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Background: Endoscopic ultrasound guided fine needle aspiration biopsy (EUS-FNA) has proven to be an
effective diagnostic modality for the detection and staging of pancreatic malignancies. In recent years EUS-
FNA has also been used to diagnose lesions of non-pancreatic sites such as structures in close proximity to the
gut wall within the mediastinum, abdomen, pelvis and retro-peritoneum.
Aims: To evaluate experience with EUS-FNA of non-pancreatic sites at a large university medical centre.
Methods: The study cohort included 234 patients who underwent EUS-FNA of 246 lesions in non-pancreatic
sites (122 peri-pancreatic and coeliac lymph nodes; 9 peri-pancreatic masses; other sites: mediastinum 12,
gastric 25, liver 27, oesophagus 17, duodenum/colon/rectum 15, retro-peritoneum 8, lung 7, miscellaneous
4).
Results: The cytology diagnoses were classified as non-neoplastic/reactive in 82 (33%), atypical/suspicious
for malignancy in 25 (10%), malignant in 86 (35%) and non-diagnostic in 53 (22%) cases. Surgical
pathology follow-up was available in 75 (31%) cases. Excluding the non-diagnostic cases there were 7 false
negative and 3 false positive cases. The sensitivity, specificity and positive predictive value of EUS-FNA in the
diagnosis of lesions of non-pancreatic sites was 92%, 98% and 97%, respectively.
Conclusions: EUS-FNA can be effectively used as a diagnostic modality in the diagnosis of lesions from non-
pancreatic sites.

E
ndoscopic ultrasonography (EUS) has proven itself as a
superior tool in visualising, identifying and characterising
the extent of lesions of the gastrointestinal (GI) tract and

adjacent structures.1–3 These include the liver, pancreas, and
structures within the mediastinum, abdomen and pelvis. It is
also used as a diagnostic tool for the evaluation of submucosal
masses of the upper GI tract and the rectosigmoid, for locating
pancreatic endocrine tumours, and for the assessment of
vascular disease.1–9

EUS, even though it accurately stages GI malignancies,
cannot alone reliably differentiate benign from malignant
lesions or neoplastic from inflammatory processes.8 9

Consequently, pathological examination is often required to
establish a definitive diagnosis for further clinical manage-
ment.10–13 In recent years, advances in technology have
permitted the performance of fine needle aspiration (FNA)
biopsy under EUS guidance.7 A curvilinear echoendoscope,
operating at 5–7.5 MHz permits continuous, real time
imaging and guidance for the sampling of lesions using 19 or
25 gauge needles. The ability to obtain cytological material
under direct visualisation adds a new dimension to the
diagnostic usefulness of this technique as it offers an
opportunity for prompt and accurate diagnosis.6 14 Thus, EUS-
guided FNA (EUS-FNA) has become a standard procedure in
many institutions in diagnosing pancreatic, GI and mediastinal
malignancies.6 15 16

The role of EUS-FNA in the diagnosis of pancreatic
malignancies is well established. However, there have been
only a few reports investigating the success of EUS directed
FNA in non-pancreatic sites. These include intramural and
extramural structures of the GI tract such as those surrounding
the gut wall within the mediastinum, abdomen, pelvis and
retroperitoneum.17–30

In this study, we report our experience with the role of EUS-
FNA in the diagnosis of lesions of non-pancreatic sites at a large
university medical centre.

MATERIALS AND METHODS
Patients
A retrospective chart review was performed, which included a
computerised search of patients undergoing EUS-FNA at the
Hospital of University of Pennsylvania from January 1999 to
September 2004. The 485 consecutive patients undergoing EUS-
FNA and brushing cytology of both pancreatic and non-
pancreatic sites were prospectively included in this study
(table 1). The patients had been referred for EUS guided biopsy
based on the need to evaluate suspicious GI, pelvic, pancreatic,
hepatobiliary, or mediastinal lesions or for the staging of
known GI or pulmonary malignancies.

Informed consent was obtained from all patients. The
institutional review board approved the performance of the
biopsy procedure and data ascertainment. One of the three
attending gastroenterologists performed all EUS-FNA proce-
dures. Pancreatic lesions and brushing cytology were excluded
from the study. A total of 234 patients (144 men and 90
women) with a mean age of 64.3 years (range 13–95 years)
underwent EUS-FNA of 246 lesions in non-pancreatic sites
using a curved linear array echoendoscope.

Methods
In all patients EUS was planned to assist in staging a suspected
neoplasm, to further evaluate a mass lesion, to detect tumour
recurrence, for routine tumour surveillance or to obtain a
specific cytological diagnosis.

Eighty-seven patients had previous or concurrent non-
diagnostic or equivocal procedures (pancreatic aspiration,
n = 24; brushing cytology, n = 17; fluid cytology, n = 7;
bronchial washing, n = 3; conventional forceps biopsies,
n = 32; and percutaneous liver biopsy, n = 4) and 50 patients
had previous or concurrent procedures that were diagnosed as

Abbreviations: EUS, endoscopic ultrasound; FNA, fine needle aspiration;
GI, gastrointestinal; GIST, gastrointestinal stromal tumour
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either malignant or suspicious (pancreatic aspiration, n = 21;
brushing cytology, n = 8; fluid cytology, n = 4; bronchial
washing, n = 1; and conventional forceps biopsies, n = 16).

FNA sites included lymph nodes (n = 122), peri-pancreatic
lesions (n = 9), hepatobiliary (n = 27), oesophagus (n = 17),
gastric (n = 25), mediastinum (n = 12), retroperitoneum
(n = 8), lung (n = 7), GI tract (n = 15) and miscellaneous
including intra-abdominal masses and umbilical nodule (n = 4)
(table 1, fig 1).

The size of the lesions ranged from 0.5 cm to 18 cm (mean
2.95 cm) in 114 cases. In 31 cases, no discrete mass was
discernible. The size was not available in the remaining 101
cases. On average, 2.5 needle passes (range 1–6 passes) were
made per lesion.

Indications for EUS guided biopsy
The indications for EUS guided biopsy included a pancreatic
mass seen on either CT, endoscopic retrograde cholangio-
pancreaticography (ERCP) or EUS; mediastinal mass or
lymphadenopathy detected by CT scan; hepatobiliary mass
seen by CT, ERCP or EUS; and submucosal or extrinsic GI mass
seen on endoscopy or CT.

