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Introduction
!

Several disorders are involved in the etiology of
bile duct strictures, and their differential diagno-
sis is often difficult when based only on clinical
images. Pancreatic head cancer and bile duct can-
cer account for themost cases of malignant biliary
strictures. The histologic diagnosis of pancreatic
head cancer is often confirmed with endoscopic
ultrasound-guided fine-needle aspiration (EUS-
FNA), whereas pathologic evidence for bile duct
cancer is usually obtained from standard endo-
scopic trans-papillary tissue samplings, such as
cytology and forceps biopsy. However, an increase
in the number of cases of benign biliary stricture
masquerading as biliary carcinoma has recently
been indicated [1–4]. Many of these studies re-
port that even after diagnostic attempts with cy-
topathologic examinations, surgical resection is
still performed. Therefore, better accuracy is
needed for biliary cytology.

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) conducted for biliary drainage can
easily incorporate biliary cytology, but only a few
samplingmethods have been reported [5–7] for a
small number of cases. The use of a brush can im-
prove the diagnostic ability of biliary cytology by
providing samples such as brush smears and
brush-rinsed saline. However, even with this
type of sample, the sensitivity for the diagnosis
of bile duct cancer is generally unsatisfactory
(23%–63%) [8–12]. In addition, most of the pre-
vious studies were conducted without the avail-
ability of surgical samples, so the cytologic anal-
ysis was not compared with the pathologic find-
ings in the resected biliary cancers.
In the present study, we analyzed the biliary cy-
tology of a large number of bile duct cancers and
compared the efficacy of biliary cytology for four
types of biliary sampling methods: simple aspira-
tion of bile, two stricture-scraping brushmethods
(brush smear and brush-rinsed saline), and a no-
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Background: Pathologic evidence of biliary dis-
eases can be obtained from cytology in addition
to endoscopic retrograde cholangiopancreatogra-
phy (ERCP); however, the diagnostic effectiveness
is not satisfactory.
Study aim: This retrospective, single-center study
evaluated the efficacy of various sampling meth-
ods for the cytologic diagnosis of bile duct cancer.
Patients and methods: Biliary samples included
bile that was simply aspirated, brush smear,
brush-rinsed saline, and post-brushing biliary la-
vage fluid. A set of samples was compared for cy-
tologic efficacy in 76 patients with surgically
proven bile duct cancer and in 50 patients with
benign biliary stricture.
Results: The cytologic sensitivity for diagnosing
biliary cancer was 34% with aspirated bile, 32%
with brush smear, 43% with brush-rinsed saline,
and 70% with post-brushing biliary lavage fluid,
in contrast to the null false-positive result in the

benign cases. The sensitivity of cytology was sig-
nificantly higher with post-brushing lavage fluid
than with the other three sampling methods (P<
0.0001), and post-brushing lavage fluid improved
the cumulative sensitivity by 24% (P=0.002). The
sensitivity of biliary cytology was also associated
with the amount of aspirated bile (P=0.01) and
with the aspiration site (P=0.03). The rate of can-
cer positivity in a cytology set differed according
to the tumor macroscopic type (85% in the pro-
truding type vs. 40% in the flat type; P=0.003),
and according to the size of the cancer (87% for
tumors ≥50mm vs. 66% for tumors <50 mm; P=
0.02).
Conclusions: Post-brushing biliary lavage fluid cy-
tology provides superior diagnostic efficacy, and
its addition to ERCP procedures is recommended
for obtaining cytologic evidence of bile duct can-
cer.



vel sampling of post-brushing biliary lavage fluid. The cytologic
efficacy was also compared with the sampling and pathologic
factors determined in the resectedmaterials from the same cases.

Patients and methods
!

This was a single-center retrospective study. We retrospectively
investigated the diagnostic sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and accuracy
of the biliary cytology obtained with each sampling method. De-
mographic factors, sampling-related factors (amount of aspirate
and site of aspiration), and tumor pathologic factors were ana-
lyzed for their association with the efficacy of biliary cytology.

