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In vivo endoscopic microscopy aims to provide the clinician with a tool to assess architecture and morphology
of a living tissue in real time, with an optical resolution similar to standard histopathology. To date, available
microendoscopic devices use the principle of fluorescence confocal microscopy, and thereby mainly analyse the
spatial distribution of specific endogenous or exogenous fluorophores. Fluorescence microendoscopes devoted
to respiratory system exploration use a bundle of optical fibres, introduced into the working channel of the bron-
choscope. This miniprobe can be applied in vivo onto the bronchial inner surface or advanced into a distal bron-
chiole down to the acinus, to produce in situ, in vivo microscopic imaging of the respiratory tract in real time.

Fluorescence confocal microendoscopy has the capability to image the epithelial and subepithelial layers of the pro-
ximal bronchial tree, as well as the more distal parts of the lungs, from the terminal bronchioles down to the alveolar
ducts and sacs. Potential applications include in vivo microscopic assessment of early bronchial cancers, bronchial
wall remodelling evaluation and diffuse peripheral lung disease exploration, as well as in vivo diagnosis of peripheral
lung nodules. The technique has also the potential to be coupled with fluorescence molecular imaging. This chapter de-
scribes the capabilities and possible limitations of confocal microendoscopy for proximal and distal lung exploration.

Key words: bronchoscopy, confocal microscopy, in vivo microimaging, precancerous conditions,
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With recent advances in computer and optics engi- resolutions [9, 10], resulting in the imaging of a thin
neering, diagnostic endoscopy of the respiratory tract slice of a sample. The principle of confocal microscopy
has now entered the era of microscopic imaging [1, 2]. relies on both the use of a narrow point source on the
Currently available microendoscopic devices use the illumination path and of a small aperture or pinhole on
principle of confocal fluorescence microscopy, where the light detection path. According to this principle, a
the microscope objective is replaced by optical fibres, laser source (the point source) focuses on a single spot
which conduct both the excitation light to the tissue and  in the sample and the light emitted from this focal point
the tissue fluorescence back from the fibre tip. Such sys-  is imaged through the pinhole onto a detector. This re-
tems analyse the spatial distribution of specific tissue  sults in the rejection of out-of-focus information from
fluorophores, or alternatively exogenous fluorophores, the material above and below a very thin plane of focus.
at the interface with the distal part of the optics. Over  The illumination and detection systems being conjuga-
the last 5 yrs, fluorescence confocal microendoscopy ted on the same focal plane are termed “confocal”. In
has been successfully applied to the in vivo explorations  order to obtain a two-dimensional image within the tis-
of the gastric and colonic mucosae, the biliary tract [3—  sue, confocal microscopes must scan the sample in both
6] and, more recently, to the microscopic imaging of the  lateral dimensions.
proximal and distal respiratory systems [7, §8]. Respiratory confocal microendoscopes differ from

Translating confocal microscopy into the clinic for  the first confocal fluorescence endoscopes used for gas-
endomicroscopic explorations is the subject of signifi- tro-intestinal (GI) imaging by the technical approach
cant scientific efforts [9, 10], which recently ended in  used to scan the tissue. The Optiscan®/Pentax endo-
the availability of commercial systems for both ani- microscope used for GI system exploration [15] uses a
mal [11-13] and human in vivo explorations [5, 7, 8§, small scanhead (4.5 cm long, 3.5 mm diameter) that is
14]. To take into account the problem of both the small  included in the distal end of the endoscope. Optiscan®
size and relative inaccessibility of the human respirato-  endomicroscopic images from the GI tract appear very
ry system, respiratory endomicroscopic systems use the  close to conventional histology, with a lateral resoluti-
principle of fibred confocal fluorescence microscopy on below 1 pm and optical slices of 7 um for a field of
(FCFM) or catheter-based confocal microscopy. view 0f 475 x 475 pm. Two drawbacks explain why this

system is not yet available for respiratory tract imaging.
First, because of the added sizes of the distal scanhead,
PRINCIPLES OF FCFM working channel, conventional light guide and CCD

Confocal microscopy allows in vivo optical sectio- camera, the diameter of the distal tip of the endoscope

ning of cells and tissue with enhanced lateral and axial is currently larger than 12 mm, a size barely compatib-
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le with the exploration of the human trachea and large
main bronchi. Secondly, the miniaturisation of the di-
stal scanhead results in scanning rates of 1 frame-s”,
which needs a very efficient stabilisation system of the
distal tip of the endoscope onto the mucosae, in order
to produce crisp microscopic images of the epithelium.

To date, the only commercially available confocal
endomicroscope for respiratory explorations (Cellvizio®,
Mauna Kea Technologies, Paris, France), which also
allows GI explorations, uses the principle of proximal
scanning, in which the illumination light scans the pro-
ximal part of a coherent fibre bundle or miniprobe. This
bundle conducts the light back and forth from the imaged
area at the tip of the miniprobe. The light delivery, scan-
ning, spectral filtering and imaging systems are located
at the proximal part of the device, the distal part being a
separate miniprobe, including both the fibre bundle and
its connector to the laser scanning unit (fig. 1).

This fibre bundle based system, also described
as FCFM, uses very thin and flexible miniprobes
(300 um—2 mm in diameter) that can contain up to
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30,000 compacted microfibres. Similar to conventional
confocal microscopes, FCFM uses two rapidly moving
mirrors to scan the microfibres across the coherent fibre
bundle in a raster fashion. Each microfibre, scanned one
at a time by the laser light, acts as a light delivery and
collection system and is, in essence, its own pinhole.
The main advantages of this design is the very small
size of the probe that can reach the more distal part of
the lungs, as well as the fast image collection speed that
helps to avoid artefacts due to tissue movement.
Specific miniprobes for bronchial and alveolar ima-
ging have a diameter of 1 mm, twice the size of an alve-
olar duct (fig. 1). These miniprobes can enter the 2-mm
working channel of adult bronchoscopes and reach any
part of the lungs except the apical and posterior seg-
ments of both upper lobes, due to the relative stiffness
of the probe's distal part (fig. 2) [8]. Respiratory mini-
probes are devoid of distal optics and have a depth of
focus of 0—50 pm, a lateral resolution of 3 um for a field
of view of 600 X 600 pm. The system produces endomi-
croscopic imaging in real time at 9—12 frames-'s™'.
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Fig. 1. — a) Schematic diagram of a fibred confocal fluorescence microscope (Cellvizio®, Mauna Kea Technologies, Paris,
France), and relative sizes of the 1.4-mm Alveoflex® miniprobe tip and the b) bronchiolar and ¢) alveolar structures. The white
bar corresponds to the diameter of the fibre bundle and field of view (600 um). Reproduced from [8]
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Fig. 2. — Cellvizio® systems and specifically designed miniprobes for lung exploration (Mauna Kea Technologies, Paris,
France). a) Cellvizio® device, b) Alveoflex® miniprobe entering the bronchoscope working channel, ¢) 660 nm red light pro-
duced by the Cellvizio® 660 device, and d) 488 nm blue light produced by the Cellvizio® lung device

Two different wavelengths are available (fig. 2). The
Cellvizio® 488 nm is used for autofluorescence imaging
of'the respiratory tract as well as for fluorescein-induced
imaging of the GI tract [6—8]. Another device at 660 nm
excitation can be used for epithelial cell imaging after
topical application of exogenous fluorophores such as
methylene blue [16-18].

The main limitations of the system are related to its
maximal imaging capabilities (30,000 pixels), which
restrict the lateral resolution to the fibre intercore di-
stance (3 um), and the fact that the focus point of the
system cannot be adjusted. Interpretation of the data
also relies on the fluorescence properties of the imaged
tissue.

HUMAN IN VIVO CONFOCAL
MICROIMAGING OF THE NORMAL LUNG
USING FCFM

Early ex vivo experiments using fresh adult human
lung samples have demonstrated that, at 488 nm excita-
tion wavelength, FCFM produces a thin fibre network
imaging, corresponding to the connective tissue auto-
fluorescence of the lungs (fig. 3). This made it possib-
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le to conduct in vivo microscopic explorations during
bronchoscopy in humans, from the proximal bronchi-
al tree down to the most distal acinar structures of the
lung.

Nature of the autofluorescence bronchial
and alveolar signals

Fluorescence properties of the bronchial mucosae
at 488 nm excitation are determined by the concentra-
tion of various cellular and extracellular fluorophores,
including the intracellular flavins, that could origina-
te from the epithelial cells, and specific crosslinks of
collagens and elastin present in the subepithelial are-
as [10, 19, 20]. Microspectrometer experiments cou-
pled with FCFM imaging have clearly demonstrated
that the main fluorescence signal emitted after 488 nm
excitation from both the bronchial and alveolar human
system originates from the elastin component of the tis-
sue (fig. 4) [7, 8, 21]. In contrast, the collagen fluore-
scence does not seem to significantly affect the FCFM
image produced at 488 nm, the fluorescence yield of
collagen at this wavelength being at least one order of
magnitude smaller than that of elastin. Along the same
lines, flavin cellular autofluorescence appears too weak
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Fig. 3. — Ex vivo confocal imaging of bronchial and lung biopsies. a and b) Confocal fluorescence and reflectance imaging
of fresh bronchial tissue. a) Autofluorescence images of submucosa ~25-30 um below surface, 437 nm illumination. b) Cell
nuclei reflectance and fluorescence images superimposed. ¢ and d) Extra-alveolar vessel and adjacent alveolar walls, fixed
lung section. ¢) Conventional histology and d) corresponding fibred confocal fluorescence microscopy (FCFM) imaging (au-
tofluorescence, 488 nm illumination). e and f) Ex vivo FCFM imaging offresh parenchymal lung tissue section (488 nm illu-
mination). e) Autofluorescence, lung elastic network and alveolar mouth imaging. f) FCFM imaging after topical application
of acriflavin onto the lung section. FCFM shows fluorescent acriflavin-stained nuclei from pneumocytes, in addition to the
elastin framework of the alveolar duct. Scale bars: a) 10 um; d—f) 50 um. a and b) Courtesy of C. MacAuley, British Columbia
Cancer Research Centre, Vancouver, BC, Canada; ¢ and d) reproduced from [8]; ¢ and f) L. Thiberville, Rouen University
Hospital, Rouen, France
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Fig. 4. — Nature of the fibred confocal fluorescence microscopy signal (autofluorescence, 488 nm illumination) in proximal
bronchi and alveoli, in both smokers and nonsmoking subjects, as deduced from in vivo spectrometry experiments. a) Typical
normalised autofluorescence spectra of healthy bronchial mucosa (orange), elastin powder (pale blue) and collagen (purple)
excited at 488 nm. b) Autofluorescence spectra of healthy bronchial mucosa (orange), carcinoma in sifu (dark blue) and
Mounier Kiihn syndrome (brown) at 488 nm excitation. Autofluorescence emission spectra of alveolar systems from c) non-
smokers (red) and d) healthy smokers (green, pink, yellow), during in vivo alveoscopy. ¢ and d) Pale blue: elastin powder.
d) Black: smoked cigarette. AU: arbitrary units. a and b) Reproduced from [7], with permission from the publisher; ¢ and

d) reproduced from [8]

to allow imaging of the epithelial layer using 488 nm
FCFM [22].

FCFM devices using shorter wavelength may produ-
ce slightly different imaging of the bronchial wall con-
nective tissue (fig. 3). However, imaging the epithelial
layer on top of the basement membrane network needs
another approach, the accessible way being currently
the use of an exogenous fluorescent dye [18, 23]. In the
future, devices based on multiple wavelengths [24], the
adjunction of a reflectance device [10] or a multiphoton
approach [9] may enable imaging of collagen, elastin
and flavins simultaneously.

As a result, 488 nm excitation FCFM specifically
images the elastin respiratory network that is contained
in the basement membrane of the proximal airways and
participates in the axial backbone of the peripheral in-
terstitial respiratory system.

In vivo autofluorescence microimaging
of the proximal bronchial wall

FCFM can easily be performed during a fibreoptic
bronchoscopy under local anaesthesia [7, 8]. The tech-
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nique of in vivo bronchial FCFM imaging is simple: the
miniprobe is introduced into the 2-mm working chan-
nel of the bronchoscope and the probe tip applied onto
the bronchial mucosae under sight control. The depth of
focus being 50 um below the contact surface, the sys-
tem can image the first layers of the bronchial subepi-
thelial connective tissue, presumably the lamina densa
and the lamina reticularis [7].

At 488 nm excitation, FCFM produces very pre-
cise microscopic fluorescent images of the bronchial
basement membrane zone. As seen in figure 5, in vivo
FCFM bronchial microimaging reveals a mat of large
fibres mainly oriented along the longitudinal axis of the
airways with crosslinked smaller fibres, as well as lar-
ger openings (100-200 pm) corresponding to the bron-
chial gland origins. /n vivo, the technique also makes
it possible to record high-resolution images of small
airways such as terminal bronchioles, which are re-
cognisable by the presence of the helicoidal imprint of
the smooth muscle on the inner part of the bronchiole
(fig. 5) [7].

Application of the FCFM imaging system for the
exploration of proximal bronchial diseases is still at its
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Fig. 5. — In vivo fibred confocal fluorescence microscopy imaging of human bronchi and bronchioles. a) Proximal bronchus,
opening of a bronchial gland (#). b) Main bronchus, elastic fibred network oriented along the longitudinal axis of the airways.
c) Distal bronchiole showing helicoidal imprints of smooth muscles (arrow). d) Transitional bronchiole showing an alveolar

bud (arrowhead). Scale bars: 50 um

beginning, with early results being published on bron-
chial wall remodelling in benign [7] and preinvasive
bronchial lesions [7, 18].

In vivo assessment of bronchial wall
remodelling

FCFM imaging of the bronchial wall microstructure
underlying premalignant epithelia is significantly mo-
dified [7]. In these precancerous conditions, the elas-
tic fibred pattern of the lamina reticularis disappears in
most cases, while appearing disorganised in about one-
third of the lesions, supporting the hypothesis of an ear-
ly degradation of the basement membrane components
in preinvasive bronchial lesions (fig. 6) [7]. Whether
early remodelling of the lamina reticularis is associated
with specific outcomes of the lesions should be further
explored.

However, while this observation shed some light
on the origin of the autofluorescence defect in precan-
cerous bronchial lesions, the absence of epithelial cell
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visualisation in this study did not allow the technique
to differentiate between the different grades of pro-
gression of the precancerous bronchial lesions such as
metaplasia/dysplasia/ carcinoma in situ (see section on
FCFM assessment of the bronchial epithelial cell layer,
and figure 6).

