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Abstract

Background: Barrett’s esophagus (BE) requires surveillance
to identify potential neoplasia at an early stage. The stan-
dard surveillance regimen includes random 4-quadrant
biopsies by Seattle protocol. Main limitations of random
biopsies are high risk of sampling error, difficulties in histol-
ogy interpretation, common inadequate classification of
pathohistological changes, increased risk of bleeding, and
time necessary to acquire the final diagnosis. Probe-based
confocal laser endomicroscopy (pCLE) has emerged as a po-
tential tool with an aim to overcome these obvious limita-
tions. Summary: pCLE represents a real-time microscopic
imaging method that offers evaluation of epithelial and
subepithelial structures with 1,000-fold magnification. In
theory, pCLE has potential to eliminate the need for biopsy
in BE patients. The main advantages would be real-time di-
agnosis and decision-making, greater diagnostic accuracy,
and evaluation of larger area compared to random biopsies.
Clinical pCLE studies in the esophagus show high diagnostic

accuracy, and its high negative predictive value offers high
reliability and confidence to exclude dysplastic and neo-
plastic lesions. However, it still cannot replace histopathol-
ogy due to lower positive predictive value and sensitivity.
Key Messages: Despite promising results, its role in routine
use in patients with BE remains questionable primarily due
to lack of well-organized double-blind randomized trials.

© 2021 S. Karger AG, Basel

Introduction

Barrett’s esophagus (BE) represents replacement of
the stratified squamous epithelium of the lower esopha-
gus with the metaplastic columnar glandular epithelium.
It is known as a predominant risk factor for esophageal
adenocarcinoma (EA), and therefore it requires clinical
surveillance in order to identify potential neoplasia at ear-
ly stage. Its pathohistological features include intestinal
metaplasia (IM), low-grade dysplasia (LGD), high-grade
dysplasia (HGD), and EA [1]. Standard surveillance regi-
mens to identify early neoplasia, reccommended by the
European Society of Gastrointestinal Endoscopy (ESGE),
include periodical upper endoscopy with random biop-
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sies, usually taken by Seattle protocol (random 4-quad-
rant biopsies taken every 2 cm within the Barrett’s seg-
ment, starting from the upper end of the gastric folds) and
biopsies of visible lesions [2]. However, current standard
surveillance has low diagnostic yield since dysplastic le-
sions are difficult or sometimes impossible to identify and
due to sampling error of random biopsies. Therefore, in-
terest and need of new endoscopic imaging techniques
has been generated. Confocal laser endomicroscopy
(CLE) represents real-time microscopic imaging during
endoscopic examination. A 1,000-fold magnification en-
ables visualization of cells, vascular patterns, and glandu-
lar architecture of a certain point of interest within the
tissue [3]. Until today, CLE has been evaluated in multiple
studies in various locations in the digestive tract, but its
clinical usefulness is still questionable.

CLE as a Diagnostic Method

In the last 15 years, CLE has emerged as a potential tool
that would make gastroenterologists’ and pathologists’
diagnostic arsenal wider with the aim to overcome obvi-
ous limitations of random biopsy sampling techniques al-
lowing to optimize and rationalize the management of BE
[4]. Currently, 2 CLE systems exist: an endoscope-based
endomicroscopy (eCLE) and probe-based endomicros-
copy (pCLE). In the eCLE system (Pentax Medical Cor-
poration, Tokyo, Japan), the confocal imaging system is
incorporated to the tip of the high-resolution endoscope
allowing examinations of only certain parts of the diges-
tive tract. This system is not commercially available, de-
spite some promising research results [3, 4]. The pCLE
system was developed by Mauna Kea Technologies (Cell-
vizio; Paris, France) and represents a newer-generation
probe that can be inserted in a working channel of a stan-
dard endoscope and can be used to examine the entire
gastrointestinal tract. Until today, pCLE has been used,
mostly through research, in the esophagus, stomach, and
intestine, as well as in the biliary tract (during cholangios-
copy) and pancreas (in the main pancreatic duct with
cholangioscopy and to conduct real-time examination of
pancreatic masses or cysts during endoscopic ultra-
sound). Moreover, pCLE has been utilized in pulmonol-
ogy, urology, neurosurgery, and other medical fields [3].

