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Probe-based confocal laser endomicroscopy is an endoscopic technique that enables in vivo histological evaluation using fluorescent

TM>»

pigment. The ability to diagnostically differentiate between benign and malignant biliary disease using the “CholangioFlex ", a
dedicated biliary device, has been reported. However, the Miami and Paris classifications, used as diagnostic criteria, mainly evaluate
findings in the submucosa, and visualizing the epithelium as the main site of lesions remains difficult. To address this problem, we
verified the imaging findings and diagnostic ability of three types of probes: CholangioFlex", GastroFlex ™, and AlveoFlex™. With
GastroFlex™, the clear mucosal epithelium was observed, and differential diagnoses as benign/malignant could be made based on
epithelial findings. GastroFlex™ may be a good first-choice probe for probe-based confocal laser endomicroscopy of biliary diseases,
and a new diagnostic classification based on bile duct epithelial findings may provide useful criteria independent of the Miami or

Paris classifications. Clin Endosc 2021;54:924-929
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INTRODUCTION

Although endoscopic diagnosis of biliary disease is per-
formed by endoscopic retrograde cholangiopancreatography
(ERCP), endoscopic ultrasonography (EUS), intraductal
ultrasonography, and cholangioscopy, the low sensitivity of
transpapillary bile duct biopsy and bile juice cytology (BJC),
and the high frequency of false-positive results from BJC are
well-known clinical problems. Thus, additional endoscopic
procedures are often required, and unnecessary surgery may
sometimes be needed."”
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Probe-based confocal laser endomicroscopy (pCLE) has
recently been anticipated as a new diagnostic tool. CLE is a
breakthrough endoscopic technique that uses the fluorescent
pigment, fluorescein, to observe cells in vivo, enabling virtual
biopsy through real-time histological evaluation. The utility of
pCLE for diagnosis of malignant biliary lesions, using the Mi-
ami or Paris classifications, has been reported."” In previous
reports examining the utility of CLE, only the bile duct-specif-
ic CholangioFlex™ (Mauna Kea Technologies, Paris, France)
probe was used, and no reports have clarified the diagnostic
ability of other types of probes in classifying the lesions. Gas-
troFlex™ (Mauna Kea Technologies) is supposed to offer high
image resolution and is reportedly able to obtain clearer imag-
es than other probes."’ A classification using detailed imaging
findings may lead to further improvements in diagnostic abili-
ty.

This study included seven patients who underwent pCLE
of bile duct lesions with three types of probes: GastroFlex"",
a dedicated gastrointestinal probe; AlveoFlex ™ (Mauna Kea
Technologies), a dedicated lung probe; and CholangioFlex™.
Patients were enrolled from January 2015 to October 2018,
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and pCLE imaging findings and diagnostic ability were evalu- CASE REPORT
ated. These cases were part of a retrospective cohort study at a

single center, Aichi Cancer Center Hospital in Nagoya, Japan, We present a case of distal bile duct cancer that was diag-
and was approved by the institutional review board of the hos- nosed by pCLE (case 5). A 79-year-old man visited our hospi-
pital (approval number: 2020-1-083). tal for further examination of jaundice. Computed tomogra-

phy showed distal bile duct stenosis with irregular thickening

Fig. 1. Imaging findings in bile duct cancer. (A) Computed tomography; (B) endoscopic retrograde cholangiopancreatography; (C) magnetic resonance cholan-
giopancreatography; (D) endoscopic ultrasonography. Various images show distal bile duct stenosis (yellow arrow) caused by irregular bilateral wall thickness.

