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Abstract

The differential diagnosis between benign and malignant biliary strictures is challenging
and requires a multidisciplinary approach with the use of serum biomarkers, imaging
techniques, and several modalities of endoscopic or percutaneous tissue sampling. The
diagnosis of biliary strictures consists of laboratory markers, invasive and non-invasive
imaging exams such as computed tomography (CT), contrast-enhanced magnetic
resonance cholangiopancreatography and endoscopic ultrasonography (EUS).
Nevertheless, invasive imaging modalities combined with tissue sampling are usually
required to confirm the diagnosis of suspected malignant biliary strictures, while
pathological diagnosis is mandatory to decide the optimal therapeutic strategy. Although
EUS fine-needle aspiration biopsy is currently the standard procedure for tissue sampling
of solid pancreatic mass lesions, its diagnostic value in intraductal infiltrating type of
cholangiocarcinoma remains limited. Moreover, the “endobiliary approach” using novel
slim biopsy forceps, transpapillary and percutaneous cholangioscopy, and intraductal
ultrasound-guided biopsy, is gaining ground on traditional Endoscopic Retrograde
Cholangiopancreatography and percutaneous transhepatic cholangiography endobiliary

forceps biopsy. This review focuses on the available endobiliary techniques currently




used to perform biliary strictures biopsy, comparing the diagnostic performance of

endoscopic and percutaneous approaches.
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Core Tip: Invasive imaging modalities combined with tissue sampling are almost always
required to confirm the diagnosis of suspected malignant biliary strictures. The
“endobiliary approach” using novel slim biopsy forceps, transpapillary and
percutaneous cholangioscopy, and intraductal ultrasound-guided biopsy is gaining
ground over traditional Endoscopic Retrograde Cholangiopancreatography and
percutaneous endobiliary forceps biopsy. Nevertheless, both endoscopic and
percutaneous interventional radiology modalities are today considered safe and effective
tissue sampling options, providing histologic identification of biliary strictures with

satisfactory sensitivity and specificity rates.

INTRODUCTIEFN

The diagnosis of biliary strictures remains a challenge, even in an era of considerable
technologic advances regarding our current diagnostic tools. A biliary stricture is an area
of stenosis in the intrahepatic or extrahepatic biliary tree (Figure 1). It can be the result of
either malignant or benign pathologies, with high prevalence of malignancy (two-third
of cases)!ll. Malignant strictures of the biliary system (MBS) are commonly divided into
distal strictures (involving the common bile duct) and proximal strictures (involving the
hepatic hilum and right and left hepatic ducts). Pancreatic ductal adenocarcinoma is the

most common cause of distal malignant stenosis, followed by cholangiocarcinoma, and,




less commonly, ampullary or metastatic cancer. Proximal malignant strictures are due to
cholangiocarcinoma, hepatocellu&r and gallbladder cancer or lymphoproliferative
disorders, and metastatic lesions. The most common causes of a benign stricture include
iatrogenic injury, chronic pancreatitis, primary sclerosing cholangitis, autoimmune
diseases, and others. Biliary strictures are defined indeterminate when a clear diagnosis
cannot be obtained after a non-invasive diagnostic work-up and an endoscopic
retrograde cholangiopancreatography (ERCP) with _biliary sampling. Their evaluation
should be extremely careful given the noteworthy false-positive preoperative diagnosis
of cancer, resulting in a 13%-24% resection rate of benign lesions2l.

Differentiating between the nature of strictures and diagnosing the relative aetiology
often requires a complex diagnostic approach. The evaluation of biliary strictures consists
of laboratory markers and invasive and non-invasive imaging exams including focused
abdominal ultrasound (US), computed tomography (CT), contrast-enhanced magnetic
resonance cholangiopancreatography and endoscopic ultrasonography (EUS).

