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ABSTRACT

Background and study aims Biliary strictures are fre-

quently a challenging clinical scenario and the anatomopa-

thological diagnosis is essential in the therapeutic manage-

ment, whether for curative or palliative purposes. The ac-

quisition of specimens is necessary since many benign dis-

eases mimic biliopancreatic neoplasms. Endscopic retro-

grade cholangiopancreatography (ERCP) is the traditionally

used method despite the low sensitivity of biliary brush cy-

tology and forceps biopsy. On the other hand, several stud-

ies reported good accuracy rates using endoscopic ultra-

sound-guided fine-needle aspiration (EUS-FNA). The aim of

this prospective study was to compare, the accuracy of EUS-

FNA and ERCP for tissue sampling of biliary strictures.

Patients and methods After performing the sample size

calculation, 50 consecutive patients with indeterminate

biliary strictures were included to undergo ERCP and EUS

on the same sedation.The gold-standard was surgery or 6

months’ follow-up. Evaluation of the diagnostic indices

(sensitivity, specificity, positive and negative predictive val-

ue, positive and negative likelihood ratio), concordance and

adverse events among the methods were performed. Also,

subtype analyses of the techniques, anatomical localization

and size of the lesion were included.

Results The final diagnoses reported in 50 patients were

47 malignant, 1 suspicious and 2 benign lesions. 31 lesions

were extraductal and 19 intraductal, 35 were distal and 15

proximal strictures. In the intention-to-treat analysis, the

sensitivity and accuracy of EUS-FNA were superior than

ERCP tissue sampling (93,8%, 94% vs. 60,4%, 62%, respec-

tively) (P=0.034), with similar adverse events. There was no

concordance between the methods and combining both

methods improved the sensitivity and accuracy for 97.9%

and 98%, respectively. In the subtype analyses, the EUS-

FNA was superior, with a higher accuracy than ERCP tissue

sampling in evaluating extraductal lesions (100% vs.

54.8 %, P=0.019) and in those larger than 1.5 cm (95.8%

vs. 61.9%, P=0.031), but were similar in evaluating intra-

ductal lesions and lesions smaller than 1.5 cm. There was

no significant difference between the methods in the analy-

zes of proximal, distal and pancreatic lesions.

Conclusion EUS-FNA is better than ERCP with brush cytol-

ogy and intraductal forceps biopsy in diagnosing malignant

biliary strictures, mainly in the assessment of extraductal

lesions and in those larger than 1.5 cm. Combining ERCP

with tissue sampling and EUS-FNA is feasible, the tech-

niques have similar complication rates, and the combina-

tion greatly improves diagnostic accuracy.

Original article
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Introduction
Biliary strictures are frequently a challenging clinical scenario,
both in their diagnosis and in their therapy, either for curative
or palliative purposes. The clinical history, physical examina-
tion, complementary test and anatomopathological studies
are fundamental to differentiate benign or malignant biliary
strictures [1, 2].

The most common causes of benign biliary strictures are
postoperative, inflammatory and pancreatic, all with similar
clinical features to malignant biliary strictures. Cholangiocarci-
noma, tumors that invade or compress the biliary tract (pancre-
atic and gallbladder cancers and hepatocellular carcinoma),
and lymph node metastases are among the malignant most
common causes [3].

Among the different minimally invasive procedures, endo-
scopic retrograde cholangiopancreatography (ERCP) and endo-
scopic ultrasound (EUS) are essential for the diagnosis of biliary
strictures of indeterminate origin. Both allowing the visualiza-
tion of the strictures height, characteristics to determinate the
possible causes of the stricture and obtaining tissue sampling
[4–6].

In addition to traditional methods, image enhancement
technologies such as cholangioscopy, optical coherence to-
mography and intraductal ultrasound are also available. Diag-
nostic tools involving cellular analysis, such as confocal endo-
microscopy, and methods analyzing biological and molecular
markers, such as fluorescence in situ hybridization are still
emerging. Among the methods that involve advances in the di-
agnostic imaging with EUS, the elastography and contrast en-
hanced image are available [7, 8].

