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EUS is not readily available or is not planned at the initial
procedure setting. We review standard tissue sampling
techniques, the mainstays of which include brush cytology
and intraductal forceps biopsy sampling, along with several
newer ancillary techniques that are now in use, including
cholangioscopy, pCLE, and FISH, all of which continue
to be reﬁned in the quest to improve our diagnostic
capabilities.
Obtaining a specimen of adequate cellularity is essential in the evaluation of any potential malignancy. Studies
have demonstrated that biliary stricture sampling specimens frequently contain insufﬁcient cellularity, leading
to false-negative diagnoses.3-7 Certain features of a stricture can contribute to obtaining inadequate specimens.
For example, hilar strictures, severely narrowed strictures
that may not be fully traversed, and tumor location on the
medial wall of the duct (as opposed to the lateral wall)
all may inﬂuence the results of sampling.4-10 In terms of
endobiliary forceps biopsy specimens, it is easier to
obtain a biopsy sample from distal tumors. Regardless
of a distal or proximal location, forceps biopsy sampling
tends to sample only the distal rim of the tumor, which
can affect the adequacy of tissue collection.4-9,11 Additionally, tumor characteristics can have an effect on sampling.
Tumor-associated ﬁbrosis or ulceration is a well-known
ﬁnding in GI mucosal malignancies and can affect the ability to obtain adequate cellularity. Desmoplastic tumors
are relatively ﬁrm and have lower cellularity, making sampling difﬁcult. Some tumors of the bile duct exhibit submucosal spread, which particularly lowers the yield for
brush cytology, the most superﬁcial sampling method.
Moreover, and pertaining to all sampling methods, tumors extrinsic to the bile duct such as pancreatic cancers
and metastatic tumors are expectedly more difﬁcult to
sample from within the duct. Sensitivity for all sampling
methods is inﬂuenced by the type of tumor that is causing
the stricture.5,6,10,12-31 In most series, brush cytology and
forceps biopsy sampling from the bile duct have a
higher sensitivity for cholangiocarcinoma (44%-89%)
than for pancreatic cancer (30%-65%) (Tables 1
and 2).5,6,10,12-14,21,26,27,30,31 For malignancies of the major
duodenal papilla, forceps biopsy sampling is the best
single sampling techniquedcancer is detected in 77%
to 88% of cases.10 It does not come as a surprise that
cancer detection is higher for primary bile duct and
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It could be said about ERCP tissue sampling that the
more things change, the more they stay the same.
Numerous advances in both procedural technology and
sample analysis methods (such as ﬂuorescence in situ
hybridization [FISH]) have been made since Gastrointestinal Endoscopy last published a major review of the topic
in 2002.1,2 However, despite its limitations in sensitivity,
brush cytology remains the ﬁrst-line method of obtaining
tissue at ERCP. Its ease, safety, and diagnostic speciﬁcity
make brush cytology a sensible go-to approach, but as
we strive to more quickly and reliably diagnose biliary
(and in some cases pancreatic) strictures, the search to
ﬁnd and ﬁne tune new methods continues. Many of these
new techniques involve advances in imaging, even down to
the cellular level with probe-based confocal laser endomicroscopy (pCLE), for example, or molecular specimen
analysis methods, but as is oft quoted and remains true,
“tissue is the issue.” Ideally, any tissue sampling technique
should have high sensitivity for detecting malignancy while
maintaining absolute speciﬁcity, and as with any procedure, ERCP-based sampling techniques should be safe,
simple, and relatively inexpensive so they can be widely
used.
Biliary strictures that are suspected to be malignant but
lack a tissue diagnosis conﬁrming as much, termed indeterminate strictures, often pose a diagnostic dilemma. There
is a need to obtain a timely diagnosis without subjecting
patients who harbor benign disease to major surgery.
Although EUS-guided FNA (EUS-FNA) has become nearroutine for the diagnosis of pancreatic cancer, ERCP
tissue-sampling methods remain important for more proximal biliary strictures that are less amenable to EUS-FNA
diagnosis and in the still-frequent circumstances when
Abbreviations: DIA, digital image analysis; FISH, fluorescence in situ
hybridization; IDUS, intraductal US; miRNA, microRNA; pCLE, probebased confocal laser endomicroscopy; PDAC, pancreatic ductal adenocarcinoma; PSC, primary sclerosing cholangitis; SOC, single-operator
cholangioscopy.
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This technique remains the ﬁrst-line and most
commonly used method of acquiring tissue at the time
of ERCP. It is simple and easy to perform and, given its
high speciﬁcity, is a very reliable initial method of sampling. Robust data regarding the sensitivity of brush
cytology exist. We will focus on a few key studies and
then highlight some technical considerations that have
been tried over the years in an effort to increase the sensitivity of brush cytology. In addition, later in the review,
we compare brush cytology with other techniques such
as forceps biopsy sampling and FISH.
Brushing to obtain cytologic material involves advancing
a brush with its 6F or 8F catheter sheath through the endoscope into the biliary tree, generally over the guidewire.
Several cytology brushes are commercially available (Cytomax II [DLB-21 and DLB-35] and Fusion, Cook Medical,
Bloomington, Ind; Rx Brush, Boston Scientiﬁc, Marlborough, Mass; Inﬁnity, US Endoscopy, Mentor Ohio; BrushMaster V, Olympus, Shinjuku, Tokyo, Japan). The device
is advanced to a point proximal to the stricture, and then
the brush is advanced from the catheter, withdrawn
slightly, and moved back and forth across the stricture
approximately 10 times. The brush is then withdrawn
into the catheter, and the device is withdrawn from the
endoscope as a unit. Data show that removing the brush
and catheter together improves cancer detection
compared with pulling the brush through the catheter

