ORIGINAL ARTICLE /
PUVODNI PRACE

Confocal laser scanning endomicroscopy

Initial experience in the Czech Republic

Marcela Kopacova?, Stanislav Rejchrt?, Véra Tycova?, llja Tacheci?, Ales Ryska?, Jan Bures*

12" Department of Medicine, Charles University in Praha, Faculty of Medicine at Hradec Kralové, University Teaching Hospital,
Hradec Kralové, Czech Republic
2The Fingerland Institute of Pathology, Charles University in Praha, Faculty of Medicine at Hradec Kralové, University Teaching
Hospital, Hradec Kralové, Czech Republic

20

Summary

Confocal laser scanning endomicroscopy
(CLSE) seems to be a key technology for
obtaining endoluminal non-invasive optical
biopsies. The method promises better
screening and improves biopsy selection.
CLSE has to be used for microscopic imag-

ing at a quality approaching that of histo-
patologically prepared samples. Accurate
detection of premalignant lesions and
early cancers is essential for curative endo-
scopic or surgical therapy, since the progno-
sis for the affected patients is closely rela-

ted to the size and stage of the neoplastic
lesion.

KEY WORDS: CONFOCAL, ENDOMICROSCOPY,
LASER, OPTICAL BIOPSY

Recent advances in endoscopic imag-
ing technology have enabled visualisa-
tion of early-stage cancer and its pre-
cursors in the gastrointestinal tract.
Chromoendoscopy, magnifying endos-
copy, endoscopic optical coherent to-
mography, spectroscopy, and various
combinations of these technologies,
are all important for the recognition of
small and unclear lesions. To observe
cancer cells in vivo, an ultra-high mag-
nifying laser-scanning confocal endo-
scope, that has a maximum of more
than 1000-fold magnifying power has
been developed. These endoscopes
can generate high-quality images of
both living cancer cells and normal
cells in the gastrointestinal tract, with
a quality comparable to that possible
with conventional cytology or histology.
This novel imaging technology may
make in vivo histological diagnosis by
virtual histology possible [7]. It can
also be used to obtain high-resolution
images and 3-dimensional reconstruc-
tive images from various kinds of tis-
sue samples [1,17]. Introduction of
this important method allows for study
of dynamic processes in living cells
[19]. The gold standard of final diag-
nosis, however, relies on histopatho-

logical examination of a biopsy speci-
men [1]. Confocal laser scanning
endomicroscopy (CLSE) may be able
to provide a microscopic image from
an untreated tissue specimen. Ini-
tially, CLSE has been used to analyse
skin, cornea, oral cavity, and the blad-
der [6,18].

CLSE is possible due to the inte-
gration of a confocal microscope in
the distal
endoscope. Pentax joined Optiscan

tip of a conventional

Imaging Ltd., an Australian company
(Melbourne) to develop a confocal
endoscopy system that allows genera-
tion of in vivo histology images during
conventional endoscopy. To gain this,
a confocal microscope was minia-
turised to a size that made it possible
for it to be integrated in the distal end
of a common high-resolution video
endoscope. It enables confocal
microscopy on a second monitor in
addition and simultaneously to stan-
dard video endoscopy [10]. CLSE
enables subsurface analysis of the
gastrointestinal mucosa and in vivo
histology during ongoing endoscopy in
full resolution by point scanning laser
fluorescence analysis. Cellular, vascu-

lar and connective tissue structures

can be seen in detail. The new and
detailed images seen with confocal
laser endomicroscopy are unequivo-
cally the beginning of a new era where
this optical development will allow
a unique look at cellular structures
and functions at and below the sur-
face of the gut [5,11].

PRINCIPLE OF THE METHOD
The principle of CLSE is not new:
Marvin Minsky had it patented as
early as in 1957. During CLSE a laser
light source delivers blue excitation
light at a wavelength of 488 nm.
Fluorescence substances in the tissue
absorb this light and emit green-yel-
lowish light at a longer wavelength
510-580 nm by themselves. Only fluo-
rescence light coming from a specific
focal plane is detected afterwards by
the endomicroscopy system. Light from
outside the focal plane is rejected.
This results in high-resolution images
providing an excellent image quality
for visualisation of the tiniest details.
Digital images of cells magnified
1000-fold appear in real time on
a computer screen, which enables
immediate detection of changes in
cellular structure without the need for
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Souhrn

Konfokalni laserova endomikroskopie
(KLE) se zda byt klicovou technologii
pro ziskani endoluminalnich neinvaziv-
nich optickych biopsii. Metoda je prisli-
bem pro lepsi vyhledavani a zlepSeni vybéru
mist pro odbér biopsii. KLE by méla

dosahovat mikroskopického zobrazeni,
bliziciho se histologickému. Presné zjisteni
premalignich 1ézi a c¢asného karcinomu
jsou zasadné ddlezité pro endosko-
pickou nebo chirurgickou terapii, protoZe
prognéza postizenych pacientl lzce

souvisi s velikosti a stadiem neoplastické
léze.

