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Aim of the report

Many pathologies of the airways involve the
bronchial wall and the parabronchial structures.
Radiologic imaging has been proven to be unre-
liable in the diagnosis of the bronchial wall and
the enlarged mediastinal nodes [1,2]. The view of
the endoscopist however, is restricted to the
lumen and the internal surface of the airways.
Processes within the airway wall and outside the
airways can only be assessed by indirect signs.
Especially in malignancies, this can be of deci-
sive importance for the fate of the patient.
Therefore expanding the endoscopist’s view
beyond the airways is essential [3].

As endoluminal ultrasound is superior in
comparison to radiologic exploration and has
been established as a routine diagnostic proce-
dure in other fields of medicine [4. This is
especially true of gastrointestinal endoscopy
where endoluminal ultrasound is firmly estab-
lished in the staging of esophageal carcinoma,
carcinoma of the cardia and rectum in diagnos-
ing primary tumors and lymph node metasta-
sis, as well as involvement of the neighboring
structures [4-7]. In these indications, it becomes
far superior to therapeutic procedures. In the
investigation of mediastinal and parabronchial
structures external transthoracic ultrasound has
been applied with some success in lesions of the
subcarinal
region. The lower paratracheal structures and

anterior mediastinum and the
perihilar structures however are usually out of
reach [8].

Since the beginning of 2004, two different
endobronchial ultrasound (EBUS) techniques
have become available — the so-called miniprobe

and the Transbronchial Needle Aspiration
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Conventional imaging procedures proved to be insufficient for staging of lung cancer
especially with respect to N-stage, infiltration of mediastinal structures and early lung
cancer. As the endoscopist view is restricted, we developed a new method of
endobronchial ultrasonography as adjunct to conventional bronchoscopy. The initial
technical problems were solved by development of a balloon catheter for application of
miniaturized 20 MHz probes. Endobronchial ultrasonography is a new technology that can
be easily applied and is well tolerated. It improves the results of bronchoscopy in addition
to conventional diagnostic procedures. Further developments will be made in future to
improve the application of ultrasound in chest medicine.

(TBNA)-EBUS scope. The aim of this paper is
to highlight the different techniques and to
discuss the results of published trials.

Development of endobronchial
ultrasound

Imaging in ultrasound is different from radiologic
imaging. Radiologic imaging depends on trans-
mission through tissues in accordance with den-
sity, through

reflection or echogenicity at interfaces of tissue

whereas ultrasound  operates
density. Instruments that are used for gastrointes-
tinal application could not be applied inside the
airways because of their diameter. Furthermore,
early animal studies, preliminary experience by
using miniaturized endovascular sonographic
probes, did not yield useful clinical results and
were aborted after a period [9,10]. In addition, the
authors summarized that these preliminary results
suggest that this US procedure may become an
important diagnostic tool during bronchoscopy
due to its ability to identify structures beyond the
lumen of the tracheobronchial tree [11].

For application inside the central airways, we
therefore developed flexible catheters for olym-
pus probes with a balloon at the tip that allows
circular contact for the ultrasound, providing a
complete 360° image of the parabronchial and
paratracheal structures. As the water in the bal-
loon change, the condition of the wave transmis-
sion, penetration of the waves produced by
20 MHz probes, increased. Thus under favora-
ble conditions, structures at a distance of up to
4 cm can be visualized.

In case of lower frequencies, such as 7.5 MHz,
the waves have a better penetration — up to 8 or
9 cm, but a lower resolution of areas nearest to
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Figure 1. Differences between penetration and resolution
shown on a paper model.

the probe. Using higher frequencies, the depth of
penetrations decreases, but the resolutions in the
near field improves (Figure 1).

The probes are on the market since 1999 and
can be applied with regular flexible endoscopes
that have a biopsy channel of at least 2.6 mm (for
more technical details see [3,121). Even complete
obstruction of the trachea is tolerated under local
anesthesia for up to 2.5 min after sufficient pre-
oxygenation and sedation, which is sufficient for
acquisition of diagnostic images (Figure 2)(12].