sheath.29 The brush can be smeared onto glass slides,
cut off from the device and placed into a ﬁxative
solution, or both.
The speciﬁcity of brush cytology approaches 100%.
However, sensitivity is modest, ranging from 30% to 57%
(Table 3).5,6,10,12-15,17,18,25,27,33-41 Nearly all of these studies
used a single-brush specimen.
One of the largest published series, by Stewart et al
in 2001,33 reviewed bile duct and pancreatic duct brush
cytology samples from 406 patients, for a total of 448
specimens. Of the 246 patients diagnosed with
malignancy, 147 were identiﬁed cytologically (60%
sensitivity). There were 3 false positives, attributed to
misinterpretation of cases with relatively scant and/or
degenerative atypical epithelial cells (speciﬁcity 98%).
Interestingly, the sensitivity of brush cytology increased
over the 6.5-year course of the study, from 44% in the initial
third to 71% in the ﬁnal third of cases. The authors suggest
that greater experience on the part of the pathologists
played a large part but that better sampling may have also
played a role. Also noteworthy is that the use of repeat
brushing may help in diagnosing malignancy, as 10 of 18 patients had positive cytology on a second brush specimen.
A recent meta-analysis reviewed the diagnostic yield of bile
duct brush cytology speciﬁcally in patients with primary
sclerosing cholangitis (PSC).42 Eleven studies, involving 747
patients, were included. The pooled sensitivity and
speciﬁcity for a diagnosis of cholangiocarcinoma in PSC
patients were 43% and 97%, respectively (includes
diagnostic of and suspicious for malignancy), with sensitivity
ranging from 7% to 85%. The pooled positive predictive
value was 78% and the pooled negative predictive value 87%.
For cases of pancreatic cancer, cytology from pancreatic
duct brushing and pancreatic duct juice collection may
theoretically increase the diagnostic yield. Overall, the
cancer detection rate for pancreatic duct brush cytology
in pancreatic cancer ranges from 47% to 85%. Earlier
studies of pancreatic duct brush cytology reported higher
yields,43,44 but subsequent studies did not conﬁrm these
results.13,45,46 Moreover, obtaining brush samples from
the pancreatic duct can be technically difﬁcult and has
been found to be impossible more than 25% of the time
because of malignancy-related duct disruption.10,45 PostERCP pancreatitis rates have ranged from 0% to 21.5%,
with the risk believed to be higher in cases of benign stricture and relatively low in cases of malignancy.13,47,48
Pugliese et al49 evaluated cancer detection rates for
pancreatic juice cytology and pancreatic duct brush
cytology in a series of 47 patients with pancreatic duct
strictures, 34 of which were conﬁrmed to be malignant.
Pancreatic juice was obtained over a 5-minute collection
period after intravenous secretin was administered.
Cytology from the pancreatic juice had a sensitivity of
58% for pancreatic cancer, in comparison with 74% sensitivity for brush cytology and salvage cytology (a technique
in which the brush is immersed in saline solution and
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TABLE 1. Cancer detection rate of brush cytology from the bile duct
according to tumor type
Cancer detection rate
Author
Wiersema et al23
5

Year

Cholangiocarcinoma

Pancreatic
cancer

1992

64% (7/11)

44% (4/9)

1995

44% (12/25)

15% (3/20)

Pugliese et al6

1995

73% (16/22)

33% (8/24)

Sugiyama et al21

1996

59% (10/17)

36% (5/14)

12

Ponchon et al

1997

63% (10/16)

38% (10/28)

Glasbrenner et al14

1999

80% (16/20)

35% (11/31)

13

Vandervoort et al

1999

60% (6/10)

33% (15/46)

Macken et al15

2000

60% (18/30)

65% (13/20)

Farrell et al24

2001

50% (2/4)

50% (6/10)

deBellis et al30

2003

68% (15/22)

37% (28/75)

63% (112/177)

37% (103/277)

Mansfield et al

Total

papillary neoplasms that originate from the biliary
epithelium, as opposed to processes that compress the
bile duct, such as pancreatic or metastatic cancer.3,9,11,32
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TABLE 2. Cancer detection rate of forceps biopsy sampling from the bile duct according to tumor type
Cancer detection rate
Author
Wiersema et al

23

26

Year

Cholangiocarcinoma

Pancreatic cancer

Ampullary cancer

1992

86% (6/7)

43% (3/7)

d

1993

89% (16/18)

50% (10/14)

d

Ponchon et al5

1995

44% (7/16)

46% (6/13)

88% (7/8)

Pugliese et al6

1995

60% (6/10)

33% (4/12)

89% (8/9)

Sugiyama et al21

1996

88% (15/17)

71% (10/14)

d

Jailwala et al10

2000

37% (17/46)

37% (11/30)

77% (10/13)

Wright et al31

2011

Kubota et al

Total

79% (23/29)

74% (49/66)

d

63% (90/143)

60% (93/156)

83% (25/30)

TABLE 3. Biliary brush cytology
Authors

Year
18

No. of patients

No. of cancers

TP

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Foutch et al

1991

30

17

6

33

100

100

58

Lee et al34

1995

149

106

40

37

100

100

39

Ponchon et al5

1995

204

127

45

35

97

96

44

Pugliese et al6

1995

94

64

35

54

100

100

50

Glasbrenner et al

1999

78

57

32

56

90

94

43

Mansfield et al12

1997

43

41

17

42

100

100

8

Jailwala et al10

2000

133

104

31

30

100

100

28

Macken et al15

2000

106

62

35

57

100

100

62

Stewart et al33,*

2001

406

246

147

60

98

98

61

Fogel et al40

2006

102

94

28

30

d

d

d

Shieh et al41

2014

32

32

25

78

d

d

d

837

578

241

42

14

Total

TP, True positive; PPV, positive predictive value; NPV, negative predictive value.
*Values include an unspecified number of pancreatic duct brush cytology samples.

then the contents of the brush sheath are ﬂushed into
the solution). When the results of all techniques were
combined (pancreatic juice cytology, brush cytology, and
salvage cytology), sensitivity for cancer increased to 76%.
The authors concluded that there is minimal added diagnostic yield with pancreatic juice cytology. To enhance
the sensitivity of pancreatic duct juice collection, deep
cannulation of the pancreatic duct and stimulation of
secretion by administration of intravenous secretin can
be performed. These techniques may theoretically be useful for evaluation of patients suspected to have small
pancreatic cancers without stricture.50-52 However, this
approach is more time consuming, technically challenging,
and potentially carries a higher risk of pancreatitis.50 Thus,
pancreatic duct sampling, whether by brush cytology or
juice collection, is infrequently used.

In theory, increased exfoliation of cells, potentially leading to better specimen cellularity and higher diagnostic

yield, can be accomplished by manipulating the stricture.
This concept was studied by obtaining brush specimens
before and after stricture dilation by deBellis in 2003,30 but
cancer detection was not higher after dilation (cancer
detection rate 35% predilation vs 31% postdilation).
In addition, subgroup analysis showed no statistically
signiﬁcant difference when stricture dilation was
performed with a balloon or a Soehendra dilating catheter.
However, obtaining the second brush specimen was
helpful, increasing the cancer detection rate to 44%. These
data conﬁrm a previous study by Rabinowitz et al53
showing that multiple brush specimens (obtained via
percutaneous access) increased yield.
Farrell et al24 studied the diagnostic effect of combined
stricture dilation, 22-gauge endoscopic needle aspiration,
and brushing. Brush cytology was positive in 8 of 14
patients (57%) with malignant biliary strictures who underwent brushing alone (Group A) versus 17 of 20 patients
(85%) who underwent a combined modality (Group B).
The greater sensitivity in Group B was explained by
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disruption of the biliary epithelium and subsequent exposure of underlying tumor cells by dilation and needle
aspiration. Needle aspiration diagnosed cancer in 9 of 20
patients, or 45%, but none of the cases had a diagnostic
needle aspiration with a negative brush cytology. Thus,
needle aspiration was considered to be particularly important in exposure of tumor cells.
A more recent publication by Curcio et al54 introduced
the term “intraductal aspiration” to describe a method of
scraping the stricture to enhance cellular yield. After
standard brushing is performed, the brush tip catheter
with the brush removed is used to scrape the stricture at
least 10 times, and then a suction catheter is introduced
to collect bile and samplings in a specimen trap.
Intraductal aspiration increased adequate cellular yield
compared with standard brushing (92.8% vs 35.7%) and
sensitivity (89% vs 37%). In this study, cytology samples
reported as highly suspicious were considered diagnostic
of malignancy.

