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Background/Aims: Digital single-operator cholangioscopy (DSOC)-guided mapping biopsy (DMB) and tube-assisted mapping biopsy
(TMB) are two techniques used for preoperative evaluation of biliary tract cancer (BTC). However, data regarding the diagnostic per-
formance of these techniques are limited.

Methods: We retrospectively examined consecutive patients with BTC who underwent either technique at our institution between
2018 and 2020. We evaluated the technical success rate, adequate tissue acquisition rate, and diagnostic performance of these tech-
niques for the evaluation of lateral spread of BTC.

Results: A total of 54 patients were included in the study. The technical success rate of reaching the target sites was 95% for DMB and
100% for TMB. The adequate tissue acquisition rate was 61% for DMB and 69% for TMB. The adequate tissue acquisition rate was low,
especially for target sites beyond the secondary biliary radicles. The sensitivity of DMB alone was 39%, which improved to 65% when
combined with visual impression. Experts demonstrated a higher negative predictive value and diagnostic accuracy with respect to
both DSOC visual impression and DMB for the evaluation of lateral spread of BTC compared to trainees.

Conclusions: Adequate tissue acquisition rates were similar between the two techniques. Since DMB requires expertise, TMB may be

an acceptable option when DSOC is unavailable or when DSOC expertise is limited.
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INTRODUCTION

Biliary tract cancer (BTC) often extends longitudinally along
the biliary tract, precluding curative resection.' Precise pre-
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operative evaluation of lateral spread of BTC is required to
determine surgical resectability and appropriate resection lines.
Conventional imaging modalities such as multidetector-row
computed tomography, magnetic resonance imaging, intra-
ductal ultrasonography, and endoscopic ultrasound are useful
in predicting the longitudinal spread of BTC**; however, it does
not exclude the need for histological confirmation. Endoscopic
transpapillary mapping biopsy under fluoroscopy is the most
commonly used technique for tissue acquisition and is useful
in evaluating intraductal tumor spread of BTC.”’ However,
the limited maneuverability of biopsy forceps often makes it
difficult to advance them beyond the biliary stricture, particu-
larly beyond secondary biliary radicles. Peroral cholangioscopy
(POCS)-guided biopsy is a technique used for the diagnosis of
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indeterminate biliary strictures."”"* Although POCS-guided
mapping biopsy can be useful in preoperative evaluation of
BTC,"" several issues remain unresolved. First, POCS requires
a high level of expertise, which could affect its diagnostic accu-
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racy.

Second, only small caliber forceps with a 1-mm diameter
cup can pass through the working channel of the cholangio-
scope. The small size of the obtained specimen may limit the
ability to discriminate between benign and malignant lesions.
Third, the cost-effectiveness of this expensive technique has not
been fully evaluated.

Tube-assisted biopsy is another new technique that has re-
cently been reported to be useful for the diagnosis of indetermi-
nate biliary strictures.”” Despite its inability to perform targeted
biopsies, it has several advantages over POSC-guided biopsy,
including easier insertion beyond secondary biliary radicles, the
ability to use larger caliber forceps, and much lower cost. While
its utility for preoperative evaluation of BTC has recently been
reported,® direct comparisons with POCS-guided mapping bi-
opsy have not been conducted to date. Therefore, we conducted
this study to compare the utility of these two techniques in the
preoperative evaluation of BTC.

METHODS

Patients

We retrospectively examined consecutive patients who under-
went digital single-operator cholangioscopy (DSOC)-guided
mapping biopsy (DMB) or tube-assisted mapping biopsy (TMB)
for preoperative evaluation of BTC at our institution between
April 2018 and October 2020.

Endoscopic interventions

Endoscopic retrograde cholangiopancreatography (ERCP) was
performed using a therapeutic duodenoscope (JF260, TJF260;
Olympus Medical Systems, Tokyo, Japan) under moderate se-
dation with intravenous pethidine and midazolam. We used
a tapered catheter (MTW ERCP catheter; MTW Endoskop-
ie, Wesel, Germany) and a 0.025-inch guidewire (Visiglide2,
Olympus Medical Systems; or Endoselector, Boston Scientific,
Marlborough, MA, USA) for selective biliary cannulation in
most cases.