Patients
The present study retrospectively investigated 76 patients with
bile duct cancer who underwent all four types of biliary sampling
methods and surgery at the Shizuoka Cancer Center between Jan-
uary 2008 and July 2013 (●" Table1). The study also included 50
patients with benign biliary stricture as a control group (33 with
autoimmune pancreatitis-associated sclerosing cholangitis [AIP-
SC], 11 with benign biliary stricture with choledocholithiasis, 4
with primary sclerosing cholangitis or immunoglobulin G4
(IgG4)-related sclerosing cholangitis, 2 with benign biliary anas-
tomosis at a hepaticojejunostomy). All cases of bile duct cancer
were diagnosed pathologically by mapping thin-sliced resected
specimens andwere evaluated for their pathologic factors. A final
diagnosis of AIP-SC was based on the 2006 Japanese clinical diag-
nostic criteria for autoimmune pancreatitis [13]. IgG4-related
sclerosing cholangitis was diagnosed based on the clinical diag-
nostic criteria of IgG4-related sclerosing cholangitis 2012 [14].
Furthermore, all patients with benign bile duct stricturewere fol-
lowed up for at least 1 year after ERCP, and a clinical course with-
out any sign of disease progression was noted.

ERCP tissue sampling techniques
The procedures for collecting cytologic samples from the bile
duct were as follows (●" Fig.1). After the patient had fasted for
more than 7 hours, a side-viewing duodenoscope (JF240,
JF260V, or TJF260V; Olympus, Tokyo, Japan) was advanced to the
descending portion of the duodenum and the view was adjusted
toward the major papilla. After the placement of a cannula
(tapered type; MTW Co., Düsseldorf, Germany) and confirmation
of the bile duct with a very small amount (<1mL) of contrast
medium, bile was aspirated as an initial sample for cytology (as-
pirated bile). Routine cholangiography was then performed, after
which a disposable 2-mm cytology brush (BC-24Q; Olympus)
(●" Fig.1) was inserted along a 0.035-inch guidewire (Hydra Jag-

wire; Boston Scientific, Natick, Massachusetts, USA) and vibrated
within the stricture at least 30 times to scrape the biliary surface
tissues. The tip of the brush was then rubbed onto a slide glass,
and the sample on the slide was immediately fixed in 100% etha-
nol (brush smear). The brush was thoroughly washed in 10mL of
physiologic saline, and the saline was used as a third sample
(brush-washed saline or brush-rinsed saline). Finally, after the
brushing, the biliary lumen was washed with approximately 5 to
15mL of physiologic saline, which was then re-collected via the
outer sheath of the brush (post-brushing biliary lavage fluid). In
patients with symptoms of cholangitis (fever, abdominal pain,
high white blood cell count, tachycardia, decreased blood pres-
sure), we washed the biliary lumen with 5mL of physiologic sal-
ine. Otherwise, we washed with approximately 15mL of physio-
logic saline. Finally, the aspirated bile, brush smear, brush-rinsed
saline, and post-brushing biliary lavage fluid samples were ex-
amined cytologically for 76 patients with bile duct cancer and
for 49, 25, 25, and 17 patients, respectively, with benign bile
duct stricture.

Grading of biliary cytology
All specimens were stained with Papanicolaou solution and rated
as class I to V. Cytologic findings considered suggestive of malig-
nancy were the following: irregularly arranged nuclei, irregular
margins for clusters, enlarged nuclei, irregularly shaped nuclei,
and abnormal chromatin [15, 16]. Other notable findings were a
necrotic background and cell clusters of different sizes. The bili-
ary cytology was graded according to the combinations of these
cytologic findings. The diagnostic grading system used in the
present study was as follows: inadequate; benign (class I)
(●" Fig.2a); atypical cells present (class II); suspicious for cells
from a neoplastic lesion (class III) (●" Fig.2b); strongly suspicious
for malignancy (class IV); and definitely malignant (class V)
(●" Fig.2c). In this study, classes I through III were regarded as be-
nign, and classes IV and Vasmalignant (positive for cancer). Cyto-
logic evaluation was performed before the surgical resection in
all cases by a single specialist (K. S., listed as a co-author) in the
field of hepatico-biliary-pancreatic pathology.

