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Endomicroscopy in bile duct: Inflammation
interferes with pCLE applied in the bile duct:
A prospective study of 54 patients
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Abstract
Background: The preoperative diagnosis of biliary stenosis is associated with low accuracy. As a consequence, probe-based

confocal laser endomicroscopy (pCLE), an in-vivo histological imaging technique, was applied in the bile duct. The aim of

this study was to establish whether previous inflammation of the bile duct affects confocal interpretation. The findings from

pCLE were compared in two groups of patients: those in whom there had been no cholangitis nor stenting and those in

whom stents had been used and subsequently retrieved or who had suffered cholangitis.

Patients and methods: pCLE was performed on 54 patients (mean age 66 years; 31 men, 23 women) from September 2008 to

July 2011. Patients were divided in two groups: group 1: 39 patients who had not undergone a biliary procedure in the

month preceding the pCLE procedure; and group 2: 15 patients who had undergone stent placement or presented with

cholangitis in the month preceding the pCLE procedure. Endoscopic and pCLE data were collected prospectively. pCLE results

were compared to benchmark histology (surgery, endoultrasonography, percutaneous biopsy). Patients with a benign

stricture who did not undergo operation were followed for 1 year. pCLE images of the bile duct were obtained during

endoscopic retrograde cholangiopancreatography procedures. pCLE images were interpreted prospectively using the Miami

classification in vivo and in real time.

Results: In group 1, sensitivity, specificity, and accuracy were 88, 83, and 87%, respectively. In group 2, sensitivity, specificity,

and accuracy were 75, 71, and 73%, respectively. Diagnostic accuracy of pCLE was lower when applied to group 2

(p< 0,001). The investigation is less reliable in bile ducts affected by inflammation from cholangitis or previous stenting.

Conclusions: Inflammatory lesions of the bile duct interfere with interpretation of pCLE. A refined pCLE description of

inflammatory lesions should improve accuracy of pCLE in bile duct stenosis.
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Introduction

Biliary strictures can be caused by various inflamma-
tory and neoplastic diseases, both benign and malig-
nant. Presently, the preoperative diagnosis of biliary
stenosis, and in particular of cholangiocarcinoma, is
associated with low accuracy. Cholangiocarcinoma
occurs in the hilar region in about 65% of cases, in
the distal common bile duct in 20%, and as an intra-
hepatic lesion in 15%.1,2

Surgical resection of Klatskin tumours comprises
extrahepatic suprapancreatic bile duct resection and
hepatic resection combined with resection of the
portal vein and caudate lobe, and lymph node

dissection. In this approach, mortality rates have been
reported to range from 7.5 to 18% and morbidity rates
from 19 to 85%.3–7 Hence, a reliable preoperative diag-
nosis is crucial in deciding to proceed to this type of
major surgery.

Because of the low accuracy of preoperative histo-
logical diagnosis, there is a risk for patients to undergo
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potentially unnecessary surgery, due to the inability to
confirm whether a stricture is benign or malignant.
False-positive preoperative diagnoses of malignancy
have been reported in 9–15% of published case
series.8–11

Consequently, probe-based confocal laser endomi-
croscopy (pCLE), an in-vivo histological imaging tech-
nique, has been applied in the bile duct with promising
results.12–16 In these initial series, all stenoses were
enrolled. In order to increase the accuracy of pCLE,
we wondered if certain conditions might interfere with
the interpretation of the confocal images. The aim of
the present study was to compare the performance of
pCLE for the characterization of biliary strictures
(benign or malignant) when applied before stenting or
after stent retrieval or cholangitis. In other words, does
inflammation of the bile duct affect confocal laser endo-
microscopy interpretation?

Patients and methods

Patients

pCLE was performed in 54 patients (mean age 66 years;
31 men, 23 women) from September 2008 to July 2011.
All patients presented with a biliary stenosis with or
without symptoms. All patients received at least a com-
puted tomography scan. No histology was available at
the time of pCLE.

Endoscopic and pCLE data were collected prospect-
ively. Precise inclusion criteria were based on the cri-
teria for Endomicroscopy intra-ductal (EMID)
(Table 1).12 For each pCLE procedure, a diagnosis of
benign or malignant stenosis was reported. The aim
was to determine if there was a significant difference
of accuracy for malignant stenosis according to
whether patients had had a stent (or a cholangitis)
before pCLE. Patients were divided in two groups:
group 1: 39 patients who did not undergo biliary pro-
cedure and had not suffered cholangitis in the month

preceding the pCLE procedure; and group 2: 15
patients who previously underwent stent placement14

or who presented with cholangitis1 in the month pre-
ceding the pCLE procedure (pre-stenting procedure)
and with unclear diagnosis. The patient with cholan-
gitis had no fever and no pain at the time of pCLE
procedure. These patients had a history of previous
endobiliary injections (previous stent) or recent cholan-
gitis and were considered at risk for suffering from
inflammation or infection of the bile duct. No primary
sclerosing cholangitis stricture was included.

pCLE results were compared to benchmark hist-
ology obtained by surgery, fine needle aspiration,
endoultrasonography, and percutaneous biopsy, and
the combined pCLE / benchmark histology results
(sensibility, specificity, and accuracy) were then com-
pared between groups 1 and 2.