Brush type
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slightly larger and may make traversing a stricture
somewhat more difﬁcult; indeed, of 20 patients, 1
stricture (a proximal cholangiocarcinoma) could not be
traversed with the Inﬁnity brush.

Alternative devices for increasing yield of brush
cytology
The use of other devices to disrupt the biliary epithelium has been reported over the years, including a
10F “scraping brush” and a Soehendra stent retriever.
However, these were small studies and have not been
repeated.12,56,57

Adverse events associated with biliary brush
cytology
In a series of 223 consecutive biliary strictures sampled by
brush cytology, Ponchon et al5 reported 1 retroperitoneal
bile duct perforation related to the brushing. The patient
was treated with placement of a biliary stent and remained
asymptomatic. These brushings were obtained without
the use of a guidewire; when brushing is performed over a
guidewire, the likelihood of this adverse event should, in
theory, be extremely low.

The brush type or manufacturer is generally not considered to make a major difference diagnostically. This was
illustrated in a 2006 comparative study by Fogel et al40
involving a new, longer cytology brush, called the
Cytolong brush (Cook Endoscopy, Winston-Salem, NC).
This brush is 5 cm long, 3 mm in diameter, comes in a
7F sheath, and has stiffer bristles oriented at a 45-degree
angle. One hundred two patients with biliary strictures suspicious for neoplasia were randomized to either the Cytolong brush or what is considered a standard brush, the
Geenen brush (Cook Endoscopy), which is 3 mm in diameter, 1.5 cm long, is on a 6F sheath, and has bristles oriented at 90 degrees. A repeat brushing sample was then
obtained using the other brush. Although there was a
modest increase in cellular yield with the Cytolong brush,
the cancer detection rate was not better. Of the 94 malignant biliary strictures, in the study, 47% of which were
secondary to pancreatic cancer, the cancer detection rate
was 25 of 94 (27%) using the Cytolong brush and 28 of
94 (30%) using the standard brush. No patient had positive
cytology results with the Cytolong brush and negative
cytology results with the standard brush. Insufﬁcient or
limited cellularity was seen less frequently with the Cytolong brush (11/98) than with the standard brush (17/98),
and the mean cellular yield (scored 0-3, insufﬁcient to
excellent) was greater with the Cytolong brush than the
standard brush (2.6 vs 2.4).
Preliminary data on a newer brush (Inﬁnity brush; US
Endoscopy) found that sensitivity was 85% using the Inﬁnity brush versus 30% using the standard brush (device not
speciﬁed) when comparing 2 groups of 20 patients with
pancreaticobiliary malignancy who underwent sampling
with 1 of the 2 brushes.55 The brush has larger bristles,
which are believed to provide more agitation of cells
from the stricture.41 It comes in a 9F catheter, which is

This technique is more time consuming and more
technically challenging than brushing and thus is less
commonly used. It should theoretically provide a sample
of bile duct tissue deep to the epithelium that may
improve diagnostic yield compared with brushing. Specimens can be obtained by using forceps designed for standard and pediatric upper endoscopes or malleable
forceps.10,50 The biopsy forceps is generally passed into
the bile duct after a sphincterotomy has been performed,
although some have described use of biopsy forceps with
an intact papilla.21,58 Under ﬂuoroscopic guidance, the forceps is advanced to the level of the stricture, opened, and
then closed to grasp a specimen from the distal aspect of
the stricture. Usually 1 or 2 specimens are obtained, the
forceps are withdrawn, and a few samples are obtained
in this manner. The optimum number of biopsy specimens
to obtain has not been established.5 The technical
feasibility was described in initial studies.59,60 Although
many studies do not report the number of biopsy samples
taken, Ponchon et al5 and Schoeﬂ et al61 suggested that at
least 3 specimens should be obtained, as did a more recent
study by Kimura et al.62 This study, published in 2013,
focused on endobiliary forceps biopsy sampling,
speciﬁcally in cases of pancreatic cancer. It also
suggested that diagnostic yield was higher in patients
with bilirubin greater than 10 mg/dL, those with near
circumferential involvement of the bile duct, and when
biopsy specimens were targeted at the left side wall of
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TABLE 4. Endobiliary forceps biopsy sampling
Author

Year

No. of patients

No. of cancers

TP

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

26

1993

41

32

26

81

100

100

75

Pugliese et al6

1994

52

36

19

53

100

100

48

Kubota et al

5

1995

128

82

35

43

97

97

41

Sugiyama et al21

1996

45

31

25

81

100

100

67

Schoefl et al61

1997

103

58

38

65

100

100

69

10

Ponchon et al

1999

133

104

48

43

90

94

31

Wright et al31

2011

133

117

84

72%

100

100

36

Draganov et al88

2012

26

17

5

29

100

100

43

Hartman et al91

2012

81

39

30

76

100

100

81

742

516

310

60

Jailwala et al

Total

TP, True positive; PPV, positive predictive value; NPV, negative predictive value.

the bile duct. Table 4 summarizes several studies that
analyzed the yield of endobiliary forceps biopsy sampling.
In 2011, Wright et al31 described a method of obtaining
immediate cytopathologic diagnosis at ERCP using a
cytologic preparation of forceps biopsy sampling and onsite cytopathologist interpretation (Smash protocol). This
retrospective study of 133 patients also included results
of standard brush cytology and endoscopic intraductal
FNA. Freehand forceps biopsy sampling was used to obtain
specimens from the lower edge of the stricture. Each
biopsy specimen was forcefully smeared between 2 glass
slides to attempt to create a cell monolayer, and biopsy
sampling was repeated until a positive on-site cytologic
result or a minimum of 10 biopsy samples were reviewed.
Successful forceps introduction was possible in all 133
cases. Once the Smash protocol biopsy sampling was
completed, 2 additional biopsy specimens were obtained
for routine histology. Finally, a single-brush cytology specimen and endoscopic FNA specimen were obtained (later
in the study, brush cytology was abandoned because it
was not adding diagnostic beneﬁt). Of the 117 patients
proven to have cancer, an immediate cytologic diagnosis
based on evaluation of the forceps biopsy “smash” specimen was made in 84 (72%). The overall sensitivity of the
combined techniques (Smash, ERCP-FNA, and ﬁnal histology) was 76%. Of note, the yield of true positives using
this combined approach in cases proven to have cholangiocarcinoma or pancreatic cancer was 77 of 95 (81%).
In-room immediate cytopathologic interpretation has
been well studied and is widely used in cases of EUS-FNA
but has rarely been applied to ERCP tissue sampling.
This study emphasized the value of immediate diagnosis
on case management, a feature not generally possible
with sampling techniques requiring delayed processing.
An alternative approach to obtaining an immediate tissue
diagnosis when needed to expedite care or ERCP
decision-making was analyzed in a study by Lo et al,63 in
which forceps biopsy specimens were placed in saline
solution and sent for standard frozen section pathologic
www.giejournal.org

interpretation. Thus, immediate tissue analysis, in theory,
may improve the sensitivity of ERCP tissues sampling
methods.