Besides the study of the premalignant bronchial wall
alterations, the application of FCFM could be extended
to the field of nonmalignant bronchial diseases. In one
study, a complete disappearance of the bronchial wall
fibred connective network was observed in a tracheo-
megaly syndrome, a pathological condition related to
a defect in elastic component of the bronchial wall [7].
The same study also observed a remarkable FCFM as-
pect in a case of sarcoidosis, corresponding to subepi-
thelial granuloma upon bronchial sampling. Whereas
still limited, these observations indicate that per endo-
scopic FCFM could be used to study specific basement
membrane remodelling alterations such as in chronic
bronchial inflammations, asthma and chronic obstructi-
ve pulmonary disease.
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Fig. 6. — Epithelial and subepithelial confocal microendoscopy imaging of normal and precancerous lesions. a) Normal elastic
fibred network of the basement membrane zone. b) Disorganised basement membrane zone elastic network at the vicinity
of a bronchial carcinoma in situ (CIS). c) Regular normal bronchial epithelium and d) CIS. a and b) Images taken at 488 nm
excitation without exogenous fluorophore (Cellvizio® 488). Under these conditions, only the elastin of the basement membra-
ne is detectable and imaged. ¢ and d) Taken at 660 nm excitation using topical methylene blue (0.1%), in order to image the
epithelial layer (Cellvizio® 660). All images were recorded in vivo during bronchoscopy, but with two different laser scanning
units (Cellvizio® 488 and 660; Mauna Kea Technologies, Paris, France). Scale bars: a, ¢, d) 50 wm; b) 40 um. Source: L. Thi-

berville, Rouen University Hospital, Rouen, France

FCFM ASSESSMENT OF THE BRONCHIAL
EPITHELIAL CELL LAYER

In order to be successfully applied to the explorati-
on of precancerous/cancerous bronchial epithelium, the
FCFM technique would need to be coupled with the use
of an exogenous nontoxic fluorophore. Ex vivo studies
have shown that the resolution of the system is not a
limitation for nuclear or cellular imaging [7, 8]. Exo-
genous fluorophores that could be activated at 488 nm,
such as acriflavin (a putative mutagen agent) or fluore-
scein solution, which does not stain the nuclei [25], are
not approved for intrabronchial use. Recently, Lane et
al. [23] have used a confocal microendoscope prototy-
pe at 488 nm excitation and topical physiological pH
cresyl violet to provide cellular contrast in the bronchi-
al epithelium both in vitro and in vivo.
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Methylene blue is a nontoxic agent which is commonly
used during bronchoscopy for the diagnostic of broncho-
pleural fistulae. It is also used in gastroenterology for chro-
mo-endoscopic detection of precancerous lesions [26-28],
as well as for in vivo microscopic examination of the GI
tract and bronchus using a novel endocytoscopic system
[29, 30]. Methylene blue is a potent fluorophore that enters
the nuclei and reversibly binds to the DNA, before being
reabsorbed by the lymphatics. In order to give a fluore-
scent signal, methylene blue needs to be excited around
660 nm, and is therefore accessible to FCFM intravital
imaging using this excitation wavelength.

Preliminary study has demonstrated that Cellvizio®
660/topical methylene blue makes it possible to repro-
ducibly image the epithelial layer of the main bronchi
(fig. 6) [18]. Future studies using this technique could
make it possible to differentiate normal, premalignant
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and malignant alterations at the microscopic level
in vivo. If this strategy is successful, FCFM may be-
come a very powerful technique for in vivo diagnosis
of early malignant and premalignant conditions of the
bronchial tree, allowing the analysis of both the epithe-
lial and subepithelial layers during the same procedure.

DISTAL AND TRANSITIONAL BRONCHIAL
IMAGING

When progressing towards the more distal parts of
the bronchial tree, small noncartilaginous bronchioles
are easily recognisable because of the helicoidal imprint
of the smooth muscles on the bronchiolar walls (fig. 5).
However, the orthogonal branching and the small ca-
libre of the terminal and respiratory bronchioles in
humans compared with the probe size implies that the
progression of the probe towards the acinus regularly
bypasses the transitional respiratory bronchioles. While
FCFM images of alveolar buds in respiratory bronchio-

les could be observed casually (fig. 5) [8], FCFM study
of the distal membranous and respiratory bronchioles
appears difficult, unless thinner probes, currently devo-
ted to experimental animal imaging, become clinically
available in the future [13].

FCFM IMAGING OF THE ACINUS
AND PERIPHERAL CONNECTIVE TISSUE
NETWORK

Earlier work has demonstrated that elastin repre-
sents up to 50% of the peripheral lung connective tissue
fibres [31]. Following the first work on the proximal
bronchi, FCFM rapidly appeared to be able to image
the elastic framework of the distal lung as well [8].
In the acinus, elastin is present in the axial backbone
of the alveolar ducts and alveolar entrances, as well as
in the external sheath of the extra-alveolar microves-
sels [32, 33], explaining the nature of the intra-acinar
FCFM imaging (figs 3 and 7).

Fig. 7. — In vivo fibred confocal fluorescence microscopy (FCFM) imaging during alveoscopy, 488 nm illumination. a and
¢) Nonsmoking subject. Elastin framework of a) an alveolar mouth (diameter 267.7 um (double arrow)) and c) extra-alveolar
microvessel (arrow). b and d) FCFM imaging of smoker alveoli, showing alveolar walls, edge of an alveolar duct (arrows) and

alveolar macrophages. Scale bars: 50 um
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For distal lung microimaging, the use of a small
bronchoscope with a 2-mm working channel appears
useful in order to more efficiently orientate the pro-
bes into the regions of interest. The FCFM miniprobe
is then gently advanced into the distal bronchiole until
the alveolar system is observed. During the procedu-
re, several acinar areas can be successively explored by
selecting different bronchioles, with real-time imaging.
Once the alveoli are reached, the probe is slightly pulled
back until the contact is lost, to ensure that the probe
compression effect onto the alveolar system is minimal.

Experience of in vivo FCFM alveolar imaging has
demonstrated that the technique is very well tolerated
under topical anaesthesia in spontaneously breathing
awake subjects. Due to the lack of pain receptors in
the bronchial tree down to the subpleural level, the pe-
netration of the miniprobe into the pulmonary lobule
through the distal bronchiolar wall is painless [8]. In
addition, acinar imaging is not associated with signi-
ficant bleeding in the proximal airways, in contrast to
what is usually observed with transbronchial biopsy
sampling. This is explained by the low pressure in the
alveolar capillaries that could be altered during the pro-
gression of the probe, as well as by the smooth design
of the probe tip that can displace the extra-alveolar mi-
crovessels without damage. No pleural complication
occurred in our experience in more than 150 patients
and healthy volunteers, despite multiple lung segment
imaging during the endoscopy, when the system is used
in awake, spontaneously breathing subjects.

ACINAR FCFM IMAGING IN NONSMOKING
SUBJECTS

Acinar imaging is easily obtained by pushing for-
ward the probe a few centimetres after the endoscope
is distally blocked into a subsegmental bronchus. Due
to the respective sizes of the probe tip and of the distal

bronchiolar structures, the entry into the alveolar space
is obtained by penetration through the thin wall of a
small distal bronchiole.

In nonsmokers, FCFM mainly produces images of
the elastic fibres that encircle the alveolar openings,
reinforce the virtual wall ofthe alveolar ducts and sur-
round the extra-alveolar microvessels (fig. 7).

The in vivo aspects of this distal elastic framework
may vary depending on the angle of penetration of the
probe into the alveolar unit. A direct view down the axis
of the duct or an oblique view could be commonly ob-
tained, from which the “helical” or “looped” shape of
the duct's elastic structure could be easily recognised
(fig. 7) [8].

The reproducibility of the technique has been de-
monstrated in a series of healthy volunteers, where
alveolar opening sizes measured from in vivo imaging
were found normally distributed with mean values
(around 275 um) close to what is observed using com-
plex stereological methods in vitro [32, 33], with thick-
ness of the elastic fibres being 10 £ 2.7 um (table 1
and fig. 8) [8]. In the published series, smaller alveolar
mouths were observed in the right upper lobe and pa-
racardiac segments, presumably in relation to the lower
ventilation of these segments in supine position [8].
The technique also enables precise measurements of
the extra-alveolar lobular microvessels.

Interestingly, significant variation in the intensity of
the autofluorescence signal could be observed between
the subjects, the oldest individuals presenting the stron-
gest signal, indicating structural modifications of lung
elastin crosslinks in relation to ageing.

ACINAR AND ALVEOLAR IMAGING
IN ACTIVE SMOKERS

Alveolar fluorescence imaging in active smo-
kers dramatically differs from imaging in nonsmo-

Table 1
In vivo alveolar endoscopy in smoking and nonsmoking healthy volunteers
Smokers Nonsmokers All subjects
Subjects 17 24 41
Age yrs 37+16 46+ 13 42 £+ 15 (range 21-62)
Duration of alveolar procedure min 14+6 10+3 11+5
Alveolar mouth diameter pm 274 £52 283 + 54 278 £53
Measurements 149 125 274
Elastic fibre thickness um 9.70 £ 3.0 10.38 £2.34 10.05+2.71
Measurements 445 464 909
Microvessel diameter um 95 +47 89 £ 56 90 + 50
Measurements 79 171 250
Subjects with alveolar fluorescent macrophages 16 1% 17
Alveoli with fluorescent macrophages/total alveoli 77/85" 1/107* 78/192

Data are presented as n or mean + SD, with the exception of microvessel diameter, which is presented as median +
interquartile range. *: p < 0.0001, Chi-squared test. Adapted from [8].
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Fig. 8. — In vivo intra-acinar morphometric and cellular assessment using fibred confocal fluorescence microscopy. a and
¢) Distribution of alveolar mouth and extra-alveolar microvessel diameters in a series of healthy volunteers explored with
alveoscopy. b and d) /n vivo assessment of alveolar macrophage size and mobility according to tobacco exposure. b) Large
macrophages were >30 um. r = 0.77, p < 0.0002. d) IM: immobile macrophages; MM: mobile macrophages. p < 0.0001.

Modified from [8]

kers (fig. 7). The alveolar areas of smokers are usually
filled with highly fluorescent cells corresponding to al-
veolar fluorescent macrophages, the presence of which
appears very specific to active smoking. Using FCFM,
morphological markers of alveolar macrophage activa-
tion such as size, number and mobility can be assessed,
which appear highly correlatedwiththeamountofciga-
rettessmokedper day (fig. 8) [8].

The alveolar autofluorescence intensity appears signi-
ficantly higher in active smokers compared with nonsmo-
kers, in relation to the intensity of the macrophage alve-
olitis. /n situ alveolar microspectrometric measurements
have been performed in active smokers, which showed
that the main fluorophore contributing to the FCFM alve-
olar signal corresponds to the tobacco tar by itself, exp-
laining this difference (fig. 4) [8, 21]. Due to this specific
contrast imaging in smokers, details of the alveolar and
ductal surface could often be obtained (fig. 7).

POTENTIAL APPLICATIONS AND POSSIBLE
LIMITATIONS OF FCFM FOR DISTAL LUNG
IMAGING

The broncho-alveoscopy procedure is the first tech-
nique that makes it possible to obtain real-time, high-
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resolution, microstructural images of lobular and al-
veolar lung structures in living humans. As such, the
technique appears to have a great potential for in vivo,
minimally invasive exploration of the distal lung. For
distal lung imaging, the technique could also be coupled
with modern techniques of distal structure localisation
and sampling, such as with electromagnetic navigation
or miniprobe-based radial endobronchial ultrasound.
FCFM clinical applications with the greatest potential
are the assessment of diffuse peripheral lung diseases
and in vivo diagnosis of peripheral lung nodules [17].
Typical alterations of the elastic framework in a case
of idiopathic pulmonary fibrosis and cellular imaging
of a peripheral adenocarcinoma are shown in figure 9.
Whereas preliminary FCFM results in both these di-
rections appear very encouraging, potential difficulties
of the technique should be underlined. These difficul-
ties are mainly related to the interpretation of the FCFM
images and standardisation of the alveolar imaging.
Altered FCFM images of the acinar elastic network
may be encountered in normal human lung, related to
the compression and alterations of the fragile acinar
framework during the progression of the probe. This is
due to the mode of penetration of the probe into the aci-
nus, which supposes the disruption of bronchiolar and



PEFEHEPATVBHAS MEAVLMHA I KAETOYHBIE TEXHOAOTUN

Fig. 9. — Fibred confocal fluorescence microscopy (FCFM) imaging of the peripheral lung. a and b) Idiopathic pulmonary
fibrosis. ¢ and d) Peripheral lung nodule: adenocarcinoma. a and c¢) Chest computed tomography scan. b) Distal FCFM ima-
ging in the lingula (LB5a) (autofluorescence FCFM at 488 nm). d) FCFM imaging of the peripheral nodule represented in (c).
The confocal miniprobe has been introduced in the nodule using radial endobronchial ultrasound through the external sheath,
before sampling (topical methylene blue and 660 nm FCFM). Scale bars: 50 um

alveolar walls, followed by a compression effect on the
more resistant ductal structures. Minimal imaging dis-
tortion is observed when the probe is applied on the axis
of the duct, resulting in the visualisation of more details
in the background planes than theoretically allowed by
the 50 pm depth of focus of the system [13]. This com-
pression effect may be difficult to control in vivo. In our
hands, the more reproducible results are obtained by
gently pulling back the probe once the alveolar imaging
is obtained and analysing the last images before the
contact is lost. Therefore, future studies should include
a standardisation of the endoscopic technique.
Conversely, FCFM exclusively records the signal
coming from fluorescent structures in response to ap-
propriate excitation wavelengths. In this regard, in its
autofluorescence mode (i.e. without the use of exoge-
nous fluorophore), in vivo FCFM in nonsmokers only
images the elastin of the peripheral and axial connec-
tive tissues. Data from the literature indicate that such
information might be helpful for the exploration of
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several peripheral lung diseases [34—36]. However, as
the confocal fluorescence imaging of the distal lung is
likely to appear very different from the corresponding
histopathology, the semiology of the FCFM elastin lung
network imaging will have to be characterised in patho-
logical conditions. In this regard, in vivo comparative
studies on confocal alveolar imaging in patients with
peripheral lung diseases and healthy volunteers appear
mandatory, before the place of FCFM in the routine ex-
ploration of the peripheral lung can be appreciated.
Until now, confocal microendoscopy of the airways
has only used endogenous autofluorescence or simple
fluorescent contrast agents to visualise the in vivo cel-
lular and interstitial organisation of the airways and
distal lung parenchyma. In the future, using molecu-
lar contrast compounds, it will be possible to extend
the applications of the technique to the area of in vivo
molecular imaging. Pilot studies exploring this strate-
gy have recently been published that provided specific
confocal imaging of molecular probes in precancerous
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conditions of the oral cavity ex vivo [37] and of colo-
nic dysplasia in vivo [38]. Coupled to FCFM, molecular
imaging may help in the future to enable early diagno-
sis, rapid typing of molecular markers and assessment
of therapeutic outcome in many lung diseases.
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KOHPOKAAbHAAl MUKPOCKOIMUS IN VIVO:
OT MNPOKCUMAABHbIX BPOHXOB
K AAbBEOAAPHOMY AEPEBY AETKUX

Tubepsunns J1."?, Canayn M."?, Bype-Xexnu Jinc.’