Nevertheless, invasive imaging modalities combined with tissug_ sampling are
almost always required to support the diagnosis of a suspected MBS. If a histological
diagnosis is obtained through the first procedure, further invasive diagnostic modalities
can be avoided and appropriate treatment can be started. Both endoscopic retrograde
cholangiography (ERC) and percutaneous transhepatic cholangiography endobiliary
forceps biopsy (PTHC-EFB) have been valid procedures for a while for histological
assessment of intrahepatic and/or extrahepatic biliary strictures.

EUS fine-needle aspiration biopsy (FNAB) is nowadays the standard procedure for
tissue sampling of solid pancreatic lesions because of its high diagnostic rate: in this
setting, previous meta-analyses reported EUS-FNAB sensitivity rate ranging from 85% to
89%3l. However, EUS-FNAB has some limitations in cases of MBS other than pancreatic
lesions, such as the frequent intraductal infiltrating type of cholangiocarcinoma.
Furthermore, over the past 20 years, the technique of EUS-guided biliopancreatic lesions

sampling has not gained widespread availability.




Currently, other endobiliary techniques for biliary tissue acquisition are increasing
the possibility to obtain a definitive diagnosis: in fact, the “endobiliary approach” to
suspect MBS is expanding past the more traditional ERCP and PTHC, through the use of
novel slim biopsy forceps, to include trans-papillary and percutaneous cholangioscopy,

and intraductal ultrasound-guided biopsy (IDUS-G biopsy).

ENDOSCOPIC TECHNIQUES

Endoscopic retrograde cholangiopancreatography

ERCP is a diagnostic and therapeutic invasive imaging modality that provides an
“indirect” radiological visualization of the biliopancreatic ductal system. ERCP with
endobiliary brushing and/or forceps biopsy is often the first endoscopic approach for
tissue sampling of biliary strictures because of its wide availability. According to several
studies the forceps biopsy sampling method has slightly better performance in
comparison to brush cytology: a systematic review and a meta-analysis (9 studies; n. 730
patients) by Navaneethan et all4l reported a pooled diagnostic odds ratio in detecting
malignant biliary strictures of 43.18 (95%ClI), with 48.1% of pooled sensitivity and 99.2%
of pooled specificity, for intraductal biopsies, compared to a pooled diagnostic odds ratio
of 33.43 (95%CI), with 45% of pooled sensitivity and 99% of pooled specificity, for
brushing. Combining the two sampling methods only modestly increased sensitivity to
59.4%.

Theoretically, sufficient biliary tissue sampling provides adequate identification of
the tissue’s specific features such as superficial intraductal spread and /or wall invasion),
details that cannot be obtained by brush cytology. Despite a low-diagnostic sensitivity,
brush cytology is still the first line ERCP sampling modality, because of its feasibility and
safety. I—Ioweveraas trans-papillary forceps biopsy has got an higher sensitivity rate in
comparison to brush cytology, it may play an important role in the pathological
confirmation of MBS.

Several series reported malignancy detection rates with ERCP endobiliary forceps

biopsy ranging from 33% to 71 % for pancreatic cancer and 44% to 89 % for




cholangiocarcinomal®. A more recent review by Korc and Shermanl®l reported detection
rates for pancreatic cancers and cholangiocarcinoma of 37% and 63%, respectively. The
poor sensjtivity of endobiliary forceps biopsy is likely due to the blind modality of
sampling under fluoroscopic guidance. In addition, MBS that mainly infiltrate the wall
of the duct or incite extrinsic compression are challenging to be targeted through the
ERCP tissue sampling modality. ERCP with trans-papillary biopsies are performed using
forceps designed for standard endoscopesl®l that should provide an adequate sample of
bile duct tissue deep to the epithelium. The biopsy forceps are introduced into the bile
duct after sphincterotomy of the papilla, even though some studies described the forceps
insertion modality without previous sphincterotomyl?l. The forceps are pushed under
fluoroscopic guidance to the level of the stricture to grasp specimens from the lower part
of the stricture. The ideal number of specimens to perform has not been standardized,
although several studies>#! suggest that at least 3 specimens should be obtained.

