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ABSTRACT

The recent advances in diagnostic pulmonary procedures have revolutionized the evaluation of
abnormal thoracic findings including lung nodules and masses, mediastinal lymphadenopathy,
and pleural diseases. Bronchoscopies with endobronchial ultrasonography and electromagnetic
navigation are examples of new technology that has significantly improved the specificity and
sensitivity of these procedures in diagnosis and staging of lung cancer without the need for
more invasive procedures. This report describes the different diagnostic pulmonary interventions
providing a description of the procedures, their indications, diagnostic yield and drawback.
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INTRODUCTION

Diagnostic procedures utilized by the pulmonologist have
undergone major improvements in the last several years,
and today, a wide variety of those is available and frequently
developed [Table 1]. Bronchoscopy has been in use for
decades but has been remodeled many times, to improve its
diagnostic yield. Nowadays, the pulmonologist can access
mediastinal lymph nodes with the help of a new technology;
endobronchial ultrasound (EBUS). We can now reach
peripheral lung lesions using different techniques, including
radial probe (RP) EBUS, navigational bronchoscopy or
virtual bronchoscopy. The pleural disease can be investigated
with the use of medical pleuroscopy (MP).

Standard bronchoscopic techniques consist of rigid
bronchoscopy and flexible bronchoscopy. Gustav Killian is
credited with the introduction of the rigid bronchoscope in
1898 when he used it to extract a pork bone from the right main
bronchial stem of a patient.™ Once the flexible bronchoscope
(FB) became available, the diagnostic uses of rigid bronchoscope
became limited, and it is now used for therapeutic purposes.

FLEXIBLE BRONCHOSCOPY WITH OR WITHOUT
FLUOROSCOPY

First described by Dr. Shigeto Ikeda in 1966, the FB has

been the corner stone of most of the pulmonary diagnostic
procedures. Since then, the FB has undergone major
improvements. A miniature video camera at the proximal
end of the FB was added in 1987. In most centers, the FB
is attached to a separate screen, which allows the physician
to have a better image quality and maneuverability.
Fluoroscopy has been routinely used as an adjunct to the FB
when obtaining transbronchial lung biopsies of peripheral
lesions.>*!

The FB has been used for a wide array of clinical indications:
Sampling endobronchial lesions for diagnosis of cancer or
sarcoidosis, obtaining bronchoalveolar lavage samples for
diagnosis of infectious causes or malignancy, performing
transbronchial needle aspiration (TBNA) of lymph nodes,
or from lung masses or nodules or transbronchial lung
biopsies to diagnose interstitial lung disease are some of
the major indications."

The yield of bronchoalveolar lavage for the diagnosis of
pneumonia varies between 30% and 75%, but when it comes
to mycobacterial infections, tuberculous or non-tuberculous,
the yield is around 70% on average.l Transbronchial lung
biopsies increase the yield of bronchoalveolar lavage in
diagnosing infectious causes in the immunocompromised
patients, to around 70%.% Transbronchial lung biopsies
also an overall diagnostic utility of around 70% for diffuse
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Table I: Currently available diagnostic interventional
pulmonary procedures
Diagnostic pulmonary procedures

Flexible bronchoscopy

RP-EBUS

CP-EBUS

ENB

Virtual bronchoscopy

NBI

Autofluorescence bronchoscopy

MP

RP-EBUS=Radial probe endobronchial ultrasound, CP-EBUS=Curvilinear probe
endobronchial ultrasound, ENB=Electromagnetic navigational bronchoscopy,
NBI=Narrow band imaging, MP=Medical pleuroscopy

lung disease.” The yield has been shown to be better with
the use of fluoroscopy when trying to sample lung masses.!'"’

Transbronchial needle aspiration also has a wide range of
diagnostic yield, reported in most studies to be anywhere
between 40% and 80% for detecting malignant mediastinal
disease.!"!

Flexible bronchoscopy is a relatively safe procedure.
Complications such as pneumothorax, bleeding, hypoxia,
or cardiopulmonary arrest happen in <1%. Patient selection
should be carefully made, with attention to the patient’s
respiratory status, the presence of hypoxia, cardiac disease
or diffuse lung disease such as severe emphysema.* In
certain situations, the patient might need to be intubated
for safer procedure handling if the procedure is deemed
necessary. One should also pay attention to the presence of
bleeding diathesis and medication profile, especially in the
case of anticoagulants and antiplatelet such as clopidogrel.!"?

