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Abstract
Since its initial report in 1992, endoscopic ultrasound-
guided fine needle aspiration (EUS-FNA) has now been 
incorporated into the diagnostic and staging algorithm 
for the evaluation of benign and malignant diseases of 
the gastrointestinal tract and of adjacent organs. Its 
introduction constitutes a major breakthrough in the 
endoscopic field and has gradually transformed EUS 
from a pure imaging modality into a more intervention-
al procedure. In addition, the possibility of collecting 
samples, providing a definitive cytological and/or his-
tological evidence of the presence of malignancy, has 
strongly contributed to changing EUS from a subjective, 
highly operator dependant procedure into a more ob-
jective one. This article will review the instrumentation, 
technique and the most important clinical applications 
of EUS-FNA.
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INTRODUCTION
Since its initial report by Henriksen et al[1], endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA) has 
now been incorporated into the diagnostic and staging 
algorithm for the evaluation of  benign and malignant dis-
eases of  the gastrointestinal (GI) tract and of  adjacent or-
gans[2]. Its introduction constitutes a major breakthrough 
in the endoscopic field and has gradually transformed 
EUS from a pure imaging modality into a more interven-
tional and lately therapeutic procedure. In addition, the 
possibility of  collecting samples, providing a definitive 
cytological and/or histological evidence of  the presence 
of  malignancy, has strongly contributed to changing EUS 
from a subjective, highly operator dependant procedure 
into a more objective one. 

In this article, we have done a critical appraisal of  
recent published literature and reviewed the instrumenta-
tion, technique and the most important clinical applica-
tions of  EUS-FNA. The role of  EUS in diagnosis and 
staging of  esophageal, gastric, rectal cancers, subepithelial 
tumors, pancreatobiliary cancers, mediastinal cancers, 
lung and miscellaneous tumors has been dealt with. De-
spite the availability of  advanced cross sectional imaging 
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like computed tomography (CT) and magnetic resonance 
imaging, EUS is still the gold standard for diagnosis and 
staging of  various gastrointestinal cancers in particular of  
the pancreas, due to its high sensitivity and specificity and 
safe technique of  acquiring tissue. We have not covered 
topics like general role of  EUS in diagnosis of  pancrea-
tobiliary stone disease, chronic pancreatitis, autoimmune 
pancreatitis or in screening patients with a family history. 
We have also not dealt with the most challenging and 
exciting therapeutic aspect of  EUS in stone disease, pseu-
docysts, celiac blocks and fine needle injection of  tumors. 
We have tried to focus on the issues that have strongest 
evidence currently and also just mention the controversial 
topics like use of  EUS post neoadjuvant chemotherapy.

EQUIPMENT AND ACCESSORIES
Curvilinear echoendoscopes
EUS-FNA is performed using curvilinear array echoen-
doscopes (CLA-EUS) that are produced by three leading 
manufacturers: Olympus (Olympus Medical Systems 
Inc., Tokyo, Japan), Pentax (Pentax,  Tokyo, Japan) and 
Fujinon (Fujifilm Corp., Tokyo, Japan). CLA-EUS pro-
vide a plane of  imaging parallel to the long axis of  the 
endoscope, with the transducer placed on the tip of  the 
echoendoscope and directed to provide ultrasound im-
ages along one aspect of  the instrument. These features 
allow for tracing the needle from its exit from the tip of  
the echoendoscope to its entrance into the target lesion 
under real-time ultrasound guidance. The working chan-
nel must be at least 2.8 mm to accept the FNA needle 
and presents at its end located on the side of  the scope 
an elevator that is able to make changes in the exit angle 
of  the FNA needle to facilitate the targeting process. 
Curvilinear echoendoscopes with a larger working chan-
nel diameter (from 3.7 to 4.2 mm) to allow for the pas-
sage of  larger devices, such as stent, are available and are 
used for interventions that are beyond the present discus-
sion. Recently, a forward viewing EUS scope has become 
available, with the working channel placed on the tip of  
the scope that allows for accessories to exit with the axis 
parallel to the longitudinal axis of  the scope[3,4]. As com-
pared to the oblique view, the perpendicular approach 
would theoretically facilitate access, optimize precision, 
and maximize transfer of  force to the target site. 

FNA Needles
Needles for EUS-FNA are currently available in 3 sizes 
(19, 22 and 25 gauge) (Table 1). All the needles have a 
removable stylet and the more recently developed are 
equipped with an adjustable length sleeve or sheath to 
fit precisely to the length of  the working channel of  
the EUS scope, which varies between the three differ-
ent brands. The stylet could have either a sharp tip or a 
smooth one, the latter requiring the stylet to be pulled 
back few millimeters before performing the FNA. Finer 
needles are used to gather cytological specimens, while 
larger needle can be utilized when acquisition of  a tis-

sue specimen for histological examination can be more 
useful to reach the definitive diagnosis. For this purpose, 
specifically designed biopsy needles have been developed 
(Quick-core biopsy needle and ProCore needle, Cook 
Medical Inc., Bloomington, IN). 