Technique
Endosonography
EUS-FNA was performed in the endoscopy suite under
conscious sedation.

Those patients who were suspected to have or had previously
been found radiologically or endoscopically to have luminal
abnormalities underwent standard, forward-viewing endoscopy
to evaluate mucosal lesions before undergoing EUS. Evaluation
of the target lesion and/or staging of tumours were initially

performed with a radial scanning echoendoscope (GF-UM160,
Olympus America, Melville, NY, USA).

EUS-FNA was then performed using the curved linear array
echoendoscope (GF-UM160, Olympus America).

This system can also perform pulse and colour Doppler
studies, which can enhance the identification of structures and
aid in avoiding vessels during FNA. As the scanning plane is in
the long axis of the instrument, it allows for real time
visualisation of the biopsy needle. A biopsy channel permits
the passage of the FNA needle into the scanning plane of the
instrument.

At the time of EUS, attention was directed to determine the
staging of the lesion (TNM), the echo-characteristics of each
lesion, the orientation relative to the adjacent structures, and
the distance between the lesion and overlying mucosa during
endosonography.

Aspiration
After completion of the diagnostic and staging components of
the endosonographic examination and identification of a lesion
of interest, FNA specimens were obtained. A cytopathologist
was present on-site for all cases to process the material, assess
the adequacy of the specimen, and to render a preliminary on-
site diagnostic impression. In all cases a 22-gauge needle with
stylet was utilised (HAJ-30, Olympus America; or EUSN-3,
Cook Medical, Bloomington, IN, USA). The needle was
advanced into the lesion under real time endosonographic
visualisation and inserted into the mass, with a maximum
depth of penetration of 50 mm. The needle stylet was then
removed from the assembly. When the needle tip was seen to
lie within the lesion, continuous suction was applied with a
20 ml plastic syringe. At the same time, the needle was moved
back and forth within the lesion with 3–5 mm movements,
while observing on the ultrasound console screen. Suction was
then released, and the needle was withdrawn.

The contents of the needle were expressed onto a glass slide
and direct smears were prepared in the endoscopy suite with an
average of two slides made per pass. Half of the slides were air-
dried and processed with the Diff-Quik (Harleco, Gibbstown,
NJ, USA) stain and immediately examined. The remaining half
were immediately placed in 95% alcohol for subsequent
Papanicolaou staining. The Diff-Quik stained slides were
assessed for specimen adequacy for each pass. Passes were
made until an adequate specimen was obtained, with a
maximum of 6 passes (average 2.5 passes).

The needle was flushed with Normosol (Abbott Laboratories,
North Chicago, IL, USA), and the stylet was passed through the
needle to recover remaining material; this was collected in
Normosol for subsequent preparation of cellulose membrane
filter (Millipore Corporation, Bedford, MA, USA) and a
cellblock, when possible. If an undifferentiated tumour

Table 1 Characteristics of patients and organs/sites sampled by endoscopic ultrasound
guided fine needle aspiration

Site Cases (n) Patients (n) Sex (M/F) Mean age (y) Size (cm) Mean passes

Lymph nodes 122 116 75/41 63.6 1.8 2.5
Peri-pancreatic 9 9 7/2 65.9 3.2 2.5
Hepatobiliary 27 25 13/12 65.6 3.7 2.1
Oesophagus 17 17 11/6 69.4 5.4 2.4
Stomach 25 22 13/9 65.0 5.2 2.4
Mediastinum 12 11 7/4 62.0 3.3 2.7
Retroperitoneum 8 8 6/2 58.1 5.0 3.8
Lung 7 7 4/3 73.5 4.2 2.4
Gastrointestinal tract 15 15 6/9 58.5 2.5 2.6
Miscellaneous* 4 4 2/2 71.3 10.0 1.8

*Including intra-abdominal mass and umbilical nodule.

Figure 1 Distribution of endoscopic ultrasound guided fine needle
aspiration by sampled site/organ.
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(mesenchymal, lymphoreticular) was within the differential
diagnosis, additional studies were performed to arrive at a
diagnosis. These included immunophenotyping by flow cyto-
metry and microbiology for culture. Immunoperoxidase stain-
ing was performed on cell block material, direct smears, or
cytospin preparations using standard immunoperoxidase tech-
nique.

A specimen was considered adequate/satisfactory by the
cytopathologist if there were a sufficient number of represen-
tative cells present from the target lesion. Cytopathology
diagnoses were categorised as follows: malignant/neoplastic,
atypical/suspicious, benign/reactive, and non-diagnostic (ND).
The non-diagnostic aspirates contained a qualifier regarding
the reason the FNA specimen was considered non-diagnostic
(eg, scant cellularity, not representative of the lesion, acellular,
cellular degeneration).

Cytohistological correlation
The histopathological follow-up was available in 77 cases
(31.3%). In the remaining 169 cases, clinical follow-up of 1–
69 months was reviewed. However, this data was not used to
calculate the sensitivity and specificity in the present study.

RESULTS
Of the 246 FNA specimens obtained from non-pancreatic sites
by EUS, 193 were considered diagnostic (78%). The cytological
diagnoses included malignant/neoplasm in 86 cases (35%),
non-neoplastic or reactive in 82 (33%), atypical/suspicious for
malignancy in 25 cases (10%), and 53 were considered non-
diagnostic (22%).

The final cytological diagnoses correlated with the on-site
interpretation/diagnosis in 154 cases (63%) and did not
correlate in the remaining 92 cases (37%). This was explained
by paucity of diagnostic material in the on-site prepared Diff
Quick slides with subsequent recovery of diagnostic material
from the Normosol or Papanicolaou stained slides, or was due
to further characterisation of the aspirate by flow-cytometry
and special staining of the cell block or cytospin preparations.
Excluding the non-diagnostic cases, there were 7 false negative
and 3 false positive cases. The calculated sensitivity, specificity
and positive predictive value of EUS-FNA in the diagnosis of
lesions of non-pancreatic sites was 92%, 98% and 97%
respectively. Table 2 and fig 2 summarise the results.

Lymph nodes
A total of 122 lymph nodes underwent EUS-FNA in 116
patients (41 women and 75 men, mean age 64 years). The
average size of the lymph nodes was 1.83 cm (range 0.5–4 cm).