To optimize the unsatisfying sensitivity of trans-papillary forceps biopsy, in 2011
Wright et alll proposed a method of rapid on-site cytopathological evaluation (ROSE)
through the cytologic preparation and analysis of forceps biopsy sampling made by an
onsite cytopathologist (Smash protocol). In total, 133 patients were enrolled in the study.
A “smash” specimen sensibility of 72% was reported.

Another work" valued the yield of ERCP biliary biopsy sampling subjected to
ROSE and reported that sensitivity for cancer diagnosis increased to 76%-97%. This gain
suggests that ROSE modality may improve the sensitivity of ERCP forceps biopsy
sampling. However, this resource is available only to a few tertiary referral centres.
Adverse events related to endobiliary forceps biopsy sampling are rare: to date, the same

minor and only a few major cases of haemobilial®l and perforation of the common hepatic

ductl!ll has been described.

Novel slim biopsy forceps
To overcome the difficulty of common bile duct cannulation that is related to the

thickness and the hardness of the standard biopsy forceps, some novel biopsy forceps




have been developed. In 2017 Inoue et all'!l published a study about the diagnostic yield
of controllable biopsy-forceps (C-BF) in MBS. C-BF (MTW Endoskopie™, Wesel,
Germany) allows the tip’s angle to be adjusted by up to 90°. In this study, 110 patients
with biliary strictures were retrospectively evaluated. High technical success rate (99%)
of biliary biopsies sampled was reported.

This study reported different performances of the biopsies performed with C-BF
depending on the target site: adequate samples were respectively obtained in 96% (22/23)
of specimens from the intrapancreatic common bile ducts, in 92% (11/12) of those from
the upper common bile ducts, in 80% (12/15) from the carrefour of the hepatic ducts, in
75% (9/12) from right intrahepatic bile ducts and 31% (5/16) from left intrahepatic bile
ducts.

Moreover, the diagnostic sensitivity for biliary strictures reported was just 60%,
which is similar to those reported from studies carried out on conventional forceps
biopsy. The benefits of using C-BF may be limited because of its lack of rotation torque
ability; thus, only a curvature to the patient’s right-hand side can be performed: this
feature leads to an adequate sampling of lesions located to the right intrahepatic bile duct
(75%), in contrast to a poor success rate in procedures that involved selecting the left
intrahepatic bile duct (31%).

Another novel slim biopsy forceps, with a soft and thinner shaft of 1.8 mm (Radial
Jaw™ 4P, Boston Scientific, Boston, MA, US), has been developed to enable the jaws to
pivot onto the targeted biopsy site for better tissue grasping. To evaluate the feasibility
and efficacy of this novel biopsy device in the diagnosis of MBS, in 2017 Yamamoto et
all2l tested it on a cohort of 360 patients who underwent ERCP for biliary strictures. This
study showed a higher sensitivity than previous studies of trans-papillary bile duct
biopsies: in fact, the overall sensitivity and accuracy were 69.6% ancES.S% respectively.
The sensitivity was 75.6% in cholangiocarcinoma, 64% in pancreatic cancer, and 57.1% in
metastasis. In cholangiocarcinoma, a lower sensitivity was observed for perihilar lesions
(68.7%) rather than for distal stricture (83.1%). Better sensitivity has been reported for

longer stenosis of pancreatic cancer and metastasis. These results suggest that trans-




papillary forceps iopsy should be performed in consideration of the stricture level,
stricture length, and cancer type. Actually, a lower sensitivity was observed for the
perihilar MBS rather than for the distal one. This may be due to the features of the
strictures: narrow, smooth, and angled lesions could lower the biopsy forceps ability to
hit the targeted area. Moreover, the distance of the MBS from the papilla could reduce
the possibility of precisely grasp the lesion. In contrast, a better sensitivity was observed
for the distal MBS. Regarding the lower bile duct, a better sensitivity was observed for
the strictures in which an adequate space to open enough the biopsy forceps jaws was
present.