For DMB procedures, endoscopic sphincterotomy using a
sphincterotome (CleverCut3V; Olympus Medical Systems) was
performed or had been performed previously in all patients be-
fore performing DSOC. The cholangioscope (SpyGlass DS Di-
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rect Visualization System or SpyGlass DS II Direct Visualization
System; Boston Scientific) was inserted through the working
channel of a therapeutic duodenoscope (TJF260) and advanced
into the biliary tree over the guidewire. After the cholangio-
scope passed through the biliary stricture, the guidewire was
withdrawn. Suction and irrigation were performed to obtain a
clear view of the bile duct. First, the extent of lateral spread of
the tumor was assessed by the treating endoscopists based on
visualized cholangioscopic findings. Next, DMB was conducted
under direct visualization using micro biopsy forceps (SpyBite
or SpyBite Max; Boston Scientific) with a 1-mm diameter cup.
Endoscopic sphincterotomy was performed at the discretion
of the treating endoscopists for the TMB procedures. We used
the 7 Fr-delivery system of a plastic stent (Through & Pass;
Gadelius Medical, Tokyo, Japan), which consists of an inner
catheter and a pusher catheter, as a sheath. First, we advanced
the delivery system slightly beyond the target site over a guide-
wire. Second, we removed the inner catheter and guidewire so
that the pusher catheter remained in the bile duct slightly be-
yond the target site. A radio-opaque marker is located at the tip
of the pusher catheter, which makes it easy to adjust the posi-
tion of the catheter towards the target site. Third, a convention-
al biopsy forceps (Radial Jaw 4; Boston Scientific) with a 1.8-mm
diameter cup was advanced through the pusher catheter to the
target site under fluoroscopic guidance (Fig. 1). Cholangio-
grams could be obtained through the catheter between biopsies

Fig. 1. Mapping biopsy using a biliary stent delivery system (tube-as-
sisted mapping biopsy). (A) A guidewire was advanced into the
posterior branch. (B) A 7 Fr-delivery system was inserted into the
posterior branch over a guidewire and the pusher catheter remained
in the posterior branch after removing the inner catheter and guide-
wire. A radio-opaque marker was located at the tip of the pusher
catheter, which made it easy to adjust the position of the pusher cath-
eter towards the target site. (C) A conventional biopsy forceps with a
1.8-mm diameter cup was advanced through the pusher catheter to
the target site under fluoroscopic guidance; biopsy of the posterior
branch was performed.
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when needed.

Both procedures were performed by experts (=50 cases of
POCS experience) or trainees (<50 cases of POCS experience)
under the guidance of experts. The mapping biopsy sites were
determined following a discussion with the surgeons and in-
cluded the following sites: the B2/3 confluence, B4 confluence,
left hepatic duct, B5/B8 confluence, B6/B7 confluence, anterior
segmental duct, posterior segmental duct, confluence of anteri-
or and posterior segmental ducts, right hepatic duct, confluence
of right and left hepatic ducts, upper bile duct, cystic duct con-
fluence, and lower bile duct.

Evaluation and outcomes

The diagnosis of BTC was based on pathological findings of
bile aspiration cytology, brush cytology, or transpapillary for-
ceps biopsy. Technical success of the procedure was defined as
the successful biopsy of all the intended target sites. The extent
of lateral tumor spread was determined based on surgical spec-
imens. The severity of adverse events was graded according to
the American Society of Gastrointestinal Endoscopy lexicon
guidelines.”

The primary outcome was an adequate tissue acquisition
rate for each target site. Tissue was considered adequate if it
contained biliary epithelium; a specimen that contained only
fibrous or connective tissue was considered inadequate. We
evaluated the adequate tissue acquisition rates of each biopsy
and the biopsy sites for both DMB and TMB using the entire
cohort.

The secondary outcome was the diagnostic accuracy of the
lateral spread of BTC, as confirmed by surgical specimens.
Since only six patients underwent surgical resection for TMB,
we focused on the 27 patients who underwent surgical resection
for DMB. We also evaluated the impact of endoscopist expertise
on the diagnostic performance of DSOC (visual impression,
targeted biopsy, and visual impression plus targeted biopsy).
The endoscopists’ interpretations of the DSOC findings were
documented for each mapping biopsy site based on the endo-
scopic examination report written by the treating endoscopist.
The endoscopists judged the sites as malignant when irregu-
lar tortuous vessels, irregular papillary or granular lesions, or
nodular elevated lesions extended continuously from the main
lesion. The pathological findings of biopsy specimens were de-
fined as follows: adenocarcinoma or suspected adenocarcinoma
was considered malignant, while atypical cells were considered
benign. When either of the results of visual impression or tar-

geted biopsy were malignant, the results of visual impression
plus targeted biopsy were considered malignant.