The lymph nodes were coeliac (n = 23), peri-duodenal (n = 2),
rectal (n = 2), peri/para-oesophageal (n = 9), peri-gastric/gastric/

gastro-splenic (n = 14), portal (n = 1), subcarinal (n = 4), para-
tracheal (n = 2), aortopulmonary window (n = 2), mediastinal
(n = 21), peri-pancreatic (n = 38), retroperitoneal (n = 3) and
abdominal (n = 1).

Thirty-three patients had prior diagnosis of malignancy/
neoplasm (oesophageal cancer, n = 10; gastric adenocarcinoma,
n = 1; breast cancer, n = 2; pancreatic cancer, n = 2; orophar-
yngeal cancer, n = 1; melanoma, n = 1; renal cell cancer, n = 1;
hepatocellular cancer, n = 2; non-Hodgkin lymphoma, n = 5;
colorectal cancer, n = 3; Hodgkin lymphoma, n = 1; small cell
lung carcinoma, n = 2; and non-small cell lung carcinoma, n = 2).

A diagnosis of malignancy was established by EUS-FNA in 30
patients (24%), 52 cases (43%) were diagnosed as non-
neoplastic/benign, 7 cases (6%) as atypical, 7 cases (6%) as
suspicious for malignancy and 26 cases (21%) as non-
diagnostic. The histopathological follow-up was available in 8
of the 30 neoplastic/malignant cases (27%). There was one false
positive case: FNA of a peri-pancreatic lymph node diagnosed
as tumour present with neuroendocrine features. However, a
subsequent distal pancreatectomy revealed chronic pancreatitis
with pseudocyst formation, and no tumour was detected in 19
peri-pancreatic lymph nodes examined.

Nine of the 52 non-neoplastic FNAs had histological follow-
up (17%). There was no false negative aspirate. One of the 14
atypical/suspicious FNA had subsequent biopsy proven adeno-
carcinoma followed by a Whipple procedure showing the same.
In three cases of coeliac lymph nodes diagnosed as atypical/
suspicious, EUS-FNA of the pancreas was done at the same
time, showing adenocarcinoma. One atypical FNA of peri-rectal
lymph node had a simultaneous aspiration of the rectal lesion,
which showed involvement by Hodgkin lymphoma.

Two of the 26 non-diagnostic aspirates on cytology had
adequate histological follow-up (8%). The first was an 8 mm
coeliac lymph node aspirate in a 61-year-old woman who
presented with jaundice and a pancreatic head mass. The
pancreatic mass aspirate showed a benign cytology. The coeliac
lymph node aspirate, though satisfactory, showed only benign
glandular cells; no lymphoid tissue was present and the FNA
was considered non-diagnostic. A subsequent Whipple proce-
dure in the patient showed a moderately differentiated
mucinous adenocarcinoma of the head of pancreas with
extensive perineural/lymphovascular invasion and involvement
of 2/5 peri-pancreatic lymph nodes, 1 common bile duct lymph
node and 1 mesenteric lymph node.

The second case was of a 2 cm perigastric lymph node
aspirate in a 60-year-old man with a history of Hodgkin
lymphoma (nodular sclerosis type) who later presented with a
perigastric lymph node, speculated lung mass and a mediast-
inal lymph node. EUS-FNA of the perigastric lymph node
showed benign glandular epithelium and a few lymphocytes,
and was read as unsatisfactory (not representative of the
lesion). A subsequent exploratory laparotomy with excisional
biopsy from the perigastric lymph node showed recurrent
classical Hodgkin lymphoma, nodular sclerosis type.

The calculated sensitivity and specificity of EUS-FNA of
malignant lymph nodes was 100% and 99%, respectively. The
positive predictive value was 97%.

Peri-pancreatic lesions
Nine peri-pancreatic lesions in 9 patients (7 men and 2 women)
with a mean age of 66 years (range 56–80 years) were aspirated.
The mean size of the lesions was 3.23 cm (range 2.2–5 cm).
Three cases were diagnosed as malignant/neoplasm (33%), 1 as
atypical/suspicious (11%), 3 as benign (33%) and 2 as non-
diagnostic (23%).

Malignant/neoplasm diagnoses included neuroendocrine
neoplasm (n = 2) and GI stromal tumour (GIST) (n = 1). The

Figure 2 Distribution of endoscopic ultrasound guided fine needle
aspiration diagnoses by sampled site/organ. LN, lymph nodes; PP, peri-
pancreatic; HB, hepatobiliary; OS, oesophagus; ST, stomach; MD,
mediastinum; RP, retroperitoneum; LG, lung; GI, GI tract; MSC,
miscellaneous; n, total number of cases; Non-Dx, non-diagnostic.
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latter diagnosis was confirmed by immunostains for CD34 and
C-KIT.

Two neuroendocrine neoplasm cases had histopathological
follow-up, including a distal pancreatectomy and an enuclea-
tion procedure, both of which showed peri-pancreatic neuro-
endocrine tumours.

The case of GIST had no histological follow-up. There were
no false positive diagnoses.

All three benign peri-pancreatic aspirates had histopatholo-
gical follow-up, which included two Whipple procedures and
one excisional biopsy. There were two false negative cases.
Whipple procedures revealed poorly differentiated adenocarci-
noma invading into peri-pancreatic tissue. The excision biopsy
of the peri-pancreatic mass (at the coeliac/supra-mesenteric
axis) revealed fibrous tissue with mixed inflammatory infil-
trate, reactive lymphoid tissue and no tumour.

The one atypical/suspicious peri-pancreatic aspirate showed
rare atypical cells suspicious but not diagnostic for malignancy.
This patient had a history of transitional cell carcinoma, which
was not available for review. Scant cellularity of the tissue
limited further characterisation on cytology.

The calculated sensitivity and specificity of EUS-FNA of
malignant peri-pancreatic lesions was 60% and 100%, respec-
tively. The positive predictive value was 100%.

Hepatobiliary
Twenty-seven hepatobiliary lesions underwent EUS-FNA in 25
patients (13 men and 12 women). The mean age for these
patients was 66 years (range 36–91 years). The average size of
the lesions sampled was 3.7 cm (range 0.9–10 cm).

These included liver masses (n = 23), porta hepatis mass
(n = 1) and biliary aspirations (n = 3). Eight of the liver masses
were located in the left lobe, 2 in the right lobe, 1 in the hilar
area and 12 as multiple liver lesions. The biliary aspirations
included 2 bile duct strictures and 1 bile duct mass.