KLICOVA SLOVA: KONFOKALNI LASEROVA
ENDOMIKROSKOPIE, OPTICKA BIOPSIE

Soucasny vyvoj endoskopickych zobra-
zovacich metod umoznuje zobrazeni
¢asnych neoplazii travici trubice
a jejich vyvojovych predstupnd.
Chromoendoskopie, zvétSovaci endo-
skopie, endoskopicka optickd kohe-
rentni tomografie, spektroskopie
a nejriiznéjsi kombinace téchto tech-
nik dovoluji rozliSeni malych a nejas-
nych 1ézi na sliznici. K tomu, abychom
mohli pozorovat rakovinné bunky

in vivo slouzi konfokélni laserova
endomikroskopie (KLE). Tato metoda
nam dovoluje vyuzivat 1000nasob-
ného zvétSeni pozorované tkané.
Zarizeni je schopno generovat velmi
kvalitni obrazky bunék normalni i pato-
logicky zménéné sliznice traviciho
traktu; kvalita zobrazeni je srovna-
telna s obrazy z klasické cytologie Ci
histologie. Tato nova zobrazovaci
metoda tedy pfindsi moznost sta-
noveni histologické diagndzy in vivo
[7]. MUZe byt souCasné vyuZita
i k ziskani 3rozmérnych zobrazeni
pomoci rekonstrukce z konfokalnich
obraz(i z jednotlivych vrstev rdznych
tkani [1,17]. Zavedeni KLE do praxe
dovoluje zkoumani dynamickych pro-

cesll v Zijicich bunkach [19]. Presto
vSak zlatym standardem pro stano-
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veni konec¢né diagndzy zlstava
histopatologické vySetreni bioptického
vzorku tkané [1]. KLE naopak pfinasi
moznost mikroskopického vysSetfeni
nezpracovaného nativniho vzorku.
KLE byla doposud v humanni medici-
né pouzivana k vySetfeni kuze,
rohovky, dutiny Ustni a mocového mé-
chyre [6,18].

Moznost vyuziti KLE v endoskopii
prineslo zaclenéni konfokalniho endo-
skopu do distalniho konce konvenc-
niho endoskopu. Spolecnost Pentax
se spojila se spole€nosti Optiscan
Imaging Ltd. (Australie, Melbourne)
a spolec¢né vyvinuli endoskopicky
systém, ktery spojuje
moznost snimani konfokalnich zobra-

konfokalni

zeni, tedy histologie in vivo, s kla-
sickym endoskopickym vySetfenim.
Konfokalni mikroskop musel byt nato-
lik miniaturizovan, aby jej bylo mozno
zaclenit do distalniho konce video-
endoskopu s vysokym rozlisenim. Tato
kombinace je optimalni, protoze
soucasné muzeme sledovat endo-
skopicky obraz na monitoru a snimat
a pozorovat obraz z KLE na jiné obra-
zovce [10]. KLE vyuzivd bodového
laseru jako zdroje svétla. Laser je
fokusovan na clonku, ktera je objek-

tivem mikroskopu zobrazena na
vzorek. TentyZz objektiv pak snima
fluorescenci vzorku, kterou dale
zpracovava pro ziskani obraz(. Pri
bézném endoskopickém vySetfeni se
tedy zobrazuji detaily bunéénych
struktur, cévy a pojivova tkan. KLE
nyni umoznuje zcela nové mikro-
skopické zobrazeni, které je nepo-
chybné pocatkem nové epochy rozvoje
zobrazovacich metod. Pfinasi unikatni
pohledy na bunécné struktury a bu-
nécné funkce na povrchu i pod

povrchem strevni sliznice [5,11].

PRINCIP METODY
Myslenka konfokalniho zobrazeni neni
nova: Marvin Minsky patentoval meto-
du KLE jiZz v roce 1957. V prlabéhu
vySetreni vysila laserovy zdroj
endoskopu modré svétlo o vinové
délce 488 nm. Fluoreskujici latky ve
tkani toto svétlo absorbuji a odrazeji
zpét Zluto-zelené svétlo o delsi
vinové délce 510-580 nm. Endo-
mikroskopicky systém zpracovava
pouze toto fluorescencni svétlo
a vytvafi obraz s vysokym rozliSenim.
Svétlo mimo rovinu zobrazeni je elimi-
novano. Vysledkem

jsou obrazy

s vysokym rozlisenim v takové kvalité,
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a biopsy [7,8,14]. Due to this magnifi-
cation the endoscopic images enable
recognition of structures down to the
size of cell nuclei. Compared to con-
ventional zoom scopes, which provide
a maghnification of only 100-fold, CLSE
protrudes in totally new dimensions.
The strength of CLSE is not only the
high magnification of tissue structures
but also the possibility to acquire
images. CLSE images show a horizon-
tal view of approximately the upper
2/3 of the mucosa (250 um). The opti-
cal slice thickness is 7 um, with a late-
ral resolution of 0.7 um. Confocal

Fig. 1.