" KAMHWKQ PYQHCKOrO YHMBEPCHUTETA
ZLITIS EA 4108 (rpynna Quant-IF), doakyAbTET MeAULIMHBI M DAPMAKOAOTUMK, PyaH
3 UMR CNRS 7033, BioMoCelTi, YHusepcurteT Mbepa 1 Mapmm Kiopwm — Paris 6, France

B ycnoBusix in vivo sHIOCKOIMYECKass MUKPOCKOIHS HalpaBlieHa Ha TO, YTOOBI MPEI0CTaBUTh Bpauy CPEICTBO
JUISL OLIEHKH apXUTEKTYPhl U MOP(OJIOTHHU KUBBIX TKaHEH B pEXKUME PealbHOr0 BPEMEHH, 00ECIIEYHB IIPH STOM
ONTUYECKOE pa3pelleHne, CXOMHOE C pa3pelIeHUeM IIPU CTaHAAPTHOM TMCTONATOIOTUYECKOM HCCIEIOBAHUU.
Ha cerognsimamii 1eHb AOCTYIHbBIE MHUKPOIHIOCKOIMYECKUE YCTPOMCTBA UCTIONB3YIOT MPHHIUI (IIyOpECIIeH-
THOW KOH()OKaJIbHOW MHKPOCKOIIMU U BCIICACTBUE 3TOTO B OCHOBHOM BBIMOJHSIOT aHAIN3 MPOCTPAHCTBEHHOTO
pacrmpeneneHus crequuIecKix YHIOTSHHBIX WA 9K30TeHHbBIX (ryopodopoB. DiryopeciieHTHBIE MUKPOIHIOC-
KOIIBI, IIPEJHA3HAYECHHBIE JIJISI UCCIIEJOBAHMS bIXaTEIIbHON CUCTEMBI, HCIIOJIB3YIOT ITy4YOK ONTOBOJIOKOH, KOTO-
PpBIN BBOIUTCS B paboumii KaHan OpoHXocKkomna. Takoi MUHU-30H MOXKET IIPUMEHSTHCS B YCIOBUSAX i1 ViVo IS
HCCIIe/IOBaHUsI BHYTPEHHEH MOBEPXHOCTH OPOHXOB MJIM IIPOIBUIAThCS B AUCTANIbHbIC OPOHXMOJIBL, BIUIOTH [0
alMHyca, YTOObI B YCIIOBUSAX i Sifu, in Vivo BBIIIOJHUTh MUKPOCKOIIMYECKYI0 BU3YAJIH3ALMIO AbIXaTeIbHBIX ITy-
Tell B pexuMe peanbHOro BpeMeHu. diryopecreHTHas KOHPOKaIbHasi MUKPO3HIO0CKOIMS AaeT BO3MOKHOCTh BU-
3yaJu3aluy SMUTEIHAIbHBIX U CyOSIHUTENINANbHBIX CJIOEB IIPOKCHUMANIBHBIX OTAEJIOB OPOHXHAIBHOIO JepeBa, a
TAKXe AUCTAIBHBIX OTJEIIOB JIETKUX, OT KOHEYHBIX OPOHXHOJI 10 JIbBEOJISIPHBIX IPOTOKOB U anbBeol. [lorennu-
aJIbHBIE 00JIACTH NPUMEHEHHSI BKIIIOYAIOT B Ce0s1 MUKPOCKONIMYECKYIO OLCHKY B YCIOBUSIX i1 ViVO PAHHUX CTAIUN
paka OpOHXOB, OLIEHKY PEMOJCIHPOBAHMS OpPOHXHMAJIBHOM CTEHKH W HccienoBanus And(y3HbIX 3a00IeBaHUMI
nepudepruuecKux OTAEIOB JETKUX, a TAKKE TUATHOCTHKH i1 Vivo Y3€TIKOBBIX 00pa3oBaHHUi B MepU(epUIECKUX
oThenax Jerkux. JJaHHbIl MEeToJ] TakKe MMEET NOTEHIIMAIbHYI0 BO3MOKHOCTh COBMECTHOT'O MCIIOJIB30BaHUS C
(ryopeclieHTHOI MOJIEKYISIpHON BU3yaau3anuei. B aToii craThe onmucanbl BO3SMOKHOCTH U BEPOSITHBIE OTPaHH-
YeHHs KOH(POKATHHONH MUKPOIH/IOCKOIINH IS NCCIIEAOBAHUS MPOKCUMABHBIX M TUCTAIBHBIX OT/IEIOB JIETKUX.

Knrouesvie cnosa: 6ponxockonus, Konpoxanvhas MUKpOCKONUS, MUKPOGU3YAIU3AYUsL in Vivo, npeopaxosvie
COCMOSIHUSL, KOHPOKANLHAS NA3EPHASL IHOOMUKPOCKONUS ¢ NPUMEHEHUEM 30HO08, ANbBeONbl J1eCKUX.

B Hacrosiiee Bpemst Onarogapst HOCIEIHUM JIOCTH-  SHIOMHKPOCKONMYECCKHX HCCICIOBAHUN in Vivo SIBIISI-
JKEHUSIM B 00JIACTH ONTHUKU M KOMITBFOTEPHOM TEXHUKH  €TCSI U'TOTOM OOJIBIIION HAay4YHO-MCCIISI0BATEIbCKOM pa-
JIMarTHOCTUYECKasl AHAOCKOMMS AbIXaTeNbHbIX IyTedl  060ThI [9, 10], KoTOpas HeIaBHO 3aBEPIINIACH BBIITYCKOM
BCTYyNIMJIAa B 3MOXYy MHUKPOCKOMMYECKHX H300payke- KOMMEPYECKHX CUCTEM. DTH CUCTEMBbI MIPeIHa3HAYCHBI
Huii [1, 2]. JlocTymHbIe HA TEKYIIHI MOMEHT MUKPO- IS UCCIICIOBAHUS JICTKUX KakK KUBOTHBIX [11-13], Tak
SHJIOCKOTTMYECKHUE YCTPOMCTBA UCIOAB3YIOT MPUHLIUN U 4enoBeka [S5, 7, 8, 14]. YuuteBas mpoOieMsl, CBS-
KOH(OKAIIBHOHN (PIIyOpeCcIIeHTHONH MUKPOCKOIIUH, B KO-  3aHHbIE C HEOOJBIIUMHU pa3MepaMy TEPMHUHAIBHBIX
TOPOM OOBEKTHB MHUKPOCKOIA 3aMEHEH ONTHYECKHM  OTAEJOB OPOHXHWAILHOTO JIepeBa 4YejIOBEKa M MX OT-
BOJIOKHOM, TIPOBOJSAIINM KaK BO30YXJAIOIHUN CBET HOCHUTEIBHOW TPYAHOMOCTYITHOCTBIO, B PECIHPATOp-
B TKaHU, TaK U (QIIyOPECICHIINIO TKAHEH OT IUCTalb-  HBIX JHIOMHUKPOCKOIMMYECKUX CHCTEMaX MPUMCHSIOT
HOTO KOHIIA ONTHYECKOTO BOJOKHAa 00paTHO. Takwe  ONTOBONIOKOHHYIO (IIyOpEeCHEeHTHYI0 KOH(OKAIBHYIO
CHCTEMBI Ha TPaHHIE ¢ AUCTATLHON 4YacThio onTuku Mukpockomuio (FCFM) mmm xoH(OKambHYI0 MHKPO-
AHAM3UPYIOT TIPOCTPAHCTBEHHOE pAaCIpeNelieHne CKOIUIO C UCIIOIb30BAHUEM KaTeTepa.

KOHKPETHBIX (QIyopoopoB B TKaHHU, WIH K€ DK30-
reHHbIX (prayopodopoB. 3a mocieaHue mATh JIeT qury-

OpecIieHTHasT KOH(POKaIbHAT MHUKPOIHIO0CKOTHS ObLTa MPUHLAMbI OnTO-B- OAOKOHHOﬁ -
YCIIEIIHO MPUMEHEHA ISl UCCIIEA0BAHUS N VIVO CIU- PAYOPECLLEHTHOU KOHPOKAALHOU

3UCTON O0OJIOUKM JKENIYJKa U TOJICTOTO KHIIICYHHKA, MUKPOCKONUK (FCFM)

JKETUYEBBIBOAIIUX MyTed [3—60] U, coBceM HEOaBHO, KondokanbHass MUKPOCKOITHUS TIO3BOJISET MOTyYaTh

JUISE TIOTMYYCHHUST MHUKPOCKONMUYECKHUX HW300paXKEHUH  in Vivo ONTHYECKOe N300pa’keHHe KIETOK M TKaHeH C

MIPOKCUMAJILHBIX M JUCTAJIbHBIX OTJCIIOB OpPOHXHAIb-  IOBBIIICHHBIM OOKOBBIM M OCEBBIM pa3permieHuem [9,

HoToO AepeBa [7, §8]. 10], B pesynbprare 4ero MPOUCXOAUT BU3yaJIH3AIIHS
B03MOXXHOCTB HCIONB30BaHUs KOH(DOKAILHONW MUK-  TOHKHX «cpe3oB» obOpasna. [IpuHumn koH(poxaibHOM

POCKOIIMH B KIIMHUYECKHUX YCIOBHSX JIJISl TIPOBENIEHUS] ~ MUKPOCKOIIMHM 3aKJIIOYAeTCsl B HCIOJB30BAaHUU IS
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OCBEIIEHMS] Y3KOrO TOYEYHOIO HCTOYHHMKA M MaJloi
quadparMbl WM OTBEPCTHS B TPAKTE YIIABIMBAHUS
cBera. JlasepHbIi HMCTOYHUK (TOYEYHBIH HCTOYHHK)
(dhokycupyeTcsl Ha OTHOW TOYKE 00pasIiia, U CBET, HC-
MyCKaeMblid B ATOH (hOKaNBbHOW TOYKE, MOIMajaeT Ha
¢doronpuemMHuk uyepe3 oTBepcTHe Auadparmel. Ilo-
3TOMY BCs HE(POKYCHas HH(POpPMAIHMS O CTPYKTypax
MCCIIeTyeMOoro 00pasia, KOTopasi HaXOIUTCS BBITIE U
HU)KE OYeHb TOHKOH (DOKYCHOM TIIOCKOCTH, HE BU3ya-
nu3upyercs. CucTemMbl OCBeIeHHs U (POTONPHEMHUKA,
KOTOPBIE SIBIITFOTCS CONPSKEHHBIME B OJTHOM U TOM %Ke
(hoKaTbHOH TUTOCKOCTH, HA3BIBAIOTCS «KOH(OKAITHHBI-
Mm». JlJig TOTO 4TOOBI MONYYUTh JBYMEpHBIE N300pa-
JKEHHsI TKaHel, KOH(OKaIbHBI MHKPOCKOI JIOJDKEH
CKaHMPOBATh 00Opaszel] B MONEPEYHOM M HPOJOIHHOM
HaTpaBIECHUSX.

Pecrimparopabie KOH(pOKATEHBIE MHUKPOIH/IOCKOIIBI
OTJIIMYAIOTCS] TEXHUYECKUM TOAXO0A0M K BU3yaJIH3aIlH
TKaHEH OT MEpBBIX KOH(OKAIBHBIX (IyOpPEeClEHTHBIX
9HJ/IOCKOITOB, KOTOPBIE HCIIONB30BAH I BU3yas3a-
IIUH KETYT0YHO-KHUIIIEYHOTO TpakTa. B sHmoMukpocko-
nax Optiscan®/Pentax, co3qaHHBIX ISl HCCIICIOBAHUS
JKETYIOUHO-KMIIEYHOW cucteMbl [15], HCHONb3yrOT
HEOOJBITYI0 CKAaHUPYIONTYIO TOJMOBKY (mmuHa 4,5 cwM,
nuamerp 3,5 MM), KOTOpyIO MPHCOEAMHSAIOT K AHC-
TaJIbHOMY KOHIlYy 9HAO0CKOMA. DHAOMHUKPOCKOIUYECKHE
M300pakeHUsT HKETYIOYHO-KUIIIEYHOTO TPaKTa, IONy-
YeHHBIE TIPU TTOMOIIM ycTpoiicTBa Optiscan®/Pentax, ¢
OOKOBBIM pa3pelieHreM MeHee | MKM U ONTHYECKUMHU
«cpe3amMmu» NTyOUHOM 7 MKM, OUY€Hb OJM3KH K TPaJHLIU-
OHHOH THCTONOTHH. PazMep 30HBI BU3yalIM3alluu IMIPH
3TOM cocTaBisieT 475 X 475 mkMm. Ota cucreMa UMeeT
JIBa HEJI0CTaTKa, KOTOPbIE HE TIO3BOJISIOT HCIIOIB30BATh
ee JUIsl BU3yaJlM3allud JAbIXaTelbHBIX MyTel. IlepBbiM
W3 HHUX SBJSIFOTCSI CIIMIIKOM OOJIBIITHE pa3Mephl CKaHU-
pyroIIeil TooBKH, pabodero KaHama, a TaKKe HCIIONb-
30BaHHe OOBIYHOTO cBeToBOro TpakTa u [13C-kamepsl.
B Hacrosiiiee Bpemst 1uamMeTp JTUCTaJIBHOIO KOHIA JH-
JTOCKOTIA COCTaBIsAET 12 MM, 4TO €/1Ba JIU COBMECTHMO
C TIPOBE/IEHNUEM MCCIIE0OBAHUS YEIOBEUECKON TPaxen 1
KPYITHBIX OCHOBHBIX OpOHXOB. BO-BTOPBIX, MUHHUATIO-
pU3anuUs CKaHUPYIOIIEH TOJOBKH MPHUBOAUT K YMEHb-
IICHHIO CKOPOCTH CKAaHUPOBAHHS JIO OJHOTO Kajpa B
cexkyHny. [losTomMy mmst momydeHus] YeTKHUX MHUKPOCKO-
MUYECKUX HM300paKeHHH SMHUTENHs TpeOyeTcs OueHb
TOYHAsl CUCTEMa CTa0MIM3alMHU TUCTaIbHOTO HAKOHEY-
HUKAa YHJIOCKOIIa Ha CIM3UCTON 000JI0UKe.

Ha ceropgHAmHW AE€Hb E€IMHCTBEHHBIM KOMMEp-
YECKU JOCTYIHBIM KOH(OKAIBHBIM 3HIOMUKPOCKOTIOM
JUTSL ICCIIEZIOBAHUM JIbIXaTeIbHBIX ITyTeH SBISIETCA U3-
nemue Cellvizio®, Belmyckaemoe kommaHued Mauna

Kea Technologies (ITapmx, @paniust). DTOT S3HIOMUK-
POCKOIT TaKKe TO3BOJSIET MPOBOAUTH HMCCICAOBAHNE
JKEITyOYHO-KHUIIIEYHOTO TpakTa. B Hem umcmomnb3yercs
MIPUHIUI MTPOKCUMAIBHOTO CKAaHWPOBAHUS, TIPH KOTO-
POM JazepHasi MOJCBETKA CKAHUPYET MPOKCUMAIBHYIO
YacTh KOTEPEHTHOTO Iy4YKa ONTOBOJOKHA MM MHHU-
30HJAa. DTOT My4YOK MPOBOAUT CBET B 00a Hampasiie-
HUS OT 00J1acTH, oToOpakaeMOol Ha HAKOHCUHUKE MU-
Hu-30H1a. [lojcBeTka, ckaHWpOBaHME, CHEKTpaJIbHA
¢unpTpanys u cucTeMa BU3yalu3aluy pacioioKeHbl B
MIPOKCUMAIIBHOM YaCTH YCTPOMCTBA, AUCTaIbHAS YaCTh
YCTPOMCTBAa COCTOUT U3 OTJEIBHOTO MHHH-30H[IA, KO-
TOpBIN BKJIOYaeT B ceOsl ONTOBOJIOKOHHBIM TYYOK U
pazbeM JUIs ero MOJKIIOUYEHHsI K OJIOKY JIa3epHOTO CKa-
HUpoBaHus (puc. 1).

