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Abstract

Background Endoscopic transpapillary brush cytology
and forceps biopsy are widely used for the pathological
diagnosis of suspected malignant biliary strictures (MBS).
However, the sensitivity of these methods remains insuf-
ficient, and it can be difficult to confirm the diagnosis. We
aimed to evaluate the diagnostic ability of endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA) and
the impact of this technique on clinical management in
patients with suspected MBS where endoscopic brush
cytology and biopsy yielded negative results.

Methods This study included 225 consecutive patients
with suspected MBS, who underwent endoscopic brush
cytology and biopsy at our institutions. Negative results
were obtained for these pathological tests in 75 patients,
and EUS-FNA was performed in 22 of these patients. We
retrospectively compared the EUS-FNA results with the
final diagnosis and examined the influence of the EUS-
FNA diagnosis on treatment selection.

Results FNA specimens were successfully obtained in all
patients, and the pathological results confirmed malignancy
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in 16 cases and predicted that the other 6 cases were
benign. Of the 6 cases that were suspected to be benign, 3
patients were diagnosed with xanthogranulomatous chole-
cystitis by surgical pathology, and the remaining 3 patients
were diagnosed with benign diseases at a follow-up after
12—-18 months. Thus, the EUS-FNA-based diagnosis was
proven correct for all the patients. In addition, the treat-
ment strategy was altered as a result of the EUS-FNA
results in the above 6 patients (27%).

Conclusions EUS-FNA is a sensitive and safe diagnostic
modality for patients with suspected MBS and can be an
additional option in cases where endoscopic brush cytology
and biopsy have produced negative results.

Keywords EUS-FNA - Biliary stricture - Bile duct
cancer - Gallbladder cancer - Xanthogranulomatous
cholecystitis

Introduction

It is difficult to reliably differentiate between benign and
malignant biliary strictures (MBS). Endoscopic transpap-
illary cytology and/or biopsy are currently used in patients
with suspected MBS, but their sensitivity is insufficient, at
30-81% [1]. In difficult cases, alternative sampling tech-
niques are required to provide a definitive diagnosis that will
aid in choosing a treatment strategy. In recent years, endo-
scopic ultrasound-guided fine-needle aspiration (EUS-FNA)
has become increasingly popular for obtaining samples
from a variety of organ sites. Several reports have already
evaluated the efficacy of the procedure for biliary lesions
[2-10]. However, only a few reports have evaluated the diag-
nostic ability of this technique in patients after negative
endoscopic retrograde cholangiopancreatography (ERCP)
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cytology results [4, 7]. In addition, these studies included
only proximal biliary strictures.

In this study, we evaluated the EUS-FNA yield and its
impact on treatment selection in patients with suspected
malignant extrahepatic biliary stricture following negative
ERCP cytology and biopsy results.

Methods
Patients

Patient records were retrospectively collected for a cohort
of 225 patients with suspected MBS who underwent
endoscopic transpapillary cytology and biopsy at the First
Department of Internal Medicine, Gifu University Hospital,
and the Department of Gastroenterology, Hokkaido Uni-
versity Hospital, between December 2007 and December
2009. In this cohort, 150 patients showed positive cytology
or biopsy, whereas 75 were negative (Fig. 1). The latter
group received additional evaluation with other imaging
techniques, such as computed tomography (CT), magnetic
resonance imaging (MRI), and positron emission tomog-
raphy (PET), as well as a more in-depth blood biochemistry
analysis, including tests for tumor markers and IgG4.

As a result, obvious masses were detected in 39 patients,
and irregular thickening of the bile duct wall was observed
in 16 patients on CT and/or MRI. In addition, the mass had
invaded other organs and/or major vessels in 21 patients.
Furthermore, CT and PET-CT findings indicated possible
metastasis and peritoneal dissemination in 6 and 4 patients,
respectively. Increased serum levels of carcinoembryonic

antigen (CEA) were observed in 32 patients. Ultimately,
we diagnosed malignancy in 44 patients, from combina-
tions of these findings and the cholangiograms.