Normal colonic mucosa (a surface slice). Regular luminal openings
(asterisk) and distribution of crypts covered by a homogenous layer of

epithelial cells, including goblet cells (arrow).

Obr. 1.

Normalni sliznice tracniku (povrchovy fez). Pravidelna usti lumen Zlazek
(hvézdicka) a usporadani krypt, na povrchu homogenni vrstva epitelialnich

bunék s ¢etnymi poharkovymi bunikami (Sipka).

Fig. 2.

Normal colonic mucosa (a deeper slice). Hexagonal, honeycomb appearance
that presents a network of capillaries (arrows) outlining the stroma

surrounding the luminal openings of the crypts.

Obr. 2.

Normalni sliznice tracniku (hlubsi fez). Hexagonalni vzhled uspofadani krypt
typu medové plastve, které je tvoreno siti kapilar (Sipky) obklopujici lumen

jednotlivych krypt.

image data are collected at a scan
rate of 0.8 frames per second (1024 x
1024 pixels) or 1.6 frames per second
(1024 x 512 pixels). The field of vision
is 500 x 500 um, and the range of the
z-axis is 0 - 250 pym below the surface
layer [10].

There are some problems with the
in-vivo application of the CLSE. Firstly
the tip of the endomicroscope has to
be placed vertically against the target
point on the mucosa during the exami-
nation. However, it may be difficult to
scan vertically against the mucosa in
some parts of the gastrointestinal

tract. Secondly, any movement in the
digestive tract during an examination
makes CLSE difficult [18].
Fluorescence CLSE can take
advantage of dyes that stain specific
cellular structures, so that it is closer
to traditional histopathological imag-
ing. The use of endoluminal fluores-
cence CLSE has been problematic as
successfully tested dyes such as Syto
17 or acridine orange, are potentially
mutagenic. Potentially suitable agents
are fluorescein, acriflavine, tetracycli-
ne, or cresyl violet [5]. Some studies
present the potential use of 2% cresyl
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kterd dovoluje vizualizovat nejdrob-

né&jsi struktury.
Digitalni

o 1000nasobném zvétSeni mlZeme

zobrazeni bunék
pozorovat v realném Case na obra-
zovce a mizeme tedy okamzité odlisit
zmény v celularni strukture, aniz
bychom museli vyckavat vysledku
histologie [6,8,14]. ZvétSeni tkang,
jakého dosahuje KLE, je dostatecné
k rozliseni
struktur, jakymi jsou napfriklad jadra
bunék. Ve srovnani s konvenénimi

takovych bunécnych

zvétSovacimi endoskopy, které do-
sahuji 100nasobného zvétSeni tkané,
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otevira KLE zcela nové prostory. Pfinos
metody nespociva jen ve vizualizaci
mikroskopickych struktur sliznice,
ale i v moZnosti snimat a uchovavat
jednotlivé obrazy. Ty jsou snimany
smérem od povrchu sliznice v hori-
fezech az do hloubky
(250 pm).
Vzdalenost jednotlivych optickych fezu

zontalnich
pfiblizné 2/3 sliznice
je 7 um s laterdlnim rozliSenim
0,7 ym. Obrazova data jsou snimana
s frekvenci 0,8 obrazki za sekundu
(pfi rozliseni 1024 x 1024 pixeld)
nebo 1,6 obrazkl za sekundu (1024 x
512 pixell). Zorné pole ma velikost

Fig. 3.

Obr. 3.

Fig. 4.

Obr. 4.

500 x 500 um, rozsah mozné hloubky
vySetreni tkané je 250 um pod povrch
sliznice [10].

Pfi vySetfeni metodou KLE se
mohou vyskytnout nékteré tézkosti.
V prvni fadé konec endoskopu musi
byt umistén pfisné vertikalné proti
sledovanému okrsku sliznice. V né-
kterych ¢astech traviciho traktu je
obtizné takovéto polohy dosahnout.
Druhym castym problémem byva
pohyb, ktery zpUsobuje rusivé artefak-
ty v konfokalnim zobrazeni. Peristal-
tika a prenesené pulzace mohou
vySetfeni komplikovat [18].

