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Abstract
Endoscopic ultrasound (EUS) provides detailed, high-resolu-
tion images of the pancreas. However, whether a lesion is
malignant or benign cannot be diagnosed solely from its im-
aging features on EUS. The introduction of EUS-guided fine
needle aspiration (EUS-FNA) offers the possibility to obtain
a cytological or histological diagnosis of pancreatic lesions
with a high sensitivity and specificity. Although the clinical
utility of EUS-FNA for pancreatic diseases is widely accepted,
the indication for preoperative tissue diagnosis of pancre-
atic lesions suspected to be malignant is still controversial.
This review highlights the diagnostic potential of EUS-FNA,
as well as its current indications and contraindications, com-
plications, and techniques.

Copyright © 2011 S. Karger AG, Basel and IAP

Introduction

A variety of imaging modalities, such as ultrasonogra-
phy (US), computed tomography (CT), magnetic reso-
nance imaging (MRI), and endoscopic ultrasonography
(EUS), have been developed to assess pancreatic lesions
and have remarkably improved visualization of small le-
sions. Although these modalities allow the detection of
small pancreatic lesions <2 cm, differentiation between
benign and malignant lesions remains difficult based on
their morphological appearance alone. Thus, a tissue sam-
pling method that is accurate, safe, and easy is required.

There are several tissue sampling methods for pan-
creatic lesions, such as (1) a core or wedge biopsy [1], (2)
fine needle aspiration (FNA) [2], and (3) collection of
pancreatic juice by direct suction, washing, or brushing
during endoscopic retrograde cholangiopancreatogra-
phy (ERCP) [1, 3, 4]. Among these sampling methods,
FNA of the pancreas under US, CT, or EUS guidance has
become established as the most reliable and safe proce-
dure. The ability of EUS to guide a biopsy needle into le-
sions that are too small to be identified by CT or US, or
too closely related to surrounding vascular structures to
allow a percutaneous biopsy, secures its role in a variety
of clinical settings [5]. In the following, we describe EUS-
guided FNA (EUS-FNA) for pancreatic disorders.
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Indications

A fundamental principle of EUS-FNA is that the in-
formation obtained should have the potential to affect
patient management [6]. In addition, the indications for
EUS-FNA should be guided by its diagnostic accuracy,
cost effectiveness, and patient comfort and safety [7].
EUS-FNA is indicated for the cytopathological diagnosis
of lesions of the gastrointestinal tract (and adjacent tis-
sue) and of the lymph nodes in its vicinity, when these
lesions cannot be sampled by less invasive methods, or if
other sampling methods have failed.

Contraindication

EUS-FNA is contraindicated in all conditions in which
the risks of the procedure outweigh the expected benefits
of the diagnostic information obtained. These situations
would include all conditions where the FNA result would
not affect patient management, when the lesion cannot be
clearly visualized or a tumor mass or vessel is interposed
between the needle-to-target path, in the presence of
bleeding diathesis, and in the presence of the risk of tu-
mor seeding [6-8].

Complications

EUS-ENA of the pancreas is considered a safe tech-
nique, with major complications observed in 1-2.5% of
patients, and minor self-limiting complications occur-
ring in up to 6% [9, 10]. The most common complications
are bleeding and acute pancreatitis. Bleeding is usually
self-limited and seldom requires transfusion. Although
in most cases acute pancreatitis is mild, it may delay sur-
gery and render a formerly resectable tumor unresectable
[11]. Possible risk factors for acute pancreatitis are cystic
lesions and benign pancreatic diseases [11, 12].

Another serious complication of EUS-FNA is tumor
seeding. Four recent case reports have raised concerns
that this risk may have been underestimated so far. In 3
of the cases, gastrointestinal wall implantation occurred
as a consequence of EUS-FNA of malignant perigastric
and mediastinal lymph node metastases [13, 14], and of
a small pancreatic tail cancer [15]. The potential risk of
peritoneal carcinomatosis due to transgastric sampling
of pancreatic malignancies was highlighted by a case of
peritoneal dissemination of an intraductal papillary
mucinous neoplasm following EUS-FNA [16]. However,
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in comparison with percutaneous biopsy guided by US
or CT, the risk of tumor seeding with EUS-FNA is re-
ported to be very low (16.3 vs. 2.2%, respectively) [17].
This may be explained by the close proximity of the en-
doscope to the pancreatic lesion, without traversing sev-
eral layers of other tissue structures, as in the percutane-
ous approach.

Thus, EUS-FNA of the pancreas should be carefully
performed with special regard to complications peculiar
to a pancreatic biopsy, such as acute pancreatitis and tu-
mor seeding.