All enrolled patients who had a benign stricture
received a 1-year follow up, unless the definitive diag-
nosis was obtained by surgery. The study was approved
by the institutional review board of Marseille
University. Signed informed consent was obtained
from all patients before inclusion.

pCLE procedure

Systemic antibiotic prophylaxis was administered to all
patients (amoxicillin-clavulanic acid 1 g). pCLE images
of bile duct were obtained during endoscopic retro-
grade cholangiopancreatography (ERCP) procedures
using an 0.96mm diameter probe (cholangioFlex
probe; Mauna Kea Technologies) inserted in the bile
duct through a double lumen catheter (8.5F; Cook-
Endoscopy, Winston Salem, NC, USA) after sphincter-
otomy. The probe was then advanced until the tip was
visible under fluoroscopy. Images were obtained by pla-
cing the tip of the probe in contact with the mucosa
after injection of 2.5ml of 10% fluorescein.

This probe has a magnification of� 400 and a depth
of penetration into the tissue of 40 mm. The lateral

Table 1. Inclusion and exclusion criteria for EMID study

Inclusion criteria Exclusion criteria

Patients older than 18 years No indication of ERCP

Patients with indication of ERCP: unclear biliary stenosis Allergic disease, in particular allergy to fluorescein

Patients able to sign informed consent Pregnant women or potentially pregnant women (no contraception)

Patients with health insurance Kidney or cardiac failure

Cirrhosis

Emergency management

Coagulation disorders

Patients unable to sign informed consent
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resolution is 3.5 mm and the total field of view on a
picture is 325� 325 mm. Intraductal images were rec-
orded in the hard disk of the computer connected to
the probe.

pCLE interpretation criteria

pCLE images were interpreted prospectively using the
Miami classification, in vivo and in real time.17 The
criteria characteristic of malignancy are listed in
Table 2 and are illustrated in Figure 1.18 A normal
bile duct is illustrated in Figure 2.

Data analysis

Statistical analysis was done using the chi-squared test.
p-values< 0.05 were considered statistically significant.

Results

In group 1, benchmark histology showed pancreatic
adenocarcinoma in 16 cases, cholangiocarcinoma in
six cases, ampulloma in four cases, metastatic lesions
(lung, breast, colon) in three cases, lymphoma in two
cases, gallbladder carcinoma in one case, hepatocarci-
noma in one case and benign lesions in six cases.
Histology was obtained by endoultrasonography in
20 cases, by percutaneous biopsy in two cases, by
surgery in 12 cases, by endobiliary biopsy in two
cases and by a follow up of 1 year in the case of three
of the six benign lesions. There were four localizations
in the hilum (13%), three localizations in the ampulla
of Vater (7%), and 32 in the main bile duct (82%).

In group 2, histology showed cholangiocarcinoma in
five cases, ampullary tumour in two cases, pancreatic
adenocarcinoma in one case and benign lesions in seven
cases. Histology was obtained by endoultrasonography
in four cases, by percutaneous biopsy in one case, by
surgery in six cases, endobiliary biopsy in one case.
Four patients out of seven with benign lesions received
a 1-year follow up. There were two localizations in the
ampulla of Vater (13%), two in the hilum (13%), and
11 in the main bile duct (73%).

In group 1, sensitivity, specificity, and accuracy of
pCLE for the diagnosis of cancer were 88, 83, and 87%,
respectively. In group 2, sensitivity, specificity, and

accuracy of pCLE were 75, 71, and 73%, respectively.
The difference in sensitivity and specificity was not stat-
istically significant. However, the diagnostic accuracy
of pCLE was significantly lower when applied to
group 2 (p< 0.001). As a result, there is significantly
lower accuracy for pCLE in a bile duct with inflamma-
tion (due to stent placement or cholangitis before
pCLE) (Table 3).

In group 1, the sensitivity and specificity were,
respectively, for brush cytology 24 and 66% and for
endobiliary biopsy 50 and 60% (Table 4). In group 2,
sensitivity and specificity were, respectively, for brush
cytology 40 and 66%, and for endobiliary biopsy 50
and 83% (Table 5).

