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ABSTRACT

Background and Aim: Determination of the etiology
of proximal biliary strictures (PBS) still remains a
challenge. Even though EUS-FNA is potentially useful,
its role in diagnostic evaluation of PBS is still not es-
tablished due to a lack of sufficient data. We sought
to determine the performance characteristics of EUS-
FNA in patients with obstructive jaundice (ObJ) and
PBS. Patients and Methods: This is a retrospective
analysis and included patients with ObJ and PBS
with non-diagnostic brush cytology, who underwent
EUS-FNA in our university based practice from
March 2002 to February 2009. We evaluated the final
diagnoses in study patients and the performance cha-
racteristics of EUS-FNA for identifying malignant
PBS. Final diagnosis was based on surgical pathology
or clinical follow-up of at least 12 months. Results:
The study included 28 patients (17 male, 11 female)
with mean age of 62.4 £ 14.9 years. The strictures
ranged from 10 - 70 mm in length. CT scan identified
a hilar mass in 9 patients. EUS-FNA identified ma-
lignancy in 12 patients. 18 patients were finally diag-
nosed to have a malignant stricture and 10 patients
had a benign stricture. There were 6 false negative
diagnoses. The accuracy of EUS-FNA for diagnosis of
cholangiocarcinoma was 78.6%, with 66.6% sensi-
tivity, 100% specificity, 62.5% NPV and 100% PPV.
Conclusions: EUS-FNA can diagnose malignancy in
66.6% of jaundiced patients with PBS and non-diag-
nostic brush cytology and may have a role in their
further diagnostic evaluation.

Keywords: EUS-FNA; Cholangiocarcinoma; Proximal
Biliary Strictures

1. INTRODUCTION
EUS-FNA can potentially be useful in patients with pro-
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ximal biliary strictures (PBS) to obtain tissue diagnosis,
especially when the brush cytology of the stricture is not
diagnostic for malignancy. However, EUS-FNA is still
not widely used in the diagnostic evaluation of patients
with a PBS, largely due to a lack of sufficient data.
Although there are a few reports on the potential role of
EUS-FNA for obtaining tissue diagnosis in PBS, the
aggregate number of patients in these reports is small [1-
5]. This is probably because PBS are less common than
distal strictures, and brush cytology is relatively more
sensitive for diagnosing cholangiocarcinoma which is
responsible for the vast majority of the PBS [6]. However,
there is, still a significant number of patients with PBS,
in whom the brush cytology is non-diagnostic, and these
patients need to undergo exploratory surgery for determi-
nation of etiology and therapy. A definitive pre-operative
determination of malignancy in patients with PBS would
help in treatment planning and could potentially obviate
the need for exploratory surgery in several patients.

We performed a retrospective analysis of performance
characteristics of EUS-FNA in our cohort of patients
who had PBS, had obstructive jaundice (ObJ) at presen-
tation, and in whom the brush cytology was not diagnos-
tic for malignancy.

2. PATIENTS AND METHODS
2.1. Study Design and Patient Selection

This represents an analysis of patients from our database
of patients who undergo EUS/EUS-FNA at Saint Louis
University School of Medicine. The database was started
in March 2002 and is maintained prospectively. Follow-
up information is rigorously collected for quality assu-
rance in our clinical practice. It comprises periodic phone
calls to patients, in addition to monitoring correspondence
from the referring physicians and primary care physicians,
operative notes, surgical pathology and imaging reports.
All patients who underwent EUS/EUS-FNA between
March 2002 and February 2009 for evaluation of a PBS
noted during ERCP performed for ObJ were considered
for inclusion. Patients with brush cytology of the stricture
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that was positive for malignancy were excluded (these
patients underwent EUS/EUS-FNA for staging of the
bile duct cancer and not for diagnosis). Patients were
also excluded if the stricture was confined above the
level of hepatic bifurcation. Patients with a history of
liver transplantation were not included, as a vast majority
of biliary strictures in these patients are benign and have
a markedly lower likelihood of malignancy.