Flexible bronchoscopy remains a limited technique when it
comes to sampling mediastinal lesions, lymph nodes, and
peripheral lung lesions. Fluoroscopy does aid in guiding
the needle, but it does not provide three-dimensional
images for accurate sampling of lesions. Furthermore,
pneumothorax rate does not seem to be lower with the use
of fluoroscopy.!"”!

Two types of EBUS have been recently developed. The
first EBUS was a radial probe (RP) EBUS. Eventually, a
curvilinear probe (CP) EBUS was introduced and has been
more frequently used.

RADIAL PROBE ENDOBRONCHIAL ULTRASOUND

Use of ultrasound with Bronchoscopy started with the use
of RP ultrasound, first described in 1992.1'3 The RP is a

small 1.4 mm probe that is fitted into the working channel
of a FB, permitting a 360° visualization of the surrounding
structures. Available frequencies are 20 MHz and 30 MHz.
The most widely used 20 MHz probe has a penetration
depth of up to 5 cm, and needs a 2.8 mm working channel,
but a peripheral type bronchoscope can fit a smaller, ultra
miniature probe, into a 2.0 mm working channel, allowing
the scope to be inserted further into the bronchial tree, for
evaluation of peripheral lesions.

A major barrier to obtaining good image quality was
the presence of air between the probe and the bronchial
wall. This is overcome by supplying the probe tip with a
water-filled balloon sheath.

Another advancement was the introduction of guide sheath
in 2003 to aid with peripheral type EBUS. This larger
sheath contains the probe structures, leaving only the probe
ultrasound to be free. Once the lesion location is confirmed
by the ultrasound, the probe is then pulled while the guide
sheath stays in place. The working channel through which
the probe was inserted is then used for biopsy forceps and
brushes.

Radial probe ultrasound (RP-EBUS) has been used for the
following indications: Assessment of the involvement of
bronchial wall in tumor invasion, transbronchial biopsy of
mediastinal lymph nodes and/or mediastinal lesions, and
evaluation and biopsy of peripheral lung nodules.

The use of RP-EBUS was first described in the evaluation
of layers of central airways. Kurimoto et al. examined
the normal tissue of 45 specimens of the bronchial wall
to determine correlation with EBUS findings. He then
compared the EBUS findings of 24 cases of lung cancer
involving the airways, with the histopathological findings,
to determine the accuracy of the depth diagnosis on
EBUS. A good correlation between histology and EBUS
characterization of the normal bronchial structure was
found. Also, depth diagnosis was the same in 95% of the
24 cases." Similar findings were reported by Tanaka
et al., who found a 93% diagnostic accuracy among 15
studied patients."”! Baba et al. was also able to identify
tumor invasion easily as hypoechoic areas, especially if the
cartilage layer is used as a reference to evaluate the rest of
the bronchial wall.!"®!

Herth et al. concluded in their study, which compared
computed tomography (CT) assessment of thoracic tumor
invasion into bronchial wall versus RP-EBUS assessment
of the same in 131 patients, that RP-EBUS has far better
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specificity (100%) sensitivity (89%) and accuracy (94%)
compared to CT scan (28%, 75%, and 51% respectively).
The ability of chest CT and EBUS to distinguish between
compression and infiltration was measured against the
histology results.!"”

The determination of tumor invasiveness into bronchial
or tracheal wall helps making management decisions
and staging early lung cancers. Lesions that do not cross
the cartilaginous layer can be treated for example with
photodynamic therapy, whereas those that go beyond that
layer may require surgery or radiation therapy.

With the advent of CP real-time EBUS, RP EBUS is rarely
used these days in TBNA of mediastinal nodes or masses.
However, it remains a well-validated tool for such procedure.

Herth et al. are accredited with many of the earlier studies
that evaluated the validity of RP-EBUS for that use. From
1999 to 2000, they studied the use of this technique in
242 patients with mediastinal or hilar lymphadenopathy,
successfully obtaining samples in 86%, independent of
lymph node size or location. Diagnostic accuracy was
72% of those sampled.'¥ In a later randomized study,
Herth et al. compared this technique to bronchoscopic
blind techniques, and concluded that EBUS significantly
increases the yield of TBNA in all stations except in the
sub carinal region (EBUS had 86% yield compared with
74% for the conventional method in the sub carinal region,
and 84% compared to 58% in other stations). The number
of necessary needle passes was also lower."”! A cross-over
study comparing RP EBUS with transesophageal ultrasound
in 160 patients with mediastinal lymphadenopathy, resulted
in similar diagnostic yields, although the transbronchial
approach was superior for right-sided lymph nodes.
Combining both approaches provides results similar to
those of mediastinoscopy.*”!