Hyperplastic polyp. Star-shaped luminal crypt openings (arrowheads) with
a regular or reduced amount of goblet cells; the boundary between normal
(asterisk) and hyperplastic mucosa.

Hyperplasticky polyp. Hvézdicovita tsti lumen Zlazek nepravidelného tvaru
(hroty) s normalnim ¢i redukovanym mnozstvim poharkovych bunék,
rozhrani s normalni sliznici (hvézdicka).

Colonic villous adenoma (a surface slice). Frondlike villiform extensions
of the mucosa covered by columnar epithelium.

Vil6zni adenom tracniku (povrchovy fez). Vilozni usporadani sliznice
s vrstvou cylindrického epitelu na povrchu.



violet as a staining agent for endolu-
CLSE.
and differentiation of nuclei, mem-

minal It allows identification
branes, and cytoplasm in various tis-
sue layers in the digestive tract. Cresyl
violet is frequently applied in chro-
moendoscopy for pit-pattern classifi-
cation [3,15,16].

For safety reasons only a limited
range of fluorescent dyes have been
registered for clinical use in patients
so far [4]. For the currently running
clinical studies, 2 different fluorescent
agents are used: fluorescein sodium
5-10 mL of a 10% solution for intra-

Fig. 5.

Colonic villous adenoma (a deeper slice). Dilated and distorted vessels with
increased leakage (arrow); villous arrangement of the mucosa.

Obr. 5.

Vil6zni adenom tracniku (hlubsi fez). RozSifené a pokroucené cévy se
zvySenym prosakovanim (Sipka), vilozni usporadani sliznice.

Fig. 6.

Colonic carcinoma. The boundary between normal (asterisk) and tumorous

mucosa. Increased leakage (arrow).

Obr. 6.

Karcinom tracniku. Rozhrani mezi normalni (hvézdicka) a nadorovou sliznici.

Zvysené prosakovani (Sipka).

venous application and acriflavine
hydrochloride 0.05% in saline for topi-
cal use only.

With regards to fluorescein, no
immediate toxicity was observed after
topical or systemic application. Fluo-
rescein sodium that has been safely
used in ophthalmology for decades
gives a good overall impression of the
mucosa after partly leaking from circu-
lation into the tissue. It renders many
subcellular details such as mucin in
colonic goblet cells. A sufficient con-
trast is also observed in vessels where
fluorescein is partly retained because

of its plasma protein binding. Due to
its pharmacological properties, fluo-
rescein does not stain nuclei [4,5].
Fluorescein is administered intra-
venously usually at a dose of 5 mL.
Within 30 seconds an endomicrosco-
pic image can be obtained due to very
rapid distribution of the substance in
the human body. The effect remains
for approximately 1 hour. A side effect
is yellowish coloration of the skin and
urine of the patient. The skin colora-
tion appears within a few minutes and
lasts up to 12 hours. The colour of the

urine becomes normal within 36 hours.

Folia Gastroenterol Hepatol 2007; 5(3-4)



Vyuziti fluorescencnich barviv,
ktera odlisuji rizné bunécéné struktury,
pribliZuje KLE tradi¢nimu histopato-
logickému zobrazeni, ackoli obraz
zUstava cernobily. VyuZiti endoluminal-
ni fluorescence je vSak komplikovano
spektrem barviv, které lze v humanni
mediciné vyuZzit. Néktera z barviv, jako
Syto 17 ¢&i akridinovd oranz, jsou
diskriminovana pro svou potencialni
mutagenitu. Jako potencialni fluo-
rescencni barviva se jevi fluorescein,
akriflavin, tetracyklin a kresylova violet
[5]. Nékteré studie vyuzivaly kre-
sylovou violet ve 2% koncentraci

Folia Gastroenterol Hepatol 2007; 5(3-4)

k endoluminaini fluorescenci. Pomoci
tohoto barviva se zvyraznuji jadra,
membrany a cytoplasma bunék ve
sliznici traviciho traktu. Kresylova
violet ma vyhodu soucasného vyuziti
v chromoendoskopii ke zhodnoceni
pit-pattern, umoznuje tedy syntézu
obou metod [3,15,16].

Z bezpecnostnich ddvodl je vsak
dosud pro klinické vyuziti registrovana
jen nepatrna c¢ast fluorescencnich
barviv [4]. V soucasnych Kklinickych
studiich je mozZno v literatufe nalézt
pouze 2 rlzna fluorescencni barviva:
natrium fluorescein 10% roztok, ktery

Fig. 7.

Obr. 7.

Fig. 8.

of enterocytes.