To clarify the role of the stent rather than the differ-
ent histologies in the lower accuracy of group 2 (with
stent), we compared the two groups by subgroup:
benign lesions, cholangiocarcinoma and malignant
lesions. In groups 1 and 2, respectively, we had six
and seven benign lesions, six and five cholangiocarci-
noma, and 33 and eight malignant lesions. Accuracy for
the different subgroups in groups 1 and 2 were 83 and
71%, 100 and 80%, and 91 and 75%, respectively.
In all three subgroups, the accuracy is less high in
group 2, although not to a degree that is statistically
significant.

Discussion

Reliable preoperative diagnosis is crucial for the man-
agement of a potentially malignant biliary stenosis.
Magnetic resonance imaging (MRI) can reach a
sensitivity and a specificity of 90% in diagnosing biliary
obstruction.19–21 Combining improved diagnostic
methods, such as thin-section spiral computed tomog-
raphy, MRI/magnetic resonance cholangiopancreato-
graphy, and positron emission tomography, may
increase diagnostic accuracy, but still remains insuffi-
ciently reliable to differentiate between malignant and
benign lesions.22–24 The use of imaging modalities
(computed tomography, MRI/magnetic resonance cho-
langiopancreatography, or endoscopic ultrasound)
often fails to distinguish benign conditions causing pan-
creaticobiliary strictures (such as ischaemia after gall
bladder resection or inflammation associated with pri-
mary sclerosing cholangitis) from malignant strictures

Table 2. Miami criteria

Tumoural bile duct Normal bile duct

Thick white bands (>20 mm) Vessels <20 mm

Thick dark bands (>40 mm) Reticular network of thin dark branching bands (<20 mm)

Dark clumps Light grey background

Epithelium
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due to cholangiocarcinoma, pancreatic cancer, or meta-
static disease.25

Histological confirmation provides only limited
diagnostic accuracy, with about 50% sensitivity. The
best outcomes are obtained when several sampling tech-
niques are combined, but these remain suboptimal.
Sensitivity rates of combining brush cytology with for-
ceps biopsy yielded a sensitivity of 54–71%.26–28 Triple
tissue sampling of malignant biliary strictures by ERCP
(brush, fine needle aspiration, and biopsy) has been

evaluated and has demonstrated a sensitivity of 62%
and a specificity of 90% for high grade atypia and
cancer.29 In one review of biliary sampling methods,
sensitivity of cytology brushing was 30–57%, sensitivity
of biopsy 43–81%, and fine needle aspiration sensitivity
26–62%.30,31 In a study comparing the triple tissue
sampling method by ERCP, when atypia was excluded,
the correct diagnosis of cholangiocarcinoma could only
be made in 23% of cases with cytology brushing. When
cytology brushing was combined with biopsy and fine

Branched vessels 
(Thick white bands) 

Dark clumps

epithelium

Loss of reticular pattern

Figure 1. Miami criteria.
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needle aspiration, this positive diagnostic yield
increased to (only) 47%.29

Fluorescence in-situ hybridization (FISH) uses
fluorescently-labelled DNA probes to detect chromo-
somal abnormalities that may be indicative of neopla-
sia. Recent evidence has shown that FISH can
detect chromosomal abnormalities in the setting of
biliary malignancy.32,33 In one prospective study of

66 patients, of whom 39 had cholangiocarcinoma, the
sensitivity of cytology was 15% and that of FISH was
34% (p< 0.01). The specificity of FISH was 91% while
that of cytology was 98% (p¼ 0.06).34

Digital image analysis (DIA) uses Feulgen dye and
spectrophotometric principles to quantify abnormal-
ities in nuclear DNA and determine the amount of
ploidy in the cell. A prospective study comparing
DIA and cytology brushing in 110 consecutive patients
who underwent ERCP for suspicious biliary strictures
demonstrated significantly higher sensitivity of DIA
(39.3%) as compared to 17.9% sensitivity for cytology
(p¼ 0,014). However, the specificity profiles were con-
verse, with cytology specificity (97.7%) being superior
to that obtained for DIA (77.3%) (p¼ 0,003).35 FISH,
DIA, and composite DIA/FISH are able to predict a
malignant diagnosis in 62, 14, and 67%, respectively.36

We report in this study a sensitivity and a specificity
of 24 and 66% for brush cytology compared to values
of 50 and 66% for endobiliary biopsy (all patients

Reticular network of thin dark
branching bandsLight gray background

Figure 2. Normal bile duct.

Table 3. Sensitivity, specificity, and accuracy of probe-based con-

focal laser endomicroscopy

Sensitivity Specificity Accuracy

Group 1 88 (29/33) 83 (5/6) 87 (34/39)

Group 2 75 (6/8) 71 (5/7) 73 (11/15)

p-value 0.71 1 <0.001

Values are % (n/total).

Group 1, patients without pre-stenting procedure; group 2, patients with

pre-stenting procedure.