Because diffuse swelling of the whole pancreas and
diffuse narrowing of the main pancreatic duct were
observed in 4 patients on the previous imaging tests, the
serum IgG4 level was measured. The serum IgG4 level was
elevated in all 4 of these patients, and they were diagnosed
as having IgG4-related sclerosing cholangitis. Subsequent
steroid therapy attenuated the biliary stricture in all 4
patients. In 5 other patients, the cholangiograms showed a
relatively smooth stricture. No obvious mass and no
irregular thickening of the bile duct wall was seen on any
of the imaging tests. Serum CEA level was also not
increased. Therefore, we considered these cases likely to be
benign.

In the remaining 22 patients, the serum CEA levels
were not elevated. No obvious masses were seen on the
CT or MRI images, except in 8 cases that were suspected
to be xanthogranulomatous cholecystitis (XGC). Each of
these 8 patients showed a mass in the gallbladder, and in
3 patients, the mass had also invaded the liver and sur-
rounding large vessels. However, the lumen of the gall-
bladder was relatively well preserved for the tumor size,
and deposition of fat in the mass and the presence of
dilated Rokitansky-Aschoff sinuses were suspected from
the MRI findings. We could not reach a conclusion and
conducted EUS-FNA in these 22 patients (Fig. 1). Patient
treatments are described at the bottom of Fig. 1. In the
cases diagnosed as likely benign, the patients were fol-
lowed up after 12—-18 months at the December 2010 data
update and were doing well.

Fig. 1 Flow chart depicting
patient enrollment. EUS-FNA
endoscopic ultrasound-guided

(N=225)

Endoscopic transpapillary cytology/biopsy for
patients suspected with malignant biliary stricture

December 2007-December 2009

fine-needle aspiration, SC
sclerosing cholangitis, BSC best
supportive care

!

)

Negative of malignancy

Positive of malignancy

(N=75) (N=150)
Definitive malignancy* Probable benign* || IgG4-related SC*
v (N=44) (N=5) (N=4)
EUS-FNA

N=22

(=22 : : : :
Surgery || Chemotherapy BSC Observation Steroid therapy
(N=28) (N=11) (N=5) (N=5) (N=4)
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Table 1 Baseline characteristics of the patients

Age, years; median (range) 71.5 (53-79)
Male/female 12/10
Stricture site
Hilar-middle 1
Hilar-lower 1
Upper 5
Upper-middle 2
Middle 5
Middle-lower 1
Lower 7
Length of the stricture, mm, median (range) 23.5 (7-74)
Puncture site
Common bile duct 14
Gallbladder 8
Puncture route
Transgastric 2
Transduodenal 20

needle

Fig. 2 A case of obstructive jaundice due to bile duct tumor.
a Endoscopic ultrasound (EUS) image shows an undemarcated hypo-
echoic tumor in the middle bile duct invading the portal vein. EUS-FNA
was performed on the tumor. The image on the left is a fundamental
image, and the one on the right is an image obtained by using the color
Doppler function. b The cytological diagnosis was adenocarcinoma
(Papanicolaou stain, x400). PV portal vein, IVC inferior vena cava

Fig. 3 A case of obstructive jaundice due to gallbladder tumor. a An
EUS image shows an undemarcated hypoechoic tumor (arrowheads)
in the neck of the gallbladder invading and obstructing the common
bile duct. b The histological diagnosis was granuloma, and giant cells
(arrow) were also seen (H&E stain, x100). Xanthogranulomatous
cholecystitis was highly suspected, and simple cholecystectomy was
performed in this patient. The final diagnosis of xanthogranulomatous
cholecystitis was confirmed by the pathological result of the surgical
specimen. GB gallbladder, CBD common bile duct, /VC inferior vena
cava

Demographic and clinical characteristics of the 22
patients in whom EUS-FNA was performed are given in
Table 1.