Adverse events associated with endobiliary
forceps biopsy sampling
Adverse events from endobiliary forceps biopsy
sampling are uncommon. Minor bleeding has been noted
to occur.5 In the series by Schoeﬂ et al,61 after biopsy
sampling of a Klastskin tumor, major bleeding occurred,
requiring transfusion of 4 units of blood and insertion
of a nasobiliary catheter. Pugliese et al6 reported a case
of perforation of the common hepatic duct secondary to
endobiliary biopsy sampling of a benign stricture. The
patient underwent laparotomy with closure of the
perforation and t-tube placement. This adverse event was
attributed to the size of the forceps, its stiffness, and that
multiple specimens were obtained.

ADDITIONAL TECHNIQUES OF STANDARD
CYTOLOGIC OR HISTOLOGIC TISSUE
ACQUISITION
Two techniques that are affordable, simple, and safe,
although with a low diagnostic yield, are bile aspiration
and cytopathologic analysis of retrieved biliary stents. Bile
aspiration is one of the easiest and oldest methods of
acquiring a cytologic specimen from the biliary tree. It is
usually performed by placing a catheter at the level of
the stricture and aspirating 10 to 50 mL of bile.17 The
optimal volume of bile to collect has not been studied.
The sensitivity of bile aspiration for detecting malignancy
ranges from 6% to 32%.12,17,18,20,21,27,64
Malignant cells may be present on the surface of stents
as a result of continuous trauma to the biliary epithelium
while the stent is in place. The stent itself, along with the
bioﬁlm or sludge that accumulates on its external and internal surfaces, can cause adherence of malignant cells.
Volume 84, No. 4 : 2016 GASTROINTESTINAL ENDOSCOPY 561
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In addition, the proximal side of a straight plastic stent
can accumulate tissue as it scrapes the tumor during withdrawal. Leung et al65 demonstrated a cancer detection
rate of 79% when analyzing material from occluded
biliary stents that were removed from 14 patients with
malignant biliary strictures. However, this detection rate
is unusually high, and it was not speciﬁed whether a
diagnosis of cancer had already been made in these
patients. Pooled data from several studies support a
lower sensitivity, 32%, for this sampling method.1
Analysis of retrieved stents should be considered for
patients undergoing stent exchange for suspected
malignant strictures when other sampling methods have
failed to provide a diagnosis. However, this technique
cannot be considered a ﬁrst-line approach because sampling must be performed at the initial ERCP and cannot
be delayed until stent exchange.
One other sampling device, referenced above in the
Smash Protocol study,31 is endoscopic FNA. It was
originally described by Howell et al in 199228 and
evaluated by Jailwala et al in 2000.10 The device is a
retractable 22-gauge FNA needle in a 7F catheter, and it provided only low-to-moderate sensitivity and was somewhat
difﬁcult to use technically. More importantly, the availability
and diagnostic accuracy of EUS-FNA, with the possible
exception of hilar strictures inaccessible to EUS, has
rendered ERCP-based intraductal FNA all but obsolete.

Korc & Sherman

cancer) when the 3 methods were combined. Brush
cytology was positive in 30% and forceps biopsy sampling
in 43%. Combining forceps biopsy sampling with brush
cytology improved the cancer detection rate to 55%.
Endoscopic FNA alone was 30% sensitive, but when
combined with forceps biopsy sampling, the sensitivity
increased to 53%. When comparing the use of either 2 or
3 techniques, there was no signiﬁcant difference in the
cancer detection rate. However, the combination of either
brush or FNA with forceps biopsy sampling had a higher
diagnostic yield than the combination of brush and FNA
alone. Despite the fact that endoscopic FNA has become
obsolete, these data, and Jailwala et al’s recommendation
that at least 2 techniques be used to obtain samples,
remain pertinent today and suggest that brush cytology
and forceps biopsy sampling should both be obtained.
A recent retrospective study of triple modality sampling
in the diagnosis of cholangiocarcinoma also highlights
the added yield of a combined approach.67 The
combination of brush cytology, endobiliary forceps
biopsy sampling, and FISH (discussed in detail in the
next section) was evaluated. A total of 50 patients
underwent triple modality sampling, of whom 22 were
eventually diagnosed with cholangiocarcinoma. Individual
sensitivities were 27% for brush cytology, 50% for
endobiliary forceps biopsy sampling, and 59% for FISH.
Triple tissue sampling increased the sensitivity to 82%
(18/22), with 100% speciﬁcity.

MULTIMODAL TISSUE SAMPLING
Several studies have shown that the use of multiple
ERCP tissue sampling techniques in combination can
improve the cancer detection rate. Some of these combination studies may have included modalities that have
become outdateddfor example, combining bile aspiration
or endoscopic FNA with brushing10,39,66dwhereas others
that use newer technologies such as FISH are discussed
later. However, to demonstrate the utility of combining
modalities, we highlight a few studies here.
Ponchon et al5 published a prospective series of 204
patients who underwent brushing and ﬂuoroscopically
guided forceps biopsy sampling. Biopsy and brush
cytology had individual sensitivities of 35% and 43%,
respectively, but when the 2 techniques were combined,
the cancer detection rate improved to 63%. Similar
results were obtained by Schoeﬂ et al61 (sensitivities of
47% and 65% for brush and biopsy sampling separately,
respectively, and 70% in combination).
Jailwala et al10 showed that combination sampling
at ERCP has a higher cancer detection rate than that of
any single modality. In this study, 133 patients (104 of
whom were eventually diagnosed with cancer) underwent
sequential brushing, endoscopic FNA, and biopsy
sampling, always in that order. The cancer detection rate
was 62% (high-grade atypia was considered equivalent to
562 GASTROINTESTINAL ENDOSCOPY Volume 84, No. 4 : 2016
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FISH, a cytogenetic technique, uses ﬂuorescently
labeled DNA probes that hybridize to complementary specimen DNA to assess for the presence or absence of speciﬁc
DNA sequences. The use of FISH to detect solid tumor
cells in cytologic specimens capitalizes on the fact that
most solid tumors are aneuploid, or containing an
abnormal number of chromosomes. Such molecular
abnormalities have been identiﬁed in approximately 80%
of biliary and pancreatic cancers.68 Aneuploidy has been
reported in 80% of bile duct specimens from patients
with PSC and cholangiocarcinoma.69
In 2004, Kipp et al70 published the ﬁrst study comparing
FISH with routine brush cytology. Bile aspirate and
brushings were collected for FISH analysis and brushings
were collected for cytology from 131 patients with biliary
strictures. Sixty-six of the 131 patients had surgical pathologic and/or clinical evidence of malignancy. The sensitivities of brush cytology and FISH from brushing
specimens were 15% and 34%, respectively. FISH sensitivity from bile aspirate was more modest, at only 23%,
meaning combined aspirate and brushing sensitivity for
FISH was 35%. The speciﬁcity of brush cytology and
FISH were 98% and 91%, respectively.
www.giejournal.org
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Smoczynski et al71 reported a prospective study of
81 patients with bile duct or pancreatic duct strictures
who underwent standard brushing for cytology followed
by brushing for FISH. A FISH sample was considered
positive if polysomy was identiﬁed by any probe or if
trisomy of chromosome 3 or 7 was identiﬁed in at least 5
cells. Individually, the sensitivities for routine brush
cytology and FISH were 35% and 52%, respectively. The
speciﬁcity of FISH was 89%, whereas the speciﬁcity of
brush cytology was 100%.
Several other molecular techniques have demonstrated
promise at one time or another but have not gained widespread use or have fallen out of favor entirely. An early
example of one such technique is ﬂow cytometry, which
identiﬁes aneuploidy but requires a sample with a high
degree of cellularity and malignant cells.72 Digital image
analysis (DIA) is a technique in which the DNA content
of individual cells can be determined. Light transmitted
through a glass slide specimen is captured by video,
converted into pixels of variable color (white, gray, and
black), and then into a digital image of the nucleus and
other cellular constituents. DNA content, chromatin
distribution, and nuclear morphology can be analyzed for
features of malignancy. In a study of 100 biliary
strictures, 56 of which were diagnosed as malignant, DIA
had a sensitivity and speciﬁcity of 39% and 77%,
respectively.73
Two studies from the Mayo Clinic evaluated FISH in
combination with DIA and routine sampling, along with
intraductal US (IDUS) in the second study. The ﬁrst study,
published in 2006 by Moreno Luna et al,74 involved 233
patients with pancreaticobiliary strictures, 86 of whom
had PSC. Strictures were brushed and specimens sent for
cytology, DIA, and FISH. Results were analyzed separately
for proximal and distal biliary strictures. For proximal
strictures in the non-PSC group (147 patients), brush
cytology was only 9% sensitive (including positive and
suspicious for malignancy). DIA was 30% sensitive with
90% speciﬁcity. FISH had a sensitivity and speciﬁcity of
63% and 100%, respectively. For distal strictures, again in
the non-PSC group, cytology, DIA, and FISH each had a
sensitivity and speciﬁcity of 41% and 96%, 49% and 98%,
and 59% and 92%, respectively.
In a prospective study of indeterminate biliary strictures,
stratiﬁed on the basis of PSC and non-PSC patients,
Levy et al75 evaluated routine cytology, forceps biopsy
sampling, IDUS, DIA, and FISH. A total of 86 patients
were included, 34 of whom had PSC. When combining
both the PSC and non-PSC groups, routine cytology was
32% sensitive for malignancy (when including interpretations of conﬁrmed malignant and suspicious for malignancy) and only 11% sensitive if suspicion for malignancy
was not included. Forceps biopsy sampling was 38% sensitive. DIA alone was 38% sensitive and 95% speciﬁc. FISH
alone was 64% sensitive and 82% speciﬁc when including
trisomy-7 as indicative of malignancy. Speciﬁcity increased

