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Investigating the False Positive Rate in Diagnosing Indeterminate Biliary Stenosis
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ABSTRACT

Many bile duct strictures are classified as indeterminate biliary strictures (IDBS) due to the low sensitivity of primary diagnostic
techniques and the inability to differentiate between malignant and benign. Therefore, since management approaches for malignant
and benign cases are different, the increase in false-positive cases has posed a diagnostic challenge for specialists. False-positive
cases diagnosed as malignancy can lead to incorrect disease management and result in additional costs, such as surgery, for the
patient.

The present study investigated the rate of false-positive cases in the diagnosis of IDBS and the related diagnostic challenges.
The results of the evaluations showed that the use of primary techniques for diagnosing IDBS, such as endoscopic retrograde
cholangiopancreatography (ERCP) and brushing, and computed tomography (CT) alone, was associated with a high false-positive
rate (36.5%-47%). However, when the above techniques were combined with cholangiography, the false-positive rate decreased to
8.1%-15.1%. The results showed that the false positive rates in the diagnosis and evaluation of patiants with IDBS can vary in the
range of 0%-47.7%, depending on the techniques used in patient assessment, operator expertise and skill, and patient condition.
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INTRODUCTION

Biliary strictures that have no overt mass on non-
invasive imaging and cannot be differentiated into
malignant or benign lesions after endoscopic retrograde
cholangiopancreatography (ERCP) fluoroscopic
evaluation with standard brush cytology and/or forceps
biopsy are classified as indeterminate. Therefore, since
the management approaches for malignant and benign
cases differ, this issue presents a diagnostic challenge for
endoscopists(1).

Evidence suggests that up to 20% of biliary strictures are
indeterminate, with approximately one-third of these being
benign and two-thirds being malignant (2).

It has also been shown that some types of benign
disease, particularly inflammatory strictures such as
primary sclerosing cholangitis (PSC) and IgG4-related
sclerosing cholangitis, often mimic malignancies, creating
diagnostic challenges in this area (3). In addition, PSC
and many chronic biliary diseases increase the risk of
cholangiocarcinoma, highlighting the importance of their
timely diagnosis and management (3).

The most common causes of benign biliary
strictures(BBS) are iatrogenic (after liver transplantation or
cholecystectomy), chronic pancreatitis, primary sclerosing
cholangitis, autoimmune diseases (pancreatitis or
cholangitis), and ischemic cholangiopathies (4). Malignant
biliary strictures(MBS) are usually due to pancreatic
adenocarcinoma and cholangiocarcinoma, and less often
due to metastatic pancreatic or liver cancer, growth of
ampullary tumors into the bile duct, gallbladder cancer
obstructing the bile duct, or malignant lymph nodes around
the portal vein. Pancreatic adenocarcinoma has been
reported to be the most important cause in patients with
distal common bile duct (CBD) strictures (4).Therefore,
false positive cases diagnosed as malignancy will lead
to incorrect disease management and result in additional
costs, such as surgery, for the patient. Wakai and colleagues
(5) showed that 3.3% of patients with indeterminate biliary
strictures (IDBS) were falsely diagnosed as having a
malignancy. This rate reached 8.1% in the study by Wetter
and others (6). Currently, the use of imaging methods in
identifying the site of stricture is very important. Therefore,
the use of endoscopic techniques, including ERCP and
endoscopic ultrasonography (EUS), plays a key role in
making a correct diagnosis (7). Also, the emergence of
new diagnostic methods, such as fluorescence in situ
hybridization (FISH), peroral cholangioscopy (POC),
intraductal endoscopic ultrasound (IDUS), and confocal
laser endomicroscopy (CLE), has increased the quality and
accuracy of diagnosis (7). However, it is often necessary
to use different techniques simultaneously to ensure and

increase the chances of correct diagnosis and reduce false
positives. Therefore, in the present study, the rate of false
positive cases in the diagnosis of indeterminate biliary
strictures and the related diagnostic challenges were
investigated.