CLE is based upon the principle of tissue illumination
with low-power laser and detection of the reflecting fluo-
rescent light from the tissue. The term “confocal” refers
to the fact that both illumination and detection systems
are in the same focal plane [5]. In the pCLE system, the
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light source and laser scanning unit are integrated in an
external unit, meaning that a miniprobe serves as a pas-
sive conduit. These are inserted in working channels of
endoscopes and direct low-power laser, emitted from the
external unit to the mucosal point of interest through op-
tical fibers and lenses at their tip. The laser light is direct-
ed to a selected depth, depending on examining tissue,
and then reflected fluorescent light is refocused to the de-
tection system by the same lens at the tip [3-5].

With the resolution up to 1 micron, this technology
enables real-time imaging of certain epithelial and sub-
epithelial structures at the cellular level. However, it pro-
vides a static imaging depth of 55-65 pm, unlike eCLE,
without the possibility of invasion depth assessment [1].

Since tissue has natural limited fluorescence, to detect
laser reflections of the tissue of interest and to generate an
image, a contrast agent is required for CLE. Most studies
have used fluorescein, a substance approved by the Food
and Drug Administration (FDA) for retinal angiography.
The doses between studies vary, but most have used 2.5
mL of 10% of fluorescein sodium or 0.1 mL/kg of 1% flu-
orescein sodium intravenously [1, 3]. Safety of fluores-
cein was examined in 2,272 patients at 16 different cen-
ters. There were no serious adverse events, and only mild
events such as nausea, vomiting, transient hypotension,
mild epigastric pain, or rash were reported in 1.4% of pa-
tients [6].

Among different miniprobes, GastroFlex™ UHD has
been used for esophagus examination. Examination
should start, as usually, with high-definition white light
endoscopy (HD-WLE) examination combined with
chromoendoscopy or narrow-band imaging (NBI) to de-
fine areas of interest. Before endomicroscopy exam, so-
dium fluorescein is applied. The miniprobe is inserted
through the working channel and pointed with the endo-
scope to the areas of interest to perform real-time exami-
nation and record videos for postprocedural analysis. Ac-
cording to the manufacturer, a miniprobe can be used up
to 20 times after proper disinfection [3].

Current BE Surveillance - Is It Enough?

According to the latest ESGE guidelines, high-defini-
tion endoscopy is highly recommended to use for BE sur-
veillance, while the routine use of advanced endoscopy
imaging, including CLE, is not recommended. Moreover,
endoscopic random biopsies by Seattle protocol and bi-
opsies of the visible mucosal abnormalities are still con-
sidered as a gold standard for diagnosing BE, LGD, HGD,
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Table 1. Comparison of standard biopsies versus pCLE characteristics

Parameters Four-quadrant biopsies pCLE
(Seattle protocol)
Microscopic imaging +
Histopathological diagnosis +
Depth assessment + -
Type of imaging Static Dynamic
Examined area Small Large
Evaluated by Pathologist Real-time - gastroenterologist; blinded review — gastroenterologist/
pathologist
Diagnose timing Prolonged Real-time/prolonged (postprocedural image analysis)
Possibility of guiding endoscopic procedure - +
Costs Low High

pCLE, probe-based confocal laser endomicroscopy.