Obr. 8.

aplikujeme nitrozilné v davce 5-10 ml
pro 1 vySetfeni, a akriflavin hydro-
chlorid 0,05% roztok ve fyziologickém
roztoku pro topickou aplikaci na
sliznice.

Po podani fluoresceinu, at jiz lokal-
nim ¢i systémovém, nebyla dosud
podle literatury zaznamenana toxicka
reakce. Fluorescein je jiz po desetileti
bezpecné vyuzivan v ocnim lékarstvi
k zobrazeni sitnice. Po jeho intra-
veno6znim podani dochazi k priniku do
tkani a velmi dobrému zobrazeni
sliznice travici trubice se zvyraznénim
hlenu a poharkovych bunék. Diky

Colonic carcinoma. Dilated and distorted vessels with increased leakage
(arrow); irregular architecture, with no orientation to the adjoining normal
tissue. This view continues the preceding one (Fig. 6).

Karcinom tracniku. RozSifené a pokroucené cévy se zvySenym prosakovanim
(Sipka), nepravidelna architektonika korespondujici malo nebo viibec
s prilehlou normalni tkani. Zorné pole navazuje na predchozi (obr. 6).

Small intestine. Villi in the small intestinal mucosa appear as club-shaped
protrusions with typical vasculature in the lamina propria - tortuous vessels
with erythrocytes are nicely seen (arrowheads), single goblet cells can

be identified as well as a thin layer of brush border (arrow) at the top

Tenké stfevo. Zobrazeny klky jako kyjovité vybézky s typickou vaskularizaci
lamina propria - velmi dobfe jsou patrny vinuté cévy s erytrocyty v lumen
(hroty), jednotlivé poharkové bunky a tenky lem kartacového lemu

na povrchu enterocytl (Sipka).
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With
fluorescent agent acriflavine, this is
applied topically on the surface
of the mucosa via a spray catheter,

regards to the second

which is introduced through the work-
ing channel of the scope. As a result of
the topical application acriflavine is
immediately active, but stays mainly
on the mucosal surface and is not
distributed to the deeper tissue layers.
Acriflavine interacts with nucleic acids
in the cell nucleus, so it mainly stains
the nuclei of the cells including bacte-
ria (Helicobacter pylori), but it also
stains the cytoplasm to a sufficient

Fig. 9.

Small intestine. Vasculature in the lamina propria, layer of enterocytes with

goblet cells on the surface of villi.

Obr. 9.

Tenké stfevo. Vaskularizace lamina propria, zona enterocytli s poharkovymi

bufikami na povrchu klku.

Fig. 10.

Stomach. Typical oblong crypts (asterisk) with cobblestone appearance

of the surface cells (arrow).

Obr. 10.

Zaludek. Typické protahlé krypty (hvézdi¢ka) s dlazdicovitou strukturou

povrchovych epitelii (Sipka).

extent to permit tissue characteri-
sation [4].

The diagnostic spectrum of CLSE
is currently expanding from screening
and surveillance for colorectal cancer
towards Barrett's oesophagus, Helico-
bacter pylori associated gastritis and
early gastric cancer. The new detailed
images seen with confocal laser
endomicroscopy are unequivocally the
beginning of a new era where this opti-
cal development will allow a unique
look at cellular structures and func-
tions at and below the surface of the
gut [2,9,12].

Barrett's oesophagus is known to
be a premalignant condition in
patients with gastro-oesophageal
reflux disease, and most adenocarci-
nomas of the distal oesophagus have
been shown to arise in Barrett's tis-
sue. Barrett's oesophagus is defined
histologically by the presence of spe-
cialised columnar epithelium with gob-
let cells (colonic type intestinal meta-
plasia). The columnar-lined lower
oesophagus can be identified during
standard gastroscopy. Four-quadrant
step biopsies within columnar-lined
lower oesophagus are considered as

Folia Gastroenterol Hepatol 2007; 5(3-4)



vazbé fluoresceinu na plasmatické
bilkoviny zUstava také v cévach
dostateCné mnozstvi kontrastu. Far-
makokinetika  fluoresceinu  vSak
neumoznuje zbarveni jader [4, 5].
Fluorescein aplikujeme intravenézné
obvykle v davce 5 ml. Endomikro-
skopické obrazy mUzeme zaéit snimat
pfiblizné pal minuty po aplikaci,
fluorescence je dostateéna obvykle
jesté hodinu po podani fluoresceinu.
Nezavaznym vedlejSim efektem je
Zluté zbarveni sliznic a kuze, které se
objevi béhem nékolika minut
a odeznivda do 12 hod po aplikaci,
a Zlutooranzové zbarveni modci, které
muUZe pretrvavat az 36 hod.