Ota cucTteMa Ha OCHOBE ONTOBOJOKOHHOTO ITydYKa,
KOTOpasi TaK)Ke MOXKET OBITh ONMUCAaHA KaK ONTOBOJIO-
KOHHBIH (PITyOpecleHTHBINH KOH(POKaIbHBI MUKPOCKOT
(FCFM), ucronb3yeT O4eHb TOHKHE W THOKHE MUHH-
30H15I (300 MKM — 2 MM B AHaMeTpe), B KOTOPBIX MO-
ket copepxkarbes 10 30 000 KOMITAaKTHO YIOKEHHBIX
BOJIOKOH. [lom00HO TpaaWIMOHHBIM KOH()OKAIBLHBIM
Mukpockonam, cucreMa FCFM Bxitodaer iBa ObICTpPO
JIBUTAIOIINXCS 3epKaia Uil CKaHUPOBAHHS MHUKPOBO-
JIOKOH TIOTIEPEK KOTEPEHTHOTO IyYKa ONTOBOJIOKHA B
Buje pactpa. Kaxkmoe MHKPOBOJIOKHO, CKaHHPYyEeMOE
M0 OYepear MPH TIOMOIIH Jla3epa, JACUCTBYET KaK CHC-
TeMa TMOJBEIEHUS U cOopa CBETa U SBJISETCS, 10 CYTH,
CaMOCTOSITETILHBIM OTBEPCTHEM JAHa(parMbl.

OCHOBHBIMHM TPEUMYIIECTBAMH TaKOH KOHCTPYK-
UM SIBJISIETCSI OYEHb MaJbIi pa3Mep 30HAa, KOTOPBII
MOYKHO BBECTH B OPOHXHOJBI, & TaKK€ BBICOKAs CKO-
pOCTh TONTydeHHsT N300pa)KeHUit, 9TO MoMoraet nuzoe-
JKaTh BOSHUKHOBEHUS apTe(aKTOB, CB3aHHBIX C JBH-
JKEHUEM TKaHEH.

CrennanbHble MUHU-30H/IBI [T TTOJTy9eHUAS U300-
paKeHU OpOHXMAILHBIX W allbBEOJSIPHBIX OTIEIOB
UMEIOT JuaMeTp | MM, 4TO B JiBa pa3a MEHbIIE Jua-
MeTpa albBEOJIIpHOHN monoctu (puc. 1). ITH MuHU-
30H/IBI MOTYT BBOJIUTHCS B pa0oYre KaHaJbl JTHaMeT-
poM 2 MM, KOTOPBIMH OCHAIEHBI OPOHXOCKOTBI TSI
B3POCIIBIX, U JJOCTUTAIOT JIFO00H YacTH JIETKOT0, 32 UC-
KIIIOUEHHEM BEPXYLICYHBIX M 3aJHUX CETMEHTOB 00e-
WX BEPXHUX J0JIeH, 9TO 0OBSICHAETCS OTHOCHTEIHHOM
KECTKOCTBIO AUCTaIbHON "acTu 30Hma (puc. 2) [8].
PecniupaTopHble MUHU-30HJIBI JIMIICHBI JHUCTATBHOM
ONTUKH M UMEIOT TITyOuHy Qokyca 0-50 MM, 6oKoBOE
paspernienne 3 MKM IS 1oJist 0030pa BenmuunHo#i 600 X
600 mxM. CucreMa oOecIeunBaeT YHIOMUKPOCKOITH-
YECKYI0 BHU3YaJIM3aIIAI0 CO CKOPOCTHIO 9—12 KampoB B
CEKyHJY.

Tubepsuany JI. — pyKOBOAUTENb OTACICHUS MyTbMOHOJIOTHH, YHUBEPCUTETCKUH rocnuTans, Pyan, ®panuus. Carayn M. — Hay4dHBIH cO-
TPYIHUK. YHUBEPCUTETCKUI TOCIUTANb, I. PyaH, knuHuka mynbMoHonoruu. Jx. bypr-Xexknu — HayuHblil corpynHuk. YHuepcurer Ilbepa

u Mapuu Kropu, 1. [lapmxk.

st koppecnonaenmuu: Tubepsmus JI. Ten.: +33 2 32 88 82 47. E-mail: luc.thiberville@univ-rouen. fr.
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a JlazepHsbrit
HCTOYHHK CBETa

DOTONPUEMHUK

JuXponuHbIi

CeToBox nepeaaiun

. H300paKEeHUsI
Cxkanupyromuit

Iyq

vl .~

R, i

AT

.‘li

Puc. 1. IIpunnunuanbHas cxema (a) ONTOBOJIOKOHHOTO KOH(OKaILHOTO (uryopecuenTHoro mukpockomna (Cellvizio®, Mauna Kea
Technologies, [Tapux, @paHiysa) 1 OTHOCUTEIbHBIC pa3Mepsbl 1,4-MM HakOHeuHHKa MUHH-30Ha Alveoflex® OGpoHxuanbHbIX (0)
1 abBEOJIIPHBIX (B) CTPYKTYp. bernast mosoca cooTBeTCTByeT ANaMeTpy ONTOBOJIOKOHHOTO ITyduka U 30He 0030pa (600 Mxm) [8]

a 0

Puc. 2. CucteMbl ONITOBOJIOKOHHOTO KOH(OKaIEHOTO (yopecieHTHoro Mukpockona Cellvizio® u crienuanbHble MUHH-30H/IbI
st uccnenosanust sterkux (Mauna Kea Technologies, [apmxk, @panius): a — yerpoiictso Cellvizio®; 6 — murn-30u71 Alve-
oflex®, BBOMMBI B pabounii kKaHaT OPOHXOCKOIIA; B — KPACHBIM CBET C JUTHHOM BOIHBI 660 HM, TIPOM3BOIMMBIH YCTPOHCTBOM
Cellvizio® 660; r — cuHUIT CBET ¢ JTHHOMN BOJHBI 488 HM, mpou3BomuMBIil yerpoiictBom Cellvizio® Lung
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Bo3MO0XHO HCTIOIB30BaHNE CBETA C ABYMS pa3iny-
HBIMH JUTHHaMU BOJIH (puc. 2). Yerpoticto Cellvizio®
C JUTMHOW BOJHBI 488 HM MPUMEHSIOT IS ayTodIry-
OpPECLEHTHON BU3yaJln3allud PECIHUPATOPHOIO Tpak-
Ta, a TaKKe JJIsl BU3yalu3aluy ¢ HaBeJCHHOH (iyo-
pecleHIHeN JKelyl0YHO-KUIIIeYHOro TpakTta [6—8].
B apyrom yctpoiicTBe aJisi BO30yKACHUS HCIIOJIb3Y-
€TCS CBET C JTMHOM BOJHBI 660 HM, KOTOPBIHA MO3BO-
JIIeT OCYIIECTBIATh BHU3YaJH3aLMIO SMUTETUATHHBIX
KJIETOK TOCJIe MTOBEPXHOCTHOIO HAaHECEHUS JK30TeH-
HBIX (QIyopodopoB, HAIpUMEpP, METHICHOBOTO CHHE-
ro [16-18].

OCHOBHBIMH OTPAaHWYECHHUSIMH CHUCTEMBI SIBIISIOTCS
ee pa3pelaonias ciocoOHOCTh (MaKCUMAIbHOE pa3pe-
mrenue 30 000 nukcesneii; O0KoBOe paspelieHre orpa-
HUYMBACTCS 3 MKM MEKAY BOJIOKHAMH) U (PaKTHUECKOE
OTCYTCTBHE BO3MO)KHOCTH PETYJIHPOBKH (POKyca CHC-
TeMbl. IHTeprpeTanys JaHHBIX 3aBUCHUT OT JIIOMHHEC-
LIEHTHBIX CBOMCTB HCCIIEyeMON TKaHU.

KOHPOKAAbHAA MUKPOBU3YAAU3ALLUA
HOPMAAbBHBIX AETKUX YEAOBEKA IN VIVO
NMPU NOMOLLU ONTOBOAOKOHHOTO
PAYOPECLLEEHTHOTO KOH®OKAALHOTO
MUKPOCKOMNA

Pannue skcriepuMeHThI B YCIOBUSX eX Vivo C UC-
MOJIb30BAHMEM CBEXKHX O0pa3IlOB JIETKUX B3POCIIOTO
YelloBeKa MMOKa3ald, YTO NpPU JJIMHE BOJHBI BO30YXK-
nenus B 488 M FCFM mno3BosisieT Mony4uTh BOJIO-
KOHHO-OTNITHYECKUE W300paKeHUSI, COOTBETCTBYIOIIIHEC
ayTo(IIyOpECICHIIMNA COCTMHUTEILHOW TKaHU TEPMHU-
HaJBHBIX OT/IEIIOB OPOHXUAIBHOTO JiepeBa (puc. 3). 1o
MTO3BOJIIIO TP OPOHXOCKOTIMH YEJIOBEKa B YCIOBHUSAX
in vivo IPOBOJNUTh MUKPOCKOITMYECKOE HCCIEAOBAHUE
OT TPOKCHMAJBHBIX OTIEJIOB OPOHXMAIBLHOTO JCpeBa
BIUIOThH JI0 CAMBIX OTJAJICHHBIX AUCTAIBHBIX CTPYKTYD,
BKJIOYAsl aJIbBEOJIBI.

Mpupoaa ayToAyopecLeHuUn
GPOHXMAABHBIX U AAbBEOASIPHbIX CTPYKTYpP

[Ipu nuHe BoaHBI BO30Y)IeHus 488 HM (uryopec-
LEHTHBIEC CBOWMCTBA CIM3UCTOH 000JIOYKH OPOHXOB OII-
pEenessroTCs KOHIIEHTPAueH pPa3TUYHbIX KIETOYHBIX
M BHEKJIETOYHBIX (PIIyopoOpOB, B TOM YHCIIE BHYTpPH-
KJIETOYHBIX (DIaBUHOB, KOTOPbIE MOTYT MPOU3BOIHTH-
Csl DMUTENHUATHHBIMU KIIETKAMU, a TaKXKe 0COOBIX CBSI-
30K KOJIJIaTr€HOB W AJIAaCTHHA, KOTOPBIE MPHUCYTCTBYIOT
B cyOsmurenmansHbIx obmactax [10, 19, 20]. Muk-
POCIIEKTPOMETPUUYECKHE IKCIIEPUMEHTHI B COUETAaHUU
¢ FCFM-Bu3yanu3auueil HarsifHO MTPOIEMOHCTPUPO-
BaJIM, 9TO TPU BO30YKIECHUU CBETOM C JITTHHON BOJHBI
488 HM OCHOBHOM (PITyOpECIICHTHBIN CUTHAT UCXOIUT U
0T OpOHXOB, M OT aJbBEOJ JIETKMX YEJIOBEKa, a €ro uc-
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TOYHUKOM SIBJISIETCS 3nacTuH (puc. 4) [7, 8, 21]. Omyo-
pecueHIMs >Ke KoJulareHa TpU 3TOW JUIMHE BOJIHBI,
M0 MEHBIIEeH Mepe, Ha MOpsIoK Ooiiee HU3Kas, YeM y
aacTrHA. AyTO(QIyOpECIESHITNS KICTOYHOTO (hiIaBHHA
CIIMIIIKOM cliadast JUIsl BU3yaJIu3aliy dMUTEeTHATBHOTO
CJIOSI TIPH UCTIOJIb30BaHUK ONTOBOJOKOHHOTO KOH(]O-
KaJIbHOTO (MIyOpecHeHTHOr0 MHKPOCKONa C JIHHOMN
BOJTHBI BO30Y K aeHus 488 HM [22].

Hcnonp3ys BomHBI Oojiee KOPOTKOHM JUIMHBI, YCT-
poiicTBa ONTOBOJIOKOHHOW (PIyOPECIEHTHOH KOH(O-
KaJbHOW MUKPOCKOITMM MOT'YT IPOU3BOIUTH HECKOIBKO
paznugaronirecs: n300pakeHus] COeTUHUTETFHON TKa-
HU OpoHXUaNbHOU cTeHKH (puc. 3). TeM He MeHEe BU3Y-
aIM3alus SIUTENUAIBHOTO CJI0S TOBEPX CETH 0a3alib-
HOW MeMOpaHbl TpeOyeT HHOTO moaxona. B Hactosee
BpEMSI JIOCTYITHBIM CITOCOOOM SIBIISIETCSI KICTIONIb30BaHUE
DK30TCHHBIX (IIyOPECIIEHTHBIX Kpacutenen [18, 23].
B Oynymiem ycTpoicTBa, OCHOBaHHBIE Ha MCIIOIbh30Ba-
HUU HECKOJIbKUX JUITMH BOJH [24], ¢ MpUCOEANHEHUEM
oTpaxkaTelbHOro ycrpoiictsa [10] niau ucnonb3yromnue
MHOTO(OTOHHBIN cTI0CO0 [9], TTO3BOJIAT OCYIIECTBIISATH
OTHOBPEMEHHYIO BHU3YaJIU3allMIO KOJIareHa, 31acTuHa
1 (IIaBHHOB.

B pesynbrare ycTpoicTBa ONTOBOJIOKOHHOW (IIyo-
pEeCIeHTHON KOH(OKATEHONH MUKPOCKOIIHH C JIJTHHOM
BOJIHBI BO30OYK1aeHUsT 488 HM OCYIIECTBISIOT BU3ya-
JU3ALUI0 B ABIXaTENbHBIX MYTAX JJIAaCTHHA, KOTOPBIA
COAEP)KUTCS B 0a3aibHOH MeMOpaHe MPOKCHMAbHBIX
OT/IeNIax JAbIXaTeNbHBIX MyTel (OpoHXax), a TAKKe B MH-
TEPCTULNH MaPEHXUMBI JICTKHX.

AyTodbAyOopeCLLeHTHbIE MUKPOU306paXKeHus
in Vivo CTeHOK NPOKCUMMAAbHbIX GPOHXOB

OnToBoJIOKOHHAsI (piIyopeciieHTHas: KOH(OKaIbHAs
MUKPOCKOIIHSI JISTKO MOXKET OBbITh BBHITIOJIHEHA BO Bpe-
Ms OTITOBOJIOKOHHOHM OPOHXOCKOIIHH, TPOBOUMOMN IO
MecTHOH aHectesmer [7, 8]. Texamka OpoHXHATHLHOM
FCFM — Busyanuzanuu in vivo TpOCTa: MHUHHU-30H]
BBOJUTCS B pabounii KaHaja OpOHXOCKOIA AUaMETPOM
2 MM, ¥ HAaKOHEYHHUK 30HJA MOJIBOJIUTCS K CIH3UCTOM
o0omouke OpoHXa IMOJ BH3YaJIbHBIM KOHTposeM. [iry-
o6una okycupoBkHu coctaBisier 50 MKM HI)KE TIOBEp-
XHOCTH KOHTaKTa, CUCTEMa B COCTOSIHMM CJIeIaTh CHU-
MOK TIEPBBIX CJIOE€B OPOHXUAIBHOUN CyOITUTETHAIBHOMI
COCJIMHUTENbHON TKaHU [7].

