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Diagnostic of Lung Cancer: 
Confocal Bronchoscopy

Luc Thiberville and Mathieu Salaun

�Introduction

The principle of confocal microscopy, first 
described in 1957, relies on both the use of a nar-
row point illumination light source, which 
focuses on a single spot in the sample, and of a 
small aperture or pinhole on the detection path, 
which focuses the light emitted back by the sam-
ple onto the detector. This results in the rejection 
of out-of-focus information from the material 
above and below a very thin plane of focus. The 
illumination and detection systems being conju-
gated on the same focal plane are termed “confo-
cal.” As only one point in the sample is illuminated 
at a time, confocal microscopes make use of sys-
tems that scan the sample in both lateral dimen-
sions to produce a two-dimensional image—or 
“slice”—of a few microns depth, parallel to the 
sample surface. This principle allows confocal 
microscopes to provide “optical” sectioning of 
cells and tissue with micrometric lateral and axial 
resolutions, without tissue destruction. Confocal 

microscopes have recently been so successfully 
miniaturized [1, 2], which they can be integrated 
into endoscopic systems and used for both ani-
mal [3–5] and human in vivo explorations [6–8]. 
This is achieved by using a small optical device 
held in direct contact with the area to be imaged. 
Such systems have recently been applied to the 
in vivo microscopic imaging of both the proximal 
[7] and distal respiratory systems [8]. With these 
recent developments, fiber-optic endoscopy of 
the respiratory tract has now entered the era of 
in vivo microscopic imaging.

In general, the aim of confocal endomicro-
scopes is to produce “optical biopsies,” i.e., 
in vivo microscopic imaging, of a living tissue 
during endoscopy [9, 10]. Ideally, this direct 
microscopic imaging could replace tissue sam-
pling or at least allow a very precise targeting 
of the biopsy area. However, because of opti-
cal limitations due to refraction indexes and 
specular reflexion of the light at the surface of 
the tissue, reflectance (or “white light”) confo-
cal endomicroscopes are not currently available. 
Instead, manufacturers have designed fluores-
cence confocal devices, where the excitation 
light can easily be filtered out before the light 
reaches the detector, to only image the fluores-
cence emitted from the tissue. Obviously, the 
main limitations of these systems come from the 
fact that they exclusively record the signal com-
ing from fluorescent structures in response to 
appropriate excitation wavelengths. Therefore, 
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besides the unusual “en face view,” recorded 
images may appear for the clinical quite differ-
ent from its classical histopathology counter-
parts or require specific cellular fluorophores. 
On the other hand, in future applications, fluo-
rescence confocal systems may take advantage 
of molecular-targeted imaging using smart fluo-
rescent probes.

�Confocal Endomicroscopes 
for Human Exploration

The first confocal endomicroscopic systems for 
human exploration were available in 2005. Two 
systems have been commercialized, which can be 
distinguished by the technical approach used to 
conduct the light to the tissue.

The distal scanning principle is used in the 
Optisan®/Pentax endomicroscopic system. This 
system is also called a confocal laser endomicro-
scope—CLE. In distal scanning, the light is con-
ducted by a single fiber back and forth from the 
distal tip of the system, and the scanning function 
is accomplished by a very small scanhead (4.5 cm 
long × 3.5 mm diameter) which is included in the 
distal end of the endoscope. Tissue fluorescence 
is induced by a 488  nm laser wavelength. The 
sensitivity of the system needs the use of IV fluo-
rescein as an external fluorophore. The system 
has an impressive lateral resolution below 1 μm 
and produces optical slices of 7 μm for a field of 
view of 475 × 475 μm. The system offers the pos-
sibility to adjust the Z-depth range from 0 to 
250 μm below the contact surface, so that three-
dimensional structures in the specimen and suc-
cessive layers of the mucosae can be imaged. 
However, because of the added sizes of the distal 
scanhead, working channel, conventional light 
guide, and CCD camera, the diameter of the dis-
tal tip of the endoscope is larger than 12 mm, a 
size barely compatible with the exploration of the 
human trachea and large main bronchi, which 
explains why only a confocal GI endoscope had 
been launched over the past years. Another limi-
tation is due to the miniaturization of the distal 
scanhead, which results in scanning rates of one 
frame/s, which needs a very efficient stabilization 
system of the distal tip of the endoscope onto the 

mucosae, in order to produce crisp microscopic 
images of the epithelium. In spite of these limita-
tions, Optiscan® endomicroscopic images from 
the gastrointestinal tract appear very close to con-
ventional histology.