to 100% when trisomy-7 was categorized as benign, at a
cost of sensitivity decreased to 45%, with the most signiﬁcant differences being in PSC patients. DIA and FISH in
combination increased the sensitivity to 70% (again,
trisomy-7 indicative of malignancy), with a speciﬁcity of
82%. IDUS provided a sensitivity and speciﬁcity of 89%
and 64%, respectively. These values are similar to other
published reports of IDUS.76-79 Thus, in both of these
multimodality studies, FISH had the highest sensitivity
of the tissue sampling techniques, while maintaining a
relatively high speciﬁcity. DIA and IDUS can be used as
adjunctive technologies but have not gained widespread
acceptance.
The future of molecular analysis may lie in microRNA
(miRNA). These are short, noncoding RNAs consisting of
18 to 25 nucleotides that help regulate biologic processes
such as cell proliferation, migration, invasion, survival, and
metastases. They have substantial potential as biomarkers
because of their biologic stability. A pilot study evaluating
the utility of 10 different miRNAs as diagnostic markers
for pancreatic ductal adenocarcinoma (PDAC) was published by Cote et al.80 In it, 77 patients with treatmentnaïve PDAC, 67 patients with chronic pancreatitis with
bile duct or pancreatic duct pathology, and 71 control
subjects with choledocholithiasis were evaluated. These
patients had undergone ERCP for the above conditions,
at which time they were prospectively enrolled in a
biologic repository and plasma, bile, or pancreatic juice
(or some combination of those) were collected. Selected
miRNAs were identiﬁed in plasma and bile as part of
a “PDAC Signature Panel,” which had 100% sensitivity
and speciﬁcity in distinguishing PDAC from both chronic
pancreatitis and control subjects. Pancreatic juice was
available in a limited number of subjects but also
performed exceedingly well, correctly distinguishing
all individuals with PDAC from those with chronic
pancreatitis. Thus, with further validation of accuracy in
the future, a plasma panel could serve as a screening
tool for high-risk patients such as those with chronic
pancreatitis or a family history of PDAC, and bile and/or
pancreas juice could improve the diagnostic accuracy of
ERCP for indeterminate strictures.
DNA methylation of candidate genes has also been
studied as a marker of malignancy, and a 2015 publication
by Andresen et al81 presented data on a panel of 13
candidate genes evaluated in 39 tissue samples of
cholangiocarcinoma and 54 nonmalignant controls. They
identiﬁed the 4 best-performing genes, which detected
cholangiocarcinoma with a sensitivity of 85% and a speciﬁcity of 98%.
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CHOLANGIOSCOPY
Cholangioscopy, or bile duct endoscopy, allows for
direct visualization of the lumen of the bile duct. Original
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Figure 1. Per-oral cholangioscopy view of a malignant biliary lesion with tumor vessel (A) and easy bleeding (B). From Nishikawa et al.85

iterations of cholangioscopy involved a “mother–baby”
scope setup, which required 2 endoscopists and had issues
with scope fragility. Another method of visualizing the
bile duct lumen is direct per-oral cholangioscopy, using
an ultraslim gastroscope, often with the addition of an
anchoring balloon.
The SpyGlass direct visualization system (Boston Scientiﬁc) allows for single-operator cholangioscopy (SOC) and
has replaced the older “mother–baby” 2-operator reusable
cholangioscopes. The components of the SOC system
include the disposable SpyScope (Boston Scientiﬁc), a
10F access, and delivery catheter with a 1.2 mm diameter
working channel and 2 dedicated irrigation channels. It is
introduced through a duodenoscope with a minimum
working channel diameter of 4.2 mm. The catheter is
capable of tip deﬂection of at least 30 degrees in 4 directions. The reusable SpyGlass Fiber Optic Probe (Boston Scientiﬁc) provides 6000-pixel images. The disposable SpyBite
Biopsy Forceps (Boston Scientiﬁc) incorporates jaws at the
tip designed to excise and retrieve visually targeted tissue.
The video imaging that can be obtained with per-oral
cholangioscopy is the advantage of this method, as
compared with the ﬁberoptic image obtained by SpyGlass.
However, a new digital SpyGlass system has recently
become commercially available and may make cholangioscopy more accessible and more useful, but additional
studies to determine its diagnostic utility are needed.
Whether performed with video or ﬁberoptic imaging, the
ﬁrst advantage of cholangioscopy is that it allows for direct
visualization of pathology within the biliary tree, which
can provide a diagnostic impression of a biliary stricture
and allow for targeted biopsy sampling of suspiciousappearing tissue. In a study of cholangioscopy via percutaneous tract access to the biliary tree published in 2000, Seo
et al82 reported several ﬁndings characteristic of biliary
tract malignancy, including neovascularization and tumor