The study was approved by the Institutional Review
Board of the Saint Louis University School of Medicine.

2.2. EUS Examination

EUS examination was performed using radial echoendo-
scope (EUM-130 or EUM-160 Olympus, Melville, NY).
Whenever a suspicious “mass” lesion or area of thicken-
ing of the bile duct was identified on radial EUS, FNA
was performed using linear echoendoscopes (FG-32A or
EG-3870UTK Pentax, Orangeburg, NY). The technique
for EUS/EUS-FNA was similar to the one used in pre-
viously published studies [1,2]. Multiple FNA passes [1-7]
were made using the 22G or 25G Echo-tip FNA needle
(Wilson Cook, Winston-Salem, NC) until the cytologist
could make a preliminary diagnosis. The cytology speci-
mens were stained by the Diff-Quik and Papanicoulou
method (Pap smears) and assessed immediately by a cy-
tologist. A sample was also collected for cell block. The
final diagnosis was based on examination of the Pap
smears and the cell block using standard cytologic crite-
ria [7]. Special cytology stains were used as indicated.

2.3. Follow Up and Final Diagnosis

There were no procedure related complications. Final
diagnosis was based on definitive cytology, surgical pa-
thology and clinical follow-up of >12 months. The me-
dian follow-up was 22 months. Cytology that was “atypi-
cal” (n = 4) or “suspicious” (n = 1) for malignancy was
counted as negative for malignancy for purposes of this
study.

3. RESULTS
3.1. Patient Characteristics

Thirty patients qualified for inclusion in this study. One
patient died of unrelated causes within 1 month after
EUS-FNA, did not have an autopsy, was excluded from
further analysis due to lack of a definitive final diagnosis
and another patient was lost to follow-up. The character-
istics of the patients included in the study are summa-
rized in Table 1. In the twenty-eight patients included
(17 male, 11 female), the mean age was 62.4 + 14.9
years (range 23 - 87). All patients had ObJ at initial
presentation and had undergone an ERCP with place-
ment of a plastic biliary stent prior to EUS-FNA. Three
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Table 1. Patient Characteristics.

N =28 (%)

Age (years) 62.4+14.9 (23 -87)
Gender

Male 17 (60.7)

Female 11 (39.3)
Stricture length (range) 10 - 70 mm
CT findings

Mass at liver hilum 9(32.1)

Enlarged periportal LN 2(7.1)
Benign/Malignant on final diagnosis

Benign 10 (35.7)

Malignant 18 (64.3)
Status of the patient

Dead 15 (53.6)

Alive 13 (46.4)
Median follow-up (Months) 22 (14 -37)

patients had cholangiographic evidence of Primary scle-
rosing cholangitis (PSC) in the intra-hepatic biliary tree
and had a dominant stricture at the hilum with suspicion
for cancer. In addition to the dilation of the intrahepatic
biliary tree on CT scans, in nine patients there was an
identifiable mass lesion at or near the liver hilum, and in
another two patients, enlarged periportal lymph nodes
were noted. The length of the biliary stricture ranged
from 10 - 70 mm. Brush cytology from the stricture was
non-diagnostic or negative for malignancy in all patients.

3.2. EUS Findings

EUS examination revealed thickening of the bile duct
wall or a mass lesion in twenty-five of the twenty eight
patients. The size of the hilar lesion ranged from 15 - 45
mm. Enlarged periportal lymph nodes were noted by
EUS in sixteen patients and measured 10 - 30 mm in size.
FNA of the enlarged periportal lymph nodes revealed
metastatic adenocarcinoma in three patients. FNA of the
hilar lesion/biliary stricture identified malignant cells in
twelve patients. In one patient, the cells were considered
suspicious for malignancy; in four patients they were
reported as atypical but not diagnostic for malignancy, in
eleven patients there were no cytologic evidence of ma-
lignancy.