Eight patients had a known history of malignant disease
prior to the EUS-FNA. This included: oesophageal adenocarci-
noma (n = 1), metastatic pancreatic cancer (n = 1), breast
cancer (n = 3), pancreatic adenocarcinoma (n = 1), hepatocel-
lular cancer (n = 1), cholangiocarcinoma (n = 1), renal cell
cancer (n = 1), colon cancer (n = 1) and mucinous adenocarci-
noma of the appendix (n = 1).

Two of these patients had primary carcinoma of more than
one organ (proven prior to the EUS-FNA of their current
hepatobiliary lesion). One patient had a remote history of colon
cancer with a recent history of breast and renal cancer and the
other patient had a history of breast cancer and a mucinous
adenocarcinoma of the appendix with colon metastases.

The FNA diagnoses were malignant in 15 (56%), benign in 6
(22%), atypical in 1 (4%) and non-diagnostic in 5 (18%) cases.

Neoplastic lesions included: metastatic poorly differentiated
carcinoma (n = 8), metastatic adenocarcinoma (n = 3), meta-
static squamous cell carcinoma (n = 1), hepatocellular carci-
noma (n = 1), neuroendocrine neoplasm (n = 1) and poorly
differentiated neuroendocrine carcinoma, non-small cell type
(n = 1).

Two of 15 neoplastic/malignant aspirates had subsequent
biopsy proven malignancy (13%): a Whipple procedure with a
liver biopsy showing metastatic islet cell carcinoma consistent
with a pancreatic primary; and a CT-guided liver biopsy
showing metastatic poorly differentiated carcinoma compatible
with a breast primary.

The remaining 13 malignant/neoplastic cases had no histo-
pathological follow-up (87%). This group included a patient
with a diagnosis of hepatocellular carcinoma on FNA and a
subsequent abdominal CT abdomen examination showing
unresectable multifocal primary tumour of liver involving all
the liver segments with peritoneal implants and mesenteric
adenopathy. Six patients with simultaneous aspiration of the
pancreas and liver showed adenocarcinoma (n = 4) and poorly
differentiated neuroendocrine carcinoma (n = 2). One patient
with history of breast cancer and mucinous adenocarcinoma of
the appendix with metastasis to the colon showed squamous
cell carcinoma of the liver on FNA. This patient also had a
simultaneous bile duct brushing diagnosed as squamous cell
carcinoma. There were no false positive diagnoses.

Three of the six benign aspirates had histopathological
follow-up and EUS-FNA of biliary lesions. The surgical
procedures included bile duct biopsy in two cases and hepatic
resection in one case. There was one false negative case: a 58-
year-old woman who presented with history of primary
sclerosing cholangitis showed no evidence of malignancy on
EUS-FNA. A subsequent biliary stricture brushing was diag-
nosed as adenocarcinoma. Exploratory laparotomy with liver
biopsies was negative; however, hepatic resection showed the
presence of cholangiocarcinoma, sclerosing variant, arising in
an extrahepatic bile duct.

The one atypical/suspicious aspirate was from a porta hepatis
mass. The cytology showed reactive hepatocytes with focal
atypia suspicious for tumour. This was the case of a 56-year-old
man with history of hepatitis C and hepatocellular carcinoma
and status post-liver transplant. The patient presented with
raised liver function tests, a 4 cm mass in the porta hepatis and
enlarged peri-pancreatic lymph nodes. The EUS-FNA of the
peri-pancreatic lymph node revealed malignant epithelial
neoplasm favouring recurrent hepatocellular carcinoma. A
subsequent core biopsy of the porta hepatis mass confirmed
the diagnosis of hepatocellular carcinoma.

One of the 5 non-diagnostic aspirates on cytology had adequate
histological follow-up. This was the case of a 76-year-old woman

Table 2 Cytological diagnosis, histological follow-up and operating characteristics of
endoscopic ultrasound guided fine needle aspiration (EUS-FNA) by sampled sites

Site
EUS-FNA diagnosis
M/B/A/S/ND (n) SP F/U (n) FP or FN (n) Sensitivity/specificity (%)

Lymph nodes 30/52/7/7/26 19 FP = 1 100/99
Peri-pancreatic 3/3/1/0/2 5 FN = 2 60/100
Hepatobiliary 15/6/1/0/5 7 FN = 1 94/100
Oesophagus 8/5/0/0/4 7 FN = 1 89/100
Stomach 10/5/1/2/7 19 FN = 1 91/100
Mediastinum 6/3/1/1/1 2 0 100/100
Retroperitoneum 1/2/1/0/4 3 FN = 1 50/100
Lung 3/1/1/1/1 2 0 100/100
GI tract 6/5/0/1/3 10 FP = 1 100/86
Miscellaneous 4/0/0/0/0 1 0 100/100

M, malignant; B, benign; A, atypical; S, suspicious; ND, non-diagnostic; SP F/U, surgical pathology follow-up; FP, false
positive; FN, false negative.
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who presented with an abdominal mass, a right renal mass and a
10 cm liver mass. The EUS-FNA of the liver mass showed
predominantly blood with rare squamous cells, macrophages and
acellular material and was thus unsatisfactory due to scant
cellularity. Subsequent excision of the abdominal mass showed
a malignant GIST arising from the duodenum. The right
kidney mass on histology was a papillary renal cell carcinoma,
eosinophilic variant. The biopsy of the liver mass showed a
vascular lesion, type undetermined (not certain if a heman-
gioma). This liver mass was both histologically and immuno-
histochemically distinct from either GIST or papillary renal cell
carcinoma.

The calculated sensitivity and specificity of EUS-FNA of
malignant hepatobiliary lesions was 94% and 100%, respec-
tively. The positive predictive value was 100%.

Oesophagus
Seventeen oesophageal lesions in 17 patients (11 men and 6
women) with a mean age of 69 years (range 51–87 years) were
aspirated. The mean size of the lesions was 5.35 cm (range 2–
5.7 cm).

Oesophageal lesions included: peri/para-oesophageal masses
(n = 6), oesophageal masses (n = 10), and oesophagus anasto-
motic site stricture (n = 1).

Malignant disease was confirmed prior to the EUS-FNA in 7
patients. This included

oesophageal adenocarcinoma (n = 4), oesophageal squamous
cell carcinoma (n = 1), adenocarcinoma of lung (n = 1) and
breast carcinoma (n = 2).

The cytological diagnoses included: 8 malignant cases (47%),
5 benign/non-neoplastic cases (29%) and 4 non-diagnostic
cases (24%).