Fig. 2. Representative probe-based confocal laser endomicroscopy (pCLE) images of bile duct cancer. Malignant findings, based on the Miami classification, on
pCLE with 3 types of probes produced by Mauna Kea Technologies (Paris, France) ((A-C) GastroFlex™, (D, E) CholangioFlex™, (F) AlveoFlex™) are as follows. (A)
Thick white bands; (B) dark clumps; (C) epithelial structure; (D) thick dark bands; (E) dark clumps; (F) dark clumps.
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of the entire circumference of the wall and dilated peripheral
bile duct. EUS showed hypoechoic wall thickness at the same
site, and the border with pancreatic parenchyma was obscured.
ERCP and magnetic resonance cholangiopancreatography
showed irregular wall thickness of the entire circumference of
the distal bile duct (Fig. 1). We performed pCLE during the
ERCP examination. The pCLE probes were inserted into the
bile duct through the device channel up to the peripheral site
of the lesion, and 2 mL of fluorescein sodium was injected.
Once the fluorescein reached the biliary tissue and the pCLE
image was visible, we adjusted the probe position under fluo-
roscopy. Using the Miami classification (malignant findings:
(1) epithelial structures [ES]; (2) thick white bands [TWB]; (3)
thick dark bands [TDB]; and (4) dark clumps [DC]),’ Gastro-
Flex™ showed DC, TWB, and ES; CholangioFlex ™ showed
TDB and DC; and AlveoFlex™ showed DC. Most findings
were visualized with GastroFlex'", and malignant findings
could be detected with all probes. Moreover, because bile duct
epithelial findings were obtained with GastroFlex"", malig-
nancy could be suspected based on epithelial findings alone,
such as cell size difference (CSD), cell overlap (CO), irregular
edges of cell clumps (IEC), irregular structures (ISs), and dark
epithelium (DE) (Fig. 2). Based on these imaging findings,
the preoperative diagnosis was bile duct cancer. Pancreati-
coduodenectomy was performed, and the final pathological
diagnosis was distal bile duct cancer, as diagnosed preopera-
tively. Patient background, imaging findings, and pathological
findings on endobiliary biopsy/BJC of this case and 6 others
are shown in Table 1. In these cases, although the relationship
between the time course after injection of fluorescein and the
diagnostic ability could not be investigated, we consider that
the imaging findings of pCLE with the three probes were not
significantly affected by the time course, because the observa-
tion time of pCLE was <50 min in all cases (corresponding to
the so-called a to B phases in terms of the elimination half-life
of fluorescein)."

DISCUSSION

In this study, the pCLE system “Cellvizio” produced by
Mauna Kea Technologies (Paris, France) and three types of
probes with different specifications (GastroFlex/ Cholan-
gioFlex"'/ AlveoFlex™; compatible operating channel: >2.8
mm/ >1 mm/ >1.9 mmy; field of view: 240 um/ 325 um/ 600
pm; resolution: 1 pm/ 3.5 pm/ 3.5 um; and confocal depth:
55-65 um/ 40-70 um/ 0-50 pm, respectively) were used;
therefore, the characteristics of imaging findings obtained with
each probe differed. CholangioFlex™ showed a collagen fiber
network in the submucosa as a normal finding in the bile duct,
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and image quality was rough and often unclear. In addition,
mucosal epithelium could not be confirmed in a routine man-
ner. On the other hand, GastroFlex™ offered 3.5-times better
image resolution than CholangioFlex""; therefore, more de-
tailed images could be visualized, as previously reported.”’ In
particular, the characteristics of the mucosal epithelium were
clearly evident, and the greatest merit of GastroFlex'"' was its
ability to evaluate information at both the mucosal epithelium
and the submucosal layer. However, bile duct cannulation with
GastroFlex' is slightly more difficult because the outer diam-
eter of the probe is more than twice that of CholangioFlex™.
As a result, this device requires an additional learning curve.
AlveoFlex™ offers a wide visual field of 600 um, making the
judgment of small structures difficult; therefore, identifying
malignant findings, including epithelial involvement, was
more difficult with this probe as compared to the other two. In
terms of diagnostic ability, based on the Miami classification,
although the number of cases was small (seven cases), the
sensitivity, specificity and accuracy of CholangioFlex'", Gas-
troFlex™, and AlveoFlex™ were 75%, 100%, and 75%; 66.7%,
33.3%, and 33.3%; and 71.4%, 71.4% , and 57.1%, respectively.
Similar to existing reports,” the specificity was low, and no
significant differences were observed in the diagnostic ability
of the three probes (Table 1). Based on the above results, it
remains unclear whether the Miami classification (as a set of
diagnostic criteria using CholangioFlex™) can be applied to
the other probes used in this study.

