needle
injection therapy (EBUS-TBNI)

Mediastinal cysts drainage

Simulator-based EBUS-EUS training

EUS and EBUS skill assessment tools

Therapeutic uses

Training

EBUS = endobronchial ultrasound

EUS = endoscopic ultrasound

EUS-B = endoscopic ultrasound with bronchoscope
TBNI = transbronchial needle injection

Confocal Laser Endomicroscopy

Confocal laser endomicroscopy is an endoscopic tech-
nique performed during the endoscopic ultrasound proce-
dure and provides real-time imaging of the mucosal layer
at a subcellular level of resolution.'#” The method high-
lights the changes in the mucosal components, such as
vascular architecture, connective tissue, and cellular ele-
ments.!'*” These features allow endoscopists to collect real-
time in vivo histological images that could improve the
targeting of tissue sampling and potentially increase the
diagnostic performance of endosonography.!48.149

Therapeutic Use of Endosonography

Another research field deals with therapeutic uses of
endosonography. Interest is growing in EBUS—guided nee-
dle injection therapy, a novel therapeutic approach for
patients with isolated hilar and mediastinal recurrence of
lung cancer. Khan et al'*° reported in 2015 one of the first
cases of local treatment of lung cancer recurrence with the
application of EBUS—guided needle injection therapy with
cisplatin.'>° Contemporarily, Mehta et al'>! and Mehta and
Jantz'>2 published a study regarding the use of an EBUS
scope and a 22-gauge EBUS needle to inject cisplatin (40
mg/40 mL ie, a dose of 40 mg of cisplatin in a solution at
a concentration of 1 mg/mL [total volume 40 mL]) into
target lesions. The investigators performed 41 cisplatin
injections in 35 subjects and obtained a 69% response
rate (complete or partial response), with significantly
higher survival and progression-free survival than non-
responders (31% presented with stable or progressive
disease). Two procedures were complicated by the de-
velopment of bronchomediastinal fistula.!>! Recently,
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Parikh et al'53 reported a case of a woman who pre-
sented a cavity lesion that contained aspergillomas that
was treated with EBUS—guided needle injection therapy
of liposomal amphotericin B.

Endosonography is a useful tool in the diagnosis of
mediastinal cysts to confirm the cystic nature of the lesion
(hypoechoic or anechoic appearance) and, possibly, to get
cyst fluid for analysis. In symptomatic patients, surgical
resection is currently the treatment of choice,'>* but some
investigators reported cases of TBNA performed to treat
mediastinal cysts. Maturu et al,’>> in 2015, performed a
systematic review of these cases and focused on the role of
EBUS in mediastinal cyst treatment. Thirty one of 32 an-
alyzed subjects underwent TBNA (16 EBUS-TBNA,
15 conventional TBNA) among whom, 19 with a thera-
peutic intent (median aspiration volume of 50 mL).!>5 Five
subjects (16%) experienced complications (4 infections,
1 bradycardia).!>> The significant risk of infection and/or
mediastinitis is the major limitation for aspirating cysts for
therapeutic purposes. The investigators reported a median
follow-up period of 14 months free of recurrences.!>

Conclusions

Ultrasonography represents an effective tool in the eval-
uation of the mediastinum. When applied to endoscopic
techniques, it allows the direct visualization of several
mediastinal structures and the guided sampling of tissue
useful for the characterization and staging of lung cancer
and for the diagnosis of benign diseases. These procedures
are relatively safe, with a low complication rate. Also,
some future developments of endosonography could pro-
vide a further contribution in the management of patients
with mediastinal diseases.
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