Druhym fluorescenénim barvivem
je akriflavin, ktery aplikujeme topicky
na povrch sliznice sprayovym ka-
tétrem zavedenym pracovnim kana-

lem endoskopu. Po nastfiku sliznice

Folia Gastroenterol Hepatol 2007; 5(3-4)

mulzeme snimat konfokalni obrazy
ihned, protoze akriflavin barvi pouze
povrch sliznice a nepronika do
hlubsich vrstev. Zvyraziuje nukleové
kyseliny, tedy zejména bunécna jadra
véetné jader bakterii na povrchu
sliznice (Helicobacter pylori), ale
i zbarveni cytoplasmy je dostatecné
pro pozorovani konfokalnim mikro-
skopem [4].

“““““ oblastmi  pro
vyuZiti KLE v gastroenterologii se nyni
jevi screening a dispenzarizace
kolorektalniho karcinomu, BarrettQv
jicen, Helicobacter pylori pozitivni
gastritida a ¢asny karcinom Zaludku.
Nova progresivni metoda vySetfeni
konfokalnim mikroskopem je nepo-
chybné pocatkem nové éry, ve které
rozvoj optického zobrazeni prinese
pohled na bunééné struktury nejen

na povrchu, ale i pod povrchem

Fig. 11.
of oesophagus.

Obr. 11.

travici trubice [2,9,12]. Barrettlv
jicen povazujeme za prekancerézu
u nemocnych s gastroesofagealni
refluxni chorobou, vétsSina adenokarci-
nomu distalniho jicnu pochazi pravé
z Barrettovy sliznice. Barrettliv jicen
je definovan histologicky pritomnosti
specializovaného cylindrického epitelu
s poharkovymi bunkami (intestinalni
metaplasie kolonického typu). Cylin-
dricky epitel v distalnim jicnu snadno
identifikujeme v prabéhu klasické
endoskopie. Ctyfkvadrantova biopsie
odebrana z Useku cylindrického
epitelu v jicnu je povaZovana za zlaty
standard pro diagnézu Barrettova
pripadné
neoplazie v Barrettové jicnu. V prd-

jicnu  a/nebo ¢asné
béhu KLE muZeme v cylindrickém
epitelu distalniho jicnu identifikovat
poharkové bunky

(tab. 1) [5].

mikroskopicky

Oesophagus. Non-keratinised squamous epithelium at the surface layer

Jicen. Polygonalni epitelialni buinky nerohovéjiciho dlazdicového epitelu.
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Confocal laser endomicroscopy classification of Barrett's oesophagus [5].

confocal diagnosis
gastric-type
epithelium

Barrett's epithelium

mucosal layer

neoplasia

vessel architecture

capillaries with a regular shape only visible
in the deeper parts of the mucosal layer

subepithelial capillaries with a regular shape
underneath columnar-lined epithelium visible
in the upper and deeper parts of the

irregular capillaries visible in the upper and
deeper parts of the mucosa, leakage of
vessels leads to a heterogeneous and

appearance

crypt architecture

regular columnar-lined epithelium with round
glandular openings and typical cobble-stone

columnar-lined epithelium with intermittent dark
mucin in goblet cells in the upper parts of the mucosa,
villous, dark, regular cylindrical Barrett "s epithelial

cells are present in the deeper parts

brighter signal intensity within the lamina

propria

black cells with irregular apical and distal borders
and shapes, with strong dark contrast against
the surrounding tissue

Confocal laser endomicroscopy classification of patterns in colorectal lesions [5].

grading

normal

of the crypts

regeneration

neoplasia

vessel architecture

hexagonal, honeycomb appearance that
presents a network of capillaries outlining
the stroma surrounding the luminal openings

hexagonal, honeycomb appearance with
no increase or only a slight increase in the
number of capillaries

dilated and distorted vessels with increased
leakage; irregular architecture, with little or
no orientation to the adjoining tissue

or no mucin

crypt architecture

regular luminal openings and distribution of crypts
covered by a homogenous layer of epithelial
cells, including goblet cells

star-shaped luminal crypt openings or focal
aggregation of regular-shaped crypts with a regular
or reduced amoung of goblet cells

ridge-lined irregular epithelial layer with loss of crypts
and goblet cells; irregular cell architecture, with little

a gold standard for diagnosing
Barrett's epithelium and Barrett's-
associated neoplastic changes. CLSE
makes it possible to identify columnar-
lined lower oesophagus macroscopi-
cally and identify goblet cells micro-
scopically in the distal oesophagus
(see Tab. 1) [5].