In 2017 Kwon et all**lreported a single experience of MBS sampling with the use of a
custom-made prototype guide-wire assisted endobiliary forceps biopsy: targeted

sampling from the central area of the mass resulted easy and successful.

PerOral cholangioscopy
Peroral cholangioscopy (POCS) modalities provide direct visualization of the biliary
ductal system. Those procedures are important diagnostic tools in cases of suspect MBS
in which other available invasive/non-invasive imaging modalities (e¢.g., EUS, CT scan,
MRI, ERCP with transpapillary biopsy sampling) cannot provide a definitive diagnosis.
Three different cholangioscopic techniques are currently available: the “mother-baby”
dual-operator  cholangioscopy  (DOC), the “mother-baby” single-operator
cholangioscopy (SOC), and the direcécholangioscopy[“l. DOC is necessarily performed
by two endoscopists with the use of a very slim endoscope passed through the working
channel of a duodenoscope up to cannulate the common bile duct, usually over a guide-
wire. POCS with optical image manipulation using narrow-band imaging (NBI) allow
emphasizing the imaging of certain features of the bile duct tissue, such as mucosal
structures and capillary vessels (e.g., irregular and tortuous vessels, papillogranular or
nodular elevated surface), enabling to target biopsy onto the suspect lesion.

A prospective multicentre study on indeterminate bile duct lesions and preoperative

mucosal cancerous extension diagnosis with DOC plus NBI was conducted by Osanai et




all’5l in 2013. This work was conducted on a cohort of 87 patients of whom only
underwent endobiliary forceps biopsy sampling via DOC for indeterminate lesions. In
34/35 patients NBI was useful in differentiating benign from malignant lesions. Collected
data showed an accuracy rate of 85.7 % for indeterminate biliary lesions diagnosis using
endobiliary forceps biopsy via DOC. This study also reported additional accuracy for
detection of mucosal cancerous extension in the bile duct with POCS: in fact, the accuracy
rate for ERCP alone in verifying the presence or absence of mucosal cancerous extension
was 73.5%, in comparison to an accuracy rate for ERCP with POCS plus biopsy of 92.9%.
However, as the authors acknowledge, this proaective study has the same bias
concerning the non-randomized selection of patients and the fact that most of the targeted
patients had already a bile duct cancer diagnosis: those aspects could explain the high
rate of accurate diagnosis of the study. A video endoscope and a disposable access
catheter using fiberoptics (SpyGlass™ system; Boston Scientificc, MA, United States)
enables the SOC modalitylel.

Since the launch of the first-generation SpyGlass system__in 2007, several studies
have been reported increasing sensitivity and accuracy with the addition of its direct

doscopic visualization of the bile duct to ERCP or tissue sampling ['7-1°]. However, the
mean sensitivity of biliary sampling, using the dedicated biopsy forceps (SpyByte™), for
discriminating between malignant and benign biliary lesions was only slightly superior
(68%) to the other conventional sampling modalities (Figure 2).

The initial version of SpyGlass was fiberoptic and the optical probe was reusable.
Since 2015 a new digital single-operator/single-use instrument (SpyGlass DS™; Boston
Scientific, MA, United States) has been available. This 2"¢ generation system does not
require to be reprocessed to avoid the issue of potentially image degradation with
repeated use. In 2016, a prospective multicenter study in Japan enrolled 148 patients with
a collection of pancreaticobiliary diseases (124 with biliary disease). This work reported
a SpyGlass targeted biopsy sensitivity of 81.4% and an accuracy of histologic diagnosis

in indeterminate biliary strictures of 70.7%(201.




Directcholangioscopy employing is questionable because of the same safety issue
related to the occurrence of rare but life-threatening adverse events such as stroke caused
by leakage of air into the portal or hepatic venous system!?!l, biliary perforation, and

slightly higher incidence of postprocedural cholangitis!22l.