Despite the various innovations, those listed above do not
present the possibility of cellular or tissue sampling and as is
oft quoted and remains true, “tissue is the issue.” Ideally, any
tissue sampling technique should have high sensitivity for de-
tecting malignancy while maintaining absolute specificity, and
as with any procedure, should be safe, simple, and relatively in-
expensive so they can be widely used. [9].

There are several techniques for tissue acquisition. Tradi-
tionally, patients with indeterminate biliary strictures are treat-
ed with ERCP. But due to the low sensitivity of biliary brush cy-
tology (ERCP-BB) and forceps biopsy (ERCP-FB), the use EUS-
guided fine-needle aspiration (EUS-FNA) has been rising in po-
pularity [10–12]. In the literature, there are scant data that
compare the 2 modalities in terms of tissue sampling. In this
study, we directly compare the diagnostic yield of same-session
ERCP with tissue sampling and EUS-FNA in a prospective series
of patients with suspected malignant biliary obstruction.

The aim of this research was to compare results of anatomo-
pathological diagnosis of EUS-FNA and ERCP-based biliary
brush cytology and forceps biopsy in suspect malignant biliary
strictures, through a comparative prospective study, evaluating
the diagnostic indices (sensitivity, specificity, positive predic-
tive value, negative predictive value, positive likelihood ratio,
negative likelihood ratio and accuracy) correlated to resection
specimen analysis and patient follow-up (based on patient clin-
ical evaluation and image studies) for at least 6 months.

The secondary outcomes were evaluating level of concor-
dance and complications between these methods (EUS and
ERCP). In addition, we also performed sub-analyses to evaluate
the techniques, anatomical location of the lesions (proximal
versus distal and extraductal versus intraductal), their size
(< 1.5 cm and ≥1.5 cm) and each of the pancreatic lesions indi-
vidually.

Patients and methods
Ethical concerns

IRB approval was granted by the ethics committee at Hospital
das Clínicas– Faculty of Medicine of the University of São Paulo
(CAPPesq, HCFMUSP). Written informed consent was obtained
from all patients before the procedures.

Patient selection

A total of 61 consecutive patients were enrolled in this prospec-
tive study conducted from March 2016 to August 2016. Pa-
tients older than 18 years old, with suspected malignant biliary
strictures based on clinical history, physical examination and
imaging studies, and who signed the informed consent were in-
cluded. Patients with a previous diagnosis and with a tumor
arising in the main duodenal papilla or invading into the duode-
num were excluded because endoscopic forceps biopsies will
yield to a diagnosis.

Procedures: Technical description

All patients underwent EUS-FNA, followed by ERCP-BB and
ERCP-FB during the same sedation.

During EUS-FNA, as soon as the strictures were localized, 4
passes with a 22-gauge needle were realized. We performed 2
punctures with a 10-mL vacuum pressure syringe technique
and 2 punctures with a stylet slow pull technique. The needle
was moved back and forth in the lesion about 20 times in each
puncture. No pathologist nor a cytopathologist was present on-
site at our institution.

With the ERCP technique, 2 ERCP-BBs and ERCP-FBs were
performed until at least 3 representative tissue fragments
were obtained.

Pathological evaluation
Cythological evaluation

The samples obtained through EUS-FNA were transferred to 6
slides. Each smear was made with slight pressure to avoid
crushing artifacts with 3 slides being placed immediately in
the 96% ethyl alcohol solution and the others were fixed in the
air. The remainder of the material was placed in formalin solu-
tion for the preparation of the cell-block. The samples obtained
through ERCP-BB were transferred to a glass slide by slowly ro-
tating the cytobrush bristles. 2 slides were immediately fixed,
submerged in 96% ethyl alcohol solution and 1 slide was kept
for air-dried staining. The tip of the brush was submerged in
the formalin solution to later be made a cell-block. The whole
material was sent to the Division of Anatomic Pathology, for
subsequent processing and staining by Papanicolaou method
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(slides in alcohol solution), Diff-Quick Staining Protocol (air-
dried slides) and haematoxylin and eosin stain (cell-blocks).
After this process, the cytological material was examined under
the light microscope by an experienced cytopathologist.