type (nodular, papillary, or inﬁltrative). In another study
using percutaneous cholangioscopy, also published in
2000, Kim et al83 showed the presence of “tumor vessels”
(Figure 1) to be highly speciﬁc for cholangiocarcinoma
(speciﬁcity 100%, sensitivity 61%). Nodularity is also
speciﬁc. Cholangioscopy via a percutaneous transhepatic
biliary drain tract is rarely performed, but similar visual
ﬁndings can be seen via direct per-oral cholangioscopy
and SpyGlass cholangioscopy.
A series of 97 patients undergoing per-oral cholangioscopy with a “mother–baby” scope system was published
by Fukuda et al in 2005.84 It found endoscopic retrograde
cholangiography tissue sampling to have a sensitivity of
58%, whereas the addition of per-oral cholangioscopy visual
diagnosis improved the sensitivity to 100%, at a cost of
decreasing speciﬁcity from 100% to 87%. A similar study
was published in 2013 by Nishikawa et al,85 evaluating
33 patients with the use of per-oral video cholangioscopy
and per-oral video cholangioscopy–guided forceps biopsy
sampling. The visual ﬁndings had a sensitivity and speciﬁcity of 100% and 92%, respectively, but forceps biopy
sampling had a sensitivity of only 38%.
In a feasibility study of SOC by Chen and Pleskow in
200786 that included 22 patients with indeterminate biliary
strictures, the sensitivity of SOC biopsy samplings was 71%
(other SOC indications were also evaluated in this study,
including fragmentation of large bile duct stones,
indeterminate ﬁlling defects, cystic lesions, and gallbladder
stent placement). In another early study of SOC, also
published by Chen et al in 201187 and also evaluating SOC
in terms of workup of biliary tract disease and therapy of
large stones, 140 patients underwent SOC-directed biopsy
sampling of bile duct lesions. Adequate tissue was secured
in 88% of the 140 patients. Although overall sensitivity of
SOC visual impression was 78%, it was only 49% for SOCdirected biopsy samples. When stratifying lesions into
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intrinsic or extrinsic, the sensitivity of SOC-directed biopsy
samples did increase to 66% for intrinsic lesions, versus
only 8% for extrinsic lesions. It seems intuitive that sensitivity would be lower for lesions that appear to be extrinsic
to the bile duct. However, even for intrinsic lesions, the
sensitivity of SOC-directed biopsy sampling is not as high
as one might hope for a targeted biopsy sampledthis lower
sensitivity is likely a reﬂection of both the ﬁbrotic nature
of many of these lesions and the small caliber of the
mini-forceps (SpyBite) that are compatible with the working
channel of the SpyGlass system.
Draganov et al88 studied SpyGlass SOC in direct
comparison with brush cytology and standard
(ﬂuoroscopically guided) forceps biopsy sampling in 26
patients with indeterminate biliary strictures. A diagnosis
of cancer was based on positive ERCP sampling,
subsequent positive biopsy sampling by an alternative
method, or disease progression seen on follow-up imaging.
In those patients with negative biopsy specimen results, a
diagnosis of benign disease was based on at least 12
months of clinical course and imaging showing no evidence of disease progression. Seventeen of the 26 patients
were diagnosed with cancer (15 cholangiocarcinoma, 2
PDAC). ERCP/SOC established the diagnosis in 13 patients.
SpyBite biopsy specimens were positive in 77% (13/17),
with no false positives (100% speciﬁcity). Cytology brushing was only 6% sensitive, and standard biopsy sampling
was 29% sensitive (both were also 100% speciﬁc).
Another study of SOC for evaluation of indeterminate
strictures was published by Ramchandani et al.89 In it, 36
patients underwent SpyGlass SOC with cholangioscopically
guided biopsy sampling. Cholangioscopic visual impression
was analyzed, but other modalities of tissue acquisition
were not. Features considered suspicious for malignancy
included mass, dilated tortuous vessels, papillary or villous
projections, and intraductal nodules. A mass with dilated
tortuous vessels was categorized as “deﬁnite malignant.”
Benign lesions were characterized by smooth surface
mucosa without deﬁnite neovascularization and
homogeneous granular mucosa without a primary mass.
Three to 4 SpyBite biopsy specimens were obtained in 33
cases (in the other 3 the ﬁlling defects seen on previous
ERCP turned out to be bile duct stones, which were
visualized with SOC). Of the 22 patients with a ﬁnal
diagnosis of malignancy, SpyBite specimens yielded
malignant histology in 18 (82%). Regarding visual
diagnosis, 11 patients were classiﬁed as deﬁnite malignant,
and all these patients had a ﬁnal diagnosis of malignancy.
Thirteen patients were classiﬁed as having suspected
malignant disease (with ﬁndings of villous or papillary
projections and nodularity), and 3 of these had a ﬁnal
diagnosis of benign disease. Two patients with possible
malignant strictures by cholangioscopy visual impression
and inadequate biopsy specimens underwent surgery and
were found to have benign disease. Overall, sensitivity
and speciﬁcity for visual impression were 95% (21/22) and
www.giejournal.org
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79% (11/14), respectively. For SpyBite biopsy sampling,
sensitivity and speciﬁcity were both 82%. In a similar
but retrospective analysis of 30 patients with indeterminate
strictures eventually diagnosed as malignancy, SOCdirected biopsy samples were diagnostic of malignancy in
77% (23/30 patients, with 7 biopsy samples labeled as highly
suspicious included as conﬁrmatory diagnoses).90
Fluoroscopic-guided biopsy sampling was compared
with SOC-guided biopsy sampling in a retrospective
study by Hartman et al.91 The authors concluded that the
former was more sensitive than the latter (76% vs 57%,
respectively). Each method of biopsy sampling had 100%
speciﬁcity. They evaluated size of the tissue samples and
concluded that the higher sensitivity is likely related to
the larger amount of tissue obtained by ﬂuoroscopicguided biopsy sampling. In addition, they proposed their
method of handling the small SpyBite samples in a way
that optimized diagnostic yield. Their description is noteworthy because of the small size of the biopsy specimens
that are obtained. They submit the fragments in formalinﬁlled containers, as one normally would do. In the pathology laboratory, if fragments appear smaller than 1 mm, the
ﬂuid is centrifuged and a cell block is created.
Finally, a systematic review of SpyGlass SOC studies was
published in Gastrointestinal Endoscopy by Navaneethan
et al in 2015.92 Included in the review were 10 studies
involving 456 patients. The pooled sensitivity and
speciﬁcity of SOC-guided biopsy sampling in the diagnosis
of malignancy were 60% and 98%, respectively. Four
studies included patients who had previous negative
brushings and/or intraductal biopsy sampling, and in these
studies SOC-guided biopsy sampling had a pooled sensitivity and speciﬁcity of 75% and 93%, respectively.