EUS-FNA TECHNIQUE 
When available, EUS-FNA should be done under deep 
sedation with the assistance of  an anesthesiologist. The 
FNA technique includes several phases: (1) Targeting 
of  the lesion: The best position to perform EUS-FNA 
is with the target lesion in the center of  the US image, 
adjacent to the transducer. Minimization of  the distance 
between the target lesion and the tip of  the EUS scope 
is made by using the up-down wheel of  the scope. Color 
Doppler imaging should be then used to exclude the 
presence of  interposing vessels; (2) Preparation of  the 
needle: The needle-catheter assembly is passed through 
the working channel of  the echoendoscope until the 
system handle locks in at the end of  the biopsy channel. 
When necessary, the sheath is put forward in the working 
channel until its tip becomes visible on the ultrasound 
screen. The needle stop on the system handle is then un-
locked to be ready to perform FNA; (3) Puncturing: Be-
fore advancing the needle, for some of  the commercially 
available 19- and 25- gauge needles the stylet needs to be 
pulled out. When targeting lymph nodes important for 
staging of  esophageal, gastric, and rectal cancers, atten-
tion should also be paid not to pass through an affected 
area of  the wall of  the GI tract under evaluation to avoid 
false positive results. The needle is then advanced under 
real-time EUS guidance into the middle part of  the tar-
get lesion by using a quick, strong thrust of  the handle. 
If  the stylet has been pulled out as described above, it 
is necessary to push it all the way back to remove debris 
eventually collected. The stylet is then completely with-
drawn and a 10-20 mL syringe attached to the end of  the 
needle device; (4) Sample collection: Once inside the le-
sion, after applying negative pressure suction by opening 
the lock device of  the syringe, the needle is moved back 
and forth 10 to 20 times under EUS guidance. The suc-
tion syringe is then released, the needle withdrawn into 
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Table 1  Endoscopic ultrasound-guided fine needle aspiration 
needles

Manufacturer, model Needle diameter (gauge) Intended sample

Cook
   Echo-tip ultra 25, 22, 19G1 Aspirated cells
   Quick-core 19G Core biopsy
   Procore 22, 19G Core biopsy
Mediglobe
   Sonotip Ⅱ 25, 22, 19G Aspirated cells
Olympus2

   Power-shot3 22G Aspirated cells
   EZ-shot 22G Aspirated cells

119G needle have been used to acquire core biopsy samples; 2Compatible 
only with Olympus scopes; 3Reusable. G: Gauge.



the catheter, and the whole system removed from the 
echoendoscope; and (5) Specimen handling: The mate-
rial in the FNA needle is obtained by pushing air from a 
syringe and it is placed on pre-labeled glass slides or into 
a container with CytolitTM (Hologic-Cytyc Co, Marlbor-
ough, United States) to perform liquid-based cytology or 
a container with formalin for histological analysis or cell-
block preparation. The use of  one or the other technique 
varies from center to center. 

The choice of  the needle to be used depends on the 
type and site of  the lesion to be sampled, whether the 
lesion is solid or cystic, and whether the access to the le-
sion can be difficult because of  the angle or bend of  the 
needle required to reach the target. Studies comparing 
22- and 25-gauge needles have mainly been performed 
in patients with pancreatic masses with controversial re-
sults[5-8]. Most of  these studies, however, were based on 
a small sample size, while the only one with a prospec-
tive, randomized design on a large patient population has 
found no significant difference between the two needles 
with respect to cellular yield and ability to obtain a diag-
nosis[7].

The use of  the tru cut biopsy needle (TCB) may over-
come some of  the limitations of  EUS-FNA permitting 
histological analysis and performance of  immunostain-
ing[9]. Studies with this device conducted on different 
patient populations have reported a diagnostic accuracy 
ranging from 61% to 84%[10-17]. No clear advantages of  
EUS-TCB over EUS-FNA have been demonstrated, even 
in patients with possible lymphomas and GI subepithelial 
tumors that have been considered a class IIa indication 
for the use of  EUS-TCB[9], without definitive evidence of  
superiority[10,15,16,18-22]. Overall, EUS TCB may be useful as 
adjunctive technique used in tandem or as a rescue proce-
dure after negative FNA. A new needle (ProCore needle, 
Cook Medical Inc., Bloomington, IN) to acquire histo-
logical samples has recently become available. Results 
from the first feasibility multicentric study have shown a 
very promising diagnostic accuracy with only one single 
needle pass performed. 

Alternatively to EUS-TCB and the ProCore needle, 
a standard 19-gauge needle can be used to acquire tis-
sue samples for histological examination as described 
by Yasuda et al[23], who investigated this technique in 
104 patients with mediastinal and/or intra-abdominal 
lymphadenopathy of  unknown origin. They found an 
overall diagnostic accuracy of  98% with an 88% chance 
of  correct subtyping of  lymphomas based on the World 
Health Organization classification. In a more recent 
study including patients in whom histology was deemed 
to be more appropriate than cytology to reach a definitive 
diagnosis, Larghi et al[24], reported a diagnostic accuracy 
of  93.2% by using a modification of  the technique first 
described by Yasuda et al[23]. The technique was referred 
to as EUS-guided fine needle tissue acquisition (EUS-
FNTA) to distinguish it from EUS-FNA.