IIpn BO30Y)XIEHWHM CBEYCHHS C JJIMHON BOJHBI
488 HM ONTOBOJOKOHHAsI (IyOpecCIeHTHAas KOH]O-
KaJbHAsi MHUKPOCKOMHS TO3BOJISICT IOJIy4aTh OYCHb
TOYHBIE MHKPOCKOIMYECKHE (PIyOpecIeHTHhIE H300-
paxkeHHUsT 30HBI Oa3anmpbHOW MeMOpaHbI OpoHXOB. Kak
BUJIHO Ha pHC. 5, OpPOHXHATbHBIC MUKPOH300pasKeHHsI
in vivo TIOKa3bIBAIOT CJIOM KPYIHBIX BOJIOKOH, KOTO-
pBIe OPUEHTHPOBAHBI B OCHOBHOM BJIOJIb MTPOIOIBHOMN
OCH JIBIXaTeNbHBIX MyTeH W UMEIOT TIOTIepEYHbIC CBS3H
u3 OoJjiee MEIKUX BOJIOKOH, a Takke Ooliee KpyIHbIC
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Puc. 3. KondoxanbHass MUKPOCKOIHS €X Vivo OMOTICHH OPOHXOB M JIETKUX: a U O — BU3yanu3alys TKaHeil OpOHXOB B HE(HUK-
CHPOBAHHBIX OMONTaTax JErKUX KOH(MOKAIbHOU (UIyopecleHIUeld U OTpaXeHUEM; a — ayTO(IyopeCcLieHTHOE H300paxKeHHe
MIO/ICIIM3UCTON 000I0UKHM NpUMEpHO Ha 25-30 MKM HIJKE MOBEPXHOCTH, JITMHA BOJIHBI OACBETKU 437 HM; O — oTpaykeHHOe
CBEUYCHHE S/IEP KIETOK (KpacHO-(proIeToBOE CBEUEHNE) M HAJIOXKEHHE ayTO(IIyOPECIIEHTHOTO N300pakeHHs (3eJICHOE CBeve-
HHE); B U T — IpelaJIbBEOIISIpHAst OpPOHXHOJIA ¥ MIPHUJIETAIOIINE CTEHKU aJIbBEOJT, (PUKCHPOBAHHBIN CPEe3 JIETKNX; B — TPAJAUIMOH-
Hasl TUCTOJIOTUST; T — COOTBETCTBYIOIIEE H300paykeHNE, TTOIYIEHHOE IPY MOMOIIHN ONITOBOJIOKOHHOHN (DiryopecieHTHOH KOH(pO-
KaJIbHOW MHUKPOCKOIHH (ayTO(IIyOpeCIIeHIINs, [UTHHA BOJHBI TIOJICBETKU 488 HM); 11 M € — ex Vivo U300paXKeHue, oJTydeHHOe
IIPY TIOMOIIM ONTOBOJIOKOHHOM (hiryopectieHTHOH KoHpokanbHoi Mukpockonuu (FCFM) cpesa cBexell mapeHXUMBbI JIETKUX
(JumHa BOJHBI TOJCBETKHU 488 HM); 1 — ayTO(IyOpEeCLEHIIUS MaCTUYECKUX BOJIOKOH Ha I'paHuIe OPOHXHOJIBI U allbBEOJISIp-
HOTO YCThsl; € — N300pakeHHe, MOIyUYCHHOE TI0CJIC HAaHECEHHs akpuQIIaBiHa Ha CPE3 JIETKOTO; B JIONIOJHEHHUE K CBEUCHUIO
3NIACTHHA aJIbBEOJ (MITyOpecunpyIoT sapa MHEBMOLMTOB, OKpalIeHHbIe akpudaaBuHOM. MacmTab: a — 10 MkM; r—e — 50 MKM.
au 6 — nmpenocrasneno C. Maxkaynu, VccnenoBarensckuit ieHTp paka bpurtanckoit Komym6un, Bankysep, bpuranckas Ko-
nymoOwusi, Kanana; B u r — BocripousBeeno u3 [8]; nu e — L. Thiberville, Knunuka Pyanckoro ynusepcutera, Pyan, ®panims
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Puc. 4. Ilpupona onToBOJIOKOHHOH (hiryopecieHTHONW KOH(OKaJIbHOW MHUKpOCKOIMHU (ayTo(ryopecieHIys, JUIMHA BOJHBI
MoZICBeTKH 488 HM) B MPOKCHMAIIEHBIX OpOHXAX W albBeojiaX KaK KypWJIBIINKOB, TaK H HEKYPSIINX, KaK OBUIO YCTaHOBJICHO
CHEKTPOMETPUICCKIMH SKCTICPIMEHTAMH i Vivo: a — TAITMYHBIN HOPMAJIN30BAHHBIA CTIEKTP ayTO(IyOPECICHITNH 30POBOMA
CIIM3KMCTON 000JI04KH OPOHXOB (OpaH)KEBBIii), IIOPOIIKOBOTO 3acTHHa (Os1eaHO-rony00i) 1 KoutareHa ((PHOJCTOBBIN) MPH
B030YyKaeHUH 488 HM; O — ayTO(ITyOpPECIIEHTHBII CIIEKTpP 30POBOI CIU3UCTOM 000I0UKH OPOHXOB (OPAHIKEBBIIT), KAPITHHO-
MBI (TEeMHO-CHHUIT) U cuHpoMa MyHbe—KyHa (KopudHeBbIi) pu Bo30yxkaeHun 488 HM. AyTO(IyOopecleHTHBIH CIeKTp HU3-
JIy4EHHsI QJIbBEOJIIPHON CHCTEMBI: B — Y HEKYPSIIIUX (KPACHBIH); T — 3/I0POBBIX KyPHJIBIIUKOB (3€JICHBIH, PO30BBIH, KEITHIN),
BO BpEMs aJIbBEOCKOITHH i1 Vivo, B U T — OIIEIHO-TOIyOOM: AIIACTHH MOPOIIKOBHIN; T — YEePHBINA: BRIKypeHHAs curapera. AU:
TIPOU3BOJIBHBIC SAMHUIIBI (2 M O — BOCTIPOM3BEACHO U3 [7], ¢ pa3pemeHus n3aarens, B u T — [8])

otBepctus (pasmepom 100-200 MKM), COOTBETCTBY-
IOII[UE MPOTOKAM OpPOHXHMANILHBIX jkeje3. TeXHuKa uc-
CJIETOBAHMM in Vivo TaKXKe JiellaeT BO3MOYKHOMN 3aIHCh
M300paXeHUH C BHICOKHM pPa3pemieHueM MalbIX JIbl-
XaTeNIbHBIX MyTeH, TAKUX KaK KOHIICBBIC OPOHXMOJIBI,
KOTOPBIC y3HaBacMbl [0 HAJUYUIO CIHUPAIHLHOTO OT-
revaTka IIaJKold MyCKynaTypsl Ha BHYTPEHHEH 4acTh
OpoHxuoIHI [7].

[IpuMeHeHHME CUCTEM BU3yalM3allUH C MOMOIIBIO
ONITOBOJIOKOHHOW  (PIIyOopeciieHTHOW  KOH(]OKab-
HOW MUKDPOCKONIMUU ISl MCCIeNOBaHMsS 3aboJieBa-
HUW TIPOKCHMAIIBHBIX OPOHXOB BCE €IIe HAaXOJIUTCS
B HauanpHOHW cTamuu. Pamee ObUIM OMyOIMKOBAHBI
pe3yNbTaThl UCCIEAOBAHUS CTCHKH OPOHXOB IMPU UX
JIOOPOKAYECTBEHHOM [7] M IPEUHBAa3UBHOM TIOpaKe-
Huu [7, 18].

OLLEHKA IN VIVO CTEHKW BPOHXOB

[ony4eHHbBIE TPH TOMOLIH ONITOBOJIOKOHHOH (ITyo-
PeCLEeHTHON KOH(OKaTBbHONH MUKPOCKOIIUHM H300paxe-
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HUSI TIOKA3bIBAIOT, YTO MHKPOCTPYKTYpa OpOHXHATBHOM
CTEHKH IpH Mpeapake 3HaUuTeapHo u3Menena [7]. [lpu
MIPEPAKOBOM COCTOSTHUY B OOJIBIIIMHCTBE CIy4aeB HC-
4Ye3aloT YIPYTHe BOJOKHUCTHIE CTPYKTYPHI Oa3anbHOM
MeM6paHI)I, a UX Ac3opraHuzanus UMECT MECTO IIpu-
MEPHO B OJIHOM TPeTH HAOIIOACHUN, YTO TIOJICPKUBA-
€T THIIOTe3y O PaHHEH Jerpajaiiy KOMIIOHEHTOB Oa-
3abHOW MEMOpaHbI TIPY MTPEUHBA3MBHOM TIOPaKEHUHN
OpouxoB (puc. 6). Borpoc o Tom, cBsSI3aHO TN paHHEE
PEMOICTUPOBAHUE PETUKYISPHONH MEMOpaHbI C KOH-
KPETHBIMHU pPE3yJbTaTaMU IMOPAKEHUS, MOIJICKUT JI0-
MOJIHUTEIBHOMY U3yUYCHUIO.

OmHako, HECMOTPS Ha TO YTO 3TO HAOIMIONECHUE TIPO-
JIUJIO HEKOTOPBIM CBET Ha MPOUCXOXKJICHUE Je]eKTa
ayTo(aIyopecleHIIuU MPEAPAKOBBIX OPOHXUATBHBIX
MOPAKEHUN, OTCYTCTBHE B JAHHOM HCCJIEIOBaHUU
BU3YaJIM3allUU AIUTEIHAIBHBIX KJIETOK HE MO3BOJISET
TEXHUKE pPA3JINYaTh in Situ PA3JIUYHbIE CTEIEHU IPO-
TPECCHpPOBAHMS TPEIPAKOBBIX OPOHXHAIBHBIX TIO-
pakeHUH, TaKUX KaK MeTaruiazus / JuCIiasus / Kap-
uHOMa (CM. paszen o0 OICHKE CJIOS OPOHXHATbHBIX
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Puc. 5. U300paxeHue in vivo, NONy4SHHOE [IPU MOMOIIN ONITOBOJIOKOHHON ()TyOpecleHTHON KOH(POKAIBLHON MUKPOCKOIIUU
YeJOBEYECKUX OPOHXOB M OPOHXHOI: a — MPOKCUMAJIbHBIA OPOHX, TPOTOKA OPOHXHUAIILHOM *kene3bl (#); 0 — TIIaBHbIH OPOHX,
yIpyrasi BOJIOKHUCTasi CTPYKTYpa, OPUEHTUPOBAHHAS BJOJIb MTPOJIOILHON OCH JBIXaTeNbHbIX MyTeH; B — qUCTalbHas OpOH-
XHOJIa, TOKa3bIBAIOIIAs CIIUPAIBHBIA BUTOK IVIaJKUX MBIIII] (CTPEJIKa); T — IepexoHas OpOHXNOIIa, TIOKa3bIBaroNas Hadao

aJbBEOITHI (KOHeTI cTpenkw). Macmtad: 50 MM

SMUTENNATBHBIX KJIETOK MPU MOMOIIHM ONTOBOJIOKOH-
HO¥ (pryopeclieHTHOM KOH(OKAILHOM MUKPOCKOIIUU U
puc. 6).

Kpome m3yueHust mpeapakoBBIX W3MEHEHHH OpOH-
XHaJbHOW CTEHKH IMPUMEHEHUE ONTOBOJIOKOHHOM (ity-
OpECIICHTHOH KOH(POKAIBHOW MHKPOCKOIIMH MOXKET
OBITh pacmupeHo Ha o0MacTh J0OPOKAaUYECTBEHHBIX
OpoHXHMANTBHBIX 3a00JIeBaHMA. B 0JHOM HCCIIeIOBaHUH,
MIPU CHHAPOME TPaxeOMETaJHH, MaTOJIOTHYECKOM CO-
CTOSIHHH, CBSI3aHHOM C JIe()EKTOM yIPYroro KOMIOHEH-
Ta OpOHXMAIBHOU CTEHKH [7], HaONIOIAIOCH TIOITHOE
HCYE3HOBEHUE BOJIOKHUCTBIX COCIUHUTENBHBIX CTPYK-
Typ OpoHXHMaNTBbHOHN CTEHKH. B TOM ke mccienoBaHun
TaKke OTMeueH 3HaunuTeNbHbIN acniekT FCFM B cityuae
CapKOW03a, COOTBETCTBYIOLIMH CyO3MUTETHATBEHBIM
rpaHyleMaM TpH OTOOpe OpPOHXHMANBHBIX 00pa3IoB.
XOTst 5TV HaOIOEHUS BCE €IIe SBIAIOTCS OrpaHNYeH-
HBIMH, OHHU IIOKa3bIBAIOT, YTO SHAOCKONMHUYECKas OIl-
TOBOJIOKOHHAs1 (piyopeciieHTHass KOH(pOKaIbHAS MUK-
POCKOTIHSI MOXKET OBITh MCIIONB30BaHA IS U3y4YeHUS
peMoneTupoBaHus 0a3aabHON MeMOpaHBI, HalpuMep,

OpU XPOHHUYECKUX OPOHXHTE, aCTME M XPOHHUYECCKOU
00CTPYKTUBHOU 0OJIE3HU JICTKHX.

OLLEHKA SMUTEAUAABHbIX

KAETOK BPOHXOB MMPU MOMOLLA
ONTOBOAOKOHHOW $AYOPECLLEHTHOM
KOH®OKAALHON MUKPOCKOMUM

s Toro 4ToOBl YCHENHO MPUMEHSATh ONTOBOJIO-
KOHHYIO (DITyOpecHeHTHYI0 KOH(POKAIBHYI0O MHKPO-
CKOIIMIO TIPU MCCIIE0BAaHUHU TPEIPAKOBOT0 / PAKOBOTO
SMUTENNST OPOHXOB, HEOOXOAMMO JIOTIOTHHUTENBHO HC-
M0JIb30BaTh HETOKCHYHBIE SK30T€HHBIE (PIyopodophl.
HccnenoBanns ex vivo TOKa3ald, 4TO pa3pelraronias
CIIOCOOHOCTh CHCTEMBI HE SABISETCS OTpaHHYEeHUEM
JUTSL TIOJTYYeHUs] M300pakeH i sjiep WM KJIeTok [7, §].
Ox3oreHHble (Gryopodopbl, KOTOPbIE MOTYT OBITH aK-
TUBUPOBAHBI TP JUTMHE BOJIHBI BO30OYXIeHNs 488 HM,
Takne Kak akpuQuaBuH (MpeanojaraeMblii MyTareH-
HBIH areHT) WK pacTBOp (uIyopeciienHa, KOTOPhIi He
OKpamuBaer siipa [25], He 0moOpeHs!I 1)1k BHYTPHOPOH-
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Puc. 6. DnintenmanbHbIe U CyOATIHTEIHATBHBIC H300paKEeHHUS, OIyICeHHBIE TP KOH(POKATHHON MIKPOIH0CKOIINH HOPMAaJTh-
HOHW TKaHM ¥ MPEIPAKOBBIX MOPAXKECHUH: a — HOPMaJIbHasl yIpyrasi BOJOKHHUCTAsl CTPYKTypa B 30HE 0a3albHON MeMOpaHsbI;
0 — 1e30praHu3aIus BOJIOKHUCTON CTPYKTYPhI 30HBI 0a3aIbHON MEMOPaHbI B HEMOCPEACTBEHHON OJIU30CTH OT OPOHXUATBHOM
kapuuHoMsl in situ (CIS); B — HOpManbHBII aMUTeINi OPOHXOB ¢ peryisipHOi cTpykTypoii; I — CIS; a u 6 — nzo0paxeHus,
MOJTyYEeHHBIC NIPH JJIMHE BOJIHBI BO30yxaeHus 488 HM 0e3 ak3oreHHbIX (uyopodopor (Cellvizio® 488) — B 3THX ycnoBHSIX
00HAPYKEHNIO ¥ BU3YAJIH3ALUH ITOJIAETCS TOJIBKO JTACTHH 0a3abHONH MEMOpPAHBL; B 1 T MOIYYEHBI P JUTMHE BOJIHBI BO3-
Oyxnennst 660 HM M ¢ TOBEPXHOCTHBIM HCTIONIBb30BaHWEM MeTHIeHOBOTO cuHero (0,1%), 1t Toro 4to0bl BU3yalIH3UpOBaTh
snuTenranbHbii ciioit (Cellvizio® 660). Bee n300paxkeHust ObLIH 3AIIMCAHbI i1 Vivo TIPU OPOHXOCKOIHMH, HO C JABYMS Pa3HbIMU
6okamu stazeproro ckanuposanust (Cellvizio® 488 u 660; Mauna Kea Technologies, ITapwx, ®pannust, [Tapik, Opanims).