Histological evaluation

Biopsy samples were fixed in buffered formalin, embedded in
paraffin and 4-µm sections were obtained and slides were
stained with hematoxylin-eosin.

The analyzes were performed by 2 pathologists experienced
in the biliopancreatic pathway, based on the World Health Or-
ganization (WHO) Classification criteria [13].

The anatomopathological results of the specimens were
divided into negative, suspected for malignancy, positive and
inconclusive. The results were considered negative when sam-
ples lacked presence of malignant, suspicious or atypical cells,
were suspect for malignancy when samples contained suspi-
cious or atypical cells, positive when the samples contained
malignant cells, and inconclusive when the cell sample was in-
sufficient for analysis.

Immunohistochemical stains were applied to further charac-
terize neoplastic and non-neoplastic lesions when necessary.

Gold standard method

The anatomopathological study after surgery was the gold
standard method. However, because not all patients were oper-
ated due to advanced disease, patient follow-up for 6 months
was also considered as a gold standard.

Statistical analysis

The sample calculation was performed using the online soft-
ware power calculator for binary outcome superiority trial
[14], using a statistical significance of 5% and a statistical pow-
er of 80%, based on the differences in sensitivity of the meth-
ods, which were estimated in a recent systematic review and
meta-analysis done prior to this study [1].

In this investigation, the sensitivity rates for EUS-FNA and
ERCP with specimens were 75% and 49%, respectively. The
sample size calculated by the software was of 45 patients in
each group and considering that the same patient was submit-
ted to both methods, this was considered the total sample
number.We also added 10% of estimated losses, giving a total
of 50 patients included in the study.

The quantitative variables were analyzed by observing the
minimum and maximum values, calculating the mean, median
and standard deviation. The qualitative variables were calculat-
ed by the absolute and relative frequencies.

The intention-to-treat (ITT) analysis (failure of the methods
was considered benign results) and the per protocol analysis
were performed (failure of the methods and inconclusive re-
sults were excluded from the analysis). Cases with suspected di-
agnosis of malignancy were considered both benign and malig-
nant.

The accuracy rates (sensitivity, specificity, positive predic-
tive value, negative predictive value, positive likelihood ratio,
negative likelihood ratio and accuracy) were evaluated through
the software CATMAKER [15]. Concordance between the 2

methods was evaluated through the coefficient of agreement
Kappa (k) [16].

The comparison of the methods in concerning to the correct
diagnosis was evaluated through the McNemar non-parametric
test.

All tests were evaluated using SPSS 17.0 software, using a
significance level of 5%.

Results
Selection of patients with an indeterminate biliary stricture is
described in ▶Fig.1.

A total of 61 patients were enrolled, 11 were excluded by the
excluded criteria, the remaining 50 patients (26 female and 24
male), with a mean age of 63.08 years (range 41–86 years)
were included in the study. The mean lesion size estimated by
EUS was 3.48 cm, with a standard deviation of 1.72 cm, and a
median of 3.15 cm (range 0.50 cm to 10.80 cm).

▶Table1 shows results in the 50 patients with indetermi-
nate biliary stricture by combining the 2 methods of EUS-FNA
(▶Fig. 2) and ERCP-based biliary brush citology (▶Fig. 3) and
forceps biopsy (▶Fig.4).

ERCP tissue sampling confirmed the diagnosis in 40 patients,
in 29 of whom it was malignant and in 11 of whom it was be-

Indeterminate biliary stricture: 61

Excluded:
▪ Major papilla tumor: 8
▪ Choledocholithiasis: 2
▪ Previous tissue diagnosis: 1

Included patients: 50

Malignant: 48 Benign: 02

▶ Fig. 1 Patient selection flow diagram.

▶ Table 1 Anatomopathological diagnosis obtained through the
combination of ERCP and EUS.

Diagnosis n %

Adenocarcinoma 36 72.0

IPMN 4 8.0

Metastases 3 6.0

Neuroendocrine tumor 2 4.0

Adenosquamous carcinoma 1 2.0

Positive 1 2.0

Suspicious for malignance 1 2.0

Fibrosis 2 4.0
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nign. This method failed in 6 cases, 4 due to a downfall of bile
duct catheterization, and 2 due to duodenal stenosis caused by
the tumor. The remaining 4 patients were considered to have
disease suspicious for malignancy.