The most recent use of RP-EBUS is for the purpose of
sampling small peripheral lung nodules, not reachable
otherwise by conventional bronchoscopy with fluoroscopy.
As described earlier, a smaller bronchoscope with a 2.0 mm
working channel carries the EBUS probe to smaller bronchi.
The normal air-filled lung tissue surrounding the bronchi
will appear in the shape of white homogenous lines and
circles around the probe, known as the “snow storm”
appearance. A lesion or nodule will disrupt that architecture
and will appear mostly hypo echoic with hyper echoic lines
between the lesion and normal tissue.*"?

In one study, the use of RP EBUS for small peripheral lesions
was evaluated in comparison to fluoroscopy. A total of

138 patients, 54 patients had small lesions that were not seen
by fluoroscopy, and for which the diameter was an average
of 2.2 cm. Of those, 89% were visualized by RP-EBUS
and in 70%, a biopsy established the diagnosis. The only
complication was pneumothorax in one patient. This shows
the efficacy of RP-EBUS in the diagnosis of small peripheral
lesions not reachable by fluoroscopy.?*!

These findings were re-demonstrated by Kurimoto et al. in
his study of 150 patients with small peripheral lesions. EBUS
yielded similar results (average of 70%) with or without
successful fluoroscopy.?* In that same study, the efficacy of
using a guide sheath was demonstrated as well. The yield
was reported to be 77% after studying all 150 patients. The
diagnostic yield, however, was significantly higher when
the probe was within the lesion (87%), than when it was
adjacent to it (42%).12*

Since inter-study variability in terms of yield is well
recognized, one systematic review and meta-analysis of
16 studies involving 1420 patient with peripheral lesions,
and studying the yield of RP-EBUS, was done. EBUS had
a point specificity of 1.0 and pointed sensitivity of 0.73 for
the detection of cancer. Prevalence of malignancy, lesion
size, and reference standard used were the main factors
responsible for inter-study heterogeneity for sensitivity.!

The question whether EBUS is comparable to CT guided
biopsy remains to be answered. Most studies, including a
meta-analysis of 3052 lesions from 39 studies, still show
evidence that transthoracic CT guided biopsy had a better
diagnostic accuracy.””! However, the rate of complications
is much lower with RP-EBUS when compared to CT guided
biopsy.?*

The RP EBUS has also been mentioned in the literature for
other indications. Evaluating airway thickness in the setting
of Asthma follow-up might help identifying patients with
advanced severe Asthma. The use of EBUS in relapsing
polychondritis was also reported. In this case, cartilaginous
damage can be identified on EBUS image.””!

CURVILINEAR PROBE REAL TIME ENDOBRONCHIAL
ULTRASOUND

The CP EBUS is a curved probe that can be flexed to certain
angles. The probe that is built as part of the bronchoscope is
attached to the distal end of the device and its fibers occupy
a2.0 mm working channel of a scope that has 6.8 mm outer
diameter. It is usually directed at a 30-40° angle, allowing
a view in 90° angle. A water-filled balloon is usually used
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to help stabilizing the probe against the bronchial wall and
providing a better image quality. The ultrasound usually
has the capability to run Doppler mode, allowing better
characterization of visualized structures. After identifying
the target node or lesion, the needle is then pushed forward
until hooked inside the lesion [Figure 1]. One could see the
biopsy needle as it enters the lesion and moves back and
forth to obtain samples, a real-time work mode that this
EBUS type has, as an advantage over RP-EBUS.

The main use of CP-EBUS is for sampling mediastinal
lesions (masses and lymph nodes) and central peri-bronchial
lesions. This primarily aids in the diagnosis and staging
of lung cancer. Other helpful diagnostic uses include the
diagnosis of sarcoidosis and chronic infections.

Since its first use in 2004 by Yasufuko, CP-EBUS has been
gaining increasing popularity amongst pulmonologists. He
was able to report sensitivity and specificity of 95 and 97% in
distinguishing benign from malignant causes of mediastinal
and hilar lymphadenopathy.?®!