Epidemiology and etiology

The clinical presentation in patients with biliary strictures
is often variable. They may be detected incidentally on
imaging in asymptomatic patients undergoing testing for
other reasons or in patients presenting with abdominal pain
or symptomatic jaundice. However, the clinical presentation
can range from asymptomatic to fulminant cholangitis
or sepsis. A careful history can help to some extent in
determining the underlying cause, as painless jaundice and
rapid weight loss raise suspicion of underlying malignancy.
In contrast, a more progressive course is observed in those
with benign strictures (2). Biliary strictures can be benign
or malignant in origin and can be caused by intraductal
pathology or external compression. BBS is one of the
most important pathologies of the biliary system. Still,
its definitive diagnosis is a challenge in clinical practice
due to the difficulties of differentiating it from malignant
strictures. BBS typically presents with asymptomatic
elevation of liver enzymes and obstructive jaundice, with
or without cholangitis (8). The most common causes of
benign biliary strictures are postoperative strictures and
those associated with chronic pancreatitis. Postoperative
strictures can occur after cholecystectomy, biliary surgery,
or liver transplantation and can result from ischemic injury,
mechanical injury, anastomotic leakage, and postoperative
infections caused by inflammation, underlying autoimmune
disease, or malignancy. Chronic inflammation and fibrosis
of the pancreatic ducts (PDs) in chronic pancreatitis can
cause ulceration and narrowing of the adjacent bile ducts,
leading to biliary strictures (2). In some cases, chronic
inflammation may lead to extrinsic compression of the
bile ducts due to the formation of adhesions and fibrosis.
Other benign causes include a wide range of iatrogenic,
inflammatory, infectious, and autoimmune conditions, such
as choledocholithiasis, sclerosing cholangitis, choledochal
cyst, chronic pancreatitis, post-cholecystectomy strictures,
IgG4-mediated cholangitis, sarcoidosis, and extrinsic
compression by pancreatic fluid collections (9).

However, biliary stricture in malignant conditions
occurs due to tumor growth and invasion of the bile
ducts or surrounding structures, inflammation, scarring,
or metastasis, and is usually associated with pancreatic
cancer, cholangiocarcinoma (CCA), gallbladder cancer,
and metastatic cancer (2). The most common causes
associated with MBS include pancreatic head carcinoma,
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gallbladder carcinoma, lymphoma, ampullary carcinoma,
cholangiocarcinoma, hepatocellular carcinoma, and
metastatic cases (9).

Diagnosis

Given that a significant proportion of biliary strictures are
classified as IDBS due to the low sensitivity of primary
diagnostic methods, the use of standard ERCP methods,
including fluoroscopy-guided biopsies with or without
brush cytology, plays a crucial role in the initial evaluation
of IDBS, as they are readily available and widely familiar.
However, when standard ERCP techniques are ineffective,
additional endoscopic imaging modalities are employed to
enhance diagnostic accuracy and minimize false positives.
Today, it has been shown that the use of new biomarkers
and endoscopic techniques significantly improves
diagnostic yield and plays a useful role in reducing
unnecessary surgeries for benign strictures. However,
evidence has shown that a single diagnostic method alone
is insufficient to ensure a correct diagnosis, and the use of
different techniques is necessary and reasonable to increase
diagnostic accuracy.

ERCP with biliary brush cytology and intraductal biopsy
ERCP with brush cytology and intraductal biopsies is
commonly used to evaluate biliary strictures suspected of
being malignant. A recent meta-analysis found that brush
cytology had a sensitivity of 45% and intraductal biopsies
had a sensitivity of 48%, but the combination of these two
methods increased the average diagnostic sensitivity to
59.4%. However, despite the low sensitivity, the specificity
of 100% for confirming the diagnosis of malignancy is a
positive and noteworthy point (10).