EUS-FNA confirmed the diagnosis in 47 patients, in 45 of
whom it was malignant and in 2 of whom it was benign. In 2
cases, the diagnosis was inconclusive due to lack of material ob-
tained, and in 1 case it was not possible to perform the FNA due
to interposition of the portal vein on the needle path.

By combining the 2 methods, tissue sampling was obtained
from all patients. The anatomical location of the strictures and
the final anatomopathological results of ERCP tissue sampling
and EUS-FNA are visualized in ▶Table 2.

Combining the 2 methods resulted in a malignant diagnosis
in 47 cases, 2 benign lesions and 1 lesion suspicious for malig-
nancy. Based on the gold-standard method (22 patients went
to surgery and 28 for follow-up which 23 died (22 malignant
and 01 suspicious), 3 are doing chemotherapy and 2 are asymp-

▶ Fig. 2 a Artistic image of EUS-FNA of a pancreatic lesion. b EUS-FNA of a pancreatic head lesion.

▶ Fig. 3 a Artistic image of ERCP biliary brush cytology. b ERCP biliary brush cytology of a distal biliary stricture.
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tomatic without biliary stent (02 benign). The suspicious result
was confirmed as malignant and all other results were con-
firmed as well. Therefore, 48 (96.0%) patients were classified
as having a malignant lesion and 2 (4.0%) as having a benign
stricture.

Comparative analysis of diagnostic index of the
methods
Main analysis

Accuracy rates for the methods in the ITT analysis and consider-
ing suspicious cases as benign are shown in ▶Table3.

Comparing ERCP with EUS with tissue sampling, we ob-
served no concordance between the methods (k=0.083, P=
0.195). When comparing accuracy, we observed that EUS was

superior to ERCP in tissue sampling with statistical significance
(P=0.034). In the same analysis when considering suspicious
cases as malignant, the sensitivity and accuracy of the EUS-
FNA were superior to the ERCP with tissue sampling, 93.8%
and 94% versus 68.7% and 70%, respectively. However, in this
analysis there was no statistical significance (P=0.095).

In the per protocol analysis considering suspicious cases as
benign, the sensitivity and accuracy of EUS-FNA were 97.8%
and 97.9% versus 69.1% and 70.6% for ERCP with tissue sam-
pling (P=0.068). In this analysis when considering suspicious
cases as malignant, the sensitivity and accuracy of the EUS-
FNA were 97.8% and 97.9% versus 78.6% and 79.6% for ERCP
with tissue sampling (P=0,166).

▶ Fig. 4 a Artistic image of ERCP forceps biopsy. b ERCP forceps biopsy of a distal biliary stricture.

▶ Table 2 Anatomical location and final anatomopathological results.

Proximal X

Distal

Intra X Extra-

ductal

ERCP Tissue Sampling EUS-FNA ERCP+EUS Tis-

sue Sampling

Proxi-
mal

Dis-
tal

Intra
ductal

Extra
ductal

Malig-
nant

Susp. Be-
nign

Fail Malig-
nant

Inc. Be-
nign

Fail Malig-
nant

Susp. Be-
nign

n 15 35 19 31 29 4 11 6 45 2 2 1 47 1 2

% 30% 70% 38% 62% 58% 8% 22% 12% 90% 4% 4% 2% 94% 2% 4%

ERCP, endoscopic retrograde cholangiography; EUS-FNA, endoscopic ultrasound fine-needle aspiration; susp, suspicious; fail, failure; inc, inconclusive
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Subanalysis

We also evaluated ERCP-BB and ERCP-FB individually and
observed concordance between the methods (k =0,251, P=
0.037). When comparing accuracy, we observed that ERCP-FB
was superior to ERCP-BB with no statistical significance (P=
0.382).

With ERCP and EUS tissue sampling association analysis, sen-
sitivity was 97.9%, specificity 100% and accuracy 98%.

We also performed ITT analyses of the accuracy of the meth-
ods by separating the distal and proximal strictures (▶Table 4)
and extraductal and intraductal lesions (▶Table 5), considering
the suspicious cases as benign.