Statistical analysis

Continuous variables were presented as medians (range) and
were compared using the Mann-Whitney U-test. Categorical
variables were described as absolute numbers (proportions) and
were analyzed using the chi-square test or Fisher exact test, as
appropriate. Statistical tests were two-sided, and a p<0.05 was
considered statistically significant. Statistical analysis was per-
formed using EZR ver. 1.40.”

Ethical statements

This study was approved by the ethics committee of Cancer
Institute Hospital of Japanese Foundation for Cancer Research
(IRB No: 2021-1078) and was performed in accordance with
the Declaration of Helsinki. Written informed consent for this
study was waived by the ethics committee because of the retro-
spective design. A notification of this study was publicized on
our hospital website, allowing patients to opt out of the study.

RESULTS

Patient characteristics

A total of 54 consecutive patients with BTC underwent preop-
erative DMB or TMB at our institution between April 2018 and
October 2020 (Fig. 2). Since the cholangioscope could not be
advanced through the biliary stricture in two patients, the tech-
nical success rate of reaching the target sites was 95% (39/41)
for DMB and 100% (13/13) for TMB (p>0.999). Targeted bi-
opsy was successful in all patients, except for two patients who
failed to reach the target site. Thus, the 52 patients who suc-
cessfully performed mapping biopsy comprised cohort 1. The
patient and procedural characteristics of the two techniques are
illustrated in Table 1. Although DMB had a higher proportion
of men and a higher rate of prior biliary stenting compared to
TMB, other characteristics including location of the stricture,
total bilirubin level, papillary intervention, operator experience,
and procedure time were similar between the two groups. The
total number of mapping biopsy sites was 148 in the DMB and
45 in the TMB. The mean number of biopsies per site was 1.9
(range, 1-4) for DMB and 1.7 (range, 1-3) for TMB (p=0.211).
Adverse events were also similar between the two groups; chol-
angitis occurred in four patients (10%) that received DMB and
two patients (15%) that received TMB. No severe adverse events
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Cohort 1
Adequate tissue acqusition

Cohort 2
Diagnostic accuracy

DSOC-guided mapping biopsy

41 Patients who attempted DSOC-
guided mapping biopsy

A4

39 Patients who performed DSOC-
guided mapping biopsy

A4

27 Patients who received surgical
resection for BTC

Tube-assisted mapping biopsy

13 Patients who attempted tube-assisted
mapping biopsy

A4

13 Patients who performed tube-
assisted mapping biopsy

A4

6 Patients who received surgical
resection for BTC

Fig. 2. Patient flow chart. DSOC, digital single-operator cholangioscopy; BTC, biliary tract cancer.

Table 1. Patient and procedural characteristics

Characteristic DSOC-guided biopsy (n=39) Tube-assisted biopsy (1=13) p-value
Age (yr) 73 (47-84) 68 (52-86) 0.505
Male sex 34 (87) 7 (54) 0.019
Location of the stricture 0.706

Perihilar bile duct 29 (74) 11 (85)

Distal bile duct 10 (26) 2 (15)
Total bilirubin (mg/dL) 1.1 (0.3-5.3) 1.7 (0.4-10.8) 0.153
Prior history of ERCP, yes 37 (95) 10 (77) 0.093
Prior biliary stenting, yes 36 (92) 9 (69) 0.057
Papillary intervention 0.250

Endoscopic sphincterotomy 39 (100) 12 (92)

Previously performed 36 9
Performed 3 3

None 0(0) 1(8)
Operator experience (expert:trainee) 22:17 8:5 >0.999
Procedure time (min) 68 (35-126) 55 (20-110) 0.156
Total number of biopsy sites 148 45 NA
Total number of biopsies 280 78 NA
Adverse events 4(10) 2 (15) 0.632

Pancreatitis 0 0

Cholangitis 4 2

Cholecystitis 0 0

Bleeding 0 0

Values are presented as median (range) or number (%).
DSOC, digital single-operator cholangioscopy; ERCP, endoscopic retrograde cholangiopancreatography; NA, not available.

were observed in the present study.