Intradyctal ultrasound-guided biopsy

IDUS involves the insertion into the bile duct of a high-frequency ultrasound ultrathin
probe, generally over a wire. It provides high-resolution images of the ductal wall and
periductal tissues!?l. Potentially, IDUS could be an important diagnostic tool in the
evaluation of the indeterminate biliary ﬁrictures in whom is not possible to obtain a
diagnosis despite previous evaluations. ERCP with IDUS examination, if performed by
an expert endoscopist trained in both EUS and ERCP, helps to identify patients with a
high suspicious of MBSI!I better than EUS does, particularly for lesions located at the
hilum or mid-bile ductl?2. Several studies(?>2reported high diagnostic sensitivity and
specificity of IDUS during ERCP in differentiating malignant from benign strictures.
Since IDUS provides real-time, high-resolution images of the bile duct wall and the
adjacent structures!?’], it is an ideal tool to use before biliary stenting. Unfortunately, this
modality is not widely used because of the lack of ERCP operators who are also skilled
in EUS. IDUS is also limited by the lack of a specific sampling modality.

Consequently, based on those aspects, two studies have investigated the
performance of IDUS-guided biopsy sampling[?® 3. In these two works the ultrasonic
probe is inserted into the bile duct over the wire after endoscopic sphincterotomy until
IDUS recognize the suspected MBS. While maintaining the ultrasmﬁ'c probe on the
narrowest position to the stricture, a conventional biopsy forceps is inserted into the
orifice of the papilla to the tip of the placed ultrasonic probe under fluoroscopic guidance.
During the trans-papillary biopsy forceps sampling the scanning ultrasonic probe is keep

at the nearest intraductal position.




Jong et all?®l reported a higher sensitivity for cancer diagnosis of indeterminate biliary
strictures (87% with IDUS-guided biopsy in comparison to 67% with fluoroscopically
trans-papillary guided biopsy).

Similarly, Kim et all3] designed a prospective randomized study on the accuracy of
IDUS-guided trans-papillary biopsy and conventional biopsy on fluoroscopy in
suspected MBS and 65 out of 72 patients enrolled in the study underwent ERCP with
IDUS.

The ccuracy of IDUS-guided trans-papillary biopsy for MBS is significantly higher
than conventional trans-papillary biopsy (90.8% wvs 76.9%) in cases with intraductal
infiltrating lesions, which were the most common findings on IDUS (47.5%). There was
no significant djfference in cancer detection rate according to the location of the stricture,
as well as any significant improvement of cancer detection rates was reported in cases
with extrinsic compressed lesions. This study reported no significant procedure-related
adverse events (only mild cases of hemobilia after trans-papillary forceps biopsy).

However, to date, there are no dedicated accessories that combine IDUS and forceps
biopsy, thus IDUS-guided trans-papillary forceps biopsy is more challenging than
conventional sampling modalities for the risks of bile-duct trauma. New types of IDUS
probes or accessories for IDUS-guided trans-papillary forceps biopsy, as well as larger

studies for validation, are expected.

Interventional radiology techniques
In cases in which the endoscopic approach to biliary strictures has failed or is deemed
difficult or impossible due to unfavourable anatomy (e.g., in cases of surgical
interventions as hepatico-jejunostomy), their cyto-histological assessment can be
performed with percutaneous transhepatic endobiliary brushing and/or forceps biopsy
(PTEFB)31L.

Percutaneous transhepatic endobiliary sampling of biliary strictures/obstructions is
usually performed after local anaesthesia and during conscious sedation, under

fluoroscopic guidance, through a biliary drainage access, before drainage positioning,




both from the right or left liver lobe based on stricture/ obstruction location, even though
right intercostal approach is preferred for positional advantage and operator easiness.
Periprocedural broad-spectrum antibiotic coverage is recommended. In cases of
occurrence of hemobilia or cholangitis after percutaneous transhepatic biliary access, the
sampling should be delayed 24-48 h[32%]. Cholangiography-guided detection of the
stenosis/obstruction is obtained and, after passing through the stricture with a guide-
wire and positioning a 6-8F introducer sheath in the biliary ducts, the sampling procedure
can be performed.