One study showed that the accuracy of detecting malignancy
at the first ERCP with brushings was 54%, with brushings
and biopsy 51%, and with cholangioscopy 56% (11). In
general, the sensitivity of ERCP-based diagnostic methods,
such as brush cytology, is relatively low and typically does
not exceed 60%. However, the use of auxiliary methods, as
well as the combination of different techniques, increases
sensitivity and diagnostic accuracy.

Fluorescence In Situ Hybridization (FISH)

FISH is a molecular cytogenetic technique used to assess
aneuploidy and has become a reliable diagnostic marker
for malignancy diagnosis in patients with biliary strictures,
offering improved sensitivity compared to cytology while
maintaining specificity (12). FISH findings in patients
with MBS can include polysomy, tetrasomy, trisomy,
and a 9p deletion (13). However, a recent meta-analysis
study has shown that positive FISH findings, including

polysomy or 9p deletion with polysomy, exhibit the best
performance characteristics, with moderate sensitivity and
high specificity for diagnosing malignancy in patients with
biliary stricture. It has also been recommended that, due to
the low diagnostic specificity, tetrasomy or trisomy should
not be routinely considered as a positive FISH result (12).

Another study also showed that FISH has a low diagnostic
sensitivity of 55% and a specificity of 100% in diagnosing
MBS. In fact, this study found that although this method
plays a significant role in diagnosing biliary system
malignancies, its use alone is not recommended due to its
low diagnostic sensitivity (14). Studies have confirmed
that the combination of cytology and FISH methods can be
effective in evaluating proximal and distal biliary strictures,
with a sensitivity of 63% and a specificity of 98% (15,16).

Computed tomography (CT)

CT has a sensitivity of 40-77% for diagnosing malignant
strictures, and is more sensitive for diagnosing biliary
strictures and pancreatic and biliary malignancies. Several
studies have shown that CT has a sensitivity of 100%
for diagnosing hilar malignancies but a low specificity
(60-80%) for evaluating MBS (2). In fact, for patients
in whom CT cannot diagnose MBS, the use of peroral
cholangioscopy has been recommended as an adjunct (17).

Endoscopic Ultrasonography (EUS) with Fine-Needle
Aspiration (FNA) or Biopsy (FNB)

EUS has now been shown to play an important role in the
evaluation of IDBS, with a recent meta-analysis of 32 studies
including 1123 patients with CCA reporting a diagnostic
sensitivity of 73.6% for EUS-FNA compared with 56%
for ERCP fluoroscopic biopsies (18). Patients suspected of
having malignant biliary stricture are generally evaluated
with ERCP and EUS-FNA. In the study by Mathew and
others (19), EUS-FNA was more sensitive than ERCP-based
tissue sampling. EUS-FNA also had a diagnostic accuracy
of 92.63% compared with 71.43% for brush cytology. In
fact, this study found that EUS-FNA had better sensitivity
and diagnostic accuracy than ERCP-based tissue sampling.
Therefore, performing EUS before ERCP in all patients
suspected of MBS definitely improves diagnostic accuracy
and helps in the management of such cases.

Troncone and colleagues (20) also showed that the use of
EUS-FNA/B could make a final diagnosis in 96% of patients
with sensitivity, specificity, and diagnostic accuracy of
73.9%, 100%, and 80%, respectively. The results of this
study indicated that the combination of EUS and ERCP
increased the diagnostic accuracy of IDBS. Performing
both methods in one session reduces the time required for
diagnostic work and optimizes resources.
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Cholangioscopy