This prototype system is able to provide “en 
face” imaging of the bronchial epithelium with a 
lateral resolution of less than one micrometer.

Recently endomicroscopic images of the 
proximal bronchial tree of both normal and 
tumoral epithelium have been obtained by 
Musani et al. from five patients, using a miniatur-
ized prototype of the Optiscan system [11]. The 
confocal device was composed of a 6.2 mm flex-
ible bronchoscope, devoid of working channel 
and distal optics, in which the distal end has been 
replaced by a 4.4 cm scanning device. This proto-
type was introduced within a 12.5 mm rigid bron-
choscope in parallel to the rigid optics. IV 
fluorescein infusion was administered before the 
procedure. Because of the rigidity of the proto-
type distal tip, the confocal exploration was lim-
ited to the primary and secondary carina of the 
main bronchus and to an endobronchial mass in 
one patient. En face images of the respiratory 
produced by the system were impressive, with a 
lateral resolution of less than 1  μm, which 
allowed clear imaging of the intercellular mar-
gins between the normal epithelial cells, as well 
as imaging of the basement membrane/subepi-
thelial areas due to folds of the epithelium 
(Fig. 15.1). Motion artifacts are observed in 60% 
of the frames, which allowed interpretation of the 
images in all patients.

The second commercially available confocal 
endomicroscopy system (Cellvizio®, Mauna Kea 
Technologies, Paris, France) uses the principle of 
proximal scanning in which the illumination light 
scans the proximal part of a coherent fiber bundle 
or miniprobe. This bundle conducts the light 
back and forth from the imaged area at the tip of 
the miniprobe [4]. The light delivery, scanning, 
spectral filtering, and imaging systems are 
located at the proximal part of the device, the dis-
tal part being a separate miniprobe, including 
both the fiber bundle and its connector to the laser 
scanning unit (Fig. 15.2).

This fiber bundle-based system, also described 
as “fibered confocal fluorescent microscopy 
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Fig. 15.1  Fluorescein/488  nm in  vivo CLE imaging of the proximal bronchus, Pentax prototype. Modified from 
Musani et al. J Bronchol Intervent Pulmonol, 2010
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Fig. 15.2  pCLE/Cellvizio system and AlveoFlex® mini-
probe. (a) Cellvizio® and laser scanning unit. (b) 
AlveoFlex® entering the bronchoscope working channel. 

(c) AlveoFlex® inside the EBUS extended working chan-
nel. (d) AlveoFlex® inside the superDimension extended 
working channel
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(FCFM)” or more recently “probe-based confo-
cal laser endomicroscopy” or “pCLE,” uses very 
thin and flexible miniprobes (300 μm to 2 mm in 
diameter) that can contain up to 30,000 com-
pacted microfibers. Similar to bench confocal 
microscopes, pCLE uses two rapidly moving 
mirrors to scan the microfibers across the coher-
ent fiber bundle in a raster fashion. Each microfi-
ber, which is scanned one at a time by the laser 
light, acts as a light delivery and collection sys-
tem and is, in essence, its own pinhole. The main 
advantages of this design are the very small size 
and the flexibility of the probe that can reach the 
more distal part of the lungs [8], as well as the 
fast image collection speed that helps to avoid 
artifacts due to tissue movement. The system pro-
duces endomicroscopic imaging in real time at 
9–12 frames/s.

Specific miniprobes for bronchial and alveolar 
imaging (AlveoFlex®) have a diameter of 1 mm 
or less that can enter the working channel of any 
adult bronchoscope. These probes are designed 
for only twenty uses, at an approximate cost of 
5000 Euros/miniprobe. AlveoFlex® miniprobes 
are devoid of distal optics and have a depth of 
focus of 0–50 μm, a lateral resolution of 3 μm for 
a field of view of 600  ×  600 μm. Thinner and 
more flexible probes are available for other appli-
cations as for the bile duct exploration 
(CholangioFlex®) or even probes that can fit into 
a 19-gauge needle (AQ-Flex®) for endoscopic 
ultrasound (EUS) lymph node/cyst explorations. 
Those probes may prove useful in the future for 
specific intrathoracic applications.

