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A b s t r a c t

Endoscopic ultrasound (EUS) is used to detect and
delineate the extent of lesions in the gastrointestinal
tract, periluminal lymph nodes, pancreas and
hepatobiliary tree, left kidney, spleen, and adrenal
glands. EUS-guided fine-needle aspiration (FNA) has
added a new dimension to the capabilities of EUS
because it permits characterization of the lesion,
thereby enabling triage of patients for more efficient
and effective management. This review focuses on the
advantages and limitations of EUS-FNA, including a
discussion of potential pitfalls in the diagnosis of
commonly aspirated deep-seated lesions, such as those
of the pancreas and lymph nodes. It also addresses the
practical considerations associated with establishing an
effective service and the importance of an integrated
approach in which the cytopathologist undertakes a key
role, interacting extensively with the endoscopist and
the patient management team. EUS-FNA is a sensitive
modality that enables specific and accurate diagnosis of
deep-seated lesions. Samples can be obtained
effectively from small lesions (<25 mm), irrespective of
the organ site. On-site assessment permits a highly
accurate preliminary diagnosis of malignancy for
samples obtained by EUS-FNA and provides an
opportunity to increase the diagnostic yield of samples.

The attachment of ultrasound probes to endoscopes in
the early 1980s permitted improved visualization of the
gastrointestinal wall and abdominal organs.1,2 The resolution
of the images of lesions of the gastrointestinal wall and the
organs in its vicinity was enhanced owing to the proximity of
the ultrasound transducer to the lesion and the use of a high-
frequency ultrasound probe. Endoscopic ultrasound (EUS)
has been used to visualize, identify, and characterize the
extent of lesions not only of the luminal gastrointestinal tract
but also of the gastrointestinal tract wall, the periluminal
lymph nodes (intrathoracic and intra-abdominal), the
pancreas, the liver (mostly the left side), the left kidney, the
spleen, and the adrenal glands.1,3-8 The addition of Doppler
imaging has further enhanced the usefulness of EUS in the
characterization of vascular structures and hemodynamics.9-12

However, EUS alone cannot be used to differentiate benign
from malignant lesions.

In recent years, advances in technology have permitted
the performance of fine-needle aspiration (FNA) biopsy
under EUS guidance.13,14 A curvilinear echoendoscope oper-
ating at 5 and 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 cytologic material
under direct visualization adds a new dimension to the diag-
nostic usefulness of this technique because it offers an oppor-
tunity for prompt and accurate diagnosis. The effective use of
this technology depends, however, on effective collaboration
between the cytopathologist and endoscopist and the willing-
ness of the cytopathologist to have an integral role in patient
management. Since this technique is being used increasingly
in the United States and other parts of the world, the EUS-
guided FNA biopsy (EUS-FNA) technique soon will become

Am J Clin Pathol 2003;120:351-367     351
351 DOI: 10.1309/MFRFJ0XYJLN8NVDP 351

© American Society for Clinical Pathology

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/120/3/351/1759035 by guest on 09 April 2024



Jhala et al / ENDOSCOPIC ULTRASOUND–GUIDED FINE-NEEDLE ASPIRATION

the standard of practice for determining the diagnosis and
staging of intra-abdominal and intrathoracic malignant
neoplasms for proper management of these diseases.

In this review, we focus on the establishment of an EUS-
FNA service from a cytopathologist’s perspective, the
processing of FNA samples obtained through this procedure,
and the advantages and limitations of EUS-FNA in the diag-
nosis of lesions of various organ systems.

Establishing a Service

EUS-FNA can yield diagnostic material that provides
information to guide disease-specific therapeutic interven-
tion. This technique also offers an opportunity to prevent
unnecessary operative procedures. The usefulness of EUS-
FNA depends on several factors that are critical to its
success. In addition to the experience of the endoscopist,
good lines of communication between the cytopathologist
and the endoscopist, adequate sampling, adequate sample
processing, accurate interpretation by the cytopathologist,
and the ability to determine the need for additional samples
required for ancillary studies are needed for effective diag-
nosis.