The usefulness of  suctioning while doing needle pass-
es has been evaluated by Wallace et al[25] during EUS-FNA 

of  lymph nodes and by Puri et al[26], during EUS-FNA 
of  solid masses. In lymph nodes the use of  suction was 
associated with an increase in the cellularity of  the speci-
men with, however, worse quality because of  excessive 
bloodiness, without improvement in the likelihood of  
obtaining a correct diagnosis[25]. On the contrary in solid 
masses, suction yielded a significantly higher sensitivity 
and negative predictive values despite the proportion of  
target cells was relatively similar between the suction and 
non-suction sampling techniques[26]. 

Traditionally, the stylet is reinserted into the needle 
before each pass to prevent sample contamination while 
traversing the digestive wall. Recent studies, however, 
have found no differences in sample quality, contamina-
tion rate, and in sensitivity for cancer detection regardless 
of  whether the stylet was reinserted or not[27,28].

Higher accuracy rates are achieved with on-site cyto-
pathology examination to assess specimen adequacy that, 
however, is not available in all centers and may increase 
the cost of  the procedure[29,30]. In case the procedure is 
performed without the assistance of  on-site cytopathol-
ogy examination, the minimum number of  needle passes 
that are recommended to achieve a good diagnostic ac-
curacy are 5 to 7 for pancreatic solid masses and 3 for 
lymph nodes, liver and miscellaneous lesions[25,31-33]. 

CLINICAL APPLICATION OF EUS-FNA
The potential clinical role of  EUS-FNA is evolving with 
various medical advances in oncology and molecular ge-
netics. These help us not only in staging of  tumors but 
also in the treatment and prognostication of  the same, 
taking us to newer frontiers. 

The foremost indications of  EUS-FNA are in taking 
biopsies from N1/M1 nodes in esophageal malignancy, 
mediastinal lymphnodes (suspected lung tumor N2/3) 
and masses, pancreatic tumor, pancreatic cyst assessment, 
perirectal and retroperitoneal nodes/masses, left adrenal, 
left lobe of  the liver and subepithelial lesions, just to 
elaborate a few instances[1,2]. The main ones are discussed 
at length in this review.

EUS-FNA is not done in situations when it is unlikely 
to alter the management of  a cancer. In addition to the 
usual contraindications for any endoscopic procedure in-
cluding severe bleeding diathesis and thrombocytopenia, 
EUS-FNA is not advocated when good views of  the le-
sion are not obtained or when there is a blood vessel or 
tumor on the way to the target and or high risk of  tumor 
seeding[1,2,9]. The various pitfalls of  EUS-FNA include un-
derdiagnosis of  pancreatic malignancy in a background of  
chronic pancreatitis or in cystic lesions, misinterpretation 
of  bowel wall smooth muscle cells as gastrointestinal stro-
mal tumor (GIST) and overinterpretation of  metastasis in 
contamination by normal gastrointestinal epithelium. 

Overall complication rate of  EUS-FNA is 0.5% to 
3%[2,4]. Most of  these can be avoided and rectified by 
careful sampling by the endoscopist with an on-site cy-
topathologist if  available and immunocytochemistry in 
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addition to close clinical correlation and follow up. 

Esophageal cancer staging
In esophageal cancer, once distant metastases to other or-
gans have been ruled out by CT and/or FDG-pancreatic 
neuroendocrine tumor (PET), the choice between im-
mediate surgery, neoadjuvant therapy followed by surgery 
or palliative treatment is mainly based on loco-regional 
staging. EUS-FNA may affect patient management by 
providing cytopathological confirmation of  metastasis 
to regional and non-regional lymph nodes (mostly celiac) 
or to distant sites (Figure 1). The adjunct of  EUS-FNA 
significantly improves EUS accuracy for lymph nodes 
staging as reported by a landmark study from the Mayo 
Clinic, in which a total of  125 patients with esophageal 
carcinoma were evaluated[34]. EUS-FNA proved to be 
more accurate than CT (87% vs 51%, P < 0.001) or EUS 
alone (87% vs 74%, P = 0.012) and to be able to signifi-
cantly modify tumor stage determined by helical CT in 
38% of  patients (mostly towards a worse stage)[34]. This 
more accurate staging resulted in an increased rate of  
neoadjuvant treatments rather than direct surgery. This 
study, however, did not directly assess the impact of  
EUS-FNA on the overall patient management. The same 
group has subsequently proposed the possibility that the 
addition of  more criteria to the standard four criteria to 
define malignant lymph nodes by EUS could result in a 
more selective use of  FNA[35]. In particular, the use of  six 
criteria permitted to avoid EUS-FNA in 42% of  evalu-
ated patients, a result that needs further confirmation 
before becoming standard practice. 