Many studies that followed confirmed similar results.
Gu et al., in their meta-analysis of 11 studies involving
1299 patients, reported a pooled sensitivity of 93% and
specificity of 100% when used for the purpose of staging lung
cancer.””’ Dong et al. also reported pooled sensitivity and
specificity of 90 and 99% respectively, in their meta-analysis
of 9 studies involving 1099 patients diagnosed with nonsmall
cell lung cancer.*!l

A study comparing EBUS guided TBNA with Mediastinoscopy
enrolled 153 patients and found excellent agreement between
both techniques in 91% of patients and similar sensitivity

Figure 1: The image shows needle inserted in subcrinal lymph node under
ultrasound guidance (white arrow) and vascular structure detected by
Doppler (black arrow)

and specificity. More complications were observed in the
mediastinoscopy arm.” This was also observed in other
smaller studies that found similar results.”’!

When trying to identify patients with inoperable cancers,
EBUS TBNA had similar yield when compared to positron
emission tomography (PET) or CT scan of the chest. A study
of 79 patients with the potentially operable disease, whether
suspected or proven lung cancer, compared the use of all
three modalities in distinguishing those from inoperable
disease. Each test was interpreted blindly. The sensitivity
of CT was 43%, but PET and EBUS TBNA had similar
sensitivities of 68 and 63%, respectively. However, EBUS
TBNA proved to be more specific than PET (100% vs. 70%)
with considerably lower cost.*"

There were some doubts about EBUS TBNA being useful
for the diagnosis of sarcoidosis since this technique uses
a smaller needle in comparison to the regularly blinded
technique. However, one study compared the use of EBUS
TBNA versus blinded regular Bronchoscopy in 50 patient
randomized to either procedure. The results were in favor
of EBUS with a sensitivity and specificity of 83% and 100%,
respectively as compared to 61% and 100% to that of regular
bronchoscopy.®”!

In a meta-analysis of 15 studies involving 533 patients,
CP EBUS had a diagnostic yield of 54-93% with a pooled
accuracy of around 79%.5¢!

Complications of EBUS are much similar to those of regular
flexible bronchoscopy. In Japan, where the use of EBUS is
widespread, one article studying 455 facilities, reported
an overall complication rate of 1.23% in the case of EBUS
guided TBNA, with hemorrhage being the most frequent.
If anything, pneumothorax rate remains much lower than
that of CT-guided transthoracic needle aspiration (TTNA).
This was demonstrated in a meta-analysis of 16 studies of
RP-EBUS involving 1420 patients, where pneumothorax
rate was also at 1%, as compared to a rate as high as 15%
to that of CT-guided needle aspiration.””” EBUS, on the
other hand, is a procedure that is commonly performed
under general anesthesia, which is associated with its own
potential complications.

Radial probe EBUS has the limitation of lacking real-time
imaging as discussed above. Also, it can be difficult, for
the probe to locate small peripheral pulmonary lesions,
particularly in the upper lobes, because of the scope
angulation required. 253!

g
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Training and cost effectiveness are also issues that are
considered. The procedure requires the presence of highly
trained personnel and support staff, as well as a physician
who has in-depth experience.!

ELECTROMAGNETIC NAVIGATIONAL
BRONCHOSCOPY

This technique was developed for the 1 time by Schwarz et al.
who first described it in an animal model in 2003.%*) Chest
CT scan images are first loaded into a computer program
that constructs a three-dimensional model. This is called the
planning phase. Next, the patient’s chest is placed between
three magnetic fields. The bronchoscope helps advancing a
locatable guide, which is usually is handled by a knob located
proximally and can turn it into different directions. The
locatable guide is pushed through a bronchial tract already
constructed in the planning phase. The magnetic field helps
maneuvering the guide and correlating its position to the
tract, by providing information about its location on a virtual
three-dimensional image, and this is also displayed on a
screen which has sagittal, coronal, and axial views [Figure 2].
Once the guide is close to the lesion, the locatable guide
is removed, and sampling instruments (brush, needle or
forceps) are inserted through the guide sheet that is left in
place. 0!