Adequate tissue acquisition rate

The adequate tissue acquisition rates per biopsy of the two tech-
niques are shown in Table 2. There were no significant differ-
ences in the adequate tissue acquisition rate per biopsy between
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the two groups. The overall adequate tissue acquisition rate per
biopsy for nonstenotic bile duct sites was similar between the
two groups: 61% for DMB and 69% for TMB (p=0.233). Ade-
quate tissue acquisition rates per biopsy for target sites beyond
secondary biliary radicles were low in both groups: B2/3 con-
fluence (50% vs. 75%), B5/B8 confluence (52% vs. 86%), B6/
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Table 2. Comparison of adequate tissue acquisition rate per biopsy between DSOC-guided biopsy and tube-assisted biopsy

. . DSOC-guided biopsy Tube-assisted biopsy
Biopsy site : : p-value
Patient % (n /total) Patient % (n /total)

B2/B3 confluence 12 50 (14/28) 5 75 (6/8) 0.257
B4 confluence 16 72 (23/32) 7 67 (8/12) 0.727
Left hepatic duct 10 63 (12/19) 3 57 (4/7) >0.999
B5/B8 confluence 10 52 (12/23) 4 86 (6/7) 0.193
B6/B7 confluence 2 0(0/2) 1 33(1/3) >0.999
Anterior segmental duct 29 (2/7) 1 0(0/3) >0.999
Posterior segmental duct 33 (5/15) 2 0(0/3) 0.522
Confluence of anterior and posterior segmental ducts 20 46 (17/37) 2 100 (3/3) 0.231
Right hepatic duct 7 67 (10/15) 1 100 (2/2) >0.999
Confluence of right and left hepatic ducts 24 69 (29/42) 6 82 (9/11) 0.482
Upper bile duct 67 (8/12) 0 NA NA
Cystic duct confluence 89 (8/9) 2 67 (2/3) 0.455
Lower bile duct 22 78 (28/36) 11 81 (13/16) >0.999
Others 2 100 (3/3) 0 NA NA
Overall 61 (171/280) 69 (54/78) 0.233

DSOC, digital single-operator cholangioscopy; NA, not available.

B7 confluence (0% vs. 33%), anterior segmental duct (29% vs.
0%), and posterior segmental duct (33% vs. 0%). The overall
adequate tissue acquisition rate per biopsy site was also similar
between the two groups (74% vs. 82%, p=0.322).

Diagnostic performance of DMB and TMB for the evalua-
tion of lateral spread of BTC

Of the 52 patients who underwent DMB or TMB, 33 under-
went surgical resection and comprised cohort 2. The reasons for
inoperability were as follows: insufficient remnant liver volume
and impaired liver function in seven patients, locally advanced
disease after preoperative staging in six patients, unresectable
disease confirmed by exploratory laparotomy in five patients
(liver metastasis in two patients, peritoneal dissemination in
two patients, and locally advanced disease in one patient), and
lung metastasis just before surgery in one patient. Six patients
were diagnosed as locally advanced disease by the results of
ERCP (three patients each in the DMB group and TMB group).
The former three patients were diagnosed as locally advanced
disease by the results of DSOC (visual impression plus targeted
biopsy). The latter three patients were diagnosed as locally ad-
vanced disease by the results of tube-assisted mapping biopsy
and intraductal ultrasonography. In the TMB group, two pa-
tients showed extensive tumor spread to the hepatic side of the
bile duct (confluence of anterior and posterior segmental ducts)
and one patient showed extensive tumor invasion to the right

hepatic artery, detected by intraductal ultrasonography. Table
3 shows the pathological characteristics of the patients who
underwent surgical resection. Pathological diagnoses included
hilar cholangiocarcinoma in 16 patients, distal cholangiocar-
cinoma in 12 patients, cystic duct carcinoma in three patients,
and intrahepatic cholangiocarcinoma in two patients. The
macroscopic type was flat in 17 patients, nodular in 12 patients,
papillary in two patients, mass-forming in one patient, and
unknown in one patient. The total number of evaluable biopsy
sites was 106 and 16 sites in the DMB and TMB groups, respec-
tively.

Of the 106 evaluable biopsy sites in the DMB group, 12 were
true positives, 73 were true negatives, two were false positives,
and 19 were false negatives. The sensitivity, specificity, positive
predictive value, negative predictive value, and diagnostic accu-
racy of DMB were 39%, 97%, 86%, 79%, and 80%, respectively.
There were 15 true negatives and one false positive among the
16 evaluable biopsy sites in the TMB group, with a diagnostic
accuracy of 94%.