Malignant lesions included: adenocarcinoma (n = 3), squa-
mous cell carcinoma (n = 3) and poorly differentiated carcinoma
(n = 2). Among these 8 neoplastic lesions, 2 were recurrent
primary oesophageal adenocarcinomas, 1 was a recurrent primary
oesophageal squamous cell carcinoma and 1 was a breast
carcinoma metastasis to oesophagus. The remaining 4 lesions
were primary oesophageal cancers. Histopathological follow-up
was available in 2 cases which showed recurrent adenocarcinoma
and squamous cell carcinoma on biopsies.

In the remaining 6 malignant cases without histopathologi-
cal follow-up, clinical information was available in 4 cases. A
patient with a history of adenocarcinoma of the oesophagus,
presented a few years later with a peri-oesophageal soft tissue
mass, which on EUS-FNA showed adenocarcinoma. Positron
emission tomography scan showed coeliac axis nodal involve-
ment consistent with metastases. Subsequent CT scans of the
thorax also showed recurrent tumour evidenced by increasing
subcarinal mediastinal mass and a right adrenal metastasis. A
patient with a para-oesophageal mass diagnosed as squamous
cell carcinoma had a subsequent oesophagogram which showed
oesophageal-pulmonary bronchial fistula consistent with lung
cancer invading the oesophagus. A patient with a history of
breast carcinoma presented with an extrinsic oesophageal
mass. The EUS-FNA of this lesion showed adenocarcinoma
morphologically compatible with a breast primary.

A patient presented with an oesophageal mass and an
enlarged peri-oesophageal lymph node, both aspirated during
the same procedure. Squamous cell carcinoma was seen in both
specimens on cytology. There were no false positive diagnoses.

Three of the five non-neoplastic/benign aspirates had
histopathological follow-up. These lesions included aspirations
from the gastro-oesophageal junction, a submucosal oesopha-
geal mass and a distal oesophageal brushing and aspiration.

There was one false negative case. A distal oesophageal
aspiration in a 51-year-old man with oesophageal stricture

showed reactive squamous epithelium on cytology, but a
subsequent biopsy showed squamous mucosa with markedly
atypical epithelium and chronic inflammation, suspicious for
but not diagnostic of malignancy. A diagnosis of oesophageal
adenocarcinoma was confirmed later.

Two of the four non-diagnostic oesophageal aspirates on
cytology had histological follow-up. The first was a 5.7 cm
lower oesophageal mass in a 59-year-old woman who presented
with worsening abdominal pain and dysphagia. The EUS-FNA
of the lower oesophageal mass showed only squamous cells,
mucin and macrophages and was thus unsatisfactory due to
scant cellularity. A subsequent resection of the lower oesopha-
geal intramural mass showed a 7 cm leiomyoma. Also the
gastro-oesophageal junction biopsy showed mild chronic
inflammation with no intestinal metaplasia or dysplasia.

The second was from a 59-year-old man who presented with
progressive dysphagia. A subsequent endoscopy revealed a large
submucosal mass in the cervical region of the oesophagus.
EUS-FNA of this mass showed predominant squamous
epithelium on cytology and was thus unsatisfactory due to
scant cellularity. A subsequent excision of the submucosal
oesophageal mass showed a 3 cm leiomyoma.

The calculated sensitivity and specificity of EUS-FNA of
malignant oesophageal lesions was 89% and 100%, respectively.
The positive predictive value was 100%.

Gastric lesions
Twenty-two patients (13 men and 9 women) underwent EUS-
FNA of 25 gastric lesions. The mean age of the patients was 65
years (range 27–88 years). The mean size of the lesions was
5 cm (range 1.5–18 cm).

The gastric lesions included: gastric mass (n = 17), retro-
gastric mass (n = 2), gastro-oesophageal junction mass (n = 2),
gastric ulcer (n = 2) and thickened gastric wall (n = 2).
Malignant disease was confirmed prior to the procedure in 4
patients: breast carcinoma (n = 1), non-Hodgkin lymphoma
(n = 1), non-small cell lung cancer (n = 1) and oesophageal
adenocarcinoma (n = 1).

The cytology diagnoses were malignant in 10 (40%), benign/
non-neoplastic in 5 (20%), atypical/suspicious in 3 (12%) and
non-diagnostic in 7 (28%) cases.

The malignant/neoplastic diagnoses included: primary gastric
adenocarcinoma (n = 1); metastatic adenocarcinoma (n = 1);
poorly differentiated adenocarcinoma (n = 1); GIST (n = 3);
non-Hodgkin lymphoma, including mantle cell lymphoma, B-
cell marginal zone lymphoma and B-cell large cell lymphoma
(n = 3); and poorly differentiated neoplasm (n = 1). Seven of
the 10 malignant/neoplastic cases had histopathological follow-
up. There were no false positive cases.

Four of the five benign aspirates had surgical evaluation of
their corresponding tissues, which included three biopsies and
one surgical resection (laparoscopic partial gastrectomy). All
the three gastric mass biopsies showed chronic inflammation
and focal intestinal metaplasia with no evidence of dysplasia or
malignancy. This correlated with their corresponding benign
cytological diagnoses.

There was one false negative diagnosis. In this case
laparoscopic partial gastrectomy showed a 1.7 cm GIST.

Histopathological follow-up was available in 2 of 3 cases
diagnosed as atypical/suspicious on EUS-FNA. There was one
false negative case. In the first case the gastric mass biopsy and
a subsequent gastrectomy established the presence of a poorly
differentiated adenocarcinoma. In the second case, biopsy of
the gastric lesion showed chronic inflammation, focal ulcera-
tion and fungal colonisation.

Six of the seven non-diagnostic gastric aspirates on cytology
had histological follow-up available. One was an endoscopic
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aspirate of a submucosal gastric nodule in a 70-year-old
woman. On cytology, this specimen showed few glandular cells
and was considered unsatisfactory due to scant cellularity. A
subsequent excisional biopsy was also non-diagnostic and not
representative of the lesion seen endoscopically. No repeat
biopsy was available.

The second was the case of a 71-year-old man with history of
diabetes who presented with progressive dysphagia. EUS-FNA
of a gastro-oesophageal junction mass showed benign squa-
mous and glandular cells on cytology and was considered
unsatisfactory (not representative of the lesion). A subsequent
gastro-oesophageal junction, antral and gastric body biopsy
showed mild chronic inflammation with focal intestinal
metaplasia and no dysplasia.