In cases of brushing, a flexible probe with a brush on an atraumatic tip is introduced
through the sheath up to the stricture and then is pushed and pulled and rotated under
fluoroscopic guidance multiple times!31.

In case of PTEFB, a careful and accurate forceps biopsy is performed advancing the
forceps through the introducer sheath. Patel et all®®l described a variant of this technique,
the so-called “cross and push”, in which the introducer sheath is advanced on a
guidewire into the stricture/ obstruction and is used to push the biopsy forceps granting
greater stability of the forceps and allowing to obtain a larger lesion sample. Multiple
samples should be taken, if possible, to obtain greater true-positive ratesl®!. A bile sample
after the brushing/biopsy (as much as 10 milliliters) should be always taken for bile
cytology, as it demonstrated to have up to a 34% of sensitivity, which increases to 52% in
case of multiple and seriate samplingsl3.38]. In the case of forceps biopsy, a transhepatic
cholangiography should be always performed to evaluate contrast medium leak from the
bioptic site.

Cyto-histologic diagnosis of the sample obtained with the biopsy must always be
confirmed after the surgical excision or, in case of benign disease diagnosis or non-
specific findings, after dimensional stability of the lesion at a close follow-up. Redo-
sampling should be performed in cases of a negative histological result, particularly in
patients with high suspicion of malignancy, and in cases in which the operator deemed
the first histological specimen inadequate for evaluation, as the fibrotic and scirrhous

tissue which associates to cholangiocarcinoma and pancreatic carcinoma, in addition to




necrotic and inflammatory changes, can hinder a correct diagnosis, even though
Rabinovitz et al*l reported that biopsies repeated three or more times yielding only
negative results should reduce the probability of malignancy to 0%; it is mandatory,
however, to perform a strict imaging and laboratory follow-up in these patients.

Percutaneous transhepatic endobiliary brushing demonstrates sensitivity rates
ranging from 26 to 67 %, and low negative predictive values (around 12.5%). Noticeably,
Xing et all3°] reported a superior sensitivity value of 75% with greater sensitivity in cases
of cholangiocarcinoma vs other strictures (P < 0.05) while stricture location had no effect
on brushing sensitivityl323440-43]

Overall percutaneous biliary forceps biopsy sensitivity has been attested between

55.8 and 93.3%, with a higher sensitivity for cholangiocarcinoma (up to 94 %)[3335404144-47]
Augustin et all*l performed PTEFB in 13 patients, with at least 3 samples of 1-2 mm per
patient, and in 92.3% of cases the material was deemed sufficient for histological analysis;
PTEFB had sensitivity and accuracy rates of 88.9% and 92.3% respectively.
Jung et allP3l performed 130 PTEFB obtaining a 78.4% sensitivity rate. Park et all4]
retrospectively reviewed 271 PTEFB, finding 77.2% of sensitivity and 78.9% of accuracy.
Patel et all®] with their abovementioned “cross and push” technique performed in 52
patients obtained a sensitivity of 93.3%. Inchingolo et all*’l prospectively performed 30
PTEFB in 29 patients, with the “cross and push” technique, obtaining a sensitivity rate of
91.67% and anaccuracy rate of 92.59%. Boos et all*l described better sensitivity rates when
forceps biopsy and brush cytology were combined in a tandem approach (55.8% vs 40.6%
of forceps biopsy alone); while this procedure can be considered expensive when
compared to the use of forceps biopsy alone, it is cost-effective when compared to
performing two separate procedures in case of an initial negative histological sample;
however randomized studies comparing the sensitivity of the two approaches (single and
tandem) should be performed. The tandem approach must be distinguished from
obtaining a smear from forceps biopsy for cytological analysisl41l.