Sample Collection, Processing, and Diagnostic Yield

Needle Type and Sample Yield
To date, EUS-FNA samples have been obtained using 2

types of needles, marketed by GIP-Medizin Technik
(Grassau, Germany) and Wilson-Cook (Winston-Salem,
NC).15-17 Fritscher-Ravens and colleagues15 prospectively
evaluated 2 types of needles (GIP and Wilson-Cook) in the
analysis of 30 pancreatic lesions. They observed that inade-
quate results were obtained in 11% of cases using the GIP-
Medizin Technik needle. In contrast, none of the samples
obtained using the Wilson-Cook needle was inadequate.
These investigators noted, however, that in 8 procedures, the
Wilson-Cook needles broke the outer Teflon sheath or rein-
sertion of the stylet in the needle was not possible. Such
problems were not encountered with the GIP-Medizin
Technik needles.

Lesion Size and Yield of FNA
EUS alone is superior to other imaging modalities for

detecting lesions, particularly small lesions. Because the
detection of small lesions may offer the opportunity to
improve patient prognosis or outcome by providing early
detection, this is a major advantage. For example, a small
(<3.0 cm) pancreatic carcinoma found on resected samples is
an independent predictor of patient survival. The size range
of the tumors that can be sampled effectively using EUS-

FNA is broad.18-20 In the experience of Jhala et al21 with 125
EUS-FNAs, the size of the tumor (≤20 vs >20 mm) did not
affect the yield of informative samples or the number of
passes required to obtain a sample, irrespective of the loca-
tion of the lesion (ie, pancreas, lymph nodes, liver, spleen, or
adrenal gland).

Sample Preparation
Optimal specimen preparation is a key to accurate cyto-

logic diagnosis. Therefore, it has been suggested by some
that aspirated material should be processed by cytology
personnel only.22 In our laboratory, we use the following
protocol to process samples obtained by EUS-FNA:
1. Slides are labeled appropriately and placed on a smooth

surface.
2. After each aspirate, the FNA needle is advanced through

the sheath and air is forced into the needle through an
attached air-filled syringe.

3. Air-dried and alcohol-fixed smears are prepared.
4. After obtaining all passes, the needle is rinsed in CytoLyt

(Cytyc, Boxborough, MA) or Hank’s balanced-salt solu-
tion (GIBCO, Grand Island, NY) for ThinPrep (Cytyc)
and cell-block preparations, respectively.

5. Air-dried smears stained with rapid Romanowsky are
used for rapid interpretation and for assessment of
sample adequacy.

6. Additional samples for ancillary studies such as flow
cytometry and tumor marker analysis are obtained when
necessary.
The choice of stain is an individual preference. The

rapid Romanowsky and Papanicolaou stains are comple-
mentary stains and highlight different cellular details.
Alcohol-fixed smears, cytocentrifuged preparations, Thin-
Prep preparations, or cell blocks may be used for immuno-
histochemical stains as needed. In our experience, cell
blocks provide a better sample for performing immunohisto-
chemical stains.

One of the advantages of EUS-FNA over other tissue
sampling techniques is the ability to aspirate more than 1 site
during the same procedure.23,24 In our own experience during
the last 5 years with 120 pancreatic FNAs, 2 or more sites
were aspirated in 14 (15%) of 96 procedures performed
using EUS-FNA, whereas only 1 site was aspirated in each
of the 24 FNA specimens obtained percutaneously. If 2 or
more sites are to be aspirated during the same procedure, the
endoscopist should indicate the change of site to the patholo-
gist at the time of aspiration to avoid errors in slide labeling
and interpretation.

At all times, universal precautions should be observed to
reduce the risk of iatrogenic infection of the patient and the
operator. To our knowledge, iatrogenic infections have not
been noted in patients who have undergone EUS-FNA.