Other studies have evaluated the clinical impact of  
EUS-FNA on patient management. EUS-FNA dem-
onstration of  distant lymph node metastases have been 
found to change the management strategy in 7% and 
12% in one prospective and one retrospective study that 
involved an overall of  307 patients[36,37]. Moreover, small 
hepatic metastases and small metastatic pleural fluid col-
lections undetected at previously performed CT have 
been discovered by EUS-FNA in 3% to 5% of  patients 
with esophageal cancer[36,38]. Importantly, EUS-FNA can 

also be used to select the surgical approach to be used 
in patients with a resectable distal esophageal carcinoma 
and mediastinal LN visualized on EUS. EUS-FNA dem-
onstration of  positive mediastinal lymph nodes changed 
the management in 23% of  the evaluated patients who 
underwent transthoracic esophagectomy, while those 
without proven involvement of  the mediastinum under-
went transhiatal resection that offers limited capability of  
lymph nodes removal[39]. 

The role of  EUS-FNA after neoadjuvant chemoradio-
therapy appears more limited in view of  the significantly 
lower accuracy than that of  integrated FDG-PET/CT 
(78% vs 93%; P = 0.04), which is also superior in predict-
ing complete pathologic response[40]. 

Gastric cancer staging
Treatment options for gastric cancer strongly depend 
on tumor staging. It is well established that patients with 
early localized and those with metastatic disease should 
undergo surgery and palliation, respectively. On the other 
hand, in patients with a locally advanced cancer who can-
not be resected for cure and in those who are potentially 
amenable to curative resection, neoadjuvant chemo-
therapy has proved to significantly improve prognosis[41]. 
Based on these new treatment paradigms, besides the 
degree of  tumor infiltration, the exclusion of  distant me-
tastases and of  loco-regional lymph node involvement is 
of  paramount importance.

Data on the impact of  EUS-FNA in patients with 
gastric cancer are limited. In a study by Mortensen et al[36], 
on 62 patients, EUS-FNA was performed in 12 patients 
(19.3%) for staging purposes. Overall, EUS-FNA dem-
onstrated the presence of  M1 disease in 8 patients and 
correctly excluded malignant ascites in another one, with 
an overall clinical impact in 14% of  the studied cohort. 
The same group published two subsequent papers on 
134 and 273 patients with gastric cancer, respectively, in 
whom staging was performed by combining endoscopic 
and laparoscopic ultrasound[42,43]. EUS-FNA was per-
formed during the procedure if  a positive (malignant) 
biopsy would have changed the patient’s management. 
Unfortunately, data on the impact of  EUS-FNA are not 
presented and cannot be extrapolated.

Recently, Hassan et al[44] studied the impact of  EUS-
FNA on the management of  gastric cancer in 234 con-
secutive patients. EUS-FNA was performed in 81 patients 
(35%) in whom 99 lesions suspected for distant metastases 
were biopsied (78 were mediastinal lymph nodes). Overall 
61 of  these lesions in a total of  38 patients, mainly with 
tumor in the cardia, were found to be malignant. Exclud-
ing 4 patients in whom liver metastases were suspected 
but not verified by CT-guided FNA, in the remaining 34 
patients these metastases were not seen or suspected by 
CT or other imaging modalities performed. As judged by 
the board of  surgeons EUS-FNA changed the manage-
ment in 34 of  the 234 patients (15%) undergoing EUS for 
staging, avoiding unnecessary surgery[44]. 
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Figure 1  Endoscopic ultrasound-guided fine needle aspiration performed 
using the forward-viewing endoscopic ultrasound scope of a large per-
irectal lesion suspicious for rectal cancer recurrence. 
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Rectal cancer staging and diagnosis of extraluminal 
recurrence
EUS-FNA for rectal cancer has been evaluated for both 
lymph nodes staging and for detection of  extraluminal re-
currence. In the preoperative staging of  rectal cancer, two 
studies have evaluated the clinical impact of  EUS-FNA, 
with very similar results[45,46]. Both studies reported that 
EUS-FNA did not alter significantly the management as 
compared with EUS alone. In particular, Harewood et al[45] 
studied 80 patients and found that the addition of  EUS-
FNA did not change in all but one patient, what the 
surgeons would have done based on the results of  EUS 
alone. Forty-one patients of  the entire cohort underwent 
EUS-FNA of  non-juxtatumoral lymph nodes detected 
during EUS examination and found that specificity and 
diagnostic accuracy of  N staging by EUS alone or EUS-
FNA were similar, with indeed a lower sensitivity of  
EUS-FNA (52% vs 74%). Shami et al[46] studied 60 pa-
tients of  whom 48 underwent both CT and EUS. The 
authors found that EUS changed management in 38% 
of  patients, while 16 patients identified as having non-
juxtatumoral lymph nodes underwent EUS-FNA and the 
additional information obtained changed therapy in three 
(19%) of  these patients, but only in 6% of  the entire 
cohort[46]. It is possible that the lack of  clinical impact of  
EUS-FNA in rectal cancer staging might be related to the 
close correlation between the T and N stages and to the 
fact that most perirectal lymph nodes detected at EUS 
during rectal cancer staging are malignant. 