EUS-EFNA procedures

After informed consent had been obtained, EUS-FNA was
performed with an oblique-forward-viewing electronic
linear scanning video echoendoscope (GF-UC240P-ALS;
Olympus Optical, Tokyo, Japan) connected to a processor
with a color Doppler function (SSD-5000; Aloka, Tokyo,
Japan). Following EUS evaluation of the lesion, puncture
was performed via the gastric or duodenal wall with a
25-, 22-, or 19-gauge needle (EchoTip; Wilson-Cook,
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Winston-Salem, NC, USA) guided by real-time EUS
imaging. The needle was moved back and forth in the
lesion about 10 times for a 25- or 22-gauge needle and
about 5 times for a 19-gauge needle. The aspirated material
was treated as we have previously described [11-15].

Because neither a pathologist nor a cytologist was
present on-site at our institutions, the puncture procedure
was repeated until whitish material became visible mac-
roscopically. Cytological and histological diagnoses were
made on the basis of Papanicolaou and hematoxylin—eosin
staining, respectively (Figs. 2, 3). Immunohistochemical
stains were also performed on request. The procedure was
performed on an outpatient basis unless the patient was
already hospitalized for other medical conditions. The
outpatients were observed for immediate complications in
the recovery room for 2 h, and contact was maintained for
24 h after the procedure to monitor any complications.

Final diagnoses of benign disease were made for the
following conditions: (1) if surgical pathology proved a
benign disease; (2) if autoimmune pancreatitis was sus-
pected from pancreatography and an increased level of
IgG4, and the biliary stricture was attenuated by sub-
sequent steroid therapy; or (3) if spontaneous resolution or
lack of progression was noted on follow-up imaging studies
for at least 12 months without any deterioration of the
patient’s general health.

Results
FNA results

EUS-FNA of the bile duct was attempted 22 times in 22
patients. The patients’ ages, male-to-female ratio, length of
the bile duct stricture, punctured organ, and puncture route
are given in Table 1. Nineteen patients had biliary drainage
placed during the initial ERCP due to obstructive jaundice.
EUS visualized a mass at the stricture site in 19 patients;
the median diameter of the masses at their largest points
was 29 mm (range 7-61 mm). In the 3 other patients, only
wall thickening of the bile duct was observed, and the
thickened wall was punctured. Puncture approach to the
lesions was successful in all cases, and pathological sam-
ples were successfully obtained in all cases. When the
successful procedure was defined as successful puncture
and successful collection of sufficient material for patho-
logical diagnosis, the success rate was 100%. The patho-
logical examination showed benign results in 6 cases and
malignant results in 16 cases. Of the malignant cases, 13
were adenocarcinoma, 2 were squamous cell carcinoma,
and 1 was undifferentiated carcinoma. Of the 6 benign
cases, 2 were granulomas (Fig. 3), and 4 revealed no
atypical cells (Table 2).
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Table 2 Pathological results of samples obtained by endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA)

Malignant 16
Adenocarcinoma 13
Squamous cell carcinoma
Undifferentiated carcinoma

No malignancy
Granuloma

A Do N =N

No atypical cells

Intervention following EUS-FNA

Of the 16 patients with malignancies, 4 underwent surgical
resection, and 10 received chemotherapy. In the remaining
2 patients, we chose to use best supportive care. Of the 6
patients with benign results, 3 underwent surgical man-
agement and were diagnosed with XGC (Fig. 3). One
patient received endoscopic treatment, resulting in a diag-
nosis of Mirizzi syndrome. We followed up on the 2 other
patients with benign bile duct stricture. These 2 patients
had had bile duct stones, and the biliary stricture was found
after the removal of the stones. Thus, the stricture might
have been caused by the endoscopic procedures of stone
removal. They were not given biliary stents and were fol-
lowed up at 12 and 18 months, without any adverse events
(Fig. 4). Final diagnoses are given in Table 3 and at the
bottom of Fig. 4.