There have been several innova-
tions in the endoscopic diagnosis of
gastrointestinal neoplastic lesions in
recent years. In addition to conventio-
nal endoscopy, chromoendoscopy and
magnifying endoscopy are now used.
Magnifying endoscopy has become
established as a clinically useful tool,
especially for diagnosing early colorec-
tal lesions. Magnifying colonoscopy
allows visualisation of the orifices of
the colonic glands (pits). This pit-pat-
tern diagnosis makes it possible to pre-
dict the histological diagnosis before
obtaining a tissue sample. The ideal
would be a method capable of provid-

ing immediate histological images
during endoscopy [13,18]. Thanks to
CLSE we are closer to this goal.

OWN INITIAL EXPERIENCE

We started with CLSE on January 2007
and our experience so far has been
limited. The endoscope is rather more
complicated and sophisticated than
standard ones, so it is more exacting
to handle, especially for nurses
(preparation, calibration of the laser,
cleansing and disinfection). Initial
on-the-job training is fundamental.

It is very difficult to eliminate any
movement in the gastrointestinal tract.
The rectum is the easiest examination
site for the CLSE from this point of
view. It may be more difficult to apply
the system in other parts of the gas-
trointestinal tract that are affected by
respiratory or cardiac movements.
Being aware of this fact, we started
with investigation of the colon and rec-

tum and did not investigate other
parts of the gastrointestinal tract until
we had gained some experience. The
oesophagus is the most difficult for
CLSE in our opinion. Not only due to
the above-mentioned movements but
also because vertical access to the
mucosa might be uneasy.

In our opinion the presence of an
experienced gastrointestinal patholo-
gist in the endoscopy room during
CLSE is essential, particularly during
the course of initial investigations.
Moreover it is necessary to subse-
quently compare the CLSE results with
conventional histology. Chromoendo-
scopy in conjunction with the use of
CLSE can further improve detailed
visualisation and analysis of lesions.

In the colon, mucin-containing gob-
let cells and columnar epithelial cells
can be easily identified (see Figs 1, 2).
The luminal openings of the crypts
appear as black holes, crypts are

Folia Gastroenterol Hepatol 2007; 5(3-4)



Konfokalni laserova endomikroskopie
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KLE klasifikace Barrettova jicnu [5].

konfokalni diagnéza | architektonika cév architektonika krypt

epitel zaludecniho
typu

kapilary pravidelného tvaru viditelné pouze
v hlubsich vrstvach sliznice

pravidelny cylindricky epitel s okrouhlymi Gstimi
krypt a typickym dlazdicovym charakterem

na povrchu

epitel Barrettova

podpovrchové kapilary pravidelného tvaru cylindricky epitel s vmezerenymi tmavymi poharkovymi

typu pod cylindrickym epitelem viditelné burikami v horni ¢asti sliznice, v hlubsich partiich
patrny v hornich i hlubSich slizni¢nich vrstvach
bunky Barrettova epitelu - tmavé pravidelné
cylindrické bunky s kartacovym lemem

neoplazie nepravidelné kapilary v povrchovych tmavé bunky s nepravidelnym apikalnim a distalnim

i hlubsich vrstvach sliznice, prosakovani cév
s naslednym heterogennim a svétlejSim
zbarvenim lamina propria

ohrani¢enim a nepravidelnym tvarem, tmavé
kontrastuji s okolni tkani

KLE klasifikace kolorektalnich slizni¢nich Iézi [5].

stupen architektonika cév architektonika krypt

normalni tkan hexagonalni vzhled usporadani krypt typu
medové plastve, které je tvoreno siti kapilar
obklopujici lumen jednotlivych krypt

pravidelna Usti lumen Zlazek a usporadani krypt,
na povrchu homogenni vrstva epitelialnich bunék
s ¢etnymi poharkovymi bunkami

regenerace hexagonalni vzhled usporadani krypt hvézdicovita Usti lumen Zlazek nebo loZiskové
typu medové plastve s normalnim mnozstvim  nahromadéni krypt nepravidelného tvaru s normalnim
kapilar nebo jen s jejich mirnym zmnozenim | ¢i redukovanym mnozstvim poharkovych bunék

neoplazie rozSitené a pokroucené cévy se zvysenym ostre ohranic¢ena vrstva nepravidelnych epitelialnich
prosakovanim, nepravidelna architektonika bunék se ztratou architektoniky krypt, bez
korespondujici malo nebo viibec s prilehlou | poharkovych bunék a hlenu (nebo s jeho
normalni tkani redukovanym mnoZzstvim)