352 Am J Clin Pathol 2003;120:351-367
352 DOI: 10.1309/MFRFJ0XYJLN8NVDP

© American Society for Clinical Pathology

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/120/3/351/1759035 by guest on 09 April 2024



Am J Clin Pathol 2003;120:351-367     353
353 DOI: 10.1309/MFRFJ0XYJLN8NVDP 353

© American Society for Clinical Pathology

Anatomic Pathology / REVIEW ARTICLE

Diagnostic Yield and the Role of the Pathologist in the
Endoscopy Suite

For effective assessment of the EUS-FNA sample, it is
important that a cytopathologist or an advanced trainee in
cytopathology be present in the EUS suite during the proce-
dure to discuss the case with the endoscopist. Such a discus-
sion might reduce the number of nondiagnostic and atypical
samples. On-site assessment of the adequacy of the spec-
imen obtained by image-guided FNA reduces the rate of
nondiagnostic samples.25-27 Chang and colleagues28 reported
that adequate samples were obtained from all patients when
a cytopathologist was present during the procedure, whereas
inadequate samples were obtained from 29% of patients,
necessitating second procedures, when on-site assessment
was not available. In another study, Binmoeller and
colleagues29 attributed their low diagnostic yields to the
absence of a cytopathologist to verify the adequacy of the
specimens during the procedure. Similarly, Voss and
colleagues20 reported that when a cytopathologist was not
present in the endoscopy suite, neuroendocrine tumor of
pancreas was detected in only 7 (47%) of 15 cases. Jhala et
al30 reported that in the presence of a cytopathologist in the
endoscopy suite, all pancreatic neuroendocrine tumors were
identified correctly and adequate cells were obtained for
ancillary studies. Erickson and colleagues31 concluded from
their study of 109 EUS-FNA procedures that the absence of
a cytopathologist in the endoscopy suite would require an
increased number of passes and increased endoscopy time
and result in a 10% to 15% reduction in the rate of definitive
cytologic diagnosis.

In addition, on-site evaluation of EUS-FNA samples helps
obtain samples for ancillary studies such as immunohistochem-
ical analysis,30 bacterial cell cultures, flow cytometry, and gene
rearrangement studies for unsuspected cases of lymphoma.
Additional assessments such as these may enhance the diag-
nostic accuracy of the procedure, which, in turn, enhances the
effectiveness of further patient management.

Assessment of Preliminary Diagnosis

In addition to on-site assessment of specimen adequacy,
the on-site generation of a differential diagnosis and, if
possible, a preliminary diagnosis further assists the treating
physicians because additional studies to determine the nature
of the lesion can be recommended and undertaken. The
information generated also may assist in decisions regarding
disease-specific therapeutic interventions and prompt and
appropriate referrals to specialists. It should be noted,
however, that the assessment of a preliminary diagnosis
should be treated similarly to the implications of a diagnosis
based on frozen sections in surgical pathology.

A recent report by Shin and colleagues32 suggests that
studies are needed to determine the effectiveness of providing

on-site preliminary diagnoses for EUS-FNA samples. To
determine the accuracy of providing on-site assessment, Jhala
et al33 prospectively evaluated 120 consecutive EUS-FNA
procedures, including those of the pancreas, lymph nodes,
spleen, hepatobiliary tree, and gastrointestinal tract, and
found a 100% concordance rate for the diagnosis of malig-
nant neoplasm (52/52 samples) between preliminary and final
cytologic diagnosis with sensitivity, specificity, and positive
and negative predictive values of 95%, 100%, 100%, and
92%, respectively. The high degree of concordance was noted
even when compared with subsequent tissue diagnosis. These
findings suggest that the on-site diagnosis of malignant
neoplasm is accurate and provides an opportunity to institute
disease- and stage-specific interventions promptly and for the
physician to make timely referrals to appropriate specialists.

In many centers, EUS-FNA samples are obtained by the
endoscopist and samples are sent in a fixative to the
cytopathology laboratory for sample preparation. In other
institutions, technologists and trainees in cytopathology go
to the endoscopy suite and provide on-site assessment of
sample adequacy. In a few centers, such as ours, cytopathol-
ogists go to the endoscopy suite and provide an on-site,
prompt interpretation. These practices are governed largely
by considerations of time, personnel, and cost. Since time
and cost are major driving forces in a busy cytology practice,
it is useful to facilitate the process by establishing interaction
with the cytology laboratory such that arrangements for
potential EUS-FNA cases are discussed with the cytopathol-
ogist in advance. It also is important that in institutions in
which cytology personnel go to the endoscopy suite, they are
called at the time when FNA is about to be performed.