Impact of EUS-FNA on clinical management

In all 22 patients with EUS-FNA, malignancy had been
suspected. However, in 6 of these patients the condition was
shown not to be malignant by EUS-FNA. Of these patients, 2
patients with gallbladder tumors had been scheduled to
undergo hepatopancreatoduodenectomy, but because of the
EUS-FNA results, they instead underwent simple chole-
cystectomy. Another patient with a gallbladder tumor had
already started chemotherapy for the diagnosis of advanced
gallbladder cancer, but this treatment was canceled imme-
diately due to the benign result on EUS-FNA, and the patient
underwent simple cholecystectomy. These 3 patients were
followed up conservatively according to the pathological
results of XGC after cholecystectomy.

A case of Mirizzi syndrome was initially thought to be
gallbladder cancer and the patient was scheduled to start
chemotherapy but received endoscopic treatment alone
after the EUS-FNA. Two other patients also avoided cancer
therapy after benign results were shown on EUS-FNA, and
they are being followed up (Fig. 4). In total, EUS-FNA
resulted in a major change of treatment management in 6 of
the 22 patients (27%).
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Fig. 4 An outline of the EUS-FNA
process used to reach a final (N=22)
diagnosis. BSC best supportive
care, BD bile duct, GB l l
gallbladder, XGC
xanthogranulomatous EUS-FNA diagnosis Positive of malignancy Negative of malignancy
.o (N=16) (N=6)
cholecystitis, f/u follow-up
period, M months,
synd. syndrome
Surgery Chemotherapy BSC Surgery || Endoscopic treatment Observation
(N=4) (N=10) (N=2) (N=3) (N=1) (N=2)
Final diagnosis | BD cancer (N=3) || BD cancer (N=7) || GB cancer (N=1) XGC (N=3) || Mirizzi synd. (N=1) H Benign (N=2)
GB cancer (N=1) || GB cancer (N=3) || Metastasis (N=1)
fru: 16M f/u: 12M and 18M
Death (6) Death (2)

Disease Progression (4)

Table 3 Final diagnosis

Malignant 16
Bile duct cancer 10
Gallbladder cancer 5

Adenocarcinoma 3
Squamous cell carcinoma 2
Metastasis (renal pelvic cancer) 1

Benign 6
Xanthogranulomatous cholecystitis 3
Mirizzi syndrome 1
Benign bile duct stricture 2

Diagnostic ability and safety of EUS-FNA

Comparisons were made between the EUS-FNA diagnosis
and the final clinical diagnosis derived from surgical
pathology or follow-up data. Of the 22 cases, 16 were
correctly diagnosed as malignant by FNA, and 6 were
correctly diagnosed as negative for malignancy. Thus,
there were no false-positives. Estimated sensitivity and
specificity were both 100%. No significant complica-
tions—such as massive bleeding, bile peritonitis, shock, or
infection—were noted in any patients.

Discussion

Over the past decade, several attempts have been made to
examine the pathology of bile duct stricture through an
endoscopic approach [16-25]. Such a diagnosis is highly
desirable to allow adequate subsequent planning of surgical
or nonsurgical treatment [21, 22].

Biliary brush cytology has been a mainstay diagnostic
method for suspected extrahepatic biliary tree malignancies
because it is technically easy, requires little time, and is
generally safe. However, the sensitivity for cancer is modest,