EA, and squamous cell carcinoma [2]. However, there
have been several limitations regarding the standard rec-
ommended diagnostic practice of periodic surveillance
mucosal biopsies. First, it is not surprising that many en-
doscopists do not adhere to Seattle protocol in their daily
practice because it can be inconvenient. For example,
during the examination of a 10-cm long BE, 20 overall
biopsies should be taken, according to current guidelines.
This approach can be challenging for the endoscopist and
intolerable for the patient, especially in centers where se-
dation is not routinely practiced, not to mention time
consuming and technically difficult. Abrams et al. [7] re-
vealed that in overall 2,245 BE surveillance endoscopies,
in only 51% of cases adherence to biopsy guidelines was
practiced. Adherence was inversely related to length of
BE, meaning that in only 17.9% of 6-8 cm long BE and in
10.9% cases of >9 cm long BE, biopsies were performed
by the guidelines protocol. More importantly, nonadher-
ence resulted in lower dysplasia detection rate. Second,
the diagnostic accuracy of esophageal biopsies is not that
high to be completely reliable, especially in patients with
LGD. This is partially due to randomly taken biopsies that
assess only a small surface of BE and partially due to over-
diagnosing or underdiagnosing by pathologists. In a
study done by Cameron et al. [8], distribution and extent
of dysplasia and esophageal carcinoma were examined by
histology mapping on resected esophageal specimens due
to HGD or EA. Median BE surface was 32 cm?, with HGD
and EA 1.3 and 1.1 cm?, respectively, meaning that early
carcinoma and high-risk lesions are extremely focal and
easy to miss during biopsy protocol [8, 9]. On the other
hand, LGD is frequently being overdiagnosed by patholo-
gists. It is often due to “overestimation of regenerative
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changes” that can be very similar to dysplasia under the
microscope. In a retrospective cohort study, after expert
pathologist’s reassessment of initially diagnosed LGD
within BE, 73% of LGD was downgraded to be nondys-
plastic BE or indefinite for dysplasia [10]. This misdiag-
nosis could have negative impact on patients, since LGD
is a lesion with increased risk of progression to advanced
neoplasia. Also, false-positive LGD diagnosis could lead
to unnecessary therapeutic procedures and accompanied
procedural risks.

The abovementioned limitations of standard care en-
hance the need of new diagnostic approaches that could
either be added to or completely replace 4-quadrant bi-
opsies. These approaches, including pCLE, are currently
in development and are being tested to improve the de-
tection rate and the diagnostic accuracy in neoplasia de-
tection in patients with BE. Comparison of characteristics
of pCLE and the standard biopsy procedure is presented
in Table 1.

CLE for the Diagnosis of BE and Related Neoplasia

Detection of IM

During the last 15 years, pCLE has been studied exten-
sively in not only different sites of the gastrointestinal
tract but also in many other organs. In the esophagus,
PCLE could be used to detect IM and to establish the di-
agnosis of BE. Until today, the diagnosis of BE is primar-
ily a histopathological diagnosis which is made if the co-
lumnar epithelium is visually observed with a minimum
length of 1 cm above the end of gastric folds and special-
ized IM present at histopathological examination [2].

Dig Dis 2022;40:97-105 99
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Fig. 1. Normal squamous epithelium: flat and scale-like cells with
intrapapillary loops (credit: Mauna Kea Technologies).

However, the technique such as pCLE, which provides “in
vivo” examination at cellular level, could in the future be
simplified to establish the diagnosis. The Mainz Confocal
Barrett’s Classification uses cellular and vascular archi-
tecture to differentiate IM from the normal cardiac epi-
thelium both in superficial and deep parts of mucosa.
Normal gastric mucosa has a typical cobblestone appear-
ance, round and regular glands (gastric pits) with regular-
shaped capillaries in deeper mucosa. Normal squamous
epithelium is characterized by flat and scale-like cells with
intrapapillary loops (shown in Fig. 1). On the other hand,
nondysplastic BE (IM) on CLE is defined by the presence
of goblet cells within columnar mucosa that produce dark
mucin and regular-shaped capillaries in the upper and
deep mucosa (shown in Fig. 2) [1, 3, 11]. A pilot study of
CLE by Kiesslich etal. [11] proposed the abovementioned
classification which yielded a sensitivity, specificity, and
diagnostic accuracy of 98, 94, and 97%, respectively, in
comparison with histologic findings. Positive predictive
value (PPV) was 97%, and negative predictive value
(NPV) was 96% with the mean kappa value for interob-
server and intraobserver agreement of 0.843 and 0.892,
respectively. Following the proposal of these criteria, a
new Miami classification was proposed in 2011 for pCLE
which was similar to Mainz classification. Normal colum-
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Fig. 2. IM: regular columnar-lined epithelium and dark mucin in
goblet cells (credit: Mauna Kea Technologies). IM, intestinal meta-
plasia.