Differently, in patients evaluated for perirectal lesions 
suspicious for tumor recurrence (Figure 1), EUS-FNA 
has a strong clinical impact as demonstrated by the high 
diagnostic accuracy reported in 2 published studies[47,48]. 
In both series, EUS-FNA was significantly more accurate 
than EUS alone to diagnose malignant recurrence. More-
over, in the study with the largest patient population, 
EUS-FNA had a considerable impact on patient manage-
ment in 26% of  the cases.

Subepithelial lesions
The term subepithelial incorporates a variety of  lesions 
including non-neoplastic lesions, as well as benign, pre-

malignant, and overtly malignant neoplasms that are 
all located in the digestive wall beneath the epithelial 
layer. In this clinical setting, EUS-FNA has been used to 
overcome the limitation of  the pure endosonographic 
inspection of  these lesions, that can be useful to iden-
tify the layer of  origin and formulate a differential di-
agnosis, but cannot differentiate benign and malignant 
conditions (Figure 2)[49]. Most of  the studies have been 
performed on gastric lesions, which are represented pre-
dominantly by GISTs. EUS-FNA is able to gather repre-
sentative material for cytopathological analysis in about 
70%-84%[50-52], but often the material is insufficient to 
perform immunostaining, which are needed to distin-
guish GIST from other mesenchymal tumors. Moreover, 
the mitotic index that expresses the malignant potential 
of  GISTs, cannot be reliably assessed on cytological 
specimens and even on tissue specimens acquired with 
the use of  the tru cut needle[20,21]. 

This limits the usefulness of  EUS-FNA and EUS-
TCB for lesions in which the knowledge of  the mitotic 
index is needed to guide further management (i.e., inci-
dentally discovered asymptomatic lesions between 2 and 
3 cm). On the other hand, in patients with a presumptive 
diagnosis of  unresectable GIST in whom primary treat-
ment with tyrosine kinase inhibitors is considered EUS-
FNA or EUS-TCB confirmation of  the diagnosis is 
required and they are likely to impact the management of  
these patients[53]. 

Pancreatic masses diagnosis and staging
Tissue diagnosis of  pancreatic masses is one of  the most 
important indications for EUS-FNA. Overall, EUS-
FNA of  pancreatic masses is safe[54], has a mean accuracy 
of  about 85%[55], which can be increased with on-site 
cytopathology examination to assess specimen adequa-
cy[29,30]. Two clinical scenarios need to be distinguished: (1) 
masses that are clearly unresectable on previous cross-
sectional imaging studies from (2) masses that appear 
resectable. In the first case scenario a definitive diagnosis 
to guide further treatment is mandatory and should be 
obtained, when available, by EUS-FNA that is preferred 
to percutaneous image-guided tissue sampling (Figure 
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Figure 2  Subepithelial lesions. A: Endoscopic ultrasound-fine needle tissue acquisition of a subepithelial lesion using a 19 gauge needle; B, C: Histological exami-
nation showed large fragments of neoplastic tissue with solid structure, composed of regular, fused cells with mild atypia, which were intensively immunoreactivity for 
c-Kit, consistent with gastrointestinal stromal tumor. 
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3)[56]. A recent single center, prospective, randomized, 
cross-over study has demonstrated EUS-FNA to be 
superior to US or CT-guided biopsy to determine the 
nature of  pancreatic solid lesions[57]. EUS-FNA has also 
been found to be the most cost effective test for pancre-
atic adenocarcinoma when compared with CT-guided 
FNA and surgical diagnosis[58]. In addition, EUS-FNA 
can provide additional staging information, by sampling: 
(1) lymph node metastases in the celiac, lumboaortic, 
retroduodenopancreatic and superior mesenteric regions; 
(2) small hepatic lesions missed on CT[59]; and (3) small 
pocket of  previously undetected ascites[60], all sites that 
when positive for malignancy indicate a poor prognosis 
for the patient[61]. Another important advantage of  EUS-
FNA over the percutaneous route is the lower risk of  
tumor seeding[62], and the potential to sample smaller le-
sions. On the other hand, the percutaneous route may be 
indicated in patients who are at risk for sedation-related 
complications and in those with surgically altered upper 
GI anatomy. When other biopsy techniques have failed, 
or in cases of  previously done negative or inconclusive 
EUS-FNA, the use or the repetition of  EUS-FNA is 
highly advised[63,64]. 