Pathologic diagnosis of the surgical specimen
We analyzed the following pathologic factors affecting the effica-
cy of biliary cytology in 76 patients with surgically resected bili-
ary cancer: location, size, macroscopic type, differentiation,
depth of invasion, lymph duct permeation, venous permeation,
lymph node metastasis, and invasion of adjacent organs (liver,
gallbladder, and pancreas) [17]. The classification of the Japanese
Society of Biliary Surgery [17] was used to categorize the macro-
scopic appearance of the bile duct cancers as papillary type, nod-
ular type, or flat type. Cancers of the papillary type and nodular

Table 1 Characteristics of the patients enrolled in a study of the sensitivity of bile cytology in the diagnosis of bile duct cancer.

Diagnosis Patients, n Male patients, n Median age (range), y Median follow-up (range), mo

Bile duct cancer 76 62 70 (48–83) -

Hilar bile duct cancer 41 34 70 (56–83) -

Common bile duct cancer 35 28 71 (48–80) -

Benign bile duct stricture 50 42 67 (45–84) 40 (14–86)

AIP-SC 33 28 65 (45–84) 43 (14–77)

Choledocholithiasis 11 9 67 (61 –81) 36 (20–86)

Sclerosing cholangitis 4 3 75 (71 –82) 19 (14–59)

Stricture of hepaticojejunostomy 2 2 72 (66–78) 54 (51–57)

AIP-SC, sclerosing cholangitis associated with autoimmune pancreatitis.
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type were grouped as protruding type. Tumor size, measured pa-
thologically, included areas showing intramucosal (intraepithe-
lial) spread of carcinoma, not just invasive cancer.

Statistical analyses
Factors possibly affecting cytologic sensitivity were first analyzed
by univariate analysis with Fisher’s exact test and Wilcoxon’s
rank sum test. The candidate factors were then re-analyzed by
multivariate analysis with logistic regression analysis. All data a-
nalysis was performed with R Statistical Software, and a P value
of less than 0.05 was considered statistically significant.

Results
!

Biliary cytology by each sampling method
Biliary cytology was analyzed by each sampling method in 76 pa-
tients with bile duct cancer and in 50 patients with benign biliary
cytology (●" Table2). The sensitivity of detecting bile duct cancer
was 34% (26/76) with aspirated bile, 32% (24/76) with brush
smear, 43% (33/76) with brush-rinsed saline, and 70% (53/76)
with post-brushing biliary lavage fluid. A significant difference
was noted between the sensitivity of cytology with post-brush-
ing biliary lavage fluid and the other sampling methods (P<
0.0001 vs. aspirated bile and vs. brush smears; P=0.001 vs.
brush-rinsed saline). Post-brushing biliary lavage fluid cytology
added 24% (18/76) to the sensitivity in comparison with the cu-

mulative results obtainedwith the other three cytologicmethods
(P=0.002) (●" Table2). None of the samples obtained from the be-
nign biliary strictures showed malignant cells, regardless of the
sample type (100% specificity). The accuracy of cytology was
best with post-brushing biliary lavage fluid (75%), and it was sig-
nificantly higher than the accuracy obtained with aspirated bile
(60%; P=0.02), brush-rinsed saline (57%; P=0.01), or brush
smears (49%; P=0.0002) (●" Table2).

Technical factors affecting the efficacy of biliary
cytology
We considered that some of the technical aspects of biliary sam-
pling, such as amount of aspirate and site of aspiration, might af-
fect the efficacy of biliary cytology (●" Table3). Data on aspirate
amount were available for 75 cases of aspirated bile and for 67
cases of post-brushing biliary lavage fluid, and data on the aspira-
tion site were available for 75 cases of aspirated bile and for 75
cases of post-brushing biliary lavage fluid. Cases without the re-
cords for these data were excluded from this analysis. The recei-
ver operating characteristic curve analysis indicated that the re-
quired amount of aspirate was 10mL for aspirated bile and 20mL
for post-brushing biliary lavage fluid. The sensitivity of detecting
cancer cells in 10mL or more of aspirated bile (52%, 12 of 23
cases) was significantly higher than the sensitivity in less than
10mL (27%, 14 of 52 cases; P =0.03) (●" Table3). The sensitivity
of post-brushing biliary lavage fluid did not significantly differ
according to the aspirate amount (80% in ≥20mL vs. 65% in