The third was the case of a 56-year-old man with history of
Waldenstrom’s macroglobulinaemia, low grade B cell lym-
phoma, status post-chemotherapy with Richter’s transforma-
tion, and myelodysplastic syndrome who presented with upper
GI bleeding. Endoscopic examination showed thickening of
the gastric wall at the antral body junction on the greater
curvature. EUS-FNA of this lesion showed few groups of benign
appearing glandular cells and was considered unsatisfactory
due to scant cellularity. A subsequent biopsy of this gastric
lesion showed mucosal amyloid deposition (with no lym-
phoma or carcinoma) confirmed by Congo red and immuno-
histochemical staining.

The fourth was the case of an 82-year-old woman with
diagnosis of linitis plastica by endoscopic examination and
EUS. EUS-FNA of the stomach showed few atypical cells and
was unsatisfactory due to scant cellularity. This patient also had
simultaneous peritoneal fluid cytology which showed reactive
mesothelial cells and no evidence of malignancy. A subsequent
gastric biopsy showed acute and chronic inflammation with
ulceration; no tumour was seen.

The fifth was the case of a 60-year-old woman who presented
with abdominal pain. CT scan of the abdomen showed a large
2.661.8 cm submucosal gastric mass. EUS-FNA of this lesion
showed debris and epithelial cells and was unsatisfactory due
to scant cellularity. A subsequent laparoscopic partial gastrect-
omy showed GIST.

The sixth was the case of a 50-year-old man with history of
gastro-oesophageal reflux disease who presented with a
264 cm gastric cardia lesion. EUS-FNA of this lesion showed
only blood and debris on cytology and was unsatisfactory due
to scant cellularity. A subsequent biopsy of this lesion showed
focal chronic inflammation with no metaplasia/dysplasia.

The calculated sensitivity and specificity of EUS-FNA of
malignant gastric lesions was 91% and 100%, respectively. The
positive predictive value was 100%.

Mediastinum
Twelve mediastinal lesions in 11 patients (7 men and 4 women)
with a mean age of 62 years (range 35–78 years) were aspirated.
The mean size of the lesions was 3.3 cm (range 1.5–6 cm).

Malignant disease was confirmed prior to EUS-FNA in 4
patients. These included: breast carcinoma (n = 1), oesophageal
cancer (n = 1), Hodgkin lymphoma (n = 1), small cell carci-
noma of the lung (n = 1), colorectal cancer (n = 1) and non-
Hodgkin lymphoma (n = 1). Two of these patients had
malignancy of more than one anatomic site, diagnosed prior
to the EUS-FNA of their present mediastinal lesion.

One patient had a history of breast and oesophageal
carcinoma, and the other had a history of colorectal cancer
and non-Hodgkin lymphoma.

The cytological diagnoses were 6 malignant (50%), 3 benign/
non-neoplastic (25%), 2 atypical/suspicious (17%) and 1 non-
diagnostic (8%) case.

The malignant diagnoses included: metastatic adenocarci-
noma (n = 2), recurrent non-Hodgkin lymphoma (n = 1),
metastatic poorly differentiated carcinoma (n = 2) and meta-
static small cell carcinoma of lung (n = 1).

Two of the 6 malignant aspirates had histopathological
follow-up. In one case the mediastinal mass aspirate showed
the presence of adenocarcinoma favouring bronchio-alveolar
type. A subsequent resection of the right upper lobe of the lung
showed the presence of a 3.5 cm well differentiated adenocar-
cinoma, with prominent bronchiolo-alveolar pattern. In the
other case, surgical procedures included two attempts at
mediastinal mass biopsy, which were non-diagnostic due to
insufficient tissue. There were no false positive aspirates.

None of the 3 benign/non-neoplastic cases or 3 atypical/
suspicious lesions had histopathological follow-up.

The calculated sensitivity and specificity of EUS-FNA of
malignant mediastinal lesions was 100%. The positive pre-
dictive value was 100%.

Retroperitoneum
Eight patients underwent EUS-FNA of 8 retroperitoneal lesions
(6 men and 2 women). The mean age of the patients was 58
years (range 44–73 years). The mean size of the lesions was
5 cm (range 2–6.5 cm).

Malignant disease was confirmed prior to the procedure in
two patients: one patient with pancreatic carcinoma, and the
other with colorectal carcinoma and non-Hodgkin lymphoma.
One of these patients had a history of both non-Hodgkin
lymphoma and colorectal carcinoma.

The EUS-FNA diagnoses were: 1 malignant case (12.5%), 2
benign cases (25%), 1 atypical/suspicious (12.5%) and 4 non-
diagnostic cases (50%).

The one malignant lesion was a non-Hodgkin lymphoma
which was confirmed by flow-cytometry and subsequent
histopathology. There were no false positive aspirates.

Histopathological follow-up was available in one of the two
non-neoplastic/benign cases. This was the case of a 45-year-old
man who presented with diffuse mesenteric lymphadenopathy
involving the small bowel and retroperitoneum. EUS-FNA of
the retroperitoneal mass showed mature lymphocytes, histio-
cytes, normal pancreatic cells and hepatocytes. Flow cytometry
was non-diagnostic due to limited cellularity. A subsequent
excisional biopsy of the lymph nodes involving the small bowel
mesentery and retroperitoneum showed the presence of
follicular centre cell lymphoma.

No histopathological follow-up was available in atypical
cases.

One of the 4 non-diagnostic retroperitoneal aspirates had a
surgical pathology follow-up. This was the case of a 70-year-old
man who presented with a duodenal/para-aortic mass and a
gastric mass on the lesser curvature on endoscopic examina-
tion. EUS-FNA of this para-aortic/duodenal mass showed
mostly blood on cytology and was unsatisfactory due to scant
cellularity. Subsequent biopsy of the gastric mass showed a
malignant lymphoma, large B-cell type with acute and chronic
gastritis and a positive Helicobacter pylori stain. The duodenal/
para-aortic mass biopsy also showed focal ulceration and
infiltrate consistent with involvement by malignant large cell
lymphoma.

The calculated sensitivity and specificity of EUS-FNA of
malignant retroperitoneal lesions was 50% and 100%, respec-
tively. The positive predictive value was 100%.

Lung
Seven lung lesions were aspirated in 7 patients (4 men and 3
women). The mean age of the patients was 73.5 years (range
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67–82 years). The mean size of the lesions was 4.15 cm (range
2.3–6 cm).