In cases of unclear biliary stricture, where initial ERCP
with brushing and biopsy is inconclusive, cholangioscopy
can play an important role. Cholangioscopy allows
for direct visualization and targeted biopsy of the bile
ducts. It was first described in 1976 and has since made
significant advances (21). Evidence has shown that when
cholangioscopy is used, the number of procedures is
reduced by more than 30%, and the cost is reduced by 5%
(22). Today, in patients with negative ERCP brushings and
biopsies, the use of cholangioscopy-guided biopsies has
made significant progress in the diagnosis and management
of IDBS. As reported in a meta-analysis by Wen and
others, the sensitivity and specificity of cholangioscopy-
guided biopsies were 74% and 98%, respectively (23).
Other evidence has shown that adding cholangioscopy to
ERCP increased the diagnostic yield by 27% compared
with ERCP alone, with a sensitivity improvement from
49.99% to 74.00% (24,25). A randomized study comparing
ERCP and digital single-operator cholangioscopy
(DSOC) also demonstrated significant improvements in
diagnostic sensitivity. The results of this study showed
that the combined approach of these two methods had a
sensitivity of 77.27%, which was significantly higher
than the 44.4% sensitivity observed with ERCP or DSOC
alone. The combined use of the two methods maintained
high specificity and positive predictive value, supporting
its safety and efficacy for accurately identifying biliary
stricture pathology (26). Single-operator cholangioscopy
(SOCQ) is favored due to its availability and ease of use
despite lower image quality compared with two-operator
systems or reusable scopes. SOC has been recommended
due to its better sensitivity and specificity than the
traditional primary ERCP with brushing and biopsy (27).

The SpyGlass Direct Visualization System (SDVS)

SDVS is a catheter-based cholangioscopy tool that is highly
successful in terms of diagnostic accuracy, and its use in
the diagnosis of essential IDBS is recommended, as there
is clear evidence that the use of this method can change the
clinical outcome in more than 80% of intractable cases (28).
According to a study and analysis of SDVS-based
interventions in 25 patients over a three-year period,
the procedural success rate was 96%, with successful
visualization and biopsy in 96% of cases. In this evaluation,
the sensitivity, specificity, and accuracy of visual diagnosis
were reported to be 100%, 83.3%, and 96%, respectively
(28).

Percutaneous transluminal clamp biopsy (PTCB)

Another less invasive method used in evaluating biliary

strictures is PTCB. In a study evaluating 194 patients with
biliary strictures, this method demonstrated a sensitivity
of 81.8% and a specificity of 100%, with a false-
negative rate of 18.2%. In fact, this study identified non-
cholangiocarcinoma biliary strictures as an independent
risk factor for false-negative diagnoses, highlighting the
importance of cautious interpretation and the need for
further investigations and additional diagnostics (29).

The results of the evaluations showed that the use of primary
techniques for the diagnosis of IDBS, such as ERCP and
brushing, and CT alone, is associated with a high false
positive rate, with one study reporting a rate of 47% (30)
and another reporting a rate of 36.5% (31). However, when
the above techniques were combined with cholangiography,
the false-positive rate decreased to 8.1%-15.1% (6,32-34).
Additionally, in the study by Wakai and others (5), which
used the PTCB technique to diagnose IDBS patients, the
false-positive rate was reported to be 0%.

However, overall, study results show that the false positive
rate in the diagnosis and evaluation of IDBS patients can
vary from 0% to 47.7% (5, 6, 29-40) (Table 1), which
depends on the techniques used in patient evaluation,
the expertise and skill of the operator, and the patient's
condition. Overall, the results of the evaluations show that,
although the gold standard for diagnosis is histopathology
of surgical specimens with progression of malignancy in
clinical and radiological follow-up (20), standard ERCP
with brushing and biopsy appears to be sufficient for the
initial evaluation of IDBS. However, cholangioscopy-
guided biopsies provide significant diagnostic benefits
for IDBS. Also, the use of intraductal imaging methods
such as intraductal ultrasound(IDUS) and confocal laser
endomicroscopy(CLE) can provide additional specialized
assistance, depending on the available facilities and
resources and the clinical context. Despite the use of
various techniques, IDBS remains a significant challenge
in this field due to the inherent limitations of non-invasive
imaging methods. Although the use of techniques such
as MRI/MRCP can be essential and useful for initial
evaluation, they often suffer from false negatives in
distinguishing between benign and malignant strictures,
especially in cases where operator expertise and patient-
specific factors affect the quality of the imaging. Although
malignant lesions often appear as nodular, papillary, or
infiltrative masses with irregular mucosa and prominent
neovascularization, sensitivity varies widely (64% to
95%) depending on the operator's expertise and technique
(41,42). However, the use of advanced intraductal imaging
tools, although they offer high sensitivity, is less commonly
used due to high costs and the specialized training required.
Therefore, it is often necessary to repeat and combine
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different techniques to achieve diagnostic clarity, as well
as integrate advanced imaging methods with artificial

intelligence-based prediction models, which can play a
significant role in this field.