We did not observe significant concordance between the 2
methods, in distal (k=0.110, P=0.162) or proximal strictures
(k=0.018, P=0.460). Despite the superiority of EUS-FNA com-
paring the accuracy of the techniques, we did not observe a sig-
nificant difference between the methods in either distal (P=
0.071) or proximal (P=0.137) strictures.

We did not observe concordance between the methods in
extraductal (k = 0.000 with P=0.500) nor in intraductal stric-
tures (k=0.279, P=0.106). When comparing the accuracy of
the 2 techniques, we found that EUS is superior to ERCP tissue
sampling with a significant difference in evaluation of extraduc-
tal lesions (P=0.019). Despite EUS superiority in detecting
intraductal lesions, there was no significant difference (P=
0.350).

It was not possible to calculate specificity in extraductal and
proximal lesions, because the only 2 cases of benign lesions
were intraductal and distal.

We also found it important to evaluate these strictures by
separating them into 2 groups by size: bigger and smaller than
1.5 cm (▶Table6). Both approaches resulted in a 66.6% accura-
cy in lesions smaller than 1.5 cm. Nonetheless, EUS was statisti-
cally significantly superior to ERCP for lesions larger than 1.5
cm, with accuracy of 95.8% versus 61.9% (P=0.031) in the ITT
analysis considering suspicious cases as benign.

In the ITT analysis of pancreatic lesions alone, EUS was 100%
accurate, whereas ERCP was only 55.6% accurate (P=0.063).

Only 3 (6.0%) patients presented mild complications per the
criteria of Freeman et al. [17]. 1 patient had hemorrhage at the
apex of the papillotomy without hemodynamic repercussion
and was treated endoscopically without complications. 2 pres-
ented with mild pancreatitis and were treated conservatively.

Discussion
Differentiation between benign and malignant biliary stricture
is not simple, and confirmation through anatomopathological
diagnosis is essential [1, 2, 9].

Therefore, in this study we demonstrate use of ERCP and EUS
in tissue diagnosis of indeterminate biliary stenosis.

▶ Table 3 Diagnostic indices on the intention-to-treat analysis, considering suspicious results as benign.

Likelihood ratio

S E PPV NPV A Positive Negative

Brushing 39.6% 100% 100% 6.5% 42.0% – 0.60

Forceps 43.8% 100% 100% 6.9% 46.0% – 0.56

ERCP 60.4% 100% 100% 9.5% 62% – 0.40

EUS 93.8% 100% 100% 40% 94% – 0.06

ERCP+ EUS 97.9% 100% 100% 66.7% 98% – 0.02

ERCP, endoscopic retrograde cholangiography; EUS, endoscopic; S, sensitivity; E, specificity; PPV, positive predictive value; NPV, negative predictive value; A, accu-
racy

▶ Table 4 Intention-to-treat analysis, comparing distal and proximal strictures.

Likelihood ratio

Local S E PPV NPV A Positive Negative

Distal ERCP 63.6% 100% 100% 14.3% 65.7% – 0.36

EUS 97% 100% 100% 66.7% 97.1% – 0.03

100%

Proximal ERCP 53.3% – 100% – 53.3% – –

EUS 86.7% – 100% – 86.7% – –

ERCP, endoscopic retrograde cholangiography; EUS, endoscopic; S, sensitivity; E, specificity; PPV, positive predictive value; NPV, negative predictive value; A, accu-
racy
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Traditionally, patients with indeterminate biliary strictures
are evaluated and treated with ERCP. Biliary brushing is simple
and safe, and given its high specificity, it is reliable when posi-
tive [9–11]. However, due to the low sensitivity rates, ranging
from 30% to 91%, a negative test result is not reliable [10, 11].

Another technique performed during ERCP is forceps biopsy,
which is technically difficult and therefore used less often. It
has the advantage of providing information about tissue struc-
ture and levels of invasion when performed with adequate
depth. This information is not possible to gather with other
methods [2]. After all, their sensitivity rates are also low, rang-
ing from 30% to 88% [18, 19]. In our study, in the ITT analysis,
the sensitivity and accuracy of the cytology brush and the biop-
sy were 39.6% and 42.0%, and 43.8% and 46%, respectively,
with no statistical difference.