Cost of Performing EUS-FNA Compared With
Computed Tomography–Guided FNA and Surgery

Many investigators have attempted cost-benefit analysis
of the use of EUS in comparison with other, more conven-
tional modalities.34-37 In a study to determine the least costly
strategy for workup of patients with nonmetastatic pancreatic
cancer, EUS-FNA ($15,938) emerged as the least costly
staging strategy in comparison with computed tomography
(CT)-guided FNA ($16,378) and surgery ($18,723).34 This
primarily reflected the accurate detection of nodal involve-
ment using EUS-FNA, which obviated unnecessary
surgery.34 These results support the performance of EUS-
FNA in patients with tumors that are thought to be resectable
based on the findings of helical CT.

In a similar study, Harewood and Wiersema38 compared
the costs of EUS-FNA, CT-guided FNA, and surgery in the
management of esophageal tumors. The authors assumed
that the detection of tumor in celiac lymph nodes by EUS-
FNA signified that they were unresectable. Their cost inputs
were based on Medicare professional fees plus Medicare
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facility fees. In their model, the cost for the management per
patient for EUS-FNA was $13,811, compared with $14,350
for CT-guided FNA and $13,992 for surgery. Their analysis
showed that EUS-FNA was the least costly option, provided
the prevalence of celiac lymph node involvement is more
than 16%; when the involvement of lymph nodes is 16% or
less, surgery became the least costly modality for patient
management.

Cost of FNA for Reimbursement of the Cytopathologist

The aforementioned analyses factor in the cost of
performing the EUS-FNA only. For a busy cytology practice,
the cost to the cytopathology laboratory is a major considera-
tion. Layfield and colleagues39 studied a series of 142
non–EUS-FNAs for which immediate, on-site evaluations
were performed in a variety of clinical settings. The series
included bronchoscopic, endoscopic, ultrasound-guided, and
CT-guided biopsies. The authors studied the attendance time
of the pathologist and correlated it with the target organ,
guidance technique, and the nature of the aspirator. For
purposes of comparison, the costs of the cytopathologist
were calculated using the 80th percentile pay level of an
associate professor with full-time clinical duties. Medicare
rate schedules were used to calculate compensation.
Including salary and benefits, the cytopathologist cost was
approximately $88.83 per hour. With the exception of FNA
performed in the clinic by the cytopathologist, the time costs
exceeded compensation by $40 to $50 per procedure. From
these data, it seems that intraprocedural consultations by
cytopathologists for CT-guided, ultrasound-guided, broncho-
scopic, or endoscopic procedures are compensated insuffi-
ciently by current Medicare compensation schedules using
the CPT (Current Procedural Terminology) code 88172 for
on-site evaluation.

Therefore, each cytopathology laboratory needs to
determine the cost/benefit ratio, taking into account the
reduction in the rate for nondiagnostic samples, the cost

of providing on-site preliminary diagnosis, and the
overall benefit to the patient.

Effectiveness of EUS-FNA

The pancreas and lymph nodes (intrathoracic and intra-
abdominal) are the most common organs targeted in EUS-
FNA.23,24,28,32,33,40-42 EUS-FNA provides excellent cellular
yield (86%-98%) and overall sensitivity (77%-95%),
together with excellent specificity (96%-100%) and accu-
racy (79%-97%) rates for the diagnosis of malignant
neoplasms23,24,28,32,40-43 ❚Table 1❚.

The “gold standard” for these operating characteristics
is based on a combination of surgical and/or clinical follow-
up. Chhieng et al18 and others24,32,33 have noted that in many
instances, a follow-up tissue confirmation for a cytologic
diagnosis is not always available. In many cases, the cyto-
logic diagnosis will provide the needed documentation for
unresectable or metastatic malignant neoplasms or evidence
of a benign lesion that does not need further surgical inter-
vention. In such instances, cytology will be the only avail-
able tissue confirmation. Further biopsy, resection, or both
are neither undertaken nor indicated.

The usefulness of EUS-FNA in various organ systems
and the associated pitfalls in diagnostic interpretation are
discussed in the following sections.