3.3. Final Diagnoses and Performance
Characteristics of EUS-FNA

The diagnosis based on EUS-FNA, follow-up and final
diagnoses in study patients are summarized in Figure 1.
Surgical consult was obtained in all patients for consi-
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Figure 1. Summary of diagnosis based on EUS-FNA, follow-up and the final diagnosis in study patients.

deration for surgery. Thirteen of the twenty-eight study
patients underwent surgery: including six patients diag-
nosed to have a malignant stricture and seven patients
diagnosed to have a benign stricture by EUS-FNA.

The diagnosis of malignancy was confirmed by surgery
in all six patients diagnosed by EUS-FNA to have malig-
nant stricture: two of these patient were found to un-
resectable tumors during surgery and in the remaining
four patients only one patient had a RO resection. Six
patients diagnosed to have a malignant stricture by EUS-
FNA did not undergo surgery because of locally advanced
or metastatic cancer. Four of these patients died of cancer
and two of them were alive at time of follow up but had
developed new metastatic lesions.

Of the seven patients diagnosed to have benign stric-
ture by EUS-FNA who underwent surgery, three were
found to have malignant strictures due to cholangiocarci-
noma. Two of these three patients were considered to
have resectable tumor during surgery; however RO resec-
tion was achieved in neither of these patients. Two of
four patients confirmed to have a benign stricture by
surgery had inflammatory pseudo-tumors, one had pri-
mary sclerosing cholangitis and the etiology was unclear
in the fourth patient. Nine patients diagnosed to have a
benign stricture by EUS-FNA, did not undergo surgery
either because of co-morbid conditions or because they
chose not to have surgery. Three of these patients were
later diagnosed to have a malignant biliary stricture and
died of cancer. The remaining six patients continue to do
well 12 to 26 months after EUS-FNA. The probable
etiology of the benign stricture in these patients was:
primary sclerosing cholangitis in two patients based on
suggestive changes in the intrahepatic biliary tree and the
etiology was unclear in the remaining four patients.

Copyright © 2012 SciRes.

There were six false negative diagnoses: three patients
had cancer detected by surgery, and three patients had
disease progression with metastasis. All the six patients
died of cancer. Cytologic diagnoses based on FNA speci-
mens from the bile duct stricture of these patients in-
cluded “suspicious for adenocarcinoma” (n = 1), “atypi-
cal” (n = 3) and “benign ductal cells” (n = 2). There were
no false positive diagnoses amongst study patients. Per-
formance characteristics of EUS-FNA for diagnosing
malignancy in the proximal biliary stricture in the study
patients are summarized in Table 2.

4. DISCUSSION

It is helpful to be able to determine the presence or

Table 2. Performance characteristics of EUS-FNA for malig-
nancy.

N =28
True Positive 12
True negative 10
False negative 6
Sensitivity (95% CI) 12/18 66.6%
(41.1, 85.6)
Specificity 10/10 100%
(65.5, 100)
Negative predictive value 10/16 62.5%
(35.8,83.7)
Positive predictive value 12/12 100%
(69.8, 100)
Accuracy 22/28 78.6%
(63.3,93.7)
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absence of malignancy in biliary strictures to indivi-
dualize and optimize further management of these pa-
tients. This is now becoming even more important due to
the availability of alternative treatment options for these
patients [8-14]. However identification of malignant
biliary strictures is not always easy and largely depends
on brush cytology of the stricture. Biliary brush cytology
is notoriously unreliable for the diagnosis of malignancy,
though its sensitivity is slightly better for diagnosing
cholangiocarcinoma than for pancreatic adenocarcinoma
[15]. Efforts to improve the pre-operative identification
of malignancy in biliary strictures using better sampling
methods [16-19] or using novel markers [20-24] have
resulted in only a modest improvement in the diagnostic
yield. There is, therefore, a need for new diagnostic
methods to increase the proportion of patients in whom a
reliable pre-operative diagnosis of cancer can be achieved.