In duodenal papilla lesions, biopsy is the gold-standard
method, with sensitivity varying from 77% to 88%, and a speci-
ficity of 100% [20]. For this reason, such lesions were excluded
from this protocol.

Tissue sampling with ERCP is very important, but due to its
low sensitivity and the fact that in about 5% to 10% of cases,
this method is not feasible to perform due to either technical
difficulties or altered anatomy, as shown in our study in which
we the failure rate was 12% when performing ERCP. For this rea-
son, other procedures to obtain anatomopathological speci-
mens are needed, such as EUS-FNA [2].

EUS can provide many additional information and help stage
the lesion, which is a determining factor for tumor ressectabil-
ity [8, 21, 22].

EUS-FNA performs better in diagnosis of distal biliary stric-
tures because distal lesions affecting the bile duct are usually
located near the duodenal wall, where the EUS transducer is
placed. Proximal strictures, in addition to the greater distance
from the duodenal wall, tend to grow along the bile duct or to
be diffusely infiltrative rather than to form solid masses, com-
monly seen in distal lesions, such as in pancreatic cancer [22].
Our study proved this statement, showing an accuracy of
97.1% in distal lesions and 86.7% in proximal lesions.

EUS-FNA’s sensitivity in biliary strictures is heterogeneous,
varying from 46% to 100% [5, 21–27], and specifically for intra-
ductal lesions between 53% and 89% [6, 23, 24]. Our study
demonstrated good sensitivity for the method, with a sensitiv-
ity of 93.8% on the global analysis, 100% in extraductal lesions
and 80% in intraductal lesions.

In general, EUS-FNA is a powerful diagnostic tool, and with
its widespread use, we will depend less on ERCP for tissue sam-
pling [9, 21].

In several studies, EUS-FNA was performed after a negative
ERCP tissue sample result and showed excellent outcomes, sug-
gesting that if the exams had been performed on the same day,
during the same sedation, several patients would have benefi-
ted from early diagnosis [5, 6].

In the literature, there are 4 studies [24–27] similar to our
study in which ERCP tissue sampling and EUS-FNA were per-
formed on the same day. In 2 of these studies, [25, 26] only
ERCP-BB was performed and in the other 2 [24, 27] as well as
our study, ERCP-BB and ERCP-FB were performed.

▶ Table 5 Intention-to-treat analysis, comparing extraductal and intraductal lesions.

Likelihood ratio

Local S E PPV NPV A Positive Negative

Extra- ERCP 54.8% – 100% – 54.8% – –

ductal EUS 100% – 100% – 100% – –

Intra- ERCP 70.6% 100% 100% 28.6% 70.6% – 0.33

ductal EUS 82.3% 100% 100% 40% 82.4% – 0.20

ERCP, endoscopic retrograde cholangiography; EUS, endoscopic ultrasound; S, sensitivity; E, specificity; PPV, predictive positive value; NPV, negative predictive val-
ue; A, accuracy

▶ Table 6 Intention-to-treat analysis, comparing lesionS bigger and smaller than 1.5 cm

Likelihood ratio

Local S E PPV NPV A Positive Negative

<1.5 ERCP 50% 100% 100% 50% 66.6% – 0.50

EUS 50% 100% 100% 50% 66.6% – 0.50

≥1.5 ERCP 60.9% 100% 100% 5.3% 61.9% – 0.39

EUS 95.7% 100% 100% 33.3% 95.8% – 0.04

ERCP, endoscopic retrograde cholangiography; EUS, endoscopic ultrasound; S, sensitivity; E, specificity; PPV, predictive positive value; NPV, negative predictive val-
ue; A, accuracy
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In a study similar to ours with 51 patients, Weilert et al., [27]
reported failure of ERCP in 7 cases, which were also considered
inconclusive. The sensitivity of EUS-FNA was 100% for pancre-
atic masses, and in the joint analysis of biliary strictures it was
superior to ERCP, with sensitivity, specificity and accuracy of:
94%, 100% and 90%, against 50%, 50% and 53%, respectively,
similar results to ours. Nonetheless, Weilert et al. performed
EUS-FNA with presence of ROSE (rapid on site evaluation).