The newest development is the special bron-
choscope with an integrated curvilinear electronic

Figure 2. Endobronchial miniprobe within a balloon catheter.
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transducer at the tip (Olympus BE-UC40P). So a
real-time needle puncture under endoscopic con-
trol is possible. The probes provide an ultrasonic
frequency of 7.5 MHz with a penetration depth
of 5 cm. The scanning direction is parallel to the
longitudinal axis of the endoscope with a scanning
angle of 50° which enables full ultrasonic moni-
toring of a needle when inserted via the biopsy
channel during scanning (Figure 3).

Sonographic anatomy

The wall of the central airways comprizes a seven-
layer structure which can only be demonstrated at
high magnification. The layers are representative
of the mucosa and submucosa, the three layers of
the cartilage and the adjacent external structures
of lose and dense connective tissue respectively
(13]. According to recent papers, it would appear
that the exact number of layers is debatable, and
depends on the cartilage plates [14]. A conclusive
discussion however, is still missing. Under low-
power magnification and in the periphery, only a
three-layer structure is visible, orientation by
ultrasound within the mediastinum is difficult
(15]. Besides the complex mediastinal anatomy this
is due to motion artifacts by pulsation and respira-
tion as well as the unusual planes of the ultrasonic
images. As with the probes, we have to follow the
course of the airways. For orientation therefore,
the analysis of characteristic anatomical structures
is more reliable than observation of the position of
the ultrasound probe inside the airway [16]. Vessels
can be diagnosed by their pulsation. However,
even after application of echo contrast, media dis-
crimination of venous and arterial vessels can be
difficult due to the large number of possible varia-
tions. However, pulseoxymetry is applied. Arterial
pulsations can be diagnosed according to their
synchronism with the acoustic signal. Lymph
nodes and solid structures can then be differenti-
ated down to a size of a few mms from the blood
vessels by their higher echodensity [17).

Differentation in the technique

Miniprobes

The radial EBUS probe is conventionally inserted
through the working channel of the flexible bron-
choscope (outer diameter 2.5 mm). The main
problem of application inside the airways is cou-
pling of the ultrasonic probe to the tracheobron-
chial wall, which resuluts in the naked probe one
obtaining only a very limited sectorial view. This
was the reason for the introudction of cathers to
probes that are equipped with a balloon at the tip.
Once this balloon is full of water, it completely
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Figure 3. The new EBUS-TBNA scope.

EBUS: Endobronchial Ultrasound; TBNA: Transbronchial Needle Aspiration.
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fills the airway and provides a 360° view of the
bronchial wall and the mediastinal structures.
Water simultaneously serves as an enhancing
medium for the ultrasonic waves. Thus, under
favourable conditions, even the depth of penetra-
tion for the 20 Mhz waves may be up to 5 cm [3].
In the case of a guided puncture, the exact loca-
tion of the target lymph nodes and their relation-
ship to the tracheobronchial tree can be noted.
The probe must be left to work and then
removed from the work ng channel at which time

a TBNA is performed.

EBUS-TBNA scope

An ultrasound transducer integrated into a
bronchoscope with a separate working channel
would potentially increase the yield of TBNA by
allowing direct visualization of needle place-
ment within the area of interest. A special ultra-
sonic puncture bronchoscope by integrating a
convex probe (CP) at the tip of the flexible
bronchoscope has been developed for this pur-
pose. With this scope, direct TBNA under real
time convex probe endobronchial ultrasonogra-
phy guidance is now possible. The technique is

similar to endoesophageal ultrasound-guided
needle aspiration (EUS-FNA).

Indications & results of EBUS

Since the early 1990s we have been involved in
developing technology, and the miniaturized probe
has been on the marke since 1999, with EBUS
being applied in several centers worldwide. For

some indications the superiority of ultrasound in
comparison with conventional imaging has been
proven in prospective studies and in some centers,
EBUS has already been established as routine pro-
cedure [15-17]. According to the structures that can
be analyzed, current indications comprise endolu-
minal, intramural and parabronchial structures.
W th respect to medical indications early detection
and tumor staging, they compose inflammatory
destruction of the airways, mediastinal lesions and
malformations of mediastinal structures.