ranging from 30 to 57% in most published studies [1, 22, 23,
25]. It has been suggested that this limited sensitivity is
mainly a result of inadequate cellular yield [1].
Transpapillary bile duct forceps biopsy is another
diagnostic method. Although this technique is more time-
consuming and technically difficult, it provides a sample of
bile duct tissue deep into the epithelium, theoretically
obviating the problem of inadequate sampling that may
occur with brush cytology. Indeed, some investigators have
reported better sensitivity with this technique and con-
cluded that forceps biopsy is the single best diagnostic
method for the evaluation of biliary stricture at ERCP
[1, 23, 25]. However, the sensitivity is still insufficient,
ranging from 43 to 81% [1, 16, 22-25]. Such low sensi-
tivity may be attributed to tumor-associated fibrosis or
ulceration, well-differentiated cancers, submucosal spread,
or external compression of the bile duct by the tumor [9].
Furthermore, it may result from the difficulty of reliable
lesion sampling; the tissue sampling is performed under
fluoroscopic guidance, and the biopsy procedure is per-
formed somewhat blindly. In addition, it is difficult to open
the biopsy forceps at the stricture site, and the sampling is
often attempted at inappropriate sites below the stricture.
A combination of brush cytology and forceps biopsy
probably enhances cancer detection. Several studies have
shown that the combination increased the sensitivity to
about 55-74% [1, 23, 25-27]. Multiple cytology brushings
and biopsies also increase the sensitivity of cancer detec-
tion. Therefore, it is generally recommended that 2 con-
secutive brushings and at least 3 biopsy specimens be taken
from the stricture [1]. In the present study, a median of 2
brushings (range 1-3) and 3 biopsy specimens (range 2—-7)
were obtained from the strictures, and the sensitivity of
cancer detection was relatively high (79%). However,
false-negative diagnoses were made in 16 (21%) of the
75 cases that tested negative by biliary brush cytology
and forceps biopsy. Therefore, an alternative sampling
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technique is required when these transpapillary sampling
techniques do not provide a definitive diagnosis.

Two studies have attempted to use EUS-FNA on biliary
strictures following negative ERCP brush cytology results.
In their prospective study, Fritscher-Ravens et al. [4] ini-
tially evaluated the suitability of EUS-FNA for the pre-
operative diagnosis of hilar cholangiocarcinoma with
negative transpapillary brush cytology results. Adequate
material was obtained in 43 of 44 patients by EUS-FNA,
and the cytology results revealed hilar cholangiocarcinoma
in 26 patients, other malignancies in 5 patients, and benign
results in 12 patients. Because 4 of the benign results were
false-negatives, the final accuracy, sensitivity, and speci-
ficity were 91, 89, and 100%, respectively. Their study
showed that EUS-FNA was technically feasible and with-
out significant risks and could change preplanned man-
agement in about half of the patients. Later, DeWitt et al.
[7] also reported their experience with EUS-FNA of
proximal biliary stricture after negative ERCP brush
cytology results. Their retrospective cohort study included
24 patients, and the sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and
accuracy of EUS-FNA were 77, 100, 100, 29, and 79%,
respectively.

In the above-mentioned studies, EUS-FNA was
attempted only in patients with hepatic hilar stricture. In
contrast, Eloubeidi et al. [9] attempted EUS-FNA in 28
patients; the tumor or stricture was located in the proximal
bile duct in 60% of the patients and in the distal bile duct in
40% of the patients. The researchers evaluated the EUS-
FNA vyield and its impact on patient management for
patients with suspected cholangiocarcinoma. Of these
patients, 88% had nondiagnostic bile duct brushing at
ERCP. In addition, no definitive mass was seen on CT or
MRI scans for 14 of the 21 patients (67%) with proven
cholangiocarcinoma. The sensitivity, specificity, PPV,
NPV, and accuracy of EUS-FNA were 86, 100, 100, 57,
and 88%, respectively. Eloubeidi et al. [9] concluded that
EUS-FNA had a positive impact on patient management in
84% of cases.