Table 4. Results of sensitivity and specificity for brush cytology,

endobiliary biopsy, and pCLE in patients without previous stent

placement (group 1) to detect malignant bile duct stricture

Sensitivity Specificity

Brush cytology 24 (4/17) 66 (2/3)

Endobiliary biopsy 50 (7/14) 60 (3/5)

pCLE 88 83

Values are % (n/total) or %.

Table 5. Results of sensitivity and specificity for brush cytology,

endobiliary biopsy, and pCLE in patients with pre-stenting pro-

cedure (group 2)

Sensitivity Specificity

Brush cytology 40 (2/5) 66 (2/3)

Endobiliary biopsy 50 (4/8) 83 (5/6)

pCLE 75 71

Values are % (n/total) or %.
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included). Atypia and dysplasia were considered as
tumoural. The specificity was not 100% because
atypia and dysplasia were considered as tumoural.
However, we accepted, following the literature, endo-
biliary biopsy with carcinoma as having a specificity of
100%.30,31

Cholangiocarcinomas are particularly difficult to
diagnose because most grow along the bile duct wall
rather than radially to form a mass.37,38 This is prob-
ably one of the reasons why pCLE has the potential to
provide an efficacious tool for preoperative diagnosis.

Regular thick dark band

Islets of fibrosis or thick lymphatics

Large non branched vessels

Figure 3. Inflammatory stenosis.

Table 6. Studies of sensitivity, specificity, and accuracy of probe-

based confocal laser endomicroscopy in bile duct

n Sensitivity Specificity Accuracy

Meining et al.13 14 83 86 86

Giovannini et al.12 37 83 75 86

Meining et al.14 89 98 67 81

Our study (without/with stent) 54 88/75 83/71 87/73

Values are %.
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In our study, we included different proportions of the
various aetiologies of bile duct stenosis in two patient
groups. This could be considered a major limitation.
We did this, however, assuming that the effects of
pre-stenting of bile duct stenoses do not depend much
on the nature of the stenosis because the main change
after pre-stenting affects the normal bile duct
Moreover, our subgroup results may mitigate the limi-
tation mentioned above, namely that the proportion of
etiologies in the two groups is different.

In the future, the aim of pCLE should be to diagnose
biliary stenosis without mass; in other words, a pre-
operative diagnosis of the sort which is difficult to
obtain with only endobiliary histology and MRI (typ-
ically Klatskin tumours). We also suggest that the diag-
nosis of benign and malignant pathology in all cases of
biliary stenoses is the first step in the learning curve of
this technique. Because pCLE was used in situ during
the ERCP examination, it is possible that investigators
may have been influenced by the ERCP information as
well as by the patient history. However, histopatholo-
gists have access to the same clinical data and ERCP
findings. Therefore, the results of tissue sampling were
obtained in an unblinded manner. Another potential
limitation is the obtaining of benchmark histology.
We could not exclusively include patients who had
undergone surgical resection, and in some cases hist-
ology was not obtained at the same time as ERCP
but after a mass appeared.

Our results are similar to other studies focusing on
pCLE in the bile duct12–14 (Table 6). In the present
study, the aim was not to compare our results to
those of other teams but to understand how to increase
our diagnostic accuracy. Nevertheless, the similarity of
our results further support the use of the technique.
Moreover, we know that imaging quality is very
important to assure a good diagnosis.39 Imaging qual-
ity will increase with progress in the technology of the
probe.40 The accuracy of pCLE therefore is expected to
increase with progress of technologies.

The question arising from this work is: how can we,
with the same probe and the same endoscopists, obtain
a statistically significant difference in the accuracy of
our two groups? Reviewing our pCLE videos, we saw
malignant criteria in benign stenosis in group 2. The
main malignant criteria visualized was epithelioma.
We never saw all malignant criteria in the same
group-2 patient with benign stenosis. Nor did we see
typical tumoural vessels in benign stenosis of group 2.
We have to remember that group 2 should be con-
sidered as a group of inflammatory stenoses. We sug-
gest that inflammatory lesions of the bile duct might
induce changes in the structure of the bile duct wall
and that these changes might be misclassified by
pCLE. It is necessary to define the cut off for the

number of Miami criteria to establish a clear diagnosis.
Refined image interpretation criteria which defines
inflammatory criteria needs to be established for this
category of stenoses (Figure 3).

In conclusion, we have confirmed good sensitivity
and specificity of pCLE in the bile duct. Pre-stenting
procedures interfere with pCLE diagnosis. Accepting
this pre-stenting procedure as an equivalent of
inflammation of the bile duct, we have found that
inflammation interferes with pCLE. We suggest that
the pCLE criteria defining inflammation have to be
refined to increase the accuracy of the technique.
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