Two lesions were located in the left upper lobe, one in left
lower lobe, one in the left hilum and one in the left supra-
hilum; there was one para-tracheal mass and one carinal mass.

Malignant disease was confirmed prior to the EUS in 3
patients. This included: oesophageal adenocarcinoma, oro-
pharyngeal squamous cell carcinoma, and squamous cell
carcinoma of the lung.

The FNA specimens were diagnosed as: 3 malignant cases
(43%), 1 benign/non-neoplastic (14%), 2 atypical/suspicious
(29%) and 1 non-diagnostic cases (14%).

Malignant lesions included: primary squamous cell carci-
noma of the lung (n = 1), poorly differentiated non-small cell
lung cancer (n = 1) and metastatic adenocarcinoma from
oesophageal primary (n = 1).

None of the 3 malignant and 1 benign cases had subsequent
histological follow-up. Histopathologic follow-up was available
in both cases diagnosed as atypical/suspicious. One FNA was
from a 76-year-old woman who presented with a mass in the
left upper lobe of lung diagnosed as rare atypical glandular
cells, suspicious for but not diagnostic of tumour. A subsequent
core biopsy of the lung nodule was suspicious for involvement
by adenocarcinoma. A subsequent biopsy of a liver nodule
showed adenocarcinoma morphologically suggestive of pan-
creatico-biliary origin. The second was the case of a 68-year-old
man with history of squamous cell carcinoma of oro-pharynx,
status-post mandible resection and radiotherapy. The patient
presented a few years later with a 2.3 cm mass in the left
lower lobe of the lung which was diagnosed as highly sus-
picious for squamous cell carcinoma. Subsequent video-assisted
thoracic surgery and wedge resection of the left lower lobe of
the lung established the presence of a 4.5 cm moderately
differentiated squamous cell carcinoma in the lung. However, a
primary bronchogenic squamous cell carcinoma versus a
metastasis from the prior oro-pharyngeal squamous cell
carcinoma could not be distinguished reliably on a histological
basis alone.

The calculated sensitivity and specificity of EUS-FNA of
malignant lung lesions was 100% and 100%, respectively. The
positive predictive value was 100%.

GI tract
Fifteen patients with GI tract lesions (6 men and 9 women)
underwent EUS-FNA. The mean age of the patients was 58.5
years (range 37–77 years). The mean size of the lesions was
2.48 cm (range 0.8–5 cm). These lesions included: para-
duodenal mass (n = 1), colonic mass at previous anastomosis
site (n = 2), peri-colonic mass (n = 1), rectal mass (n = 6), peri-
rectal mass (n = 3) and pre-sacral mass (n = 1).

Malignant disease was confirmed prior to EUS in 9 patients:
gastric adenocarcinoma (n = 1), colon rectal adenocarcinoma
(n = 6), ovarian carcinoma (n = 1) and non-Hodgkin lym-
phoma (n = 1).

The FNA diagnoses were malignant/neoplastic in 6 cases
(40%), benign/non-neoplastic in 5 cases (33%), atypical/
suspicious in 1 case (7%) and non-diagnostic in 3 cases (20%).

The malignant/neoplastic diagnoses were: adenocarcinoma
(n = 2) (in both cases, it was uncertain whether these were
primary or metastatic lesions), neuroendocrine neoplasm
(n = 1), metastatic adenocarcinoma (n = 2) (including metas-
tases from gastric and ovarian primaries), and Hodgkin
lymphoma (n = 1).

Histopathological follow-up was available in 4 of the 6
malignant/neoplastic cases. The surgical procedures included
endoscopic guided biopsies of duodenal (n = 1) and rectal
lesions (n = 3).

There was one false positive aspirate. This was the case of a
37-year-old woman with a history of Hodgkin lymphoma,
status-post bone marrow transplant. She presented with a
rectal lesion and an enlarged rectal peri-luminal lymph node,
both aspirated during the same procedure. The EUS-FNA of the
rectal lesion showed numerous atypical multinucleated and
mono-nuclear cells in background of lymphocytes, consistent
with involvement by Hodgkin disease. The rectal peri-luminal
lymph node FNA showed rare atypical cells, suspicious for but
not diagnostic of tumour. A subsequent recto-sigmoid biopsy
showed colonic mucosa with focal acute cryptitis and mild
crypt architecture distortion, with no tumour seen. However,
the possibility of a deeper submucosal lesion could not be ruled
out on histology.

The benign/non-neoplastic aspirates included 3 rectal lesions,
1 colon anastomotic mass and 1 pre-sacral mass.
Histopathological follow-up was available in all cases and
included 4 biopsies and 1 pre-sacral mass wall resection.

The 4 EUS-FNAs from colorectal lesions showed benign and
reactive glandular epithelium with mixed inflammatory infil-
trate with no evidence of dysplasia or malignancy on cytology.
This correlated with their subsequent biopsies showing
granulation tissue, acute/chronic inflammation, focal fibrosis,
and fibrinopurulent debris without tumour or dysplasia.

The FNA of the pre-sacral mass showed numerous squamous
cells and hyperkeratotic squamous cells admixed with amor-
phous debris, acute inflammation and faecal material, consis-
tent with a teratoma. A subsequent resection of the pre-sacral
mass wall established the presence of mature teratoma with
elements of skin, respiratory mucosa and endocervical type
mucosa with surrounding chronic inflammation and fibrosis.

There were no false negative diagnoses.
The one atypical/suspicious aspirate was from a 55-year-old

man with history of colorectal adenocarcinoma and status-post
low anterior resection and ileostomy. EUS-FNA of both the
colorectal anastomotic site and peri-rectal lymph node showed
rare atypical cells in a background of reactive glandular cells;
however, a reactive/reparative process was favoured. A sub-
sequent biopsy of the colon anastomotic site showed focal
hyperplasia with no tumour.

The calculated sensitivity and specificity of EUS-FNA of
malignant lesions of the GI tract was 100% and 86%,
respectively. The positive predictive value was 83%.

Miscellaneous
Four patients (2 women and 2 men) with miscellaneous lesions
underwent EUS-FNA. The mean age of the patients was 71.2
years (range 49–87 years). The mean size of the lesion was 11 cm
(range 10–12 cm). The miscellaneous lesions were: intra-abdom-
inal mass (n = 3) and umbilical nodule (n = 1). All taspirates
resulted in malignant/neoplastic diagnoses on cytology. None of
the aspirates were benign/atypical/suspicious or non-diagnostic.