In potentially resectable pancreatic lesions, the argu-
ment for a definitive diagnosis before undergoing surgery 
is still debated[65]. Arguments made for EUS-FNA in po-
tentially resectable lesions include an established protocol 
of  preoperative neoadjuvant therapy, a demand by the 
patient for a conclusive diagnosis of  cancer before con-
senting to surgery, and lastly to exclude unusual histology 
(lymphoma, acinar cell carcinoma, solid pseudopapillary 
tumor and pancreatic metastases) that can be found in up 
to 5% of  individuals with pancreatic masses, who would 
not benefit from surgery[61,66]. The main argument against 
EUS-FNA in resectable lesions is that the performance 
of  the procedure would not significantly affect further 
management, because a negative result cannot exclude 
the presence of  malignancy due to its low negative pre-
dictive value[65]. Thus, the utility of  EUS-FNA in this set-
ting should be balanced with the potential risk of  tumor 
seeding and varies among different centers. 

A very important clinical challenge is the differentia-
tion of  pancreatic cancer from inflammatory masses 
due to focal chronic pancreatitis or autoimmune pan-
creatitis. A review of  the performance of  EUS-FNA 
for the differentiation of  benign and malignant pancre-
atic masses, which included 25 studies with an overall 
of  4224 patients, found a median sensitivity of  83% 
(range 54%-95%), a median specificity of  100% (range 
71%-100%), a median negative predictive value of  72% 
(range 16%-92%), and a median diagnostic accuracy of  
88% (range 65%-96%)[65]. Definitions used to classify 
diagnostic cytology and the exclusion of  non-diagnostic 
specimens in some studies may account for the wide 
ranges reported above. New techniques including con-
trast-enhanced EUS and elastosonoendosonography[67,68], 
DNA analysis[69], and K-ras mutation determination on 
FNA aspirates[70,71], have been tested to increase the pos-
sibility of  differentiating cancer from focal chronic pan-
creatitis. If  there is a high index of  suspicion of  autoim-
mune pancreatitis, tru cut biopsy needle may improve the 
diagnostic yield and can be used as a rescue procedure 
if  conventional EUS-FNA has failed (100% vs 36%, P = 
0.0006)[72]. When a pancreatic lymphoma is suspected by 
the clinical presentation, the use of  flow cytometry sig-
nificantly increases the diagnostic accuracy from 30.8% 
to 84.6% (P = 0.01)[73]. 

High sensitivity and diagnostic accuracy of  EUS-
FNA with immunocytochemical studies for PETs have 
been reported in two recent large retrospective cohorts 
of  patients, including both functional and non-functional 
PETs (Figure 4)[74,75]. EUS-FNA helped to assess the 
malignant behavior of  PETs and was able to predict 
5-year survival after diagnosis[76]. Determination of  Ki-67 
expression on cytological specimens has still not gained 
widespread use due to the difficulty to obtain reproduc-
ible results and the availability of  tissue biopsy specimens 
has been advocated[77,78]. 

Besides tissue diagnosis, studies aimed at directly 
assessing the clinical impact of  EUS-FNA by demon-
strating metastatic disease that would change the man-
agement of  patients with pancreatic cancer are lacking. 
Mortensen et al[36] have performed the only study specifi-
cally designed to assess the impact of  EUS-FNA in pa-
tients with pancreatic cancer. In 12 of  99 (12%) patients 
evaluated, EUS-FNA disclosed metastatic lymph nodes 
(6), liver lesions (4), malignant ascites (1), and retroperi-
toneal infiltration (1) that affected treatment decisions. 

In the study by Spier et al[79] in Wisconsin on the pre-
dictors of  pancreatic malignancy, they recommended 
close clinical follow up of  patients suspected to have 
pancreatic cancer, with negative EUS-FNA, for at least 
6 mo, since the FNA was not 100% reliable in ruling it 
out. This was more so in those individuals with vascular 
invasion or lymphadenopathy. Further they went on to 
say that further surveillance is not needed beyond 6 mo 
if  there was no clinical or radiologic feature suggestive of  
malignancy[79]. 
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Figure 3  Endoscopic ultrasound-guided fine needle aspiration of a pan-
creatic mass of the uncinate process invading the superior mesenteric 
artery. 
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Pancreatic cysts diagnosis
Pancreatic cysts encompass a wide spectrum of  histologi-
cal findings, including inflammatory pseudocysts, benign 
serous cystadenoma, and premalignant or malignant le-
sions, such as intraductal papillary mucinous neoplasms 
(IPMN), mucinous cystadenoma and cystadenocarci-
noma. Because EUS imaging features are not sufficiently 
accurate to differentiate between mucinous and non-mu-
cinous lesions and between benign and malignant IPMN, 
EUS-FNA has increasingly been used for the evaluation 
of  pancreatic cysts (Figure 5)[80]. Cystic contents collected 
with EUS-FNA should be analyzed at least for cytology, 
amylase and carcinoembryonic antigen (CEA) (Table 2). 
The poor cellularity of  the aspirated fluid limits the value 
of  the cytologic examination in the distinction between 
mucinous and non-mucinous cysts. For this distinction, 
cystic fluid concentration of  CEA has proved to be the 
most important test to identify mucinous lesions, despite 
considerable variation and overlapping in values[81]. CEA 
levels less than 5 ng/mL and greater than 800 ng/mL 
have been found in a pooled analysis of  the published 
studies to be highly diagnostic for serous cystadenomas 
and mucinous lesions, respectively[82]. Determination of  
cyst amylase concentrations may help to further narrow 
the differential diagnosis, with high levels more frequently 
found in cysts that communicate with the main pancre-
atic duct (pseudocyst or IPMN), while values below 250 
U/L virtually excludes a pancreatic pseudocyst[82]. The 