PTEFB can be also performed under cholangioscopic/choledochoscopic guidance,

which gives the operator the ability to directly visualize and target the pathologic tissue




(Figure 3). After adequate sequential dilation of the transhepatic tract (with an introducer
sheath of up to 11-16 F vs 7-8 F of fluoroscopy-guided PTEFB) a scope is positioned over
a stiff guidewire and the forceps are inserted through its working channel. This approach
has sensitivity and specificity exceeding 95% for diagnosing biliary malignancies despite
its greater costs when compared to fluoroscopy-guided PTEFB and the need for
specialized equipment and expertisel32424950] Due to the diameter of the cholangioscope
and the risk of hemobilia after first puncture of the biliary ducts, percutaneous tract
“maturation” for one week or more after placement of a 8-10 French biliary drainage is
recommended to avoid hemorrhage and prevent peritonitis due to extra-hepatic bile leak,
as well as progressive oversizing of the biliary tube reduces the subsequent trauma from
cholangioscope insertion!>!l. Flexible endoscopes are preferred over the rigid ones due to
their smaller diameter, better control and wider view; in addition, long endoscopes
should be preferred, particularly in case of lesions in the distal common bile duct or in
the contralateral ducts. Complication of transhepatic cholangioscopy include cholangitis,
hemobilia, biloma or abscess formation, but in half of cases are related to the initial access
and tract dilation, and can be avoidable with tract maturation!>.

Among percutaneous transhepatic biopsy approaches, Schechter ef all*I reported the
use of the Simpson atherectomy catheter, with a sensitivity of 79% but 11% of
hemorrhages, high costs, and difficulties in passing through angled transhepatic tracts.

On the other hand, Rossi et all3 described the diagnostic yield of sampling the
balloon surface in patients with strictures which needed bilioplasty, reporting a
sensitivity of 87.5%.

Various authors reported great diagrﬁstic sensitivity of PTEFB in strictures of the
upper biliary tree (up to 92%), whereas lerardi et all*®! reported lower sensitivity for
lesions of the hilum and common bile duct as compared to the common hepatic bile duct
and ampullal®335425455] Overall, the PTEFB procedure does not have severe technical
difficulties, therefore the learning curve is reported to be steep, with only a few cases

needed to master the techniquel47l.




In terms of safety, PTEFB yielded low rates of complications, the most common being
transient hemobilia, postprocedural cholangitis, transient bile leakage, and less often, the
formation of biloma in the bioptic site, which were promptly treated with percutaneous
drainagel33354,4547],

Other complications were related to the percutaneous puncture and not to the sampling
procedure itself, ranging from subcapsular biloma to hepatic hematoma to
pseudoaneurysm formationl3356l,

The main limitation of PTEFB is linked to the diagnosis of extra-biliary neoplasms
determining biliary obstruction and which have not infiltrated yet the biliary duct walls
(e.g., hepatic hilum lymph-nodal metastasis, tumor infiltration/compression), due to the
limited tissue samples, determining false-negative results both during surgical inspection
or at follow-upl57l. Among metastatic tumor-related extrinsic biliary compression, the
prospective analysis from Estrella ef all®*! demonstrated that metastases from colorectal
cancer more commonly present with intrabiliary growth when compared to other tumors
(10.6 vs 1.9%). Another limitation is represented by the intrinsic characteristics of the
forceps, which can cause “crush” artifacts of the bioptic specimen, represented by the
degradation of the specimen during the bioptic maneuver, that can hinder the

diagnosis!®l.

Discussion
The diagnostic approach (Table 1) and correct histologic identification of a biliary
stricture can be a demanding issue, while first-line non-invasive diagnostic methods
alone cannot confirm the diagnosis of MBS in most of the cases. Moreover, pathological
diagnosis is mandatory for the decision on the therapeutic approach. Therefore, it is
crucial to establish the optimal sampling modality to confirm the diagnosis. According to
current literature, both PTC and ERCP forceps biopsy are sensitive and accurate sampling
modalities for suspected MBS.

Chang et all*l retrospectively compared a group of 38 patients undergoing PTEFB

and brushing with a group of patients undergoing endoscopic trans-papillary biopsy;




PTEFB had a sensitivity of 86.7% compared to the 77.1% of endoscopic biopsy, especially
for biliary strictures located at the hilum. Mohkam et all*l retrospectively compared 75
PTEFB with patients who underwent endoscopic trans-papillary biopsy and PTEFB
demonstrated sensitivity rate of 69%, similar to endoscopic biopsy (75%, P = 0.45). The
choice of biliary strictures that more suitable for endoscopic rather than a percutaneous
biopsy seems to mainly depend on the anatomical location and type of stricture.