In the past decade, use of EUS-FNA has significantly
improved the pre-operative determination of malignancy
in patients with a distal biliary stricture with reported
sensitivity of 73% - 90% [25-31] for the diagnosis of
pancreatic cancer, which accounts for the vast majority
of malignant distal biliary strictures. However, EUS-FNA
is still not widely used in patients with PBS. There is a
need for more data on the sensitivity and accuracy of
EUS-FNA for identifying malignancy in PBS, as the
currently available data is limited by the relatively small
number of published studies and the small aggregate
number of patients in these studies [1-5]. This is probably
because PBS are less common than distal biliary stric-
tures, and the sensitivity of brush cytology is higher for
diagnosing cholangiocarcinoma. In addition, we believe
that only a fraction of eligible patients with indeterminate
proximal biliary stricture are referred for EUS-FNA for
tissue diagnosis due to a lack of awareness about its
potential use for this indication amongst the referring
physicians, and probably also because it is technically
more challenging [32,33] and is not routinely performed
in several centers. The number of patients in the present
study is also modest, even though ours is a high volume
center for endoscopic ultrasound and these patients were
accrued over a period of about seven years. The number
of patients is however comparable to those from another
reputed large volume center in the Unites States over a
similar period of time [1].

Patients with PBS are usually taken for exploratory
surgery, when the brush cytology of the stricture is nega-
tive for malignancy or is non-diagnostic. Some authors
have argued that all patients with PBS be taken for
surgery because 90% of these strictures are malignant
and with currently available tests, it is not possible to
reliably exclude malignancy [34]. However this study
comprised patients from a major stand alone cancer
center and probably had a recruitment bias based on
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referral patterns unique to such a center. In our cohort
from university based practice, only 18 of 28 patients
(64%, 95% CI—46.5, 82.0) had malignant strictures.
Moreover potentially curative resection is possible only
in a small number of patients with cholangiocarcinoma.
Exploratory surgery can potentially be avoided in patients
with unresectable tumor based on radiologic imaging by
availability of a pre-operative diagnosis of malignancy.
EUS-FNA, by providing tissue diagnosis, may obviate
the need for surgery in a significant proportion of these
patients. EUS-FNA may also help identify and sample
the enlarged periportal and celiac lymph nodes that might
determine resectability and help in treatment planning.

Management of patients with ObJ and PBS is often a
challenge for fear of missing an opportunity to treat a
potentially resectable neoplasm. Figure 2 summarizes
our recommended approach to diagnosis and management
of proximal biliary strictures brush cytology, EUS-FNA
and Intraductal ultrasound (IDUS). The yield of brush
cytology and EUS-FNA can potentially also be increased
by testing the tissue samples by novel methods including
flourescent in situ hybridization (FISH) and digital image
analysis (DIA). If a diagnosis of malignancy still cannot
be achieved by the above-mentioned methods, IDUS
may be helpful. We have earlier reported that the bile
duct wall thickness at stricture site < 7 mm strongly
suggests a benign biliary stricture whereas wall thickness
> 8 mm was strongly associated with malignant strictures
[35]. Similar observations were made in two earlier
published studies [36,37]. After biliary brush cytology
and EUS-FNA have failed to identify malignancy in
proximal biliary strictures, patients with bile duct wall
thickness > 8 mm may be taken for exploratory surgery
because of higher likelihood of malignancy. On the other
hand, patients with bile duct wall thickness < 8 mm may
be managed conservatively with repeat imaging and
sampling in 6 - 12 weeks and endoscopic management of
these strictures.