a

b

c

Fig.1 Samples for biliary cytology are collected
with a brush following bile aspiration. This tech-
nique is useful in the diagnosis of bile duct cancer.
a Smear from the brush is placed between a pair of
slide glasses and preserved in 100% alcohol (brush
smear). b Biliary epithelial cells are exfoliated from
the brush by stirring in up to 10mL of saline (brush-
rinsed saline). c Fluid collected from the bile duct
lumen after brushing and injection of 5 to 15mL of
saline (post-brushing biliary lavage fluid).

Fig.2 Cytologic views of post-brushing biliary lavage fluid (Papanicolaou stain, original magnification ×400). aNormal biliary epithelial cells (class I) appearing
as a sheet of benign epithelium. The sheet consists of regularly ordered, homogeneous cuboidal cells. b Benign biliary epithelial cells with cellular atypia (class
III) appearing as a cluster of inflammatory cells and epithelial cells with enlarged nuclei and architectural disorganization. c A cluster of adenocarcinoma cells
(class V) appearing as nested epithelial cells with significantly enlarged nuclei and irregular nuclear margins.
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<20mL; P=0.36). The sensitivity of detecting cancer cells in aspi-
rated bile did not differ according to the aspiration site (38%
when bile was aspirated only at the upstream region and 33%
when it was aspirated across the tumor; P =0.61). The sensitivity
of detecting cancer cells in post-brushing lavage fluid also did not
differ according to the aspiration site (59% when bile was aspi-
rated only at the upstream region and 75% when it was aspi-
rated across the tumor; P=0.16). The aspiration site has no effect
(●" Table3).

Demographic factors and tumor factors affecting the
efficacy of biliary cytology
We analyzed the patients’ demographic factors (age and sex) and
the tumor pathologic factors (macroscopic type, size, location,
differentiation, depth of invasion, differentiation, and invasion
of adjacent organs) for any associationwith the cumulative sensi-
tivity of biliary cytology (●" Table4). No association was recog-
nized between the patients’ demographics and biliary cytology,
but some tumor factors were associated with the sensitivity of
biliary cytology. The univariate analysis showed that the sensitiv-
ity was significantly higher in protruding-type tumors (85%, 56/
66) than in flat-type tumors (40%, 4/10; P=0.004). The sensitivity
also correlatedwith tumor size (tumor size <50mm: 87% [41/47]
and tumor size ≥50 mm: 66% [19/29]; P=0.04). The sensitivity of
biliary cytology tended to be higher in cases of hepatic hilar can-
cer (88%, 36/41) than in cases of extrahepatic cancer (69%, 24/
35); however, the difference was not statistically significant (P=
0.051). The depth of invasion and the differentiation level were
not associated with the cytologic efficacy (●" Table4). Pathologic
factors such as lymph duct permeation, venous permeation,
lymph node metastasis, and invasion of the adjacent organs (liv-
er, gallbladder, and pancreas) were not associated with the sensi-
tivity of cytology (data not shown).

Adverse events
No obvious adverse events, such as biliary hemorrhage and per-
foration, were noted for the brushing procedures in any of the
cases.

Take-home message
The aim of this study was to reveal the usefulness of post-brush-
ing biliary lavage fluid cytology in the diagnosis of cholangiocar-
cinoma. The biliary lavage method demonstrated a significantly
higher sensitivity (70%) than standard biliary cytology with aspi-
rated bile (34%) and/or brushing samples (32% and 43%). The
amount of aspirate, tumor size (including intramucosal spread),
andmacroscopic tumor type all affected the efficacy of biliary cy-
tology.

Discussion
!