Maciura0: a, B, T — 50 MmxM; 6 — 40 MM [7]

XMaIbHOIO Hcnonb3oBaHus. HepaBHo JleliH U COaBT.
[23] ucnonb3oBany MPOTOTHIT KOH(POKAIEHOTO MUKPO-
SHOCKOIA MPU AJIMHE BOJHBI BO30OYx)AeHUSI 488 HM U
MOBEPXHOCTHBIN (pusnonornyeckuit pH kpe3mnosblit
(hHOJIETOBBI KpacUTENb I 0OSCIIeYeHHSI KOHTpacTa
KJICTOK OpOHXHWATBHOTO DIHTENUS KaK in Vitro, TaK |
in vivo.

MeTuneHoBbIN CHHUH SBISETCS HETOKCUYHBIM areH-
TOM, KOTOPBI OOBIYHO MCIIONB3YeTCS TP OPOHXOCKO-
MU I TUATHOCTHKU OpPOHXOTUIEBPATBHBIX CBHIIEH.
OH TaKXe HCHOJB3YeTCS B TaCTPOIHTEPOJIOTHH IS
XPOMOZHIOCKOITMYECKOTO OOHAPYKEHHSI TPEIPAKOBBIX
nopaxkeHuit [26—28], a Takke sl MUKPOCKOTIMYECKUX
WCCIIEJIOBAHUN i1 VIVO KEIyJJOYHO-KUIIIEYHOTO TpaKTa
1 OPOHXOB C UCIIOJIL30BAHUEM HOBO SHIOIMTOCKOIIH-

yeckoi cuctemsbl [29, 30]. MeTuIeHOBBIN CUHUN SIBJISI-
eTCsT MOIITHBIM (DITyopohOpoM, KOTOPBIA BXOIUT B SApa
u obparumo cesizeiBaetcst ¢ JIHK, mpexne yem Oyner
MomIoNIeH JIMMpaTHueckoi cuctemMou. Jlis Toro 4ro-
ObI 1aTh (IIyOpPECUEHTHbIM CUTHAJ, METHICHOBBIN CHU-
HUH 10JDKEH ObITh BO30Y)KIEH IPU AJIMHE BOJIHBI OKOJIO
660 HM, 1 creoBaTeIbHO, JOCTYTICH JUIS PUKI3HEH-
HOHM BH3yaJM3alUU C IPUMEHEHUEM OINTOBOJOKOHHOU
(yopeciieHTHON KOH(OKaIbHOH MUKPOCKOIHH, B KO-
TOPOH MCIOJIb3YETCs 3TA AJMHA BOJHBI BO30YKICHHUS.
[IpenBapuTenbHble HCCIEIOBAHUS TIOKA3alld, YTO
npumeHenue ycrpoiicta Cellvizio® 660 1 moBepxHOCT-
HOE HAHECEHNE METUIEHOBOTO CHHETO IT03BOJIAET BU3Y-
aJM3UPOBATh AMHUTEIHAIBHBINA CIIOH ITIaBHBIX OpPOHXOB
(puc. 6) [18]. JanpHeiine uccaeqoBaHusI ¢ ITOMOIIBIO
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3TON TEXHHKH MOTYT CJICJIaTh BO3MOXKHOM Ju(depeH-
LUUALHKIO i1 ViVOo HOPMAaJbHBIX TKAHEH, MPEIpaKoBbIX
U 3JIOKQUECTBEHHBIX M3MEHEHUUW Ha MHKPOCKOIUYEC-
KoM ypoBHe. Ecnu 3Ta cTparerus cTaHeT yCHEUIHOM,
TO ONTOBOJIOKOHHAsI (hiryopeclieHTHas KOH(OKaIbHas
MUKPOCKOIHS MOXKET CTaTh OYEHb MOIIIHBIM CPEACTBOM
IUIS TUArHOCTHUKH i1 VIVO PAHHUX 3JI0KAUE€CTBEHHBIX
W TIPEJpPaKOBBIX COCTOSHHUIM OpOHXHMATBHOTO JepeBa,
MO3BOJISIST AHATM3UPOBATh KAaK SIUTEIUATBHBIC, TaK U
CyOaMHUTEMATLHBIC CIIOM BO BPEeMs OJJHOW M TOW ke
MPOLETYPHI.

BU3YAAU3ALLUA AUCTAALHOM
U NEPEXOAHOW YACTU BPOHXOB

[Ipu mponBm>keHUH B CTOPOHY OoJiee TUCTaJIbHBIX
OTJIENIOB OPOHXMATBHOTO JepeBa HEOObIITNE HeX psilile-
BbIe OPOHXMOJBI JIETKO Y3HABA€MBI H3-32 CIIHPATBHOTO
pacIoNOKEHHsI TIIaJIKOMBIIICYHBIX KJIETOK B CTCHKE
OoponxoB (puc. 5). TeM He MeHEe OpPTOTOHAIBHOE BETB-
JICHWE W MaJIbIil TaMeTp KOHEYHBIX U PEeCIIPATOPHBIX
OpOHXHMOI Y YelloBeKa, CPAaBHUMBIN C pa3MepoM 30H/1a,
Mopa3yMeBaeT, YTO IMPOJBM)KEHHE 30HJAa K aluHy-
Cy OOBIYHO OOXOOHUT IEPEeXOAHbIE OPOHXHOIBI JbIXa-
TEJIHBIX MyTeH. XOTS M MOXKHO CIy4ailHO HaOIonaTh
FCFM-u300paxeHus aTbBEOIIPHBIX 3a9aTKOB B JbIXa-
TeThHBIX OpoHxuonax (puc. 5) [8], mpoBenenue nucce-
JOBaHMSI JUCTAIBHBIX MEMOpaH U JbIXaTeNIbHBIX OpOH-
XHOJI TIPH TIOMOILY ONITOBOJIOKOHHOM ()IIyOpeCeHTHON
KOH(pOKaITBHON MUKPOCKOITUH TIPEICTABISACTCS 3aTPY/I-
HUTEIBHBIM, €CITH TOJBKO B Oy/IyIlIEeM HE CTaHYT KIIU-
HUYECKU JOCTYITHBIMH Oo0Jiee TOHKUE 30H[IbI, B HACTO-
Al1ee BpeMs MCIOIb3yeMbIe I SKCIEPHUMEHTaIbHON
BHU3YyaJU3ally Ha )KUBOTHBIX [13].

BU3YAAU3ALMUA ALUHYCA

U NMEPUPEPUMHOMN CTPYKTYPbI
COEAUHUTEABHOW TKAHWU MPU MOMOLLK
ONTOBOAOKOHHOW ®AYOPECLLEHTHOM
KOHPOKAAbHOWU MUKPOCKOMUU

Bonee pannue paboThl OKA3alIM, YTO COIEPIKAHNE
anactuHa jgocturaet 50% B BoNoOkHaxX mnepudepuye-
CKOM coenuHuTeNnbHOU TKaHu Jerkux [31]. ITocne nep-
BBIX pa0OT Ha MPOKCUMAJILHBIX OPOHXaX OMTOBOJIOKOH-
Hast (oyopecuieHTHAsT KOH(OKaIbHAsT MHUKPOCKOIHSI
ObIcTpO ObLIa IPUMEHEHA AJISl BU3yaIH3alud TaKXkKe
CTPYKTYp AMCTAJIbHOM yacTH Jjerkoro [8]. B amunyce
AIIACTHH MPUCYTCTBYET B CTEHKE aJbBEOJT M B MX BOPO-
Tax, a TaKke B HApYXKHOW 000JIOUKE MeKaJIbBEOJsIp-
HBIX MUKpococyaoB [32, 33] (puc. 3 u 7).

Jns  MUKpOBM3yalu3alliil JUCTaIbHBIX OTAEIIOB
JIETKUX TIOJIE3HBIM OKAa3bIBACTCS HCIIONB30BaHUE HE-
00JIBIIOT0 OPOHXOCKOMNA C PadOUYNM KaHAJIOM JHaMET-
POM 2 MM, 4TO T1I03BOJIsIeT OoJiee P HEKTUBHO OPUEHTH-

poBaTh 30HJ B 00NACTAX, MPEACTABISIONINX HHTEPEC.
3arem muHHM-30HA FCFM ocTopoXHO mpoaBHUraercs
B JMCTaJbHBbIE OPOHXUOJBI 10 TEX IMOp, IMOKa HE MOsi-
BUTCSI M300pakeHHe anbBeosl. Bo BpeMs mpoBeneHUs
NPOIIEAYPhl C BU3yaIM3allieldl B PEXHAME pealilbHOTO
BpPEMEHH MOYKHO TIOCIIEAO0BATEIbHO W3YyYUTh HECKOIIb-
KO alMHapHBIX oOnactell, BEIOMpas pa3nuuHble OpOH-
xuoisl. [loce Toro kak OymyT JOCTUTHYTHI a1bBEOJIHI,
30H]I CIIEAYET CJIerka OTBECTH, II0Ka He OyIeT MOTepsiH
KOHTAKT, 4TOOBI yOemuThes, 4To APQPEKT OT CKATHS
AJIbBEOJI 30H/IOM SIBJISICTCSI MUHUMAJIbHBIM.

Onpir monmyuenuss FCFM-uzo0pakeHuil anbBeon
in vivo TIOKa3aJl, YTO METOJMKA OYEHb XOPOIIO Mepe-
HOCUTCS TMOJ] MECTHOM aHecTe3uel, IpU CIIOHTAHHOM
JbIXaHUH OOBEKTa, HAXOMAIIerocsl B co3HaHuu. M3-3a
OTCYTCTBHS OOJIEBBIX PELENTOPOB B OPOHXHAIHLHOM
JepeBe 10 cyOIuIeBpaIbHOIO yPOBHS IIPOHMKHOBEHUE
MUHH-30H/Ia B JIETOYHYIO JIONIO Yepe3 MPOCBET OpOH-
XHUOJIBI MpoucxoauT 0e30one3nenHo [8]. Kpome Toro,
alMHApHAs BU3yaJM3alys HE CBsA3aHA CO 3HAYMUTEIb-
HBIM KPOBOTEYEHHEM, B IPOTHBOIOIOKHOCTH TOMY,
9TO OOBIYHO HAOIIOAAETCS MPH TPAaHCOPOHXHATHLHOM
otOope Tpod Tpu OMoTICHU. DTO OOBICHSAETCS HU3KIM
JABJICHUEM B AJIbBEOJISIPHBIX KAIIMJUIIPAX, KOTOPOE MO-
JKeT OBITh HF3MEHEHO B TIPOLIECCE MPOABHKCHUS 30H1a, a
TaKXKe IaJIKOH KOHCTPYKIHEeH HAKOHEYHHKA 30H1a, KO-
TOPBI MOXKET CMEIIATh MEXaJIbBEOJIIPHBIE MUKPOCO-
cyapl 0e3 uxX MmoBpexaeHus. Hamr ombIT 00cnenoBanus
Oonee yem 150 manueHTOB M 30POBBIX JJOOPOBOJIBIICB
MOKa3aj, YTO IUICBPAJbHBIE OCIOKHEHHS OTCYTCTBY-
10T, HECMOTPS Ha MOJIy4YEeHHUE MHOTOYMCIICHHBIX ONTHU-
YECKHUX «CPE30B» JIETKOTO BO BPEeMsl SHIOCKONUHU TPHU
CIIOHTAHHOM JIBIXaHWH MAI[MEHTOB, HAXOSIIIXCS B CO-
3HAHUH.

BU3YAAU3ALMA ALMHAPHOW TKAHU
HEKYPSILLLUX OBBEKTOB, BbIMOAHEHHAS
NMPU NOMOLLU ONTOBOAOKOHHOM
PAYOPECLLEHTHOU KOH®OKAABHOM
MUKPOCKONUU

AUHapHbBIC U300paKCHUSI JIETKO TMOIYYUTh MPO-
JABUXCHHUEM 30HJa HAa HCCKOJIBKO CAaHTHUMETPOB BIIC-
pel mocye Toro, Kak SHA0CKoN OyneT 3a)MKCHPOBaH B
cyOocerMeHTapHOM Oponxe. B ¢Bsizu ¢ cooTBeTCTBHEM
pa3MepoB HAKOHEYHHKA 30H/a U JUCTAILHBIX OPOHXOB
MOTa/IaHNE B AJIbBEOJSIPHOE TPOCTPAHCTBO IPOUCXO-
JIUT TyTeM NMPOHUKHOBEHUS uYepe3 AMCTajIbHbIe OPOH-
XHOJIBL.

Y HeKypsIIUX ONTOBOJIOKOHHAS (GIyopecieHTHAs
KOH(bOKaHBHaSI MUKPOCKOITIUSA BOCHPOU3BOJAUT B OC-
HOBHOM I/I306pa)KCHI/I$I OJIACTUYHBIX BOJIOKOH, KOTOPBIC
OKPYKaIoT aJbBEOJISIPHBIC MOJIOCTH, YKPEIUISIOT BUPTY-
ANbHYI0 CTEHKY aJIbBEOJIIPHBIX MPOTOKOB M OKPYKaI0-
e MEKAITbBEOJIPHBIE MUKPOCOCYIEI (pHC. 7).
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Puc. 7. 300paxenus in vivo, MOTyYSHHBIE IIPH TOMOIIN OTITOBOJIOKOHHOM (PIIyopecieHTHON KOH(OKATFHONH MUKPOCKOITHH
BO BpEMs aJIbBEOCKOITHH, IMOJCBETKA 488 HM; a M B — HEKypALui maruenT. CTpyKTypa 3J1acTHHA: a — aTbBEOIIPHOTO YCThS
(mmameTpom 267,7 MKM — JBOIHasi cTpenka); O — HalaIbBEONISIPHBIX KamWuIsipoB (ctpenka). 6 u r — FCFM-u3o0paxenus
aJbBEOJI KypUJIBIINKA, TOKA3aHbI aJIbBEOJIIPHBIE CTEHKHU, KPasi albBEOJIIPHBIX MIPOTOKOB (CTPETIKU) U aJIbBEOJIIPHBIX MaKpoO-

¢aroB. Macmrad: 50 Mkm

IIpu uccnegoBaHuM in Vivo BHEIIHUM BUJ 3THUX
JIUCTATBHBIX YIPYTUX CTPYKTYP MOKET MEHSTHCS B 3a-
BHCHMOCTU OT yIJia IPOHUKHOBEHUS 30HIA B aJbBEO-
TspHBIA oT1en. OOBIYHO MOXKET OBITh TIOJYYEH MPSIMOI
BHJ] BHU3 TI0 OCH KaHaja WM Kocas MPOEKIHs, B KO-
TOPBIX JIETKO Y3HABAEMBIMU SIBJISTIOTCS «CTIHPATHHAS)
WK «TeTiieo0pa3Has» GopMa ynpyroi CTpyKTyphl Ka-
Hana (puc. 7) [8].