nar epithelium shows flat cells without crypts and villi
with bright intrapapillary capillary loops, while IM is
characterized by uniform villiform architecture and dark
goblet cells within columnar cells [9]. In a small study, the
same authors reported high diagnostic accuracy and in-
terobserver agreement of Miami classification in BE pa-
tients [12]. A recent study showed that pCLE identified
patients with IM in significantly more cases than Seattle
protocol (99/172 vs. 46/172, p < 0.0001). Also, the differ-
ence was significant in patients with visible columnar ep-
ithelium, but not in patients without macroscopically ev-
ident columnar epithelium [13]. Therefore, pCLE can re-
liably distinguish the normal cardiac epithelium from IM
and could be useful in patients with macroscopically pres-
ent BE to confirm the diagnosis and in cases where IM
was missed with standard biopsies by Seattle protocol.

Detection of Neoplastic Lesions Related to BE

Apart from IM, pCLE has been used to detect neopla-
sia associated with BE. In practice, neoplastic lesions
within BE are detected during the surveillance program
or incidentally. On CLE exam, dysplastic/neoplastic le-
sions are characterized by a completely irregular “disor-
ganized” epithelium comprising black cells, much darker
than surrounding tissue with irregular leaking capillaries
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Fig. 3. Dysplasia/EAC: completely disorganized epithelium, the
so-called black cells (credit: Mauna Kea Technologies). EAC, early
adenocarcinoma.

in the upper and deeper mucosal layer [1, 3, 11] (shown
in Fig. 3).

Bajbouj et al. [14] performed a multicenter study in 68
patients with 670 pairs of biopsies altogether in which
they compared pCLE to standard 4-quadrant biopsies to
assess the possibility of pCLE to replace biopsy as stan-
dard care for BE surveillance. They showed that pCLE
examination could exclude neoplasia with a specificity
and NPV 0f 0.97 and 0.93 in blinded evaluation at least 3
months after exam and of 0.95 and 0.92 for the onsite as-
sessment. However, sensitivity and PPV were quiet low
for both settings, 28%/46% in blinded evaluation and
12%/18% at onsite evaluation. Thus, they concluded that
pCLE is noninferior to biopsy in excluding neoplasia;
however, it still cannot replace the standard biopsy regi-
men due to low PPV and sensitivity [14].

A study by Bertani et al. [15] aimed to compare neo-
plasia detection in BE between HD-WLE and pCLE in
patients undergoing the BE surveillance program. Pa-
tients were randomized to HD-WLE alone (N = 50) or
HD-WLE plus pCLE-targeted biopsies (N = 50), followed
by 4-quadrant biopsies to ensure standard care. By using
pCLE, in 42% of patients, a neoplastic lesion was suspect-
ed; however, final histopathologic findings of targeted bi-
opsies showed LGD in 24% and HGD in 4% of patients in