This study demonstrated a high sensitivity (79%) and specificity
(100%) for the cumulative results obtained with four cytologic
techniques. Post-brushing biliary lavage fluid cytology added
24% (18/76) to the sensitivity compared with the cumulative re-
sults obtained with the other three cytologic techniques (P=
0.002) (●" Table2). This sensitivity was higher than previously
reported values (23%–63%) [8–12]. However, simple compari-
son of sensitivities among different institutions does not pro-
vide an objective evaluation of a methodology because of the
wide range of interobserver variation that has been reported in
the cytologic and pathologic diagnosis of disease in many organs
[16, 18–21]. This diagnostic disagreement is associated with the
experience [18] and institution type [19] of the pathologists and
with the pathologic type of tumor [20]. Discordances in cytopa-
thologic criteria are seen even among different nations [22,23].

Table 2 Sensitivity of biliary cytology by sampling step (n = 76).1

Sample Median amount of

specimen (range), mL

Sensitivity, % (n) Cumulative

sensitivity, % (n)

PPV, % (n) NPV, % (n) Accuracy, % (n)

Aspirated bile 5 (1–40) 34a2 (26/76) 34e2 (26/76) 100 (26/26) 49 (49/99) 60i3 (75/125)

Brush smear – 32b2 (24/76) 45f2 (34/76) 100 (24/24) 32 (25/77) 49j4 (49/101)

Brush-rinsed saline – 43c5 (33/76) 55g6(42/76) 100 (33/33) 37 (25/68) 57k7 (58/101)

Post-brushing biliary
lavage fluid

7.5 (2–40) 70d (53/76) 79h (60/76) 100 (53/53) 43 (17/40) 75l (70/93)

PPV, positive predictive value; NPV, negative predictive value.
1 This analysis was done in 76 patients who underwent all four types of biliary sampling.
2 a vs. d, b vs. d, e vs. h, f vs. h: P <0.0001.
3 i vs. l: P=0.02.
4 j vs. l: P=0.0002.
5 c vs. d: P=0.001.
6 g vs. h: P=0.002.
7 k vs. l: P=0.01.

Table 3 Technical factors affecting the sensitivity of biliary cytology.

Samples Technical factor Condition Sensitivity, % (n)1 P value

Aspirated bile Fluid amount ≥10mL
<10mL

52 (12/23)
27 (14/52)

0.03

Post-brushing biliary lavage fluid Fluid amount ≥20mL
<20mL

80 (12/15)
65 (34/52)

0.36

Aspirated bile Aspiration site Across the tumor
Upstream only

33 (16/49)
38 (10/26)

0.61

Post-brushing biliary lavage fluid Aspiration site Across the tumor
Upstream only

75 (36/48)
59 (16/27)

0.16

1 Amount and site of the aspiration were not completely recorded; therefore, the number was inconsistent and the statistics were obtained only by univariate analysis.
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This is also true in the field of biliary cytology for the diagnosis
of bile duct cancer, in which a rate of interobserver agreement of
48% to 52% was reported in a previous study (κ=0.66) [21]. We
therefore performed a more objective analysis by sampling the
bile of 76 patients with biliary cancer and comparing the diag-
nostic efficacy of four types of biliary sampling. Post-brushing
biliary lavage fluid cytology (70%) demonstrated more than
twice the sensitivity of aspirated bile cytology (34%) and added
a further 24% to the cumulative sensitivity of the other three
sampling methods (●" Table2).
Several methodologic devices have been reported for the im-
provement of biliary cytology based on the aspects of sampling,
cytopreparation [24], and molecular approach [25–27]. A brush
[15,28] is the most common sampling device used in the daily
clinic, and a more cellular sample is usually obtained with brush-
ing than with direct bile sampling as a consequence of traumati-
zation of the ductal epithelium through contact with the abrasive
bristles of the brush. Although the specificity is high, the sensitiv-
ity for the detection of malignancy remains unsatisfactory (23%–
63%) [8–12,15,28]. The use of a larger cytology brush (3mm×
5cm) increased the cellularity but did not improve the cancer
detection rate over that obtained with a standard brush [9].
The combination of biliary dilation, endoscopic needle aspira-
tion, and subsequent brushing cytology showed a higher sensi-
tivity (85%) than brushing alone (57%; P<0.02) [29].
The use of a liquid-based cytopreparation, or ThinPrep [15, 16],
improved interobserver agreement regarding cytologic features
for diagnosing malignancy. In molecular diagnostic approaches,
reported by Krishnamurthy et al. [25], DNA histograms de-
creased the false-negative rate of biliary cytology by 7%, while
DNA hyperploidy (DNA content >5c) diagnosed bile duct cancer
with 62% sensitivity and 91% specificity. Kipp et al. [26] used
fluorescence in situ hybridization (FISH) on chromosomes 3, 7,
9, and 17 to evaluate biliary brushing samples obtained from bili-
ary strictures and reported 34% sensitivity for detecting cancer
by FISH and 15% by cytology (P<0.01). In the current study, the
evaluation of post-brushing biliary lavage fluid, which can be col-
lected in 1 minute by washing the biliary lumen with saline,
demonstrated a significant improvement in biliary cytology
without adverse events. These other molecular methods, if com-