CONFOCAL LASER ENDOMICROSCOPY
A newer diagnostic modality, CLE, has recently become
available. CLE allows real-time imaging of the mucosal
cellular characteristics. It initially showed promise in the
evaluation of mucosal dysplastic changes in the GI lumen
(ie, Barrett’s esophagus), and in addition to its use in
pancreaticobiliary strictures, it has begun to be studied in
the evaluation of pancreatic cystic lesions. For biliary strictures, a pCLE device has been designed (Cholangioﬂex,
Cellvizio; Mauna Kea Technologies, Paris, France). pCLE
was initially evaluated in a series of 14 patients with biliary
strictures, 6 of which were diagnosed as malignant.93 A
speciﬁc pattern was found predominately in patients with
cancers and was characterized by a dark-gray background
without identiﬁcation of mucosal structures but large white
streaks resembling ﬂuorescein-ﬁlled tortuous, dilated, and
saccular vessels with inconsistent branching. In the video
mode, erythrocytes easily could be identiﬁed rushing
through these streaks, showing that indeed vascular structures could be identiﬁed. The second pattern comprised a
Volume 84, No. 4 : 2016 GASTROINTESTINAL ENDOSCOPY 565
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Miami criteria
Healthy bile duct
1. Reticular network of thin dark branching bands
(<20µm)
2. Light grey background
3. Vessels (<20µm)

1

2

3
pCLE image

Malignant stricture

1 - Thick white bands (>20µm)
2 - Thick dark bands (>40µm)
3 - Epithelium
4 - Dark clumps

1 2
Fluorescence
Microscopy

3

4

pCLE images

Figure 2. Miami criteria for the interpretation of biliary/pancreatic pCLE. From Slivka et al.96

reticular pattern of different gray scales or small dark-gray
villous structures but no white streaks. The sensitivity and
speciﬁc for malignancy, applying these features, were 83%
(5/6) and 88% (7/8). Biopsy specimens had a lower sensitivity of 50% (3/6) and, as expected, a speciﬁcity of 100%.
Surgical resection of tumors was performed in 3 patients.
Here, histopathology revealed invasive adenocarcinomas
in 2 patients. Interestingly, preoperative biopsy specimens
revealed reactive changes of the epithelium with no intraepithelial neoplasia or invasive carcinoma, whereas laser
microscopy revealed malignancy in these cases.
These preliminary data led to a multicenter registry
study of 102 patients to design a classiﬁcation scheme
for the interpretation of pancreaticobiliary pCLE, which
would be designated the Miami Classiﬁcation (published
as interim analysis in 2010 and as a full publication in
2012, shown in Figure 2).94 Data from this same registry
of patients were published in 2011, showing that the
overall sensitivity of pCLE for detecting malignancy was
98%, with a speciﬁcity of 67%.95 Index pathology in these
cases had a sensitivity and speciﬁcity of 45% and 100%,
respectively. Of the 89 assessable patients (81 with biliary
strictures, 8 with pancreatic strictures), 40 were
eventually proven to have cancer.
A prospective multicenter international study of pCLE
evaluated 112 patients with indeterminate biliary strictures.96 Prior tissue sampling had been performed and
deemed negative in 39 of 54 patients (72%) who had
already undergone ERCP. The investigators performed
pCLE evaluation, followed by brushing for cytology and
forceps biopsy sampling for histology. They made an
assessment of malignancy based on their impression of
the cholangiogram ﬁndings alone, which had a sensitivity
and speciﬁcity of 84% and 76%, respectively. By using the
pCLE information during the ERCP procedure, the
investigators suspected cholangiocarcinoma in 75 patients

(67%) and suspected a benign lesion in 37 cases (33%).
These impressions had a sensitivity and speciﬁcity of 89%
and 71%, respectively. The sensitivity of brush cytology
and biopsy sampling was 56%, but when pCLE was
included with pathology results, the sensitivity of overall
diagnostic testing was 89%, with a speciﬁcity of 88%.
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EUS-FNA IN CONJUNCTION WITH ERCP AND
IN COMPARISON WITH ERCP
A review of pancreaticobiliary tissue sampling would
not be complete without discussing EUS. Although not
intended to be a thorough review of EUS, we would like
to include in our discussion some studies comparing
ERCP and EUS tissue sampling methods. As a general
rule, EUS is an excellent diagnostic modality for pancreas
masses but remains less useful for proximal biliary
strictures.
EUS-FNA is a very safe procedure, with extremely low rates
of adverse events such as pancreatitis, hemorrhage, infection,
bile peritonitis, perforation, or malignant seeding.97 Of
particular concern, however, is the risk of malignant tumor
seeding in situations when liver transplantation may be a
consideration. The Mayo Clinic protocol for neoadjuvant
chemotherapy and liver transplantation for otherwise
unresectable cholangiocarcinoma lists transperitoneal
biopsy sampling (including percutaneous and EUS-guided
FNA) as an absolute contraindication to transplantation. A
2011 retrospective study reviewed 191 patients who underwent neoadjuvant chemoradiotherapy followed by liver transplantation for hilar cholangiocarcinoma.98 A total of 16
patients underwent transperitoneal FNA biopsy sampling,
with 6 of those biopsy samples positive for
adenocarcinoma. Of the 6, 5 (83%) had peritoneal
metastases identiﬁed at operative staging, compared with
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only 14 of 175 (8%) who did not undergo transperitoneal
biopsy sampling. The potential for future liver
transplantation and this contraindication must be taken into
consideration anytime EUS-FNA is considered in the workup
of suspected hilar cholangiocarcinoma.
The year 2004 brought us several studies related to
EUS-guided bile duct tissue sampling, with sensitivity of
EUS-FNA ranging from 47% to 89%. Lee et al99 aimed to
characterize the diagnostic accuracy of EUS visual
impression in addition to that of EUS-FNA. Bile duct wall
thickness greater than or equal to 3 mm had 79% sensitivity for malignancy. Rösch et al100 compared samesession ERCP and EUS in 50 consecutive patients with
obstructive jaundice, 28 of whom were diagnosed with
malignancy. During ERCP, all strictures were sampled by
forceps biopsy and 2 brush cytology specimens, with
very modest sensitivities of 36% and 46%, respectively.
EUS-FNA sensitivity was better overall, at 75%, but this
value included pancreas masses. For the subgroup of
biliary tumors, ERCP was more sensitive compared with
EUS (75% vs 25%, respectively). Fritscher-Ravens et al101
studied 44 consecutive patients with suspected hilar
cholangiocarcinoma and found EUS-FNA to be 89% sensitive in diagnosing malignancy.
DeWitt et al102 published an analysis of 24 consecutive
patients undergoing EUS-FNA for proximal biliary strictures
(deﬁned as located at, or proximal to, the upper one third
of the extra hepatic bile duct, characterized by cholangiography ﬁndings). All of them had brush cytology at previous
ERCP that were negative or unable to be performed.
EUS-FNA correctly diagnosed malignancy in 17 of 22
patients (77% sensitivity). A series of 81 patients with cholangiocarcinoma who underwent EUS-FNA was published
by Mohamadnejad et al in 2011.103 The overall sensitivity
of EUS-FNA for the diagnosis of cholangiocarcinoma was
73% and was signiﬁcantly higher in distal compared with
proximal cholangiocarcinoma (81% vs 59%, respectively).
This study also assessed the role of EUS in assessing resectability and found it to be very speciﬁc in this regard.
A few comparative studies have involved ERCP and
EUS-based sampling methods. One such study by Nguyen
et al104 aimed to evaluate the next best step in the
workup of an indeterminate biliary stricturedspeciﬁcally,
looking at EUS versus SOC. All patients had previously
undergone ERCP with negative brush cytology results.
EUS identiﬁed the abnormality responsible for the biliary
stricture in 39 of 40 cases (98%) (bile duct wall thickening
was deﬁned as a wall thickness > 3 mm). However, FNA
of the primary lesion was not deemed safe in all patients
and thus was performed in 25. A tissue diagnosis was
established in 23 of 25 cases (92%) in which FNA of the
primary lesion was performed. If EUS did not establish a
diagnosis, then SOC was performed within 1 week of the
EUS. SOC was performed in 19 patients (the 17 in which
EUS did not provide a tissue diagnosis and 2 in which EUS
diagnosed autoimmune pancreatitis). In 1 case, SOC was