value of  all of  these analyses is limited by a relatively low 
sensitivity and by the fact that a minimum of  1 mL of  
liquid is required to perform the analysis, a task that is 
not feasible in lesions less than 1 cm in diameter.

A very high sensitivity and specificity of  fluid analysis 
has been reached by using a combination of  viscosity 
measurements, CEA and amylase levels[83]. Moreover, 
promising data on the use of  cystic fluid DNA analysis 
in combination with CEA levels have been recently pub-
lished[84,85], as well as the proteomic analysis of  cyst fluid 
that could provide reliable candidates for developing new 
biomarkers for the preoperative management of  pancre-
atic cysts[86]. Finally, the utilization of  the tru cut needle 
and the echo brush to respectively acquire histological 
and cytological sample directly from the cystic wall ap-
peared appealing, but their used is not widely accepted 
because of  the potential risk of  complications[87-89]. 

Bile duct tumors diagnosis and staging
Malignant bile duct tumors, cholangiocarcinomas, present 
as biliary strictures that need to be differentiated from 
strictures of  benign origin. EUS FNA has been used in 
some centers as the second diagnostic modality in case 
of  encoscopic retrograde cholangio-pancreatography 
failure[90-92]. In this clinical setting, EUS FNA has been 
found to have a sensitivity ranging from 43% to 86% for 
all biliary strictures and from 25% to 83% for those lim-
ited to the hilum[92]. Interestingly, preliminary results from 
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Figure 5  Endoscopic ultrasound-guided fine needle aspiration of a large 
pancreatic cystic lesion. 

CEA: Carcinoembryonic antigen; IPMN: Intraductal papillary mucinous 
neoplasms. 

B

A

Figure 4  Pancreatic neuroendocrine tumors. A: Endoscopic ultrasound-
guided fine needle aspiration of a small, hypoechoic, rounded, and well demar-
cated pancreatic body lesion; B: Diagnosed to be a neuroendocrine tumor by 
positive immunostaining for synaptophysin (thin layer cytology, 1000 ×). 
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Table 2  Characteristics of pancreatic cystic lesions

Cytology Viscosity Cyst CEA 
levels 

Cyst amylase 
level

Serous cyst 
adenoma

Bland PAS+ Low Low Low

Mucinous cyst Mucinous Increased High Low
IPMN Mucinous High High High
Pseudocyst Pigmented 

histiocytes
Low Low High



an ongoing experience have used EUS FNA, performed 
with the newly developed forward viewing scope that 
seems to have some advantages over the conventional 
linear EUS scope for visualization of  the hilar region, as 
a first diagnostic modality to guide further management 
decision in patients with hilar strictures (Figure 6)[93]. Fi-
nally, in patients with hilar tumors who are suitable for a 
multidisciplinary therapeutic approach recently developed 
at the Mayo Clinic including chemo-and radiation-therapy 
in association with liver transplantation[94], EUS-FNA of  
regional lymph nodes has a tremendous clinical impact in 
the selection of  patients, avoiding unnecessary transplan-
tation in about 20% of  them[95]. 

Lung cancer diagnosis and staging
In patients with or suspected lung cancer established 
indications of  EUS-FNA, which is able to access the 
posterior mediastinum (Figure 7), the paraesophageal 
lymph nodes, the left adrenal gland (Figure 8), and the 
liver, are either to obtain a definitive diagnosis by sam-
pling centrally located lesions or mediastinal lymph nodes 
or to sample tissue from mediastinal lymph nodes and 
other locations in order to stage non-small cell lung can-
cer (NSCLC)[96]. Correct staging of  NSCLC is important 
for rational allocation of  patients to surgery, neoadjuvant 

or palliation therapy, whereas the current recommended 
treatment of  small cell lung cancer involves chemothera-
py and radiotherapy[97]. 

In patients with centrally located lesions after a previ-
ously non-diagnostic bronchoscopy, EUS-FNA has been 
found to have an extremely high diagnostic accuracy 
(97%) and may replace CT-guided biopsies and reduce 
the number of  exploratory thoracotomies[98]. In view of  
the high sensitivity and specificity of  EUS-FNA in the di-
agnosis of  mediastinal lymph node metastases, as shown 
in two recently published large meta-analyses, the pos-
sible role of  this technique as the first diagnostic test to 
be performed in patients with suspected lung cancer has 
also been evaluated[99]. Among 93 patients with a chest 
CT suspicious of  lung cancer, EUS-FNA was able to es-
tablish tissue diagnosis in 70% of  cases. Moreover, EUS-
FNA was significantly better than CT at detecting distant 
metastases (accuracies of  97% and 89%, respectively; P = 
0.02) and was able to detect small lymph node metastases 
(less than 1 cm) often missed by CT[99]. 