The main indication for the navigational bronchoscopy is
obtaining samples from peripheral lesions otherwise not
reachable by regular bronchoscopy. The same group that
did the animal study in 2003 carried out the first human
study in 2006. They tested the procedure on 13 patient
and were able to obtain positive biopsy results in 9 of the

Figure 2: Electromagnatic navigational bronchosocpy preplanning screen with
four viewports showing axial, coronal and sagittal computed tomography views
and virtual bronchoscopy view

13 cases."!! Several small studies have been published since
then, where the diagnostic yield was anywhere between 59%
and 77%.142%)

One study was done by Eberhardt et al., evaluated the
procedure in 92 nodules and reported a yield of 67%.*
The same author and his group compared the use of EBUS
only, electromagnetic navigational bronchoscopy (ENB)
only, and a combined procedure in 118 patients who
eventually had a definitive histological diagnosis by surgical
resection. The ENB had a yield of around 59%. However,
the RB-EBUS arm had a better yield of around 69%. The
combined procedure proved more accurate and had a better
yield of 88%.4°!

In a recent large meta-analysis that included 15 trials with
1033 nodules, the overall diagnostic accuracy was 73.9%,
the sensitivity for detecting cancer was 71%, but the main
complication was pneumothorax, which occurred in 3.1%
of patients."* No studies to date have compared CT guided
TTNA to ENB, but the diagnostic yield of TTNA remains
higher than what we know so far about that of the ENB.

One of the main aspects that prevent the wide use of ENB
is the prolonged procedure time. The total amount of time
involved in the planning phase as well as the procedure
itself may exceed several hours. This also contributes to the
already high cost of the procedure, a major disadvantage that
makes most centers refrain from utilizing it.”? On the other
hand, the yield of the procedure seems to be dependent on
the presence of the “bronchus sign,” which essentially means
the presence of a bronchus leading to the lesion. This was
illustrated in a study by Seijo et al., which evaluated the yield
of ENBin 51 patients, and reported a 79% yield in those who
had a bronchus sign (30/38) and only 31% in those who did
not (4/13).18 One of the main factors influencing diagnostic
accuracy are nodule size and location. It seems that accuracy
improves from 43.7% for nodules < 2 cm to around 77% for
those larger than 3 cm.**) Upper lobes nodules also seem to
have better accessibility.*’!

During the procedure, respiratory movements might result
in changing lesion location and alter diagnostic accuracy.
Furthermore, other than following a preplanned track, one
cannot be sure that the lesion has been reached, reason
adding RP-EBUS to ENB resulted in some studies in higher
yield, owing to the ability of RP-EBUS to provide the
needed confirmation."** Moreover, if the CT images were
taken too long in advance of the procedure, inaccurate
characterization of the lesion may result.
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Electromagnetic navigational bronchoscopy still carries
many of the risks associated with regular bronchoscopy.
Moreover, although the risk of pneumothorax is less with the
use of ENB as compared to TTNA, yet it remains a serious
and possible complication.*"!

MEDICAL PLEUROSCOPY

Description

Medical pleuroscopy is a procedure usually performed
by medical physicians as compared to video-assisted
thoracoscopic surgery (VATS) which is done by the surgeon.

Itisnotknown when the first use of pleuroscopy was introduced.
Earlier mentioning of the term was found in French and
German literature, but a description of the procedure was
reported in an 1866 paper by Gordon and his urologist
colleague Francis Cruise.*! Swedish physician, Christian
Jacobaeus, is much credited with its official first description in
1910, when he detailed the procedure in 2 cases and followed
a year later with another report of 35 cases.

In modern times, the patient is usually placed in lateral
decubitus position, with the abnormal side up. Once alocal
anesthetic is applied, an incision is made through the chest
wall to the pleura, in which, a port is left in place, to be used
for insertion of the scope and other instruments. 552!

The procedure is done under conscious sedation, as opposed
to VATS, where the patient is under general anesthesia, and
a double lumen endotracheal tube is used for single lung
ventilation. In VATS, multiple ports are usually created.*?

The procedure typically includes the use of a rigid scope.
However, several studies evaluated the use of a flexible scope
as well. More recently, semi-rigid scopes, stiff proximally
and flexible distally, have been assessed for use since 1998
and are showing promise in providing advantages of both
types of scopes.l**

Once the procedure is done, a chest tube is usually placed
to allow the introduced air to be suctioned and the lung to
expand. This usually can be completed in the recovery area,
and the patient can be discharged home same day unless the
procedure included lung biopsy or pleurodesis.