In this study, we excluded patients with strictures
confined to the intrahepatic ducts. This is because in our
experience it is often difficult to identify cholangiocarci-
noma within the liver with EUS as it can be isodense
with the liver parenchyma. Our bias is that EUS-FNA is
probably not as useful for evaluation of a stricture
confined to intrahepatic ducts as it is for extrahepatic
biliary strictures. Secondly, we included only those
patients who had ObJ at initial presentation because only
in this group, routine surgical exploration is recom-
mended in absence of tissue diagnosis due to a very high
likelihood of malignancy. Even though PBS in patients
without ObJ can have a malignant etiology [1], the
likelihood of malignancy is much less than in patients
with ObJ and routine surgical exploration is currently not
recommended in these patients. Similarly, we also ex-

OPEN ACCESS



N. B. Krishna et al. / Open Journal of Gastroenterology 2 (2012) 33-39 37

‘ Proximal Biliary stricture ‘

| ERCP brush cytology |

| Benign/Non-diagnostic |

EUS-FNA

)

| Benign/Non-diagnostic |

| Intraductal Ultrasound |

|

)

Bileductwall thickness
> 8 mm

Bileductwall thickness
<8 mm

l

Surgical exploration

l

Follow-up and repeat sampling
in 6 - 12 weeks

Figure 2. Suggested algorithm for endoscopic evaluation of patients with obstructive

jaundice and a proximal biliary stricture.

cluded patients with history of liver transplantation
because the vast majority of biliary strictures in these
patients are benign. In some centers orthotopic liver
transplantation is performed for potentially resectable
cholangiocarcinoma and EUS-FNA of the stricture is
considered a contraindication in these patients for fear
for local tumor spread. However, only a very small
fraction of extrahepatic cholangiocarcinomas are poten-
tially resectable. In our cohort, only 6 of 18 patients with
cholangiocarcinoma finally underwent surgical resection
and only 1 patient had RO resection. It might therefore be
reasonable to perform cross-sectional imaging to deter-
mine resectability of suspected tumor prior to performing
EUS-FNA. If there is sufficient adjunctive clinical data
to support a diagnosis of cholangiocarcinoma and the
patient is a candidate for potentially curative surgery,
then EUS should be performed only to look for malignant
lymphadenopathy that would preclude liver transplanta-
tion. If however there is radiologic evidence of unresec-
tability or the patient is not a good surgical candidate,
EUS-FNA for tissue diagnosis is probably a reasonable
alternative to exploratory surgery.

The present study has limitations inherent to its retro-
spective design and our findings are therefore not defini-
tive. However the study is based on data from our pros-
pective database and final diagnosis was available in 28
of 30 patients who met the inclusion criteria for this
study. In addition, the number of patients is small like
other previously published studies for reasons mentioned
earlier. Another potential limitation is that all the patients
in this study had a biliary stent in place at the time of

Copyright © 2012 SciRes.

EUS examination. Presence of a biliary stent can poten-
tially help in identifying the biliary stricture as the bile
duct is followed towards the hilum of liver with the
echoendoscope. However, presence of biliary stent also
induces inflammation which can cause cellular atypia
mimicking well differentiated adenocarcinoma. This makes
cytologic interpretation of EUS-FNA specimens difficult
and can potentially lower the sensitivity of EUS-FNA.
Despite these limitations, our data adds to the earlier
published data and supports the potential use of EUS-
FNA in the diagnostic evaluation of PBS.

To conclude, we found that in patients with ObJ who
are found to have a PBS on ERCP with non-diagnostic
brush cytology of the stricture can provide tissue diagno-
sis in 66.6% (95% CI 41.8, 88.4) of patients. EUS-FNA
may have a role in selected patients with indeterminate
PBS to minimize the need for exploratory surgery.

5. HIGHLIGHTS
5.1. What Is Current Knowledge?

The vast majority of proximal biliary strictures in patients
with obstructive jaundice are malignant.

Pre-operative diagnostic testing to determine etiology
is of limited value when biliary brush cytology is non-
diagnostic.

5.2. What Is New Here?

The prevalence of malignancy in above-defined patients
is probably much lower than reported earlier.
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EUS-FNA can provide tissue diagnosis in significant
proportion of these patients and avoid exploratory sur-
gery for diagnosis.
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