Here, we focused on epithelial findings that could be ob-
served with GastroFlex™, which enabled us to obtain detailed
images. With the other two probes, epithelial findings were
observed in only a single case (14.3%) each, whereas with Gas-
troFlex™, epithelial findings were observed in all cases due to
the high image resolution. Since these results showed that us-
ing GastroFlex™ significantly (p=0.005) improved the ability
to observe epithelial findings (Table 1), we consider that using
epithelial findings to differentiate between benign and malig-
nant lesions could lead to further improvement of the ability of
pCLE to diagnose biliary diseases. On the other hand, lesions
deeper than the submucosa, such as extraepithelial tumor
extensions, cannot be diagnosed by pCLE. Therefore, other
examinations, such as EUS-guided fine needle aspiration, may
be necessary in some cases.

We established new diagnostic criteria for epithelial findings
from pCLE and evaluated its diagnostic ability. The following
five findings were suggestive of malignancy: (1) CSD, where
each cell is heterogeneous and differs in size; (2) CO, where
epithelial cells that are normally present in monolayers appear
to overlap instead; (3) IEC, where cell clumps are irregular
owing to the ubiquity of the nucleus and weakening of cell
adhesion molecules; (4) IS, where epithelial cell composition
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Cellvizio

Fig. 3. Normal and malignant findings in epithelial structures. (A) Normal bile duct: a sheet-like monolayer of uniform epithelial cells is arrayed on the right side, and
a collagen fiber network in the submucosa is presented on the left side (the red dotted line represents the border). (B, C) Bile duct cancer: (1) Each cell is heteroge-
neous, and the cells differ in size: cell size difference, (2) Epithelial cells appear to overlap: cell overlap, (3) Irregularity of cell clumps: irregular edges of cell clumps,
(4) Irregular and complex epithelial cell composition: irregular structure, (5) The nucleus and cytoplasm cannot be distinguished as the entire cell appears dark: dark

epithelium.

Fig. 4. Representative probe-based confocal laser endomicroscopy epithelial findings in 7 cases. (A) Cases 1 and 3: benign stricture due to surgery. Sheet-like
monolayer of uniform epithelial cells. (B, D, E, F) Cases 2, 4, 5, and 6: bile duct cancer. Each cell is heterogeneous, and cells overlap and differ in size. (C) Case 3:
normal bile duct. Sheet-like monolayer of uniform epithelial cells. (G) Case 7: IgG4-related sclerosing cholangitis. Cells are not sheet-like, but are relatively uniform in
size, with no apparent overlap.

is irregular and complex; and (5) DE, where the nucleus and
cytoplasm cannot be distinguished, as the entire cell appears
dark (Fig. 3). On examining the pCLE findings in the seven
patients, all of the above five new diagnostic criteria were ob-
served in three out of the four cases of bile duct cancer, while
the fourth case had malignant findings of both CSD and IEC
(Fig. 4). The sensitivity was 100%, indicating the utility of this
method for diagnosing malignancy. In addition, malignant
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epithelial findings were not observed in the three cases of be-
nign disease that showed false-positive results according to the
Miami classification; therefore, specificity was also 100% (Table
1).

As described above, pCLE using epithelial findings shows
excellent diagnostic ability, and since epithelial findings them-
selves can also be easily compared with pathological findings,
GastroFlex™ should be the first choice for pCLE of biliary



diseases. However, pCLE does not provide findings about the
cell nucleus, which is a very important factor in the diagnosis
of malignancy; hence, we look forward to the development of
fluorescent pigments that can enable the identification of nu-
clear findings.

In this study, three types of probes were used to diagnose
biliary lesions. Since only a small number of studies have been
reported, the most useful probe remains unclear, but Gastro-
Flex™ impressively provided markedly clearer images than
other probes. We consider the clarity of images from GastroF-
lex™ as essential to achieve high diagnostic ability. Diagnosis
with pCLE based solely on epithelial findings using GastroF-
lex™, without relying on the existing Miami classification of
unclear submucosal findings, is expected to provide a useful
new method for diagnosing biliary diseases. Accumulation of
pCLE cases examined using GastroFlex™ is desirable, and di-
agnostic ability (including which of the epithelial findings are
very important) must be verified in a larger number of cases.
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