Several studies[4>54 demonstrated that PTEFB is correlated with high diagnostic
sensitivity for strictures located in the upper biliary tree, distant from the papilla - where
endoscopic biopsy has better sensitivity. Particularly, Chang et all%5], reported higher
sensitivity for PTEFB in hilum lesions than those located within the common bile duct.
According to the authors, sensitivity was higher for strictures located close to the hilum.
On the contrary, compared to PTC, ERCP resulted in higher accuracy for lower strictures.
In this setting, the distance between the site of biliary stricture and the device used to
push and maneuver the biopsy forceps seems to play a key role: the greater the distance,
the lesser the precision of sampling. Therefore, specimen sampling of the biliary strictures
located proximal to the hilum should ideally be performed via PTEFB, while for strictures
located at the hilum or more distally, ERCP should be preferred. Other factors influencing
the effectiveness of endobiliary biopsy are insufficient space for forceps opening noted in
cases of severe strictures, lesions located at sites with marked angulation, lesion shape,

and of course local expertise, and device availability.

CONCLUSION

Both ERCP and PTC endobiliary biopsy remain valid methods for tissue identification
demonstrating satisfactory diagnostic accuracy, especially in properly selected lesions.
Novel slim biopsy forceps and new endobiliary sampling modalities such as POCS, and
IDUS-guided biopsy, currently under investigation, seem to improve the efficacy of

histologic characterization.




69443 Auto_Edited.docx

ORIGINALITY REPORT

10

SIMILARITY INDEX

PRIMARY SOURCES

| | 0
I\:xt\exr\:]\é\t/.ncbl.nIm.nlh.gov 207 words — 4 0
. 0
I\:}:{\:r\:]\é\t/.Wj,gnet.com 31 words — 2 )
. 0
www.thieme-connect.com 43 words — 0

Internet

M. Osan.al, T. Itoi, Y. Igarashi, K. Tanakg, M.' Kida, H. 38 words — 1 %
Maguchi, K. Yasuda, N. Okano, H. Imaizumi, F.

Itokawa. "Peroral video cholangioscopy to evaluate

indeterminate bile duct lesions and preoperative mucosal

cancerous extension: a prospective multicenter study",

Endoscopy, 2013

Crossref

Hai-Yang ;hang, Bin Liu, \‘(ong-Z-heng‘Wang, Wu-Jie 33 words — 1 %
Wang, Wei Wang, Dong Li, Yu-Liang Li.

"Percutaneous transhepatic cholangiography versus

endoscopic retrograde cholangiography for the pathological

diagnosis of suspected malignant bile duct strictures"”,

Medicine, 2020

Crossref

. . C e . ) 0
Marlanqa Arvamtalgs. D!gltal smg_le operatgr 21 words — < 1 A)
cholangioscopy-guided biopsy for indeterminate



biliary strictures: Seeing is believing?", Gastrointestinal
Endoscopy, 2020

Crossref

An.drea Tringali, Arnaud L"emmers, Volker Meves, 20 words — < 1 /0
Grischa Terheggen et al. "Intraductal

biliopancreatic imaging: European Society of Gastrointestinal

Endoscopy (ESGE) technology review", Endoscopy, 2015

Crossref

0
medworm.com 20 words — < 1 )0

Internet

D UHLMANN, M WIEDMANN, F SCHMIDT, R < '] %
12 words —

KLUGE, A TANNAPFEL, F BERR, J HAUSS, H

WITZIGMANN. "Management and Outcome in Patients With

Klatskin-Mimicking Lesions of the Biliary Tree", Journal of

Gastrointestinal Surgery, 2006

Crossref

ON <12 WORDS
ON