bined with the use of post-brushing biliary lavage fluid, may re-
sult in even greater improvements in sensitivity to an excellent
level.
In the current study, the size and macroscopic appearance of the
cancer were strongly correlated with the efficacy of biliary cytol-
ogy (●" Table4). The theoretical mechanism to explain the effec-
tiveness of the biliary lavage method is that the coupling of exfo-
liation of the epithelial cells by brush stimulation and lavage of
the biliary surface with saline increases the chance of collecting
malignant cells via the catheter (●" Table2). If this is the case,
then the amount of superficial spread of intramucosal carcinoma
is important for this cytology, but the invasiveness of the cancer
is not. The pathologic observation of 253 resected cases showed
that the mucosal extension of carcinoma over a macroscopic
mass was observed in 47% to 48% of cases of biliary cancer, with
a median length of 10mm from the invasive margin [30]. The
characteristics of biliary cancer with widely spreading intramu-
cosal carcinoma were macroscopically protruding type, less ad-
vanced stage, slower growth, and better prognosis [31]. Conver-
sely, flat invasive cancers with minimal mucosal spreading,
which are associated with aggressive biological behavior, are dif-
ficult to detect with biliary cytology (●" Table4).
Clinicopathologic studies of benign biliary strictures masquerad-
ing as biliary carcinoma are being increasingly reported [1–4].
Even with cytopathologic examination or demonstration of the
known features of benign disease, resection continues to be per-
formed because of the suspicion of a hidden biliary cancer. Avoid-
ing these unnecessary surgeries and ensuring the timing of cur-
able treatment will require improvements in biliary cytology in
future studies.
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Table 4 Factors affecting the cumulative sensitivity of biliary cytology (n = 76).1

Factor Condition Sensitivity, % (n) OR 95%CI P value

Univariate Multivariate

Demographics

Age, y ≥70
<70

79 (34/43)
79 (26/33)

1 0.35–3.01 1 0.41

Gender Male
Female

77 (48/62)
86 (12/14)

0.6 0.13–2.60 0.72 0.82

Tumor

Macroscopic type Protruding
Flat

85 (56/66)
40 (4/10)

8.4 2.12–33.22 0.004 0.003

Size, mm ≥50
<50

87 (41/47)
66 (19/29)

3.6 1.17–10.99 0.04 0.02

Location Hepatic hilar
Extrahepatic

88 (36/41)
69 (24/35)

3.3 1.05–10.27 0.051 0.12

Depth of invasion m, fm
ss, se

83 (5/6)
79 (55/70)

1.4 0.19–9.32 1 0.81

Differentiation Good, moderate
Poor

79 (3/4)
75 (57/72)

0.8 0.10–5.83 1 0.51

OR, odds ratio; CI, confidence interval; m, mucosal; fm, fibromuscular; ss, subserosal; se, exposed to serosa.
1 This analysis was done in 76 patients who underwent all four types of biliary sampling.
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