These neoplastic aspirates were: GIST (n = 2) and adenocar-
cinoma (n = 2).

Only one of the four malignant aspirates on cytology had
adequate histological confirmation. This was the case of a 67-
year-old woman with history of left breast carcinoma status
post-partial left mastectomy who presented with a 10 cm intra-
abdominal mass. EUS-FNA of this mass showed a spindle cell
neoplasm favouring GIST on cytology, confirmed by immuno-
histochemical staining. Subsequent laparoscopic excision of the
abdominal mass confirmed the presence of GIST involving the
stomach and liver on histology.

The calculated sensitivity and specificity of EUS-FNA of
malignant miscellaneous lesions including an intra-abdominal
mass and an umbilical nodule was 100% and 100%, respec-
tively. The positive predictive value was 100%.
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DISCUSSION
Several studies have demonstrated the diagnostic value of EUS-
FNA in the work-up of abdominal lesions, particularly from the
pancreas and intra-abdominal lymph nodes. EUS is superior to
other imaging techniques such as CT in lymph node staging of
GI and pulmonary malignancies.4–8 12 15 31 32 Our results show
high diagnostic sensitivity and specificity comparable to those
from previous studies. Cyto-histological correlates were not
available in all cases, including those with a cytological
diagnosis of malignancy; however, in most of these cases
previous pathological diagnosis and follow-up clinical data
were in concordance with the EUS-FNA diagnosis.

Most of the samples included in our study were from lymph
nodes, followed by hepatobiliary and gastric lesions, as
compared with a number of previous studies that analysed
samples mostly derived from lymph nodes and pancreas. In this
study 122 lymph nodes underwent EUS-FNA; the sensitivity,
specificity, and positive predictive value of EUS-FNA of lymph
nodes were 100%, 99%, and 97%, respectively. There was only
one false positive case which was diagnosed as ‘‘neuroendo-
crine tumour’’. On the retrospective review the so called
‘‘neuroendocrine cells’’ were most likely contamination from
the neighbouring pancreatic tissue inadvertently sampled
during EUS-FNA of the peri-pancreatic lymph node.
Contamination of the EUS-FNA samples by non-lesional
intestinal surface epithelium and mucin is well-recognised; it
can be mistaken for pancreatic ductal epithelium and mucin
producing lesions.7 However, none of these studies have
reported accidental sampling of pancreatic endocrine tissue
mistaken for neuroendocrine tumour.

Samples from extra-abdominal sites, such as mediastinum
and lung were also included in our study. At present, CT-guided
and transbronchial needle biopsy are more commonly utilised
to obtain tissue samples from lung and mediastinum as
compared to EUS-FNA. It has been shown that EUS-FNA is
comparable and even superior in some instances in obtaining
tissue samples from mediastinum and lung to establish a
diagnosis of primary and metastatic neoplasms.33 Even though
the histopathological follow-up was limited in the present
study, the sensitivity and specificity of EUS-FNA in the
diagnosis of malignant lesions of mediastinum and lung were
100%. These results are similar to those reported by
others.11 12 19 26 33–39

The calculated sensitivity, specificity, and positive predictive
value of EUS-FNA of GI lesions were 100%, 86%, and 83%
respectively, compared with 89% and 88% reported by Vander
Noot et al.40 There was one false positive case in which the
reactive and reparative changes from a case of acute cryptitis
were mistaken for involvement by patients with known
Hodgkin’s disease. It is well established that the reactive and
reparative changes involving the GI tract could be mistaken for
neoplastic changes due to marked reactive/reparative atypia of
either the glandular epithelium or the inflammatory infil-
trate.41 42 On a retrospective review the cells mistaken for Reed–
Sternberg cells could be immunoblasts from the germinal
centre rather than tumour cells. However, the negative biopsies
showing inflammatory changes only were limited to the
superficial layers of the bowel wall, whereas the EUS-FNA
sample was from all the layers of the bowel wall. There was no
further follow-up available to confirm the surgical pathology
diagnosis. There was one false negative case diagnosed as GIST
on partial gastrectomy. The difficulty in the assessment of
submucosal lesions by aspiration cytology, particularly GIST,
has been described. Similarly smooth muscle from the GI tract
wall could be mistaken for GIST or smooth muscle tumours.7

However, immunostains for smooth muscle, c-kit (CD117) and
CD34 are usually helpful to arrive at a correct diagnosis.

EUS-FNA operating characteristics were comparable among
the different groups of lesions included in our study except for
specimens obtained from peri-pancreatic lesions and retro-
peritoneum. Sensitivity was 60% in the former and 50% in the
latter group; however, this may not be a true reflection of the
EUS-FNA test due to the limited number of cases in both
groups. In this series, EUS-FNA not only provided sufficient
material for an accurate cytological diagnosis, it also allowed
for staging of many malignant lesions without the need for
more complex diagnostic procedures. However, as with other
procedures a successful EUS-FNA requires a skilled clinician
and an experienced cytopathology team to provide on-site
evaluation. On-site evaluation of cytology specimens have
proven to be very useful in markedly reducing the sampling
errors, non-diagnostic cases due to limited cellularity, and
effective triage of cases requiring special studies (flow
cytometric analysis of lymphoma samples).43–45 One study of
on-site evaluation of FNA specimens from our institution has
shown a cost benefit of $404 000 (£200 000; J300 000) per
year by reducing repeat FNA procedures due to non-diagnostic
specimens.45 In our study all EUS-FNA procedure were
performed by a team of gastroenterologists experienced in
performing EUS-FNA, and all specimens were evaluated on-site
for adequacy and diagnosis by an experienced cytopathologist.
The non-diagnostic rate was 22% (53/246) and half of the
specimens were EUS-FNA of lymph nodes. This high rate in
this group could be explained on the basis of location and small
size of lesions (size range 0.5–4.0 cm, mean 1.83 cm).

In conclusion, our institutional experience confirms that
EUS-FNA is a safe and reliable method that provides the
cytopathologist with adequate specimens for a cytopathological
diagnosis with high sensitivity and specificity. EUS-FNA of
extra-pancreatic lesions not only provides for accurate cytolo-
gical diagnosis but also allows for preoperative tumour staging,
therefore influencing the therapeutic management of these
lesions.
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