Table 1. Investigating the false positive rates in patients with IDBS

Sample Common Years
. P False positive rate Pre-op investigations location of the Symptoms .
size X included
stricture
72 out of 151(47.7%) in
Alali, et al (30) 151 patle}an w1th.1ndeterm1nate Ultrasound, CT, ERCP, CBD Jaul?dlce, ' 2011 t0 2016
biliary strictures and and brushing abdominal pain
atypical biliary cytology
36.5% of patients with
indeterminate biliary Jaundice, Weight
Navaneethan, et al stricture and atypical cells Ultrasound, CT, MRI, loss, Abdominal
31) 104 on brush cytology were EUS, ERCP CBD pain, pruritus, 1996 2012
subsequently diagnosed fever
with malignancy
Percutaneous transhepatic
Fujita T, et al (35) 176 50f 176 (2.8%) cholangiography, ERCP, Jaundice 1993 - 2008
MRCP, IgG4
.. Common
0,
Hadjis et al (36) 104 8 (7.7%) hepatic duct
Proximal bile
0,
Erdogan et al (37) 185 32 (17.3%) ducts
Are et al. (38) 171 9 (5.2%) CT. MRCP, Duplex
ultrasonography
Uhlmann et al (39) 49 7 (14.3%)
Corvera et al (40) 275 22 (8.0%)
Jaundice, Weight
Gerhards et al (32) 132 20 (15.1%) CT, Cholangiography, loss, Abdominal
Doppler ultrasonography pain, discoloration
of stool
Nakayama et al (33) 99 14 (14.1%) cholangiography and
angiography
Verbeek et al (34) 82 11 (13.4%) cholangiography and
ultrasonography
ultrasound and CT,
Wetter et al (6) 98 8 (8.1%) percutaneous transhepatic
cholangiography, ERCP
Wakai T et al (5) 153 5(3.3%) 1990 -2010
Zhang et al (29) 194 0% PTCB 2016-2021

Management and Treatments

The evaluation and management of patients with IDBS
begins with determining the pathogenesis of the stricture
using clinical symptoms, laboratory tests, non-invasive and
invasive imaging, and various tissue sampling methods.
Once biliary obstruction is identified, an efficient approach
to initial diagnostic testing and management is important
to reduce complications and guide definitive treatment
(43). In the treatment of IDBS, restoration of biliary flow
to the duodenum is important. In general, IDBS should
be considered malignant unless proven otherwise. In

IDBS accompanied by high serum bilirubin levels or
with intractable cholangitis or pruritus, adequate biliary
drainage is required, and endoscopic treatment, especially
ERCP with stent placement, is the first-line treatment in
this regard (44). In fact, in the treatment of BBS, the use
of stents can be helpful by optimally relieving the stenosis
and limiting it. However, it should be noted that one of the
main complications of stenting is early duodenal migration
of the device, which varies according to the type of stent,
the characteristics of the stenosis (malignant or benign),
and the patient (45,46). EUS-guided biliary drainage can be
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a good option in cases of ERCP failure. The percutaneous
method can still be an acceptable alternative in all cases of
failure or ineffectiveness of the endoscopic method (44).

CONCLUSION

Studies have shown that the false-positive rate in the
diagnosis and evaluation of patients with IDBS can vary
in the range of 0%-47.7%, depending on the techniques
used in patient assessment, operator expertise and skill,
and patient condition. Therefore, although standard ERCP
with brushing and biopsy appears to be sufficient for the
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