V  poslednich letech ziskala zkuSenosti jsou tedy dosud omezené. a to ze dvou dlvod(l. Prvnim jsou

endoskopie nékolik novych metod,
které usnadnuji diagnostiku ¢asnych
neoplazii traviciho traktu. Konvencni
endoskopie byla obohacena o metodu
chromoendoskopie a zvétSovaci endo-
skopie. ZvétSovaci endoskopie se
rychle zaclenila do bézné praxe a je
vyuzivana zejména k ¢asné diagnos-
tice kolorektalniho karcinomu. Pfi
100nasobném zvétSeni jsou dobre
patrna Usti kolonickych Zlazek (pits).
Hodnoceni vzhledu Zlazek (pit-pattern)
slouZi k odhadu histologické diagnézy
a cilenému odbéru vzork( tkané.
Idealni by byla metoda, ktera by
pfinesla histologické zobrazeni jiz
v pribéhu konvencéni endoskopie
[13,18]. Diky KLE jsme se jiz tomuto
cili priblizili.

PRVNI VLASTNI ZKUSENOSTI
Na nasem pracovisti jsme zavedli
metodu KLE v lednu 2007 a nase

Folia Gastroenterol Hepatol 2007; 5(3-4)

Vlastni pristroj pro KLE je oproti kla-
sickému endoskopu ponékud komp-
likovanéjsi. Klade vétsi naroky zejmé-
na na sesterskou pécéi (pfiprava
endoskopu, kalibrace laseru, ocista
a dezinfekce pristroje). Metodu nelze
zavést bez pocatecniho zaskoleni na
pracovisti.

Eliminovat pohyby v travicim traktu
je velmi slozité. Z tohoto dlvodu je
nejsnadnéjsi oblasti k provadéni KLE
rektum. Naopak v ostatnich Castech
travici trubice je vySetfeni podstatné
komplikovanéjsi vzhledem k pohybim
branice pfi respiraci a prenesenym
pulzacim srdce a velkych tepen.
Z tohoto dlvodu
provadéli vySetreni tracéniku, zpocatku

jsme nejprve
v oblasti rekta, a k vySetreni ostatnich
¢asti travici trubice jsme presli teprve
po ziskani urCitych zkuSenosti. Podle
naseho nazoru je nejobtiznéjSi ¢asti
k vySetfeni metodou KLE oblast jicnu,

zminéné pohyby (peristaltika a pfene-
sené pulzace) a druhym je obtizné
ziskani kolmého pristupu ke sliznici.

Pfitomnost zkuSeného patologa,
ktery se zabyva patologii traviciho
traktu, povazujeme pri KLE za esen-
cialni, zejména pfi pocatecnich
vySetfenich. Pro ziskani zkusenosti je
rovnéZz nezbytné odebrat vzorky na
klasickou histologii a porovnat na-
sledné vysledky obou vysSetfeni.
Kombinace chromoendoskopie a KLE
se nam osvédcila, prinasi snadnéjsi
identifikaci 1ézi, které potom vySetfime
konfokalnim mikroskopem.

Pfi vySetreni tracniku jsou dobre
patrny poharkové bunky obsahujici
hlen a cylindricky epitel (obr. 1, 2).
Luminalni Gsti krypt se jevi jako
¢erné body obkrouzené cylindrickym
epitelem. V hlubsSich partiich vidime
lamina propria obsahujici ¢etné cévy
s erytrocyty obarvenymi fluorescei-
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covered with a layer of epithelial cells.
In deeper parts, vascular structures of
lamina propria with erythrocytes
labelled using fluorescein are nicely
seen. Crypts with their vasculature
show a typical regular honeycomb
appearance.

Intraepithelial neoplasias and co-
lon cancers showed a tubular, villous
or irregular architecture, with a redu-
ced number of goblet cells. Neovascu-
larisation in neoplasms is charac-
terised by an irregular vessel architec-
ture with fluorescein leakage (see
Tab. 2, Figs 3-7).

Villi in the small intestinal mucosa
appear as club-shaped protrusions

with typical vasculature in the lamina
propria - tortuous vessels with erythro-
cytes are nicely seen (see Figs 8, 9),
single goblet cells can be identified as
well as thin layer of brush border at
the top of enterocytes.

Typical oblong crypts can be
observed in the stomach with typical
cobblestone appearance of the
surface cells (see Fig. 10). Poly-
gonal epithelial cells of nonkera-
tinised squamous epithelium are
seen at the surface layer of the
oesophagus (see Fig. 11). Deeper
microvasculature loops within the
papillae of lamina propria can be
observed.

CONCLUSION
Confocal laser scanning endomi-
croscopy is an old technique that has
recently been introduced into live
endoscopy. It provides immediate
images that correspond well with
those of haematoxylin-eosin staining.
Close cooperation between the endo-
scopist and pathologist concerned
with gastrointestinal pathology is

indispensable.
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