attempted but was not successful because of a severely
strictured extrahepatic bile duct in a patient with PSC.
SOC-guided biopsy sampling was performed in all 18 successful SOC procedures, and the correct diagnostic yield
was reported as 89% (16/18). There were 2 cases in which
biopsy specimens were reported as nonspeciﬁc inﬂammation but subsequent surgical specimen revealed malignancy. All patients were followed for at least 6 months.
The authors concluded that EUS-FNA may reduce the
need, and associated costs and risk of adverse events, of
SOC in 60% of cases.
In 1 of the only studies directly comparing EUS and ERCP
tissue sampling, Weilert et al105 evaluated 51 patients with
malignant biliary obstruction in a prospective, single-blind
study. Patients underwent same-session EUS followed by
ERCP, with a second endoscopist performing the ERCP,
blinded to the results of the EUS-FNA. Nine patients had undergone previous ERCP at another institution, 8 of whom
had negative sampling results and 1 of whom had a failed
attempt at ERCP. During EUS, lymph nodes or liver masses
could also be targeted for FNA, in addition to the primary lesions, and lesions that would confer a higher cancer staging
were targeted ﬁrst. ERCP failed in 7 cases (14%), all of which
had duodenal deformity because of pancreatic cancer.
These cases were considered to have “nondiagnostic” results in the analysis. A diagnosis of malignancy was made if
the pathologist reported results “malignant” or “suspicious
for malignancy.” The sensitivity of EUS-FNA was 100% for
pancreas masses, 79% for biliary masses, and 80% for biliary
strictures. The sensitivity of ERCP sampling, which included
1 cytology brushing and 2 to 3 bites with an endobiliary biopsy forceps, was 38% for pancreas masses, 79% for biliary
masses, and 67% for strictures.
Overall, EUS-FNA is a tremendously powerful diagnostic
tool, and as its use becomes more and more widespread,
we will rely less on ERCP tissue sampling. However, EUSFNA is less sensitive for more proximal bile duct strictures
and lesions, as compared with its excellent sensitivity for
pancreas masses and distal bile duct lesions. In addition,
even with widespread availability, the decision to perform
EUS at the same setting as the initial ERCP is not universal
and not necessarily indicated in all situations. Thus, accurate methods of ERCP tissue sampling remain important,
especially in cases of proximal bile duct lesions and to
potentially make a diagnosis on the ﬁrst procedure.
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CONCLUSIONS
The ideal sampling method is very sensitive and speciﬁc
while also being relatively simple technically and costeffective. When evaluating a patient with a potentially
malignant pancreaticobiliary stricture, the resectability of
the tumor and the patient’s candidacy for surgery must be
established. In this regard, if a patient is clearly a suitable surgical candidate, then tissue sampling to establish a deﬁnitive
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Initial ERCP

EUS-FNA

Use of 2 sampling techniques is preferable
Brush Cytology (consider 2
separate specimens)

Depending on expertise, EUS before ERCP,
during same sedation, or after negative
ERCP sampling
Avoid FNA of proximal/hilar stricture in a
patient who may be a candidate for liver
transplant

Forceps Biopsy

negative

Malignant

Repeat ERCP
Cytology from retrieved stent
Repeat brush/biopsy
Brushing for FISH
Strong consideration of SOC with
mini forceps biopsy

negative

Repeat ERCP
Consider advanced imaging techniques
Confocal Laser Endomicroscopy (CLE)
Intraductal Ultrasound (IDUS)

negative

Surgical resection versus ongoing surveillance
ERCP as needed for stent exchange/repeat sampling
EUS
CT or MRI
Figure 3. Diagnostic algorithm for the workup of biliary structures. FISH, ﬂuorescence in situ hybridization; SOC, single-operator cholangioscopy.

diagnosis preoperatively may not be necessary. However, in
most circumstances and at most institutions, a tissue diagnosis is desired before subjecting patients to extensive surgical resection, particularly if neoadjuvant chemotherapy and/
or radiation therapy are planned. In addition, many patients
present with unresectable disease or are not suitable operative candidates because of comorbid conditions.
In either case, a timely diagnosis of malignancy or a test
that can reliably exclude malignancy are of utmost importance. Which ERCP-based techniques should be used to

achieve this goal? Figure 3 provides a suggested
diagnostic algorithm. Although ERCP brush cytology will
never achieve adequate sensitivity on its own, its
simplicity, low cost, and speciﬁcity make it the best
minimum ﬁrst step. To enhance diagnostic yield,
obtaining 2 separate brush cytology specimens can be
considered. Manipulation of the stricture by dilation to
expose more cells to the brush has not proven to be of
beneﬁt, but scraping of the stricture with the brush
catheter was helpful in 1 study and may warrant further
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investigation. Endobiliary forceps biopsy sampling, under
ﬂuoroscopic guidance, seems to be more sensitive than
brushing and has been shown to increase sensitivity
when combined with brushing. Thus, when expertise is
available, this method should be considered, with a goal
to obtain a minimum of 3 specimens.
Some of the newer (and potentially more costly, time
consuming, and technically challenging) techniques are
often reserved for indeterminate strictures that have
already had negative sampling at least once. Examples
of these include cholangioscopy, pCLE, and molecular
sampling. SOC is more commonly used at tertiary centers,
but SOC-guided biopsy sampling remains relatively insensitive. It remains to be determined whether the new
SpyGlass system, which uses video imaging (as opposed
to ﬁberoptic) and has a larger working channel, will
make SOC more effective. pCLE has shown promise but
needs to be reﬁned and is in use only at select centers.
Of the molecular markers, FISH has gained acceptance
because it improves sensitivity while only mildly decreasing
speciﬁcity. However, its results need to be interpreted
cautiously, and it is only commonly used at referral centers
at this point. As all of medicine becomes more personalized to each individual’s and each tumor’s genetic code,
it is no longer unfathomable to envision a day when any
form of biopsy sampling will no longer be necessary and
a serum test can detect the presence of malignancy and
determine the type of cancer if present. However, that
future is still a long way off, and we must continue to reﬁne
and expand our ERCP-based tissue sampling methods.
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