Indications and yield

The medical pleuroscope provides advantage over blind
pleural biopsy, in sampling the pleura at multiple sites, and
providing a good diagnostic tool in cases of undiagnosed
pleural effusions,” especially when pleural malignancy,
primary or secondary, is in question [Figure 3]. This has

Figure 3: Image obtained during pleuroscopy of the parietal pleura studded with
pleural metastasis (black arrow) from adenocarcinoma of the lung

been the primary indication for the use of MP. Unlimited
number of biopsy samples can be taken during the
procedure, although most authors recommend a minimum
of 4-5 samples, from areas of visual abnormalities. If no
abnormality is seen, then sampling areas of high lymphatic
drainage is also advisable.

Other indications of the procedure include the diagnosis
of pleural tuberculosis infections and as a next step, after
transbronchial biopsy and bronchoalveolar lavage, in the
diagnosis of interstitial lung disease. A pleuroscopy guided
lung biopsy can establish the diagnosis and perhaps, can be
considered before open lung biopsy or VATS. 7]

Medical pleursocpy has historically been used for therapeutic
purposes as well, which are beyond the scope of this article.
However, it is worth to mention that the procedure has
mainly been used for two indications; drainage of infected
pleural effusions and for pleurodesis. In the case of infected
pleural effusions (empyema), the medical pleuroscope
can be used for the purpose of breaking adhesions, and
aiding in the placement of chest tubes.”** When performing
pleurodesis, talc can be instituted by two main methods,
talc slurry or talc poudrage. Both types are being studied
in large trials to evaluate the efficacy of either.

The diagnostic yield of MP in the case of pleural malignancy
varies according to different studies and seems to be
anywhere between 70% and 100%, although most studies
report an above 90% yield.*>**¢! This is comparable to that
of VATS,? and higher than that (60%) for pleural fluid
cytology alone.'” In the case of tuberculous pleural disease,
MP was shown by Diacon et al. to have higher diagnostic
yield when compared to blind biopsy or analysis of pleural
fluid, with a sensitivity approaching 100%.¢4

N4
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Vansteenkiste et al. obtained lung biopsies in 24 patients
with undiagnosed interstitial lung disease using MP. He was
able to establish a diagnosis in 18 of them. Although this is
not widely used, further studies are needed to confirm the
utility of MP in this field.l*”

The main contraindication to MP is the inability of the
lung to collapse, perhaps due to the advanced formation of
pleural plaques and fibrotic tissue. Otherwise, the procedure
should not be done in patients with undiagnosed cause
of hypoxemia, or those who cannot tolerate the lateral
decubitus position. Other usual contraindications to
any invasive procedure, such as bleeding diathesis, or
hemodynamic instability, also apply.

The procedure, although safe, remains an invasive one. One
should consider the potential complications of hemorrhage,
infection, persistent air leak, and tumor invasion at the
incision site. Mortality is very rare, and the complication
rate was reported in some studies to be as low as 2.1%.!656¢)

Virtual bronchoscopy uses CT scan images to construct
a three-dimensional computer generated images of the
tracheobronchial tree. A bronchial tract is constructed
from CT images and displayed on the virtual image of the
bronchial tree. This is similar in concept to the idea of ENB
described above, but in this technique, GPS guidance is not
used. Instead, the images generated in virtual bronchoscopy
are displayed while performing real-time bronchoscopy, and
the physician role is to correlate the path between both, in
an effort to reach a target point closest to the peripheral
lesion, from where, the biopsy instruments are advanced.
An imaging modality is needed to confirm placement of
biopsy instruments. Hence, virtual bronchoscopy is used
in combination with CT guided ultrathin bronchoscopy (a
technique that requires high dose radiation), fluoroscopic
bronchoscopy, or EBUS with guide sheath.!*”!

Virtual bronchoscopy allows for the display of areas beyond
a stenosis, and the display of extramural structures using
the volume rendering method. Hence, virtual bronchoscopy
has been used for the evaluation of airway stenosis, tracheal
injury, endobronchial malignancy, airway lesions in children,
foreign bodies in the airway, and postoperative bronchial
complications.[*®!

The diagnostic yield of virtual bronchoscopy for peripheral
lesions varies. There are many small studies evaluating its
usefulness, and the reported yield in those studies was

anywhere between 44% and 80%, depending on the imaging
modality used with virtual bronchoscopy. %71

Virtual bronchoscopy seems to improve diagnostic yield
for accessing peripheral lesions, when compared to flexible
bronchoscopy. However, many disadvantages are present.
CT imaging has limitations in visualizing bronchi peripheral
to segmental bronchi, demonstrating reduced consistency
with actual anatomic findings. Therefore, the use of virtual
bronchoscopy has been limited to the central bronchi in
many centers.” Also, the experience of the physician in
correlating images, especially at areas of bifurcating bronchi,
seems to play a role in improving diagnostic yield.”