Two pCLE devices using different excitation 
wavelengths are currently available. The Cellvizio 
488 nm is used for autofluorescence imaging of 
the respiratory tract as well as for fluorescein-
induced imaging of the GI tract [7, 8, 12]. Another 
device at 660 nm excitation can be used for epi-
thelial cell imaging after topical application of 
exogenous fluorophores such as methylene blue 
[13–15]. Whereas these two systems are currently 
sold as separate devices, a dual-band system is 
currently available for small animal imaging, 
which avoids to disconnect the miniprobe from 
the LSU in case a dual imaging (488 nm/660 nm 
with methylene blue) would be indicated.

�pCLE Imaging of the Proximal 
Bronchi

pCLE can easily be performed during a fiber-
optic bronchoscopy under local anesthesia [7, 8]. 
The technique of in vivo bronchial pCLE imag-
ing is simple: the miniprobe is introduced into 
the 2 mm working channel of the bronchoscope 
and the probe tip applied onto the bronchial 
mucosae under sight control. The depth of 
focus being 50 μm below the contact surface, 
the system can image the first layers of the 
bronchial subepithelial connective tissue, pre-
sumably the lamina densa and the lamina retic-
ularis [7].

At 488  nm excitation, pCLE produces very 
precise microscopic fluorescent images of the 
bronchial basement membrane zone (Fig. 15.3). 
pCLE bronchial microimaging reveals a mat of 
large fibers mainly oriented along the longitudi-
nal axis of the airways with cross-linked smaller 
fibers, as well as larger openings—100 to 
200 μm—corresponding to the bronchial glands 
origins. In vivo, the technique also makes it pos-
sible to record high-resolution images of small 
airways such as terminal bronchioles, which are 
recognizable by the presence of the helicoidal 
imprint of the smooth muscle on the inner part of 
the bronchiole. [7]

Fluorescence properties of the bronchial 
mucosae at 488 nm excitation are determined by 
the concentration of various cellular and extracel-
lular fluorophores, including the intracellular fla-
vins, which could originate from the epithelial 
cells, and specific cross-links of collagens and 
elastin present in the subepithelial areas [2, 16, 
17]. Microspectrometer experiments coupled 
with pCLE imaging have clearly demonstrated 
that the main fluorescence signal emitted after 
488 nm excitation from both bronchial and alveo-
lar human system originates from the elastin 
component of the tissue [7, 8, 18]. Indeed, flavin 
cellular autofluorescence appears too weak to 
allow imaging of the epithelial layer using 
488  nm pCLE without exogenous fluorophore 
[19]. Similarly, the collagen fluorescence does 
not significantly affect the pCLE image produced 
at 488 nm, the fluorescence yield of collagen at 
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this wavelength being at least one order of mag-
nitude smaller than that of elastin.

As a result, 488 nm excitation pCLE specifi-
cally images the elastin respiratory network that 
is contained in the basement membrane of the 
proximal airways and participates to the axial 
backbone of the peripheral interstitial respiratory 
system. In the future, it is possible that a modified 
pCLE device using several wavelengths [20] or 
devices based on a multiphoton approach [21–
23] may enable imaging of collagen, elastin, and 
flavins simultaneously.

�Distal Lung pCLE Imaging In Vivo: 
From the Distal Bronchioles 
Down to the Lung Acini

In the acinus, elastin is present in the axial back-
bone of the alveolar ducts and alveolar entrances, 
as well as in the external sheath of the extra-
alveolar microvessels [24, 25]. pCLE acinar 
imaging is easily obtained by pushing forward 
the probe a few centimeters after the endoscope 
is distally blocked into a subsegmental bronchi. 
When progressing toward the more distal parts of 

a
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Fig. 15.3  Bronchial confocal microendoscopy imaging. 
(a) Normal elastic fibered network of the basement mem-
brane zone. (b) Disorganized basement membrane zone 
elastic network at the vicinity of a bronchial CIS. (c) 
Regular normal bronchial epithelium 660  nm excitation 

FCFM after topical application of methylene blue (0.1%). 
(d) CIS imaging, FCFM at 660 nm, and topical methylene 
blue. Modified from Musani et  al. J Bronchol Intervent 
Pulmonol, 2010 [11], with permission of the author
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the lungs, the entry into the alveolar space is 
obtained by penetration through the bronchiolar 
wall. Alveolar fluorescence imaging in active 
smokers dramatically differs from imaging in 
nonsmokers. The alveolar areas of smokers are 
usually filled with highly fluorescent cells corre-
sponding to alveolar fluorescent macrophages, 
the presence of which appears very specific of 
active smoking [8]. In situ alveolar microspectro-
metric measurements have been performed in 
active smokers, which evidenced that the main 
fluorophore contributing to the pCLE alveolar 
signal corresponds to the tobacco tar by itself, 
explaining this difference [8, 18].