Tumor staging

Early cancer

In small radiologically invisible tumors, the deci-
sion for local endoscopic therapeutic intervention
is dependent on their intraluminal and intramural
extent within the different layers of the wall. In
contrast to radiologic imaging by EBUS, even very
small tumors of a few mms can be analyzed and
differentiated from benign lesions. The proof-of-
principle was demonstrated by Shaw and col-
leagues [14]. To assess EBUS versus High Resolution
Computed Tomography (HRCT) comparability of
airway measures 72 vivo, 12 control subgcts under-
went imaging of the posterior basal bronchus of the
right lower lobe by both techniques. Intra- and
interobserver agreement were also assessed. Results
with and without the balloon sheath gave compara-
ble measures of airway internal diameter and wall
thickness in vitro. Statistical analysis showed agree-
ment between EBUS and HRCT, and intra- and
interobserver variability 72 vivo. The current study
concludes that EBUS, which does not present a
radiation risk, could be utilised in the 77 vivo study
of cartilaginous airway wall remodelling in
respiratory diseases, such as asthma.

As Kurimoto and colleagues demonstrated,
EBUS is a very reliable tool in analyzing the
extent of these small lesions [18]. We could dem-
onstrate that by EBUS in small autofluorescence
(AF)-positive lesions that were negative in white
light bronchoscopy (WLB), we could improve
specificity (predicting malignancy) from 50-90%
(19]. Combination of EBUS with AF has been
proven to be efficient in prospective studies and
has now become the basis for curative endobron-
chial treatment of malignancies in some institu-
tions (Figure 4)[20]. Also, a recent publication has
shown that the mark r of tumor invasion is the
disruption of the cartilage layer [21].

Peripheral lesions
The standard procedure for histologic diagnosis
of peripheral

intrapulmonary lesions by
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Figure 4. Small early cancer lesion with thickening of the
bronchial wall.

Visible is normal bronchial wall at 7 o’clock (normal) and tumor thickening (Tu)

at 3 o’clock.

226

bronchoscopy is an instrumental approach
under fluoroscopic or computed tomography
(CT) guidance. This demands expensive x-ray
equipment in the bronchoscopy suite or coordi-
nation with the radiology department, and
results in exposure to radiation for patient and
staff. In a prospective study, we were able to
show that these lesions could be approached by
EBUS guidance with the same success rate of
approximately 75% [22](Figure 5). Recently, these
data have been confirmed by another group of
Japanese bronchologists [23]. Kurimoto analyzed
the ultrasound image of solitary pulmonary
nodules. He examined the echogenic pattern of
those lesions and found a different patttern
between malignant and benign lesions. He
summarized that the echogenic pattern of
peripheral lesions may allow a statment of the
histology [24]. However, fully conclusive studies
are still required.

Advanced cancer

In preoperative staging, EBUS allows detailed
analysis of intraluminal, submucosal and intra-
mural tumor spread, which can be essential
when it comes to decisions regarding resection

margins. EBUS proved especially useful in the
diagnosis of mediastinal tumor involvement in
the great vessels such as the aorta, cava, main
pulmonary arteries, and of the esophageal wall,
which by conventional radiology, is frequently
impossible. In a prospective study, we demon-
strated that differentiation of external tumor
invasion from impression of the tracheobron-
chial wall by EBUS is highly reliable (90%) in
contrast to CT imaging (50%) [25]. Thus many
patients considered to be nonresectable by the
radiologist due to supposed T4 tumors, could be
eligible for operation in a curative approach after
EBUS. For this purpose, we also successfully
applied the miniaturized probes inside the
esophagus in order to exclude tumor invasion.