Bocmpoun3BoauMocTs 3TOTO crocoda Oblia mpose-
MOHCTPHpPOBaHA Ha CEPUU 3JIOPOBBIX JOOPOBOJIBIICB,
Yy KOTOPBIX pPa3MEpbl albBEOISIPHOTO OTBEPCTHS, W3-
MEpeHHbIE Ha W300paKeHUSX, TOIYYCHHBIX in Vivo,
MOKa3aJIi HOPMAJIBHOE pacrpezesieHe OTHOCHUTEIEHO
cpenHero 3HadeHUs (OKOJIO 275 MKM), 4TO ONU3KO K
TOMY, YTO HaOJIFOAAETCS TIPU UCTIOIB30BAHUU CIIOKHBIX
CTEPEOJIOTrHUECKUX METOJOB UCCIE0BAHUS in Vitro [32,
33], npu TOJIIMHE AIACTUYHBIX BOJIOKOH, COCTaBJISIO-
meit 10 = 2,7 mxwm (Tadn. u puc. 8) [8]. B omybnukoBaH-
HOH cepHuM albBEOJSIPHBIC YCThsl MEHBIIETO pa3Mepa

HaAOTIOANMKCh B MIPaBOM BEpXHEW JI0Nle W Tapakap/Iu-
aJLHOM CETMEHTE, YTO TPEIAIOIOKUTEIHHO CBSI3aHO C
HIJKHEH BEHTHIISIIMCH 3THUX CETMCEHTOB B IOJIOKCHHUU
nexa Ha cnuHe [8]. DTa MEeToAuKa TakkKe MO3BOJSICT
MIPOBOAUTH TOUHBIE U3MEPEHUS HAJANbBEOJSIPHBIX JIO-
OyIIIPHBIX MHUKPOCOCYIOB. MIHTEpecHO, 9TO y pa3ind-
HBIX CyObEKTOB HAOIFOAOTCSI 3HAUYUTEIIbHBIC OTKIIOHE-
HUSl B MHTCHCHBHOCTHU CHUTHaNa (PIYyOpPECUEHIINH, MTPH
ATOM Y JIML MPEKJIOHHOIO BO3pacTa MPUCYTCTBYET ca-
MbIH CHJIBHBIN CUTHAII, YTO YKa3bIBAET HA CTPYKTYPHBIE
M3MCHEHMSI IEPEKPECTHRIX CBA3CH AIACTUHA JIETKHUX TI0
Mepe CTapeHusl.

AUMHAPHAS U AABBEOASIPHAS
BU3YAAUIALIUA AN AKTUBHBIX
KYPUABLLUKOB

DiyopecLeHTHOEe M300pakeHHE aJIbBEOJ] y aKTHB-
HBIX KYPWJIBIIUKOB PE3KO OTIUYAETCS OT M300pake-
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Tabnuma
AJIbBeOJISIPHASL SJHAOCKONUSI in vivo KyPSIIIMX U HEKYPSIIIUX 310POBbIX 100POBOJIbIIEB
Kypunsmuku | Hexypsiiue Bcee
CyObeKTHI 17 24 41
Bospacr, et 37+ 16 46+ 13 |42+ 15 (mmamazon 21-62)
IIpomomKUTENEHOCTD ANbBEOIIPHON MPOIIEYPHI, MUH 14+£6 10+3 11+5
JlnaMeTp anbBEONIIPHOTO YCThs, MKM 274 £ 52 283 + 54 278 +53
Wzmepenus 149 125 274
TosnmyHa ynpyroro BoJIOKHa, MKM 9,70£3,0 |10,38+2,34 10,05 +2,71
W3mepenns 445 464 909
Juamerp Mukpococyaa, MKM 95 + 47 89 + 56 90 +50
Wzmepenns 79 171 250
CyOBEKTHI C aJIbBEOJSIPHBIMU (DITYOPECIIEHTHBIMU MakpodaramMu 16" 1* 17
ATBBEOITBI ¢ (GITyOpeceHTHRIMU Makpodaramu / ob1iee 77/85" 107" 78/192
KOJIMYECTBO 00CIIEI0BAHHBIX AJIbBEOI

Hpumeanue. I[aHHLIe MPCACTABJICHBI KaK N UJIK CPCAHEC + CPCAHCKBAAPATHICCKOC OTKJIOHCHHUE, 3a UCKITFOUCHHUEM 3HAUCHUN
ANaMETPOB MHUKPOCOCYAOB, KOTOPBIC NPEACTABICHBI KaK CPEAHCE 3HAYCHUC BLIﬁOpKI/I + MC)KKBapTI/IJ'ILHHﬁ pasmax. #— p <

0,0001, TecroBblil KpuTEpU XU-KBaapar [8].
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Puc. 8. BayrpuanuaapHas MoppoMeTpriecKast 1 KI€TOUHasl OLIEHKA B YCIIOBUSX i Vivo, BBIIIOJTHEHHAS C IPUMEHEHHUEM OTI-
TOBOJIOKOHHOH ()ITyopeclieHTHON KOH(pOKaIbHOW MUKPOCKOIIMU: & ¥ B — PACIpE/IeTICHUE AJIbBEOJISIPHBIX YCTHEB U TMAMETPOB
HaJIaJIbBEOJISIPHBIX KAIIMJUISIPOB B CEPHHU 3/10POBBIX JI0OPOBOJIbIIEB, CCIIEIOBAHHBIX METOJIOM aJbBEOCKOITUH; O U I' — OL[CHKa
B YCJIOBHSX 11 Vivo BEJIMYNHBI alIbBEOJISIPHOTO Makpodara u ero MOOMIIBHOCTH B COOTBETCTBHH C BO3/IeHicTBHEM Tabaka; O —
KpynHble Makpodaru umenn pazmep >30 mxm; r = 0,77; p < 0,0002; r — IM: HenoaBmxHbINH Makpodar; MM: MOOHIBHBIN

makpodar; p < 0,0001 [8]

HUH, TIOTYYeHHBIX y HEeKypsAmux (puc. 7). AnbpBeosp-
HBIC [TOJIOCTH KYPHJIBIIUKOB, KaK MPABUJIO, 3aII0JHEHbI
KJIETKaMHU C BBICOKOH ()IyOpeCHeHTHOCTBIO, KOTOPbIE
COOTBETCTBYIOT ~ QJIbBEOJIIPHBIM  (PITyOpPECIIEHTHBIM
Makpodaram, MPUCYyTCTBUE KOTOPBIX SIBISIETCS BeChbMa

creun(UUHBIM Ul aKTUBHOTO KypeHus. Ilpu ncrnons-
3oBaHuu FCFM moryT ObITh OlleHEeHBI MOpQoIoTruye-
CKHE MapKepbl aKTUBAIMHY aJIbBEOJISIPHBIX MaKpO(aros,
TakHe Kak MX BEJIMYMHA, KOJMYECTBO U MOJBUKHOCTE,
KOTOpbIE, KaK MOKa3aHO, B 3HAYUTEIBHOM CTENEHU CO-
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OTBETCTBYIOT KOJINYECTBY BBIKYPHBAaEMBIX 3a JIeHb CH-
raper (puc. 8) [8].

HHTeHCHBHOCTL aNbBEOISIPHON  ayTo(dIyopecieH-
MU Y aKTUBHBIX KypPHJIBIITUKOB MPOSBISIETCA B Oojiee
3HAYUTENBHOI CTETIEHHU 10 CPABHEHUIO C HEKYPALUMHU
Y 3aBUCHUT OT MHTEHCUBHOCTHU CBEYEHUSI MaKpo(aros B
ajpBeonax. J[si aKTUBHBIX KypUIJIBIIUKOB B YCIOBHUSX
in situ OBLTH BBITIOJTHEHB MUKPOCTIEKTPOMETPHYECKHE
M3MEPEHHUs alTbBE0JI, KOTOPHIE MOKa3aJIn, YTO OCHOBHOM
BkJa Guryopodopa B anbBeossipubiii curHan FCFM co-
oTBeTcTBYeT TabauHoii cMoe (puc. 4) [8, 21]. B cBs3u
C OTUM Yy KypWJIBIIIUKOB YaCTO MOTYT OBITH IONYYEHBI
0c000 KOHTPACTHBIC N300pakeHUs aJIbBEOJ (puc. 7).

NOTEHLUAABHBIE BO3MOXHOCTU
NMPUMEHEHUS U BO3MOXHbIE OTPAHUYEHUS
ANl ONTOBOAOKOHHOW ®AYOPECLLEHTHOM
KOH®POKAABHOW MUKPOCKOMNUU

MPU BU3YAAU3ALMU AUCTAABHOW YACTU
AETKOTO

[pouenypa OpOHX0ATBBEOIIOCKOIIHH SIBIISIETCS TIEP-
BBIM METOJIOM, KOTOPBIM MO3BOJMJI MOTy4aTh MHKpO-
CTPYKTYPHBIE H300paXeHHS JOOYISIPHOHN U abBEOIISP-
HOHI CTPYKTYpBI JIETKUX JKHBOI'O YEJIOBEKA B PEXKHUME
pEeanbHOrO0 BPEMEHM M C BBICOKMM pas3pelleHueM. Ta-
KM 00pa3oM, aHHas TEXHHKA, KaK MpEICTaBIseTcs,
uMeeT OOJNBIION TOTEHIMAN /Il MUHHMAalbHO WHBA-
3UBHBIX HCCJEAOBAHUNA JHUCTAIBHOM 4YacTH JIErKOro
B YCJOBUSAX in vivo. JIis BU3yalnu3alluu JAUCTAJIbHBIX
4aCcTeH JIETKOTr0 JaHHAsl TEXHOJOTHSI MOXKET TAKXKE UC-
MOJIb30BAaThCs B COYETAHMM C COBPEMEHHBIMH METO-
JTaMU JTIOKQJIN3alli| JUCTAIBHON CTPYKTYpHI U 0TOOpa
mpo0, HampuMmep, C DJIECKTPOMArHUTHOW HaBUTAIIHCH
WIM pajdajbHBIM YIBTPAa3BYKOBBIM 3HJI00POHXHAIb-
HBIM HCCJIEZIOBAHUEM Ha OCHOBE NMPUMEHEHMsI MUHU-
30HI0B. [lOTEeHIMANBHO KIMHUYECKOE MPUMEHEHHE
OTNITOBOJIOKOHHOW  (PITyOpecIieHTHOW  KOH(OKATHHOM
MUKPOCKOTIMH MOJKET CITY’KHUTb JIJIsl OLIEHKH repudepu-
yeckux Au(Py3HBIX 3a00JIEBaHUIN JIETKOTO U JUarHOC-
TUKH in vivo iepudepudecKux y3eIkoB B Jerkux [17].
TunuyHble U3MEHEHUS! YIPYIMX CTPYKTYp NpU HJIHO-
MaTUYECKOM JIETOYHOM (HOpO3€e U KIETOUHbIE H300pa-
JKeHUsI TTepuepuIecKoil aIeHOKapIIMHOMEI TIOKa3aHbI
Ha puc. 9.

B TO Bpems Kkak IpeaBapUTEIbHBIE PE3YJbTaThl
FCFM B 000MX 3TUX HamnpaBlICHHAX BBIIIAIAT OYCHb
00HA/I)KUBAIOIINMH, CIICAYET TAKKe TOTYEPKHYTh 110~
TEHLUAJIbHbIE TPYAHOCTU UCIOIb30BaHUS 3TOIO METO-
na. Takue TpyqHOCTH CBs3aHbl B OCHOBHOM C HMHTEp-
nperaineii FCFM-u300paxkeHuii U craHmapTh3anuei
aNbBEOJIIPHON BU3yaIU3alUH.

N3MeHneHHBIE M300paKeHUs allMHAPHBIX YIPYTHUX
CTPYKTYp, IOJYYEHHBIC MPHU MOMOIIH ONTOBOJIOKOH-
HOM (pimyopeciieHTHONW KOH(OKaIBbHOW MHUKPOCKOITHH

(FCFM), MOTYT IMETh MECTO U B HOPMAJILHOM JIETKOM
YeJIOBEKa, YTO OOBSCHSETCS CXKaTheM U M3MEHEHHEM
XPYIIKOH audHapHOW CTPYKTYPBI NPHU MPOABHKECHUHU
30H7a. DTO CBA3aHO C PEKMMOM MTPOHUKHOBEHUS 30H-
Jia B allMHYC, YTO MPeJIoiaraeT HapyeHue OpOHXHOI
W aJNbBEOJISIPHBIX CTEHOK, MOCIIE YEro CKaTHue BIHSET
Ha 0oJiee YCTOHYMBBIE CTPYKTYpbl IPOTOKOB. MuHU-
MaJbHOE HCKaKEHUE N300pakeHUs HaOMIOIaeTCsl B TEX
CiTyd4asix, KOTJia 30H/ MPUMEHSETCS TI0 OCH KaHaja, B
pe3ynbTaTe 4ero MpoucXonuT 0ojiee moapoOHas BU3Y-
anu3auusl 3aJHUX TUIAaHOB, YeM TeOpeTHYecKH obec-
redrBaeTcs rmyouHa ¢oxyca cucreMsl B 50 MM [13].
OTOT 3P PEKT CKATHSI MOKET TPYTHO KOHTPOIHPOBATH-
s B YCIIOBHSIX i Vivo. B HalmX cuiax moiydvars Oornee
BOCTIPOU3BOJIUMBIE PE3YJbTaThl, OCTOPOXKHO OTBOJS
30H/ Ha3aj, KaK TOJHKO Oy/IeT IMOJIyYeHO allbBEoJIsp-
HOE M300pakeHHE, U BBIONHISA aHAIN3 N300paskKeHUH
JI0 TIOTEPH TMOCIENHET0 KOHTakTa. Takum 0o0pazom,
Oyayuiue WccieqoBaHus JOJDKHBI BKIIOYaTh B ceds
CTaHIAPTH3alMI0 METOA0B HHIOCKOMUYECKOTO HCCIIe-
JTOBaHMS.