�Potential Clinical Applications 
for Lung Cancer Detection 
in the Proximal Tree Using pCLE

Preliminary studies have shown that per endo-
scopic pCLE could be used to study specific 
basement membrane remodeling alterations in 
benign or malignant/premalignant bronchial 
alterations [7, 26]. In the first human study 
using pCLE in the respiratory tract in vivo, the 
structure of the bronchial wall was analyzed in 
twenty-nine patients at high risk for lung cancer 
that also underwent an autofluorescence bron-
choscopy [7]. In this study, the fibered network of 
the basement membrane zone underlying prema-
lignant epithelia was found significantly altered. 
This was observed in one invasive cancer, three 
CIS, two mild and one moderate dysplastic, and 
three metaplastic lesions. In these precancerous 
conditions, the elastic fibered pattern of the lam-
ina reticularis was found absent or disorganized 
(Fig. 15.4). This supported the hypothesis of an 
early degradation of the basement membrane 
components in preinvasive bronchial lesions. 
However, while this observation shed some light 
on the origin of the autofluorescence defect in 
precancerous bronchial lesions, the absence of 
epithelial cell visualization did not allow the 
technique to differentiate between the different 
grades of progression of the precancerous bron-
chial lesions such as metaplasia/dysplasia/carci-
noma in situ.

In order to be successfully applied to the 
exploration of precancerous/cancerous bronchial 
epithelial layer, the pCLE technique would need 
to be coupled with the use of an exogenous non-
toxic fluorophore. Ex vivo studies have shown 
that the resolution of the system is not a limita-
tion for nuclear or cellular imaging [7, 8].

A few exogenous fluorophores could be acti-
vated at 488 nm.

Acriflavine hydrochloride is an acridine-
derived dye containing both proflavine and 
euflavine, which binds to DNA by intercalating 
between base pairs. Acriflavine produces a 
strong nuclear fluorescence with 488 nm pCLE 
when topically applied on the top of the bron-
chial epithelium ex  vivo [7]. Acriflavine has 
been used in a couple of in  vivo studies using 
CLE in the GI tract [27], without demonstrated 
side effect. However, comet assay of cells 
exposed in  vitro to acriflavine solution shows 
significant DNA damage after 2 nm illumination 
with 488  nm Cellvizio (personal data). This 
observation needs further studies before acrifla-
vine use for bronchial explorations, especially in 
patients at risk for cancer. Acriflavine is not cur-
rently approved for bronchial use.

Fluorescein has been used in Musani study 
with some success [11]. However, fluorescein, 
which does not enter the cells and therefore 
does not stain the nuclei [28], does not provide 
cellular imaging using pCLE. This is probably 
linked to the lower lateral resolution of pCLE 
compared to CLE and the impossibility to dis-
tinguish intercellular space with pCLE. Recently, 
Lane et  al. have used a confocal microendo-
scope prototype at 488 nm excitation and topi-
cal physiological pH cresyl violet to provide 
cellular contrast in the bronchial epithelium 
both in vitro and in vivo [29].

Methylene blue is a nontoxic agent which is 
commonly used during bronchoscopy for the 
diagnostic of bronchopleural fistulae. MB is also 
used in gastroenterology for chromoendoscopic 
detection of precancerous lesions [30–32], as 
well as for in  vivo microscopic examination of 
the GI tract and bronchus using a novel endocy-
toscopic system [33, 34]. MB is a potent fluoro-
phore which enters the nuclei and reversibly 
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binds to the DNA, before being reabsorbed by the 
lymphatics. In order to give a fluorescent signal, 
MB needs to be excited around 660  nm and is 
therefore accessible to FCFM intravital imaging 
using this excitation wavelength. In our hands, no 
DNA damage could be observed using comet 
assay from lymphocytes exposed to methylene 
blue in vitro and 660 nm Cellvizio for 2 min.