Lymph node staging
Under favorable conditions, lymph nodes can
be detected by EBUS down to a size of 2-3mm
and the internal structure (sinuses and fol-
liculi) as well as small lymph vessels can be ana-
lyzed. In contrast to previous publications [26]
according to our experience with the use of
endosonographic localization of lymph nodes,
the results of TBNA can be significantly
improved — up to 90% (27.28]. This is especially
true for those situations in which reliable land-
marks on the CT are missing, such as high and
low paratracheal localization. There is a signif-
icant difference in EBUS-guided TBNA when
compared with EUS-controlled biopsy, which
is essential for a better understanding. The
esophagus is a straight elastic organ without
any clear endoscopic landmarks for orienta-
tion. It is for this reason that intraprocedural
control of the needle during aspiration is essen-
tial. In contrast, the tracheobronchial tree is
full of landmarks for orientation such as carti-
lage rings, spurs and branches. Thus, even very
small lymph nodes can be safely localized by
EBUS and the needle can be sequentially
inserted successfully into the lymph node
under endoscopic control after the miniature
probe is removed from the biopsy channel. In
the only comparison trial for both techniques,
it was shown that in experienced hands,
enlarged mediastinal lymph nodes may be aspi-
rated with either the transbronchial or trans-
These

approaches have similar diagnostic yields,

esophageal approach. nonsurgical
although the transbronchial approach is supe-
rior for right-sided lymph nodes. Combining
both approaches provides results similar to

those of mediastinoscopy [29].

Therapy (2005) 2(2)
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Figure 5. Typical image of a coin lesion.
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Lymph-node staging is also the main indication
for the new EBUS-TBNA scope. The ultrasonic
bronchoscope is introduced to the area of interest
via an endotracheal tube under visual control or
local anaesthesia to the area of interest. EBUS-
TBNA is performed by direct transducer contact
with the wall of the trachea or bronchus. When a
lesion is outlined, a 22 gauge full length steel nee-
dle — Olympus XNA-200C — is introduced via the
biopsy channel of the endoscope. Power Doppler
examination was used immediately prior to the
biopsy in order to avoid unintended puncture of
vessels between the wall of the bronchi and the
lesion. Under real-time ultrasonic guidance, the
needle will be placed in the lesion. Suction was
applied with a syringe and the needle was moved
back and forth inside the lesion (Figure 6).

Preliminary results are promising. Various
authors reported a yield higher than 90% with-
out any complications (30-32]. It is to be
expected, that with these guidance tools, future
trials may examine punctuation of nodes
smaller than 1 cm, such as those published for
the EUS technique 33].

Expert opinion
The clinical application and diagnostic results of
EBUS is, in some centers, already a routine proce-
dure. Indications for EBUS have been established
in studies compared with conventional radiologic
methods and other diagnostic procedures.

EBUS proved to be useful in high-resolution
imaging of the multilayer structures of the
bronchial wall and the adjacent mediastinal

structures in a distance of up to 4 cm. In many
instances, it was superior for staging of lung
cancer and other pathologies. Since the results
of treatment of advanced bronchial carcinoma
have been disappointing thus far, detection and
treatment at early stages has gained new inter-
est. In particular, new methods such as auto-
mated sputum cytology analysis in at-risk
individuals and localization of radiologically
and macroscopically invisible early carcinoma
by fluorescence methods will be used more
widely. Lymph nodes could be easily localized
for TBNA but tumor infiltration could not be
predicted. In addition, other pathologies such
as vascular malformations, mediastinal masses,
pathologies of neighboring organs and pulmo-
nary lesions could be correctly diagnosed. Thus
we come to the conclusion that in the near
future, EBUS may play an important role in
bronchology at feasible costs. In particular, in
on-the-spot decision making during diagnostic
and interventional procedures.

A limitation of miniprobes is surely the learn-
ing curve. All papers examined herein were pub-
lished from at least seven different groups. All
were well trained and experienced bronchosco-
poists. Handling of miniprobes and image inter-
pretation difficule  diagnostic
procedure. Also, only a small number of compar-

remains a

ative studies with other diagnostic tools have
been published. Nevertheless, with the new tech-
nique of the EBUS-TBNA scope, the situation
will be changing. Handling has been greatly
improved and the learning curve is steep. It is
this author’s opinion that in the near future,
EBUS will be a routine diagnosing and staging
procedure in patients with enlarged mediastinal
lymph nodes.

Figure 6. Ultrasound-guided real-time
puncture of a lymph node (LN).
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