Probe-Based Confocal Laser
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this group. By HD-WLE only, areas suspicious for neo-
plasia were not observed; however, 4-quadrant biopsies
proved dysplasia in 10% of patients. The overall dysplasia
detection rate was 28% in the pCLE group (p = 0.04). Cal-
culated sensitivity, specificity, PPV, and NPV were 100,
83, 67, and 100%, respectively [15]. Another prospective,
double-blind randomized study with eCLE involving 39
patients with BE revealed that eCLE-targeted biopsy led
to almost doubled diagnostic yield for BE-associated neo-
plasia (33.7 vs. 17.2%) and was equivalent standard care
(endoscopy + 4-quadrant biopsies) for the neoplasia di-
agnosis. Comparing eCLE-targeted biopsies and random
biopsies, there was a reduction of mucosal biopsies by
59%, with comparable detection of HGD. This was ob-
served in the high-risk group (suspected of neoplasia);
however, the biopsy reduction was even greater (87%) in
low-risk patients just undergoing BE surveillance. In this
surveillance group, almost two-thirds of patients did not
require any biopsies because no neoplastic lesions were
found during CLE. In the high-risk BE group, however,
there were 2 cases of HGD detected only by random bi-
opsies, but also 2 HGD cases detected only by eCLE,
which makes neither approach completely faultless [16].
Sharma et al. [17] revealed that pCLE improves diagnos-
tic sensitivity for detection of HGD and early adenocar-
cinoma (EAC) when added to HD-WLE (68.3 vs. 34.2%),
even though specificity was not significantly changed
(92.7 vs. 87.8%). Combination of NBI endoscopy and
pCLE also improved sensitivity for neoplasia detection
(75.8 vs. 45%). Finally, combination of all 3 diagnostic
modalities (HD-WLE, NBI, and pCLE) resulted in 100%
sensitivity for HDG and/or EAC detection which draws a
conclusion that biopsies could be completely avoided in
patients where the combination of the 3 modalities shows
normal findings. Also, the overall number of biopsies
could be significantly decreased, and diagnostic process
would be facilitated [17]. Studies which assessed diagnos-
tic accuracy, sensitivity, specificity, NPV, and PPV of
pCLE in detection of BE-related neoplasia are summa-
rized in Table 2.

In a systematic review with meta-analysis, Xiong et al.
[24, 25] assessed accuracy of CLE (both eCLE and pCLE)
for the diagnosis of HGD/EAC in BE patients. Based on
study designs, they extracted data and presented their re-
sults as per-patient (PP) and per-lesion (PL) analysis. PP
analysis revealed a pooled sensitivity and specificity of
89% (95% CI: 0.82-0.94, I = 31.6%) and 83% (95% CI:
0.78-0.86, I> = 90.1%), respectively, which indicate that
CLE can reliably differentiate neoplasms from nonneo-
plasms in BE patients. PL analysis revealed lower pooled
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Table 2. Summary of pCLE studies in detection of HGD/EAC within BE [11, 14, 15, 17-23]

Authors Year Pts, n DA, % Sens., % Spec., % PPV, % NPV, %
Kiesslich et al. [11] 2006 63 97 93 98 93 98
Pohl et al. [18] 2008 75 61 75 58 n/a 92
Bajbouj et al. [14] 2010 68 63 90 59 28 97
Sharma et al. [17] 2011 101 65 100 56 50 100
Bertani et al. [15] 2012 50 86 100 83 67 100
Jayasekera et al. [19] 2012 50 80 76 80 19 98
Canto et al. [20] 2014 192 96 100 95 84 100
Legget et al. [21] 2016 27 77 76 79 89 63
Shah et al. [22] 2018 66 n/a 67 98 67 98
Kollar et al. [23] 2020 67 89 88 92 91 90

pCLE, probe-based confocal laser endomicroscopy; HGD, high-grade dysplasia; EAC, early adenocarcinoma; BE, Barrett’s esopha-
gus; Pts, patients; DA, diagnostic accuracy; Sens., sensitivity; Spec., specificity; PPV, positive predictive value; NPV, negative predictive

value.

sensitivity (77% [95% CI: 0.73-0.81]) and higher specific-
ity (89% [95% CI: 0.87-0.90]). As mentioned earlier, CLE
images and videos can be recorded and analyzed in detail
after the procedure; however, true performance and real
benefit from this technique should be real-time assess-
ment and allowing real-time decision-making. The au-
thors performed subgroup PL analysis that compared
studies that assessed accuracy in real time with those
where CLE diagnosis was made by blinded analysis. The
results showed that blinded analysis has significantly
higher specificity (94.1% [95% CI: 92.6-95.4] vs. 88.1%
[95% CI: 86.7-89.3]), but there was no difference noted in
sensitivity (73.7% [95% CI: 67.5-79.3] vs. 68.3% [95% CI:
61.8-74.3]). These data indicate that almost all real-time
PL analyses were similar to overall PL analysis. However,
there was significant heterogeneity between studies, some
of them were not classified as high quality, and endosco-
pist experience bias could also affect the results [24].