Unlike our study, in the report by Rösch et al. [24], no meth-
od was proven to be superior to another. With a combination of
methods, as in our study, Rösch et al. did demonstrate in-
creased accuracy.

Apparently, the association of methods could increase the
number of complications, because a patient would undergo
more than 1 procedure. Despite this, our study like others,
demonstrated similar complication rates in comparison with
studies in which both methods were not performed [24–27].

The use of 2 experienced pathologists contributed to our
good results, because several studies have demonstrated an
improvement in accuracy and sensitivity when evaluation is
done by an experienced pathologist [25, 28].

Most anatomopathological reports divide evaluation of the
specimens into 5 different categories: inadequate, benign,
atypical, suspect or malignant [29].

Studies diverge on considering suspicious cases as malig-
nant or benign at the time of calculations of efficiency [29].
This fact is related to the heterogeneity of the results published
in the literature. Some authors report increased sensitivity in
anatomopathological diagnosis, by adding diagnostic categor-
ies, such as suspect or atypical [28–31]. Other studies like ours
do not include atypical or suspect cases [27, 32] because a di-
agnosis based on doubtful criteria could result in unnecessary
surgery [26, 33]. In our study, IPMNs with solid masses greater
than 2 cm and obstructing the biliary tract were considered ma-
lignant, since it is known that patients with these conditions
present a prognosis similar to that of pancreatic adenocarcino-
ma, and that due to malignant potential, surgical resection is
considered the treatment of choice [34].

EUS-FNA and ERCP tissue sampling have excellent specificity
and positive predictive value in anatomopathological diagnosis
of malignant biliary strictures, showing that a positive result for
malignancy is very reliable. Despite the low negative predictive
value, demonstrating a negative result, malignant disease can-
not be excluded.

Although EUS has not traditionally been considered as useful
as ERCP in evaluating primary biliary strictures [6, 9, 21], this
study demonstrates that EUS-FNA is superior to ERCP in diag-
nosis of malignant biliary stricture. In clinical practice, as in
this investigation, most cases that cause strictures or obstruc-
tion of the biliary tract are caused by pancreatic cancer, which
may explain the low sensitivity of ERCP-BB and ERCP-FB, since it
is not surprising that rates of detection of malignant neoplasm
by ERCP are higher for lesions originating from the bile epithe-
lium [2, 9]. The other method indicated for these lesions is chol-
angioscopy, which provides direct visualization of strictures
and allows for targeted biopsies and may help diagnose or rule
out malignancy in indeterminate strictures, especially CCA. In a

recent systematic review and meta-analysis, including 10 stud-
ies, the pooled sensitivity and specificity for diagnosis of chol-
angioscopy-guided biopsies in diagnosis of malignant biliary
strictures were 60.1% and 98.0%, respectively. Specifically for
CCA diagnosis, the pooled sensitivity and specificity were
66.2% and 97.0%, respectively [35].

The fact that this study presents more extraductal and distal
lesions may be considered a limitation since they may have fa-
vored the superior results of the EUS.Given the fourfold inci-
dence of pancreatic neoplasm in comparison to primary biliary
tract tumors [36], however, almost twice as many were identi-
fied in our study, and the good results obtained with EUS-FNA
in cholangiocarcinoma lead us to believe that if only 1 method
is to be performed, EUS should be done before ERCP in patients
with indeterminate biliary stricture, regardless of the type of
suspicious tumor.

With the combination of EUS and ERCP, our study obtained a
sensitivity of 97.9%, specificity of 100% and accuracy of 98%,
suggesting an extremely high chance of obtaining a concrete
diagnosis using both methods. For this reason, in the case of
suspected malignant biliary stricture, we suggest performing
the 2 methods.

Conclusion
EUS-FNA is better than ERCP with brush cytology and intraduc-
tal forceps biopsy in diagnosing malignant biliary strictures,
mainly in assessment of extraductal lesions and those larger
than 1.5 cm. Combining ERCP with tissue sampling and EUS-
FNA is feasible, the techniques have similar complication rates,
and the combination greatly improves diagnostic accuracy.
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