Diagnostic performance of DSOC for the evaluation of lat-
eral spread of BTC

The diagnostic performance of DSOC (visual impression and
targeted biopsy) for the evaluation of the lateral spread of BTC
based on endoscopist experience is shown in Table 4. Experts
demonstrated higher negative predictive values and diagnostic
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Table 3. Pathological characteristics of patients who received surgical resection

Characteristic DSOC-guided biopsy (n=27) Tube-assisted biopsy (1n=6)
Age (yr) 73 (52-84) 70 (53-85)
Male sex 24 (89) 2(33)
Pathological diagnosis
Intrahepatic cholangiocarcinoma 2(7) 0
Hilar cholangiocarcinoma 14 (52) 2(33)
Cystic duct carcinoma 1(4) 2(33)
Distal cholangiocarcinoma 10 (37) 2(33)
Macroscopic type
Papillary 2(7) 0
Nodular 8 (30) 4(67)
Flat 15 (56) 2(33)
Mass-forming 1(4) 0
Unknown 1(4) 0
Total no. of biopsy sites 108 18
Total no. of evaluable biopsy sites 106 16

Values are presented as median (range) or number (%).
DSOC, digital single-operator cholangioscopy.

Table 4. Diagnostic performance of DSOC for the evaluation of lateral spread of biliary tract cancer according to endoscopist experience

Variable Overall (n=10) Expert (n=4) Trainee (n=6) p-value
Visual impression (%)
Sensitivity 58 73 50 0.275
Specificity 95 96 92 0.597
Positive predictive value 82 80 83 >0.999
Negative predictive value 85 94 70 0.004
Diagnostic accuracy 84 92 73 0.015
Targeted biopsy (%)
Sensitivity 39 45 35 0.705
Specificity 97 98 96 >0.999
Positive predictive value 86 83 88 >0.999
Negative predictive value 79 89 65 0.008
Diagnostic accuracy 80 89 69 0.015
Visual impression plus targeted biopsy (%)
Sensitivity 65 73 60 0.698
Specificity 97 98 96 >0.999
Positive predictive value 91 89 92 >0.999
Negative predictive value 87 94 75 0.018
Diagnostic accuracy 88 93 80 0.069

DSOC, digital single-operator cholangioscopy.

accuracy with respect to both DSOC visual impression (negative
predictive value, 94% vs. 70%, p=0.004; diagnostic accuracy,
92% vs. 73%, p=0.015) and targeted biopsy (negative predictive
value, 89% vs. 65%, p=0.008; diagnostic accuracy, 89% vs. 69%,
p=0.015) for the evaluation of lateral spread of BTC. The diag-
nostic accuracy of DSOC visual impression plus targeted biopsy
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was also higher among experts (93% vs. 80%, p=0.069).

DISCUSSION

This study evaluated the utility of two techniques, DMB and
TMB, for the preoperative evaluation of BTC. The overall ade-
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quate tissue acquisition rate for nonstenotic bile duct sites was
similar between the two groups (61% vs. 69%, p=0.233), and
the adequate tissue acquisition rates for target sites beyond sec-
ondary biliary radicles were low in both groups. The diagnostic
accuracy of DMB was higher among experts (89%) than among
trainees (69%). The diagnostic accuracy among trainees im-
proved to 80% when the DSOC visual impression was added.
Although the sample size was limited, TMB showed high diag-
nostic accuracy regardless of the endoscopist’s expertise.

Endoscopic transpapillary mapping biopsy under fluoroscopy
is the standard technique for the evaluation of the lateral spread
of BTC. However, this method has several drawbacks, including
difficult access to target sites due to the limited maneuverability
of biopsy forceps and the inability to perform targeted biopsy
under direct visualization. A previous randomized study re-
ported that the accessibility of target sites was only 71% using
this conventional technique.” POCS is a platform that enables
targeted biopsy under direct visualization. TMB is another
method that is considered optimal for successful access to tar-
get sites. Although there are a few studies regarding the utility
of DMB,"*" data regarding the utility of TMB are scarce."®

The technical success rate of reaching the target sites was
95% (39/41) for DMB and 100% (13/13) for TMB in this study.
Despite improvements, including the tapered tip and 4-way tip
deflection,”” it may still be difficult to advance the cholangio-
scope through stiff biliary strictures. While dilating the stricture
before cholangioscopy may be useful when faced with stiff bili-
ary strictures, this was not performed in the two failed cases in
this study. As TMB using a 7 Fr-delivery system makes it easier
to reach the target sites, it may be an acceptable option when
DSOC is unavailable or when DSOC expertise is limited.