Another systematic review and meta-analysis that
compared NBI and CLE in diagnosis of HGD/EAC in BE
patients revealed that pooled sensitivity of CLE was simi-
lar to NBI at PL level (72.3 vs. 62.8% and 83.8 vs. 85.3%).
Interestingly, when compared to NBI, CLE provided sig-
nificant additional PL detection rate (19.3%). Neverthe-
less, results of this meta-analysis should be taken with
caution since significant amount of bias definitely influ-
enced the results [25].

Use of CLE with Interventional Endoscopy

Another useful indication for pCLE might be deter-
mining the extent of dysplasia/neoplasia prior to endo-
scopic resection or to control the margins after the pro-

102 Dig Dis 2022;40:97-105
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cedure. Since CLE exam enables real-time assessment, it
can guide the endoscopy treatment or convert initially
diagnostic into therapeutic endoscopy. In 1 multicenter
randomized controlled trial, Wallace et al. [26] wanted to
compare, in patients that already underwent ablative
therapy, whether HD-WLE alone or HD-WLE plus pCLE
can guide additional ablative therapy, reducing potential
undertreatment or overtreatment. When these patients
returned for follow-up endoscopy, they were randomized
in aforementioned groups. Then, endoscopists would
make preemptive diagnosis based on HD-WLE, and in
the pCLE group, they would also make pCLE diagnosis.
Afterward, mucosal biopsies were taken as a referent his-
topathological confirmation. In cases where residual BE
or neoplasia was suspected, ablative therapy was per-
formed. Follow-up endoscopy was 3 months later, with a
goal to prove if unnecessary additional ablative therapy
was undertaken (suspected BE/neoplasia but negative bi-
opsies) or if there was undertreatment (no ablation per-
formed, but residual BE/neoplasia present). Unfortu-
nately, this well-planned study was terminated after a
planned interim analysis due to low conditional power
that was a result of no difference between 2 groups, high-
er than expected residual BE in both groups, and high
dropout rate [26]. In a case report series, patients with
biopsy-proven HGD within BE underwent ablative ther-
apy or resection guided by pCLE. After endoscopic ther-
apy, pCLE exam was performed again, and 1 case showed
residual dysplasia on margin which led to repeated endo-
scopic mucosal resection (EMR). In another case, in nor-
mal-appearing mucosa on HD-WLE, pCLE revealed re-
sidual BE which led to targeted biopsy that confirmed BE

Vrani¢/Nadarevié/Stimac



which was treated with radiofrequency ablation [27]. Ina
total of 101 patients, Park et al. [28] evaluated pCLE in the
margin delineation of early gastric (not esophageal) can-
cer. These patients were randomized to pCLE and chro-
moendoscopy arms, and markings were made by electro-
cautery. Complete resection rate was almost the same
(94.6 vs. 93.2%). However, the median marking distance
was shorter in the pCLE group although not significant
(1.3 vs. 1.8 mm, p = 0.525), and the proportion of distance
<1 mm was higher (43.9 vs. 27.6%, p = 0.023). This dis-
tance difference was even greater in subgroup analysis
with flat superficial lesions in the pCLE group (0.5 vs. 3.1
mm, p = 0.007) [28]. Therefore, pCLE may be used to
mark the lesion more precisely prior to EMR or endo-
scopic mucosal dissection (ESD). However, the useful-
ness of this method for this indication is still questionable
in the esophagus. CLE remains a promising tool for mark-
ing the lesions and providing real-time assessment and
guidance of endoscopic treatment in the esophagus, but
due to lack of studies and scientific evidence, standard
staging based on histopathology remains the gold stan-
dard to confirm negative/positive margins.