Autofluorescence Bronchoscopy was first introduced in
the early 1990s. Since then, the various systems using this
technique underwent many enhancements, paving the road
for it to be moved from the research only area to the day to
day clinical use. In most current systems, autofluorescence
and regular white light bronchoscopy are built together in
one scope, allowing the intermittent use of either.

This technique uses specific substances called fluorophores,
which concentrate in the pathologically altered
endobronchial mucosa differently than the normal mucosa.
This translates into a green color if normal mucosa and
magenta or red-brownish color if abnormal, when seen
with auto fluorescence imaging as opposed to white light
bronchoscopy.!

The procedure is used for the detection of endobronchial
lesions, mainly suspected of having a precancerous nature. In
one large meta-analysis, the pooled sensitivity and specificity
of Autofluorescence Bronchoscopy was 0.90 and 0.56
respectively.”" The specificity varied among other studies
due to factors that include the prevalence of cancer and the
program used. Better specificity, however, is noted when it
is used in the follow-up investigation of surgical margins
after resection surgery. Also, many authors advocate the use
of this technique to detect synchronous lung cancers.”>7!

One major problem with this technique is that only small
percentage of dysplastic lesions progresses to carcinoma
in situ (CIS) or invasive cancer.””? The unknown natural
history of endobronchial dysplastic lesions makes this
technique unlikely to be routinely used. As a result, the
American College of Chest Physicians recommended its
use when sputum cytology is positive, or when the patient
is considered for endobronchial therapy to treat CIS, or
when a known history of central airway severe dysplasia
or CIS exists.”!
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This is a technology that enables an extensive and detailed
examination of the submucosal microcapillary bed. In
concept, it uses light wavelengths that are preferentially
absorbed by hemoglobin permitting a better identification
of microvascular structures. Since dysplastic lesions have
increased angiogenesis, the technique can detect early
dysplasia.” The patterns of submucosal blood vessels seen
with this technique are normal pattern, abnormal patterns
that are not pathological and known as background noise,
or pathologically abnormal patterns, which are the ones
targeted. Shibuya et al., studied in 2003, the usefulness of
narrow band imaging (NBI) in detecting what is known as
“angiogenic squamous dysplasia” a known precancerous
lesion. The study included heavy smokers, of whom, many
had sputum cytology positive for malignant cells. It found
a great correlation between the abnormal pathological
patterns detected by NBI and the true “angiogenic squamous
dysplasia” confirmed on pathology.™ Herth et al. evaluated
the diagnostic yields of NBI individually and in combination
with regular white light bronchoscopy and autofluorescence
bronchoscopy. The sensitivity of NBI was similar to that
of autofluorescence bronchoscopy and higher than white
light bronchoscopy. However, the specificity was found
to be higher than autofluorescence bronchoscopy.®! The
technology seems to be useful overall in detecting early
dysplasticlesions, but as with autofluorescence bronchoscopy,
it is uncertain to what extent is can be applied, due to the
vague natural history of endobronchial dysplastic lesions.

CONCLUSION

Diagnostic pulmonary procedures have evolved to a great
level in the last few decades. Regular flexible bronchoscopy
is rarely used these days to sample mediastinal and hilar
lymph nodes, due to the better diagnostic accuracy with
EBUS. For peripheral lung lesions, the pulmonologist now
has the option to use RP EBUS or ENB to obtain samples.
The yield for either procedure is comparable to that of CT
guided biopsy with fewer complications. The advances in
diagnostic pulmonary interventions are resulting in earlier
and more specific diagnosis of pulmonary lesions [Table 2],

Table 2: The diagnostic yield of the different
bronchoscopic procedures in the diagnosis of lung cancer

Diagnostic procedure Yield for lung cancer (%)

41.4 (peripheral lesions)['”!
RP-EBUS 73 (peripheral lesions)¢!
CP-EBUS 79 (mediastinal nodes)!

ENB 73.9 (peripheral lesions)!¢!
Virtual bronchoscopy 44-80 (peripheral lesions)*¢%¢7]
RP-EBUS=Radial probe endobronchial ultrasound, CP-EBUS=Curvilinear probe
endobronchial ultrasound, ENB=Electromagnetic navigational bronchoscopy

Flexible bronchoscopy

which may translate into more effective treatment and better
outcome
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