C npyroii croponsl, FCFM peructpupyeT UCKITIOUIH-
TEJIBHO TOT CHUTHAJ, KOTOPHIH MOCTYIaeT OT (Iryopec-
HEHTHBIX CTPYKTYP B OTBET Ha BO30YKJICHUE BOIHAMH
COOTBETCTBYIOILLIEH JIIMHBI. B CBSI3U € 3TUM B peKuMe
coOcTBeHHOH ayTodyopecieHIuH (T. €. 0e3 HCI0Jb30-
BaHUS YK30T€HHBIX (pI1yopodopoB) B yCIOBHSX inn Vivo
Y HEKypSIIUX ONTOBOJOKOHHAS (pIIyopeclieHTHAst KOH-
(dokambHasT MHUKPOCKOIHUS 00EeCcIeunBacT BHU3yalHd-
3alUI0 TOJIBKO dJacTUHA mepu(epudecKoil U 0CeBOM
COCTMHUTENFHOW TKaHU. [laHHBIE TUTEpaTyphl YKa3bl-
BafOT, 94TO Takas WH(GOPMANUSI MOXKET OBITh TOJIE3HA
TOJBKO JUISI MCCIIENIOBAaHUSI HEKOTOPBIX 3a00JIeBaHUN
nepudepudeckux oTnenoB yerkux [34-36]. Opnako,
MOCKOJIBKY KOH(hOKasbHast (UIyOpecleHTHAsT MHKpPO-
CKOIIMSI TUCTABHON YacTH JIETKOTO, BEPOSITHO, OyaeT
CUJILHO OTJIMYAThCsl OT COOTBETCTBYIONIEH THCTOMATO-
JIOTHH, CUMIITOMATHKA [PH BU3yaJH3allU CTPYKTYPBI
SIIACTHUHA JIETKOTO, BBIMOJHEHHOW MPH MOMOIIU OITO-
BOJIOKOHHOH (PpITyOpeCIIeHTHON KOH(OKAITFHOW MHKPO-
CKOIIHH, JIOJDKHA OY/IET XapaKTePU30BaATHCS B YCIIOBHSIX
narojoruu. B cBs3u ¢ 9TuM, npexae yem OydeT aaHa
OLIEHKa MECTY OIITOBOJIOKOHHOH ()IyOpecieHTHON KOH-
(hOKAITEHOW MUKPOCKOITUH TIPH CTaHIAPTHOM 00CTeo-
BaHNU TIepU(PEPUIECKIX OTACIOB JISTKUX, 00s3aTEeIHLHO
JIOJDKHBI OBITH TIPOBE/ICHBI CPABHUTEIILHBIE HCCIIEI0BA-
HUSI KOHPOKAIBHON aJIbBEOJIIPHOM BU3YyaJIM3all1 B yC-
JIOBHSIX i1 Vivo JJI TAIMeHTOB ¢ Ooye3HsMu niepude-
PUYECKHX OT/EIOB JIETKUX U 3[I0POBBIX TOOPOBOIBIIEB.

Jlo cux mop B KOH(OKaJIbHON MHKPOIHIOCKOIIHH
JBbIXaTeNbHBIX IMyTEH /s BHU3yaJHW3alldd B YCIIOBH-
X in Vivo KIIETOYHOH W WHTEPCTHIMAIbHOW TKaHU
JIBIXaTeNbHBIX MyTeH W MapeHXUMBI TUCTAIBHBIX OT-
JIENIOB  JITKUX WCIOJb30BAIN TOJNBKO OJHIOTCHHYIO
ayTO(QIyOpEeCUEHIMIO WM TPOCThie KOHTPACTHHIE
¢uryopoxpombl. B Oyaymem, HCIonb3yst KOHTPACTHBIC
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Puc. 9. Buzyanu3zauusi npy mMoMoIIH ONTOBOJOKOHHOW ()TyOpeCleHTHON KOH(OKaIbHOW MUKPOCKOIIUH MEpUPEpHIECKOTO
JIETKOTO: a ¥ 0 — WANONATHYECKHUH JIerouHblii GruOpo3; B M T — y3esoK nepu(epuitHoro JIerkKoro: aJleHOKapuuHOMa; a U B —
KOMITBIOTEpHAsl ToMorpadust rpyaHoro otaena; 0 — qucransHas FCFM-Busyammzanus sizpruka (LB5a) (aBroduryopecuennms
FCFM npu muymmae BonHBI Bo30ykaeHus 488 uM). r — FCFM Bmsyanmzaius nepuepruIecKiX y3eIKOB MPEACTaBICHHBIX B (B).
KonhoxanpHbIif MUHI-30H OBIIT BBEACH B Y3€JIOK Yepe3 BHEIIHIO 000I0YKY C MCIIONB30BAHUEM PaTUaIbHOTO YHI0OPOH-
XHAJILHOTO YJABTPa3BYKOBOTO MCCIICIOBAHUS Mepea 0TOOpOoM 00pasiia (IOBEpXHOCTHBIN MeTHIeHOBBIN cuuuii 1 FCFM mpu

JUIMHE BOJIHBI BO30Y kaeHus 660 HM). MaciTab: 50 Mxm

MOJIEKYJISIPHBIE COSTUHEHNS, MOXKHO Oy/IeT paclIupUTh
MIPUMEHEHUE TAHHOTO METOJa Ha 00JIacTh MOJIEKYJIISIP-
HOW BH3yaJIM3alliu B YCJIOBUSX in vivo. HemaBHO ObLIM
OITyOJIMKOBaHBI PE3YIBTAThl AKCIEPUMEHTAIBLHBIX HC-
CJeI0BaHUH, UCIIOJIb30BABIIUX 3Ty CTpaTeruo. B aTux
paboTax MpHUBEICHbI H300PAKCHHMSI, MOJYUCHHBIC MPH
KOH(OKATBHONH MUKPOCKOITUU C MOJICKYJISIPHBIMHU 30H-
JlaMUy U1 TUATHOCTUKHU NPEIPaKOBOTO COCTOSIHUS PO-
TOBOM IMOJIOCTU B YCIOBUSX ex vivo [37] n aucmiazuu
TOJICTOM KHUIIIKU B yCioBHAX in vivo [38]. CoBMecTHO
¢ FCFM wMonekynsapHas BU3yanu3anus B OyayieM Mo-
JKET 00ECIIeUUTh PaHHIOK JMATHOCTUKY M OIICHKY pe-
3yJIBTAaTOB TEPAMH P MHOTHUX 3a00JICBAHHSX JIETKHX.

CMUCOK AUTEPATYPbI

1. Kiesslich R., Goetz M., Neurath M.F. Virtual histology //

Best Pract Res Clin Gastroenterol. 2008; 22: 883-897.

106

=~

Guillaud M., Richards-Kortum R., Follen M. Paradigm
shift: a new breed of pathologist / Gynecol. Oncol.
2007; 107: Suppl. 1, S46-S49.

Goetz M., Kiesslich R. Confocal endomicroscopy: in
vivo diagnosis of neoplastic lesions of the gastrointesti-
nal tract // Anticancer Res. 2008; 28: 353-360.

Goetz M., Kiesslich R., Dienes H.P, Drebber U.,
Murr E., Hoffman A., Kanzler S., Galle PR., Delaney P,
Neurath M.F. In vivo confocal laser endomicroscopy
of the human liver: a novel method for assessing liver
microarchitecture in real time // Endoscopy. 2008; 40:
554-562.

Kiesslich R., Goetz M., Neurath M.F. Confocal laser en-
domicroscopy for gastrointestinal diseases // Gastroin-
test. Endosc. Clin. N Am. 2008; 18: 451-466.

Meining A. Confocal endomicroscopy // Gastrointest.
Endosc. Clin. N Am. 2009; 19: 629-635.

Thiberville L., Moreno-Swirc S., Vercauteren T., Pel-
tier E., Cavé C., Bourg Heckly G. In vivo imaging of the



PEFEHEPATVBHAS MEAVLMHA I KAETOYHBIE TEXHOAOTUN

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

bronchial wall microstructure using fibered confocal flu-
orescence microscopy // Am. J. Respir. Crit. Care Med.
2007; 175: 22-31.

Thiberville L., Salaiin M., Lachkar S., Dominique S.,
Moreno-Swirc S., Vever-Bizet C., Bourg-Heckly G. Hu-
man in vivo fluorescence microimaging of the alveolar
ducts and sacs during bronchoscopy // Eur. Respir. J.
2009; 33: 974-985.

St Croix C.M., Leelavanichkul K., Watkins S.C. Intravital
fluorescence microscopy in pulmonary research // Adv.
Drug. Deliv. Rev. 2006; 58: 834-840.

MacAulay C., Lane P, Richards-Kortum R. In vivo pa-
thology: microendoscopy as a new endoscopic imaging
modality // Gastrointest. Endosc. Clin. N Am. 2004; 14:
595-620.

Boyette L.B., Reardon M.A., Mirelman A.J., Kirkley T.D.,
Lysiak J.J., Tuttle J.B., Steers W.D. Fiberoptic imaging
of cavernous nerves in vivo // J. Urol. 2007; 178: 2694—
2700.

Laemmel E., Genet M., Le Goualher G., Perchant A., Le
Gargasson J.F., Vicaut E. Fibered confocal fluorescence
microscopy (CellviZio) facilitates extended imaging in
the field of microcirculation. A comparison with intravi-
tal microscopy // J. Vasc. Res. 2004; 41: 400—411.
Vincent P., Maskos U., Charvet 1., Bourgeais L., Stoppi-
ni L., Leresche N., Changeux J.P, Lambert R., Meda P,
Paupardin-Tritsch D. Live imaging of neural struc-
ture and function by fibred fluorescence microscopy //
EMBO Rep. 2006; 7: 1154-1161.

Hoffman A., Goetz M., Vieth M., Galle PR., Neu-
rath M.F., Kiesslich R. Confocal laser endomicroscopy:
technical status and current indications // Endoscopy.
2006; 38: 1275-1283.

Kiesslich R., Goetz M., Vieth M., Galle PR., Neurath M.F.
Confocal laser endomicroscopy // Gastrointest. Endosc.
Clin. N Am. 2005; 15: 715-731.

Peng Q., Brown S.B., Moan J., Nesland J.M., Wain-
wright M., Griffiths J., Dixon B., Cruse-Sawyer J., Ver-
non D. Biodistribution of a methylene blue derivative in
tumor and normal tissues of rats // J. Photochem. Photo-
biol. B. 1993; 20: 63-71.

Thiberville L., Salaiin M., Lachkar S., Dominique S., Mo-
reno-Swirc S., Vever-Bizet C., Bourg-Heckly G. In vivo
confocal endomicroscopy of peripheral lung nodules
using 488 nm / 660 nm induced fluorescence and topi-
cal methylene blue // Eur. Respir. J. 2008; 32: Suppl. 52,
263s.

Thiberville L., Salaiin M., Moreno-Swirc S. In vivo en-
doscopic microimaging of the bronchial epithelial layer
using 660 nm fibered confocal fluorescence microscopy
and topical methylene blue // Eur. Respir. J. 2007; 30:
Suppl. 51, 712s.

Gabrecht T., Andrejevic-Blant S., Wagnieres G. Blue-vi-
olet excited autofluorescence spectroscopy and imaging
of normal and cancerous human bronchial tissue after
formalin fixation // Photochem. Photobiol. 2007; 83:
450-458.

Richards-Kortum R., Sevick-Muraca E. Quantitative op-
tical spectroscopy for tissue diagnosis // Annu Rev. Phys.
Chem. 1996; 47: 555-606.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

107

Bourg-Heckly G., Thiberville L., Vever-Bizet C. In vivo
endoscopic autofluorescence microspectro-imaging of
bronchi and alveoli // Proc SPIE. 2008; 6851.

Qu J., MacAulay C., Lam S. Laser-induced fluorescence
spectroscopy at endoscopy: tissue optics, Monte Carlo
modeling and in vivo measurements // Opt. Eng. 1995;
34:3334-3343.

Lane PM., Lam S., McWilliams A., Leriche J.C., Ander-
son M.W., Macaulay C.E. Confocal uorescence microen-
doscopy of bronchial epithelium // J. Biomed. Opt. 2009;
14: 024008.

Jean F., Bourg-Heckly G., Viellerobe B. Fibered confocal
spectroscopy and multicolor imaging system for in vivo
fluorescence analysis // Opt. Express. 2007; 15: 4008—
4017.

Becker V., von Delius S., Bajbouj M., Karagianni A.,
Schmid R.M., Meining A. Intravenous application of
fluorescein for confocal laser scanning microscopy:
evaluation of contrast dynamics and image quality with
increasing injection-to-imaging time // Gastrointest En-
dosc. 2008; 68: 319-323.

Kiesslich R., Fritsch J., Holtmann M., Koehler H.H.,
Stolte M., Kanzler S., Nafe B., Jung M., Galle PR., Neu-
rath M.F. Methylene blue-aided chromoendoscopy for the
detection of intraepithelial neoplasia and colon cancer in
ulcerative colitis / Gastroenterology. 2003; 124: 880—888.
Taghavi S.A., Membari M.E., Eshraghian A., Dehgha-
ni S.M., Hamidpour L., Khademalhoseini F. Comparison
of chromoendoscopy and conventional endoscopy in the
detection of premalignant gastric lesions // Can. J. Gast-
roenterol. 2009; 23: 105-108.

Marion J.F, Waye J.D., Present D.H., Israel Y., Bodi-
an C., Harpaz N., Chapman M., Iltzkowitz S., Stein-
lauf A.F., Abreu M.T, Ullman T A., Aisenberg J., May-
er L. Chromoendoscopy-targeted biopsies are superior to
standard colonoscopic surveillance for detecting dyspla-
sia in inflammatory bowel disease patients: a prospecti-
ve endoscopic trial / Am. J. Gastroenterol. 2008; 103:
2342-2349.

Inoue H., Kazawa T, Sato Y, Satodate H., Sasajima K.,
Kudo S.E., Shiokawa A. In vivo observation of living
cancer cells in the esophagus, stomach, and colon using
catheter-type contact endoscope, “Endo-Cytoscopy sys-
tem” // Gastrointest. Endosc. Clin. N Am. 2004; 14: 589—
594.

Shibuya K., Fujiwara T, Yasufuku K., Alaa M., Chiyo M.,
Nakajima T., Hoshino H., Hiroshima K., Nakatani Y.,
Yoshino I. Endo-cytoscopy system is a novel endoscopic
technology to visualize microscopic imaging of the tra-
cheobronchial tree // Eur. Respir. J. 2008; 32: Suppl. 52,
263s.

Mercer R.R., Crapo J.D. Spatial distribution of collagen
and elastin fibers in the lungs // J. Appl. Physiol. 1990;
69: 756-765.

Weibel E.R., Sapoval B., Filoche M. Design of periphe-
ral airways for efficient gas exchange // Respir. Physiol.
Neurobiol. 2005; 148: 3-21.

Weibel E.R., Hsia C.C., Ochs M. How much is there re-
ally? Why stereology is essential in lung morphometry //
J. Appl. Physiol. 2007; 102: 459-467.



BECTHNK TPAHCHAAHTOAOTUN N1 NCKYCCTBEHHbBIX OPTAHOB

ToOM XV Ne 2-2013

34. Black PN., Ching PS., Beaumont B., Ranasinghe S.,

Taylor G., Merrilees M.J. Changes in elastic fibres in
the small airways and alveoli in COPD // Eur. Respir. J.
2008; 31: 998-1004.

35. Honda T, Ota H., Arai K., Hayama M., Fujimoto K.,

Yamazaki Y., Haniuda M. Three-dimensional analysis of
alveolar structure in usual interstitial pneumonia // Vir-
chows Arch. 2002; 441: 47-52.

36. Honda T., Ota H., Sano K. et al. Alveolar shrinkage in

bronchioloalveolar carcinoma without central fibrosis //
Lung Cancer. 2002; 36: 283-288.

108

37. Hsu E.R., Gillenwater A.M., Hasan M.Q., Wil-

38.

liams M.D., El-Naggar A.K., Richards-Kortum R.R.
Real-time detection of epidermal growth factor receptor
expression in fresh oral cavity biopsies using a molecu-
lar-specific contrast agent // Int. J. Cancer. 2006; 118:
3062-3071.

Hsiung PL., Hardy J., Friedland S., Soetikno R.,
Du C.B., Wu A.P,, Sahbaie P, Crawford J.M., Lowe A.W.,
Contag C.H., Wang T.D. Detection of colonic dysplasia
in vivo using a targeted heptapeptide and confocal mic-
roendoscopy // Nat. Med. 2008; 14: 454-458.