Pancreas

EUS is, in itself, a highly effective modality for detecting
and staging pancreatic lesions. Therefore, it is used increas-
ingly as the initial modality for evaluating pancreatic lesions.
The overall accuracy of EUS is superior to CT scan and
magnetic resonance imaging for detecting pancreatic lesions.
It has been shown that EUS alone (94%) is more sensitive than
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❚Table 1❚
Operating Characteristics of Endoscopic Ultrasound–Guided FNA Reported in the Literature

No. of No. With Sensitivity Specificity Accuracy False False
Reference FNAs FNA Yields* Follow-up* (%) (%) (%) Negative* Positive (%)

Chang et al,28 1994 46 42 (91) 37 (80) 91 100 87 5 (14%) 0
Giovannini et al,42 1995 141 126 (89.4) 141 (100.0) 77 100 79 25 (12%) 0
Gress et al,44 1997 208 188 (90.4) 208 (100.0) 89 100 87 NS NS
Wiersema et al,24 1997 554 524 (94.6) 474 (85.6) 86 99 89 6% 0
Bentz et al,41 1998 64 55 (86) 54 (84) 90 100 93 4 (7%) 0
Williams et al,23 1999 333 327 (98.2) 327 (98.2) 86 96 86 48 (15%)
Chhieng et al,18 2002 103 97 (94.2) 93 (90.3)† 74 (95)† 100 83 (97)† 3 (3.5%)‡ 0
Shin et al,32 2002 179 156 (87.2) 174 (97.2) 81.7 100 80.3 23 (13.2%) 0

FNA, fine-needle aspiration; NS, not specified.
* Data are given as number (percentage).
† Values in parentheses are those derived if atypical or “suspicious” diagnoses are considered diagnostic for malignancy.
‡ Nondiagnostic lesions and lesions with no follow-up were not included in the calculation.
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CT scan (69%) and magnetic resonance imaging (83%) for
detecting pancreatic lesions, especially when they are smaller
than 3.0 cm.45 In terms of staging, Gress and colleagues46

reported overall accuracy rates for T and N staging as 85%
and 72%, respectively, for EUS alone compared with 30% and
55%, respectively, for CT scans. These investigators also
showed that EUS has an accuracy of 93% in the prediction of
local resectability compared with an accuracy of only 60% for
CT (P < .001).46 The specificity of EUS is comparable to
angiography for detecting vascular invasion. EUS, however, is
more sensitive (86% vs 21%, respectively; P = .0018) and
accurate (81% vs 38%) than angiography.47

FNA, ultrasound-guided or percutaneous, is a sensitive
(81%-98%) and highly specific (99%-100%) modality for
the diagnosis of pancreatic lesions.20,48-56 EUS-FNA repre-
sents a recent addition to the armamentarium for the diag-
nosis of pancreatic diseases. The high degree of success with
EUS-FNA of pancreatic lesions at our institution has resulted
in a change in cytopathology practice for obtaining the initial
diagnosis of pancreatic malignant neoplasms ❚Figure 1❚.
Similar changes at other institutions indicate a trend that
seems to represent the evolving standard of care for the
initial evaluation for pancreatic lesions.

The objectives of EUS-FNA of lesions of the pancreas
are to obtain the initial diagnosis for a clinically suspicious
malignant neoplasm, obviating the need for surgery for the
purpose of obtaining tissue for diagnosis, and to obtain tissue
confirmation of the diagnosis before surgical resection with
curative intent or initiating adjuvant chemotherapy.

Pitfalls in the Evaluation of EUS-FNA of Pancreatic
Lesions

Current diagnostic criteria for pancreatic adenocarci-
noma ❚Image 1❚ have been well established and include
increased cellularity; the predominance of 1 cell type; 3-
dimensional groups (overlapping cells); a “drunken honey-
comb” appearance; many pleomorphic single cells; tall cells
with large nuclei (tombstones); and cells with an increased
nuclear/cytoplasmic (N/C) ratio, irregular nuclear
membrane, coarse and clumped chromatin, macronucleoli,
and abnormal mitoses. These criteria have, however, been
established using the extensive experience gained in the
analysis of cell samples obtained by percutaneous57 or intra-
operative pancreatic FNA. Several issues must be taken into
consideration in determining a diagnosis based on cells
obtained by EUS-FNA.