With respect to tissue procurement, specimens obtained
using DMB are generally smaller than those obtained using
conventional biopsies due to the small caliber forceps that are
employed.” Three recent studies reported adequate tissue ac-
quisition rates per biopsy and per biopsy site of about 69% and
78%, respectively.** These results were slightly better than
those of the current study (61% and 74%), possibly due to the
high number of procedures performed by trainees in our study.
The adequate tissue acquisition rate per biopsy of DMB was
67% (range, 46%—100%) for nonstenotic bile duct sites proxi-
mal to secondary biliary radicles and 44% (range, 0%—52%) for
those beyond secondary biliary radicles. Although the optimal
number of biopsies for nonstenotic bile duct sites has not been
fully established, it may be preferable to conduct multiple biop-

sies of the same site, given that we only took an average of 1.9
biopsies per site.

On the other hand, TMB can theoretically obtain a larger
specimen amount compared to DMB due to the use of larger
caliber forceps. A retrospective study involving 50 patients re-
ported that the rate of adequate sampling was 91% using this
method.” In our study, the adequate tissue acquisition rates
per biopsy and per biopsy site were 69% and 82%, respectively.
The discrepancy between these two studies might be explained
by differences in biopsy sites and in the definition of adequate
tissue. Adequate tissue was defined as the inclusion of submu-
cosal tissue in the study discussed above, whereas it was defined
as the inclusion of biliary epithelium in our study. Most of our
inadequate specimens contained only connective or fibrotic
tissues and lacked the biliary epithelium. The biliary epithelium
may have fallen off the bile duct surface due to cholangitis or
previous biliary stenting, which was present in 69% of patients
in which TMB was performed. Furthermore, the tissue acqui-
sition rate per biopsy of TMB was 76% (range, 57%—100%) for
nonstenotic bile duct sites proximal to secondary biliary radi-
cles and 54% (range, 0%—86%) for those beyond the secondary
biliary radicles. Obtaining multiple biopsies per site may also be
helpful when conducting TMB.

The sensitivity of targeted biopsy alone was low in previous
studies regarding the utility of POCS-guided mapping biop-

23,25,26
sy. ’

In this study, the overall sensitivity of targeted biop-
sy alone was very low (45% among experts and 35% among
trainees), most likely due to the low adequate tissue acquisition
rates. Endoscopists” expertise affected the diagnostic accuracy
of both DSOC visual impression (92% vs. 73%, p=0.015) and
targeted biopsy (89% vs. 69%, p=0.015) in this study, replicating
a previous study focusing on the diagnosis of indeterminate
biliary strictures.® It is notable that the diagnostic accuracy
among trainees improved to 80% when visual impression and
targeted biopsy were combined, highlighting the importance of
cholangioscopic findings. The severity of hyperbilirubinemia'®
and previous biliary stenting might also affect the diagnostic
performance of DSOC. These factors could not be evaluated in
our study, as the median bilirubin level was within normal lim-
its, and most patients (92%) had received prior biliary stenting.
We achieved high diagnostic accuracy in TMB in this study,
although a larger sample size would have been desirable.

Our study has several limitations. First, this was a retrospec-
tive study from a single institution with a limited sample size;
the number of patients who received both TMB and surgical re-
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section was especially small, and potential selection bias might
have been present. Second, our cohort was composed of BTCs
in various locations, leading to variable biliary stricture severity
and mapping biopsy site locations. Third, previous biliary stent-
ing may have led to the loss of biliary epithelium, limiting the
evaluation of tissue adequacy and lateral extension as well as the
generalizability of this study to intervention-naive bile ducts.
Finally, variations in endoscopist expertise may have affected
the outcomes. On the other hand, the last two points may also
be considered strengths of this study, allowing it to better reflect
real-world clinical practice.

In conclusion, the overall adequate tissue acquisition rate for
nonstenotic bile duct sites was similar between the two tech-
niques. Adequate tissue acquisition rates for target sites beyond
secondary biliary radicles were low, which may be improved
by obtaining multiple biopsies from the same site. Endoscopist
expertise was correlated with the diagnostic performance of the
DSOC for the evaluation of the lateral spread of BTC. As DMB
is expensive and requires expertise, TMB may be an acceptable
option when DSOC is unavailable or when DSOC expertise is
limited.
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