Needle Size and Needle Type

Several needles are available for performing EUS-
FNA, each of which uses a spiral-wire-protected catheter
assembly with an attached handle mechanism that se-
cures to the luer lock adaptor on the US endoscope. Nee-
dles range from 19 to 25 gauges with a depth of penetra-
tion of up to 10 cm [18, 19]. The 19-gauge needle is quite
stiff and can be difficult to manipulate in the duodenum
with a sharply curved endoscope [18].

EUS-guided Trucut needle biopsy (TCB) overcomes
some of the shortcomings of EUS-FNA by acquiring larg-
er tissue samples while preserving tissue architecture [20].
TCB may be most useful in patients with autoimmune
pancreatitis (AIP) [21]. An advantage of EUS-TCB for cys-
tic pancreatic lesions has been described. However, wheth-
er TCB from the cyst wall could additionally help to guide
clinical management requires further investigation [22].

On-Site Cytology

It has been recommended that a cytopathologist
should be available on site to provide an immediate inter-
pretation of the cytological specimen (fig. 1a). Although
controlled studies are still lacking, immediate interpreta-
tion increases the sensitivity of the biopsy by 10-15%,
shortens the procedure time, and minimizes the number
of attempts required to obtain a representative diagnostic
specimen [23, 24].

Training
The skills and experience of the EUS examiner as well

as of the cytopathologist play a key role for the diagnostic
yield of EUS-FNA. Acquiring the necessary skills for per-
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Fig. 1. Moderately differentiated tubular adenocarinima. a Diff-Quik stain (X400). b Papanicolaou stain (X400). ¢ HE (X200).

forming EUS-FNA depends upon the fundamental un-
derstanding of normal and abnormal EUS anatomy to
avoid inadvertent sampling of structures that should not
be biopsied. Training should begin with relatively easily
accessible lesions, such as paraesophageal or perigastric
lymph nodes, followed by more difficult lesions, such as
those arising from the pancreas.

EUS-FNA for Pancreatic Disease

Based on the high diagnostic accuracy, low complica-
tion rates, and a lack of other effective and less invasive
alternatives, EUS-FNA is one of the best approaches to
obtain a pathological diagnosis of pancreatic lesions.
EUS-FNA has several advantages over CT- or US-guided
biopsies [25]: (1) the ability to sample smaller lesions, (2)
the ability to biopsy the lesion through a segment of the
intestinal wall, which typically becomes part of the resec-
tion specimen, thereby minimizing the risk of needle
tract seeding, and (3) the ability to provide additional in-
formation about disease staging. EUS-FNA can also tar-
get peripancreatic lymph nodes. This approach is useful
for making a tissue diagnosis, determining nodal stage
and obtaining a diagnosis when alternate biopsy results
of the tumor are inconclusive.

Diagnostic Yield of EUS-FNA for Pancreatic
Carcinoma

EUS-FNA has a sensitivity of approximately 75-90%
and a specificity of virtually 100% for solid pancreatic
mass lesions [26]. Although molecular analysis should
not be considered as a routine component of the diagnos-
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tic evaluation for pancreatic masses, the addition of mo-
lecular genetic analysis (e.g. assay for k-ras gene muta-
tions) to cytological or histological examination may
improve sensitivity, especially in patients with small pri-
mary tumors [27]. On the other hand, one recent study of
230 patients with EUS-FNA positive or suspicious for
pancreatic carcinoma undergoing surgery in the absence
of neoadjuvant therapy identified 6 false-positive cases
(4%) [28]. Therefore, the possibility of false-positive re-
sults of EUS-FNA should always be considered.

Role of EUS-FNA in Various Pancreatic Pathologies

Pancreatic Adenocarcinoma

EUS-FNA of a suspected pancreatic malignancy is in-
dicated for treatment planning if there is systemic spread
of disease, local evidence of unresectability, if the patient
is unfit for surgery, or if neoadjuvant treatment is being
contemplated. In the NCCN (National Comprehensive
Cancer Network) guidelines for pancreatic adenocarci-
noma [29], it is strongly recommended that all patients
with unresectable pancreatic cancer should have cancer
confirmation before non-surgical treatment is initiated
(tig. 1la-c).

However, whether a preoperative diagnostic biopsy is
needed in a fit patient with a potentially resectable pan-
creatic lesion suspicious for malignancy is controversial.
While a positive biopsy can confirm the suspected diag-
nosis, a benign sample does not exclude the presence of
malignancy. In one systematic review of 53 studies ad-
dressing this issue, the negative predictive value of EUS-
FNA was only 60-70% [26]. In addition, the risk of tumor
seeding caused by EUS-FNA is strongly stressed in the
dissenting opinions against this indication. However, tu-
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mor seeding was found in only 1 of 10,766 cases, based
on a worldwide experience with percutaneous imaging-
guided FNA [30]. The risk of tumor seeding with EUS-
FNA of the pancreas is smaller than with the percutane-
ous approach [17]. Moreover, establishing a histological
diagnosis may influence the treatment and operative pro-
cedure even when surgery is planned. Some patients, es-
pecially those at high surgical risk, as well as many sur-
geons would like to know the histological diagnosis be-
fore a major surgery.