Human preliminary study has demonstrated 
that Cellvizio 660/topical methylene blue makes 
it possible to reproducibly image the normal 

and tumoral epithelial layer of the main bron-
chi [15, 35]. Unpublished data from our center 
also show that the technique easily differentiates 
small cell lung cancer from non-small cell lung 
cancer in  vivo and normal epithelium from CIS 
(Fig.  15.3). Future studies using this technique 
have to show whether the technique allows to dif-
ferentiate normal, premalignant, and malignant 
alterations at the microscopic level. If this strategy 
is successful, FCFM may become a very powerful 
technique for in vivo diagnostic of early malignant 

a
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Fig. 15.4  pCLE imaging of normal distal lung and 
peripheral lung nodule. (a) pCLE imaging of normal dis-
tal lung. (b) Interstitial fiber network disorganization in a 
peripheral lung adenocarcinoma (488  nm excitation 
wavelength). (c) pCLE cellular imaging of a peripheral 

lung adenocarcinoma (660  nm excitation and topical 
methylene blue). (d) pCLE cellular imaging of a periph-
eral small cell lung cancer (660 nm excitation and topical 
methylene blue)
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and premalignant conditions of the bronchial tree, 
allowing the analysis of both the epithelial and 
subepithelial layers during the same procedure.

�pCLE for the Exploration 
of Peripheral Lung Nodules

Potential applications for in vivo distal lung imag-
ing using pCLE appear wide. Some limitations of 
the technique could be predicted from its basic 
principles, such as artifacts linked to fragile paren-
chymal lung structures compression, as well as 
difficulties of interpretation of an imaging tech-
nique mainly based on elastin network assessment. 
However, preliminary results are encouraging in 
specific diffuse or focal lung diseases, such as in 
pulmonary alveolar proteinosis [36], diffuse 
emphysema [37], or peripheral lung nodules.

Coupled to electromagnetic navigation or 
radial EBUS, pCLE has the potential to image 
microstructural and cellular patterns of peripheral 
solid lung nodules in vivo at both 448 and 660 nm 
[14, 15] (Fig. 15.4). After navigation of bronchos-
copy to the peripheral nodule has been achieved 
and the peripheral nodule located, the AlveoFlex® 
miniprobe can enter the extended working chan-
nel of both radial EBUS and superDimension sys-
tem, except for the posterior and apical segments 
of the upper lobe due to the relative rigidity of the 
miniprobe. In such case, a smaller probe such as 
the CholangioFlex® should be used.

Confocal imaging of the peripheral nodule can 
be performed at either 488 nm (autofluorescence) 
or 660 nm after distal deposition of a few microli-
ter of methylene blue for cellular imaging.

Recently, Arenberg et al. made use of pCLE at 
488 nm to explore peripheral lung nodule in 39 
patients from two centers [38]. Three investiga-
tors with different pCLE experiences met to 
develop descriptive criteria through a consensus 
review of five teaching and five training cases. 
Twenty-nine randomized pCLE sequences of 
lung nodules were secondly blindly reviewed and 
scored. The more reliable criteria for lung cancer 
diagnostic were the “solid” or “compact” pattern 
(Fig. 15.4). Interobserver agreement for this item 
was moderate (0.54). Using this single item, the 

sensitivities of detection of cancer are 70%, 70%, 
and 80% for the three observers, with specifici-
ties of 58%, 58%, and 74%, respectively. Future 
studies will assess the technique as an aid to 
localize the peripheral nodule and to differentiate 
benign from cancerous lesion.

Besides autofluorescence solid pattern at 
488 nm, we have shown that topical methylene 
blue/660  nm pCLE makes it possible to image 
the cellular organization of peripheral lung nod-
ules [14] and to differentiate small cell lung can-
cers from the other histological type (Fig. 15.4). 
Again, more studies are needed to determine if 
the technique has a place in the clinical assess-
ment of peripheral nodules.

�Conclusion

Confocal fluorescence endomicroscopy is an 
emerging fascinating technique that allows 
optical microimaging of both the proximal 
and distal bronchial tree. Potential applica-
tions for lung cancer diagnosis include the 
exploration of both basement membrane alter-
ation and epithelial layer of the proximal air-
ways, as well as peripheral nodule assessment. 
Until now, pCLE only used endogenous auto-
fluorescence or simple fluorescent contrast 
agents. In the future, the use of fluorescent 
molecular compounds will make it possible to 
extend applications of the technique. Pilot 
studies exploring this strategy have recently 
been published, which provided specific con-
focal imaging of molecular probes in precan-
cerous conditions of the oral cavity ex  vivo 
[39] and of colonic dysplasia in vivo [40] and 
even invasive fungal diseases [41]. Coupled to 
FCFM, molecular imaging may help in the 
future to enable early diagnosis, rapid typing 
of molecular markers, and assessment of ther-
apeutic outcome in many lung diseases.
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