Use of CLE for Surveillance after Interventional

Endoscopy Procedures

Regarding surveillance programs after ablation or
EMR/ESD treatment of BE and associated dysplasia/neo-
plasia, a recent study evaluated the efficacy of pCLE ver-
sus standard biopsies in detecting persistent/recurrent
IM or neoplasia. Diagnostic accuracy was 100% in the
pCLE group and 94.6% for biopsies (p = 0.25), and sensi-
tivity, specificity, PPV, and NPV likewise did not differ
significantly [29]. Based on this study, pCLE is at least
noninferior to biopsies in surveillance after endoscopic
resection treatment for BE and related neoplasia. Never-
theless, opinion of the recent consensus report based on
clinical evidence was that it needs to be further evaluated
to be recommended for routine practice for this indica-
tion, despite promising results. Moreover, transforma-
tion of esophageal tissue after ablation represents an ad-
ditional problem that requires defined classification for
interpretation of CLE images in such patients [4].

Future Perspectives of pCLE in Detection of
Esophageal Neoplastic Lesions

In forthcoming years, further pCLE technical develop-
ment and innovations are to be expected. For instance, a
system that has dynamic imaging depth allowing inva-
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sion depth assessment would widen the indication span.
New contrast agents are also being introduced. Deoxyglu-
cose (2-NBDG) is a new potential endomicroscopy con-
trast agent that exerts higher amount of fluorescence in
neoplastic BE than in nonneoplastic BE. It was tested in 1
preclinical study and proved by quantitative measure-
ment. Based on mean fluorescence intensity, neoplastic
sites could be identified with a sensitivity and specificity
of 96 and 90% [30].

Another possible path of endomicroscopy develop-
ment is “immunoendomicroscopy.” This term describes
combination of CLE with basic principles of immunolo-
gy. Targeting antibodies of peptides can identify desired
areas of interest. An anti-EGFR antibody that binds with
colonic neoplasia has been developed [31]; however, such
antibody that binds with BE and related neoplasia is not
yet available. Finally, high cost of the pCLE system still
represents a significant barrier to widespread clinical im-
plementation; therefore, low-budget, “pocket-version”
systems on the market would induce the implementation
of this promising method.

Conclusion

Potential clinical benefit of pCLE would be improving
diagnostic accuracy for dysplasia/neoplasia detection. It
offers real-time decision-making, enabling conversion of
initially diagnostic endoscopy procedures into therapeu-
tic resection procedures when needed. When combined
with HD-WLE and especially with NBI, pCLE may play a
significant role in the surveillance program for BE. High
NPV of pCLE and especially of combination of the afore-
mentioned diagnostic modalities offers high reliability
and confidence of excluding LGD, HGD, and EAC. By
principle “look more, biopsy less,” pCLE offers better in-
formed decision by where to perform tissue sampling.
Therefore, it would lead to decreased number of biopsies
and consequent potential complications as biopsies
would be sampled “smarter.” Moreover, detection of ad-
ditional or residual neoplastic areas could have signifi-
cant clinical impact because it may change the course of
endoscopic treatment with more widespread EMR or
ESD.

On the other hand, even though it has been present
for over 15 years now, it still has not gained much popu-
larity and is still being mostly used for scientific purpos-
es. Standard surveillance guidelines recommend random
tissue sampling due to simplicity of the procedure, low
costs, and low risk of complications. The pCLE probe can
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inspect only a small area, and since it is not possible to
take biopsies at the same time during the pCLE exam
(both probe and biopsy catheter are applied through the
working channel), obtaining biopsy from the exact area
of pathology can be challenging and increases the risk of
sampling error. Even though pCLE does increase diag-
nostic accuracy for detection of neoplastic transforma-
tion of BE, at present it cannot replace standard histopa-
thology. CLE system and examinations are still quite ex-
pensive which significantly influences the widespread
use of this method. Despite promising results of pCLE in
clinical studies in patients with BE and associated dys-
plastic/neoplastic lesions, its role in routine use in the
esophagus remains questionable primarily due to lack of
well-organized double-blind randomized trials. Low
quality and heterogeneity of studies highly impacted cur-
rent systematic reviews with meta-analyses as they can-
not provide scientific evidence that would undoubtedly
place pCLE as a useful ancillary diagnostic tool in surveil-
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