In cases with suspected resectable pancreatic adeno-
carcinoma [31], EUS-FNA is currently indicated (1) to
rule out other types of pancreatic malignancies that can
mimic adenocarcinomas (e.g. lymphomas, small cell car-
cinomas, metastatic diseases, and neuroendocrine tu-
mors), as well as non-malignant diseases such as AIP or
chronic pancreatitis, (2) to assist in surgical planning (e.g.
a more limited resection may be possible in patients with
neuroendocrine tumors), and (3) to confirm the diagno-
sis in patients who want tissue verification prior to sur-

gery.

Neuroendocrine Tumors

Generally, neuroendocrine tumors of the pancreas are
characterized by a better prognosis and later symptom-
atic dissemination than ductal adenocarcinomas. As sur-
gical resection is the only curative treatment, precise pre-
operative localization of the tumor is important. In con-
trast to CT or MRI, EUS is able to detect small lesions <10
mm suitable for a limited resection (fig. 2). EUS-FNA can
provide pathological information with additional immu-
nohistochemical staining [32, 33] (fig. 3). However, the
preoperative distinction between a benign and malignant
tumor is still challenging.

Pancreatic Cystic Lesions

Pancreatic cystic lesions may be inflammatory or neo-
plastic (benign, premalignant, or malignant). Among
them, the diagnosis of intraductal papillary mucinous
neoplasms and mucinous cystic neoplasms is especially
important, because of their malignant or premalignant
nature. These tumors have been traditionally diagnosed
by a combination of CT, MRI, EUS, and ERCP [34]. Re-
cently, estimation of tumor markers such as CEA levels
in cyst fluid have been reported to be useful for differen-
tiating a malignant/potentially malignant cystic tumor
from a benign cystic tumor [35]. According to the Inter-
national Consensus Guidelines [36], it is not enough only
to make a differential diagnosis between mucinous and
non-mucinous neoplastic cysts, it is also necessary to
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Fig. 2. Small neuroendocrine tumor of the pancreas. a EUS re-
vealed a small low-echoic tumor (arrows, diameter: 6 mm) at the
pancreatic head. b EUS displaying a fine needle (arrow heads)
puncturing a tumor (arrows).

make a diagnosis of the degree of malignancy for treat-
ment management. Complications such as bleeding, pan-
creatitis, and infection after EUS-FNA are more fre-
quently encountered in cystic than solid pancreatic le-
sions [12, 26]. Furthermore, tumor seeding after FNA
may occur more frequently in mucinous cystic lesions,
especially those located in the body or tail of the pancre-
as, than after FNA of solid lesions [8, 12, 26]. A case report
of tumor dissemination in a patient with an intraductal
papillary mucinous neoplasm after EUS-FNA supports
this apprehension [16]. Further studies are required to
confirm the usefulness of cyst fluid analysis for the diag-
nosis of pancreatic cystic tumors versus the risk of tumor
seeding by EUS-FNA.

Autoimmune Pancreatitis

Based on cross-sectional imaging, AIP is often misdi-
agnosed as pancreatic carcinoma, with patients then be-
ing referred for surgical exploration [37, 38]. As non-sur-
gical treatment with corticosteroids is effective, surgery
should be avoided [39]. In recent studies, the diagnostic
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Fig. 3. Histology of a neuroendocrine tumor of the pancreas. a HE. b Chromogranin A. ¢ Synaptophysin.

Fig. 4. Histopathology of AIP. Bar: 50 wm. a Consistent with lym-
phoplasmacytic sclerosing pancreatitis with storiform fibro-
sis, lymphoplasmacytic infiltration and obliterative phlebitis.
b Numerous plasma cells show positive immunoreactivity for
IgG4.
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criteria for AIP [40-42] and the diagnostic utility of se-
rum IgG4 levels have been established [43]. However, dif-
ferentiating between AIP and pancreatic carcinoma is still
challenging. Although EUS-FNA is the best modality to
distinguish AIP from pancreatic carcinoma because of its
high diagnostic accuracy for the latter condition, it is in-
sufficient to diagnose AIP due to the small sample volume
and absence of tissue architecture. EUS-TCB provides a
core of pancreatic tissue, which can be diagnostic of AIP
[20, 21] (fig. 4). Further studies are required to confirm the
utility of EUS-TCB in the diagnosis of AIP.

Conclusion

EUS-FNA is minimally invasive and effective for sam-
pling of malignant and benign lesions of the pancreas.
The procedure has been well accepted worldwide and is
being increasingly utilized. However, some of the issues
related to the indications for EUS-FNA remain contro-
versial and will have to be resolved in the near future.
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