Our study also included both distal and proximal biliary
strictures where endoscopic transpapillary brush cytology
and forceps biopsy had failed, and EUS-FNA provided
confirmatory diagnoses in all 22 patients, which indicated
that the sensitivity, specificity, PPV, NPV, and accuracy
were all 100%. We cannot explain such extremely high
diagnostic results. The median number of passes in the
present study was 2 (range 1-3), which was similar to that
in the previous reports (median 2—4) [4, 7, 9]. However,
our results might be related to our policy on needle
selection. When puncture was possible, we generally used
a 19-gauge needle for patients requiring histological
assessment, because this enabled us to obtain a
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significantly larger amount of tissue [11-14]. Theoreti-
cally, histological assessment on sufficient material can
lead to a more correct diagnosis than cytology or histo-
logical assessment on insufficient material. Indeed, in the
present study, 2 cases were highly suspected to have XGC
on the basis of histopathological findings because they
were diagnosed with granuloma, and aggregates of foamy
macrophages (giant cells) were also seen on the histopa-
thological samples obtained by 19-gauge needles (Fig. 3).

Compared with transpapillary brush cytology and for-
ceps biopsy, EUS-FNA has several advantages in the
evaluation of biliary strictures. EUS-FNA can allow tissue
sampling directly from a tumor under real-time EUS
imaging guidance. This enabled us to obtain pathological
samples at more appropriate lesion sites. Moreover, EUS,
because of the fine image quality, often visualized a mass
in patients with previously negative findings on imaging
studies [7].

Interestingly, EUS-FNA enabled the diagnosis of bile
duct cancer even in patients without mass formation. In the
present study, 3 patients without a mass at the stricture site
were correctly diagnosed—with bile duct cancer in 1 case
and benign biliary stricture in the other 2. In addition, EUS
can evaluate extraluminal lesions—such those occurring in
the pancreas, gallbladder, and lymph nodes—which can
cause biliary strictures. Moreover, the identification of
regional lymphadenopathy and the pathological sampling
provided by EUS-FNA can provide additional staging
information.

The EUS-FNA technique has already been established,
and it is quite safe. The incidence of cancer-cell seeding is
also considered to be extremely low, and only a few cases
have been reported [28-31]. Even for pancreatic masses—
the major indication for EUS-FNA—only 2 cases with
tumor seeding have been reported (1 pancreatic cancer [29]
and 1 intraductal papillary adenocarcinoma [31]). How-
ever, bile leakage during EUS-FNA may raise the risk of
cancer-cell seeding in EUS-FNA performed for biliary
lesions. Indeed, a previous study reported percutaneous
transhepatic biliary drainage catheter tract recurrence in
5.2% of the patients with resected bile duct cancer [32],
whereas the frequencies of needle-tract seeding from other
malignancies, such as liver and pancreatic cancer, were
reported to be only 0.003-0.009% [33]. Therefore, we were
careful not to puncture the lesion through the gall bladder
and bile duct lumen and to avoid bile leakage if at all
possible. For reference, 4 patients with final diagnoses of
malignancy were treated operatively in the present study,
but cancer seeding was not observed during the surgery.

Our study has several limitations. It was a retrospective
study and included a relatively small number of subjects.
Therefore, a prospective study with a larger number of
subjects will be needed in the future. Furthermore, not all
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patients underwent surgery to confirm the final pathologi-
cal results. However, all patients without surgical pathol-
ogy were followed carefully, and final results were
assessed from their clinical courses, including imaging and
serological tests.

Our results suggest that EUS-FNA is a sensitive and safe
method for the diagnosis of suspected MBS. Patients with
negative or nondiagnostic sampling on ERCP are particu-
larly good candidates for EUS-FNA. The diagnostic result
can have a significant impact on patient management, as
shown in the present study. However, this procedure
sometimes has technical difficulties. The transduodenal
puncture approach is generally more difficult than the
transgastric approach and must be carefully performed to
avoid nearby large vessels, such as the portal vein and
hepatic artery. Care must also be taken not to puncture the
lesion through the gallbladder and bile duct lumen, if at all
possible, in order to avoid bile leakage during the procedure.
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