Several studies have clearly demonstrated the impact 
of  EUS-FNA for staging of  NSCLC. In patients with sus-
pected or proven lung cancer and enlarged (> 1 cm) medi-
astinal lymph nodes on chest CT, EUS-FNA significantly 
reduces futile thoracotomies and prevents 66% of  sched-
uled surgical procedures in these patients[100,101]. Regard-
ing CT negative patients[102], EUS-FNA is able to detect 
advanced disease in 11% to 25% of  cases, thus suggesting 
that it should be performed in all patients with NSCLC, 
irrespectively of  the size of  lymph nodes demonstrated by 
CT. EUS-FNA has also an important role in patients with 
a positive PET/CT to confirm or exclude the presence 
of  mediastinal involvement[103,104], and the two methods 
should be seen as complementary[105]. On the other hand, 
patients without enlarged lymph nodes and a PET-negative 
mediastinum should proceed directly to surgery[106]. In ad-
dition, EUS-FNA should also be performed to provide 
tissue proof  of  left adrenal metastases in patients with en-
larged or PET positive left adrenal gland[107].

EUS-FNA, however, cannot investigate the anterior 
mediastinum and cannot completely replace mediasti-
noscopy. Despite the fact that EUS-FNA can reduce 
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Figure 6  Endoscopic ultrasound-guided fine needle aspiration of a centi-
metric lesion causing a hilar biliary stricture performed using the forward 
viewing endoscopic ultrasound scope. 

Figure 7  Endoscopic ultrasound-guided fine needle aspiration of lymph 
nodes in the aortic-pulmonary window in a patient with lung cancer. 

Figure 8  Endoscopic ultrasound-guided fine needle aspiration of a left 
adrenal mass in a patient with lung cancer. 
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the need for surgical staging[108], the best results are ob-
tained when the two procedures are used together in 
a complimentary fashion with a significant reduction 
in the number of  futile thoracotomies than when used 
alone[109,110]. Moreover, the recent introduction of  the en-
dobronchial linear EUS, able to perform transbronchial 
FNA (EBUS-TBNA) of  the anterior mediastinum and 
to perform, in combination with EUS-FNA, a complete 
endoscopic mediastinoscopy has revolutionized the ap-
proach to the mediastinal staging of  NSCLC, which will 
become more and more an endoscopic than a surgical 
procedure[111,112]. 

Mediastinal lesions unrelated to lung or esophageal 
cancer
Posterior mediastinal lesions representing enlarged lymph 
nodes or masses can be caused by a variety of  benign and 
malignant diseases other than lung or esophageal can-
cer. Compared with alternative techniques available for 
sampling the mediastinum, EUS-FNA is safer and less 
invasive than CT-guided biopsies or surgical procedures. 
In cases of  suspected lymphoma or sarcoidosis, a core bi-
opsy sample can be more useful than a cytological speci-
men and can be obtained using the tru cut biopsy needle 
or a standard 19 gauge needle (Figure 9)[16,23,113]. On the 
other hand, studies have demonstrated that EUS-FNA 
with cytological examination has a very high yield to diag-

nose both lymph node metastases derived from cancers 
located outside the mediastinum and extra-pulmonary 
tuberculosis[114,115]. Overall, EUS-FNA has a major impact 
in the management of  73%-94% of  the patients with 
mediastinal lesions of  unknown origin, most frequently 
by guiding therapy and avoiding surgery[116-118]. 

Miscellaneous indications
EUS-FNA has been reported to be able to sample le-
sions of  the left and right adrenal glands[112,113,119,120], solid 
liver lesions[114,121] and more recently, lesions of  the left 
and right kidneys[115,122]. For all these indications, the diag-
nostic yield of  EUS-FNA has been reported to be quite 
high, with no evidence of  procedure related complica-
tions apart from one patient with an occluded biliary 
stent at the time of  EUS, who died of  cholangitis after 
EUS-FNA of  a liver lesion[114,121]. 

CONCLUSION
EUS-FNA has become an indispensable tool for the 
diagnosis and staging of  gastrointestinal and thoracic 
malignancies. In the era of  personalized medicine where 
cancer therapy is more frequently directed by molecular 
profiling[123], future efforts should be directed towards 
the development of  safe and very accurate methods for 
acquiring tissue samples that will allow for genetic analy-
sis to identify patients who can benefit from targeted 
therapies. The potential role of  EUS-FNA in molecular 
diagnostics coupled with the emerging potential of  EUS-
guided antitumor injection and tumor ablation proce-
dures, will further expand the diagnostic and therapeutic 
applications of  EUS-FNA in the future.
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