Pancreatic Adenocarcinoma and Chronic Pancreatitis
1.  A polymorphous cell population as opposed to

predominance of cells of 1 type is one of the considerations
WHEN evaluating specimens for pancreatic adenocarci-
noma. With EUS-FNA, the pancreatic mass is approached

from the gastrointestinal tract. The approach to the lesion in
the pancreas using EUS varies with its topographic location.
In addition, in EUS-FNA, as with percutaneous FNA, the
needle passes through a background of chronic pancreatitis
❚Image 2❚ before reaching the target lesions. This may result
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❚Figure 1❚ Frequency of fine-needle aspirations (FNAs) of the
pancreas at the University of Alabama at Birmingham. Note the
sharp increase in endoscopic ultrasound (EUS)–guided FNA of
pancreas since the institution of the EUS-FNA service in 2000.

❚Image 1❚ ThinPrep (Cytyc, Boxborough, MA) preparation of
endoscopic ultrasound–guided fine-needle aspiration sample
from the pancreas showing large, single, pleomorphic cells
with an increased nuclear/cytoplasmic ratio, some with
prominent nucleoli, and a cell with mucin vacuole in the
cytoplasm (Papanicolaou, ×40).
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in additional cells being noted on the slide preparations and
give the false impression of a polymorphous cell population.
The approaches taken by the endoscopist to lesions in
different locations in the pancreas and the cells that may be
observed by a cytopathologist are listed in ❚Table 2❚. Superfi-
cial glandular cells from the stomach using the transgastric
approach are shown in ❚Image 3❚.

2.  Increased cellularity is one of the criteria used to
distinguish well-differentiated adenocarcinoma from chronic
pancreatitis. The cellularity of a sample is influenced by
several factors, including operator technique and the anatomic
location of the tumor. In an attempt to determine the differ-
ences in the cellularity of FNA samples of the pancreas
obtained percutaneously or under EUS guidance, we evaluated
40 pancreatic FNA specimens (20 each percutaneous and
EUS-FNA) and found that markedly cellular aspirates were
seen more frequently with EUS-FNA (12/20) in comparison
with percutaneous FNA (4/20) (unpublished observation).
Similarly, Jhala et al30 also demonstrated increased cellularity
in FNA samples of pancreatic islet cell neoplasms ❚Image 4❚

using EUS guidance compared with those identified by CT

scan. Some of the possible reasons for the increased cellularity
of the samples obtained with EUS-FNA include the proximity
to the lesion and the better visualization of the lesions. The
on-site assessment of specimen adequacy during EUS-FNA
may contribute further to the increased diagnostic yield on
EUS-FNA of pancreatic lesions. Further studies are needed,
however, to validate such assumptions. The use of cellularity
as a criterion in the differentiation of chronic pancreatitis and
well-differentiated adenocarcinoma should, therefore, be used
with caution, especially when the samples have been obtained
using EUS-FNA.

3.  Hypocellularity of the sample might result in a false-
negative diagnosis. False-negative diagnoses may occur
owing to technical difficulties, sampling error, or interpretive
errors. A sampling error may result from the technical diffi-
culty associated with reaching a small tumor. It also is
possible that the marked desmoplasia of pancreatic adeno-
carcinoma might result in an inadequate specimen and/or an
inconclusive diagnosis (ie, atypical or suggestive of malig-
nancy), both of which require further investigations or
repeated FNA. As discussed, we believe that the presence of
a cytopathologist in the endoscopy suite at the time of the
procedure helps ensure adequate diagnostic samples.

Cystic Pancreatic Lesions
The evaluation of cystic lesions of the pancreas poses a

challenge for the radiologist, the endoscopist, and the pathol-
ogist.47,58-60 In a study of 98 cystic lesions of the pancreas,
Ahmad and colleagues60 showed that EUS features alone
could not be used to differentiate reliably between benign
and malignant cystic lesions of the pancreas.

The cytologic features of various cystic lesions of the
pancreas have been described.61-66 Aspirates from micro-
cystic adenomas yield hypocellular material with rare
cuboidal cells with bland nuclei and pale cytoplasm. The
neoplastic cells might stain with periodic acid–Schiff.
Smears from mucinous cystic neoplasms may be moderately
cellular and demonstrate abundant mucinous material. The
glandular epithelial cells in this lesion are arranged in sheets
and cohesive clusters. Most cells have benign nuclear
features, but occasional cells may reveal focal, mild, nuclear
atypia. Benign mucinous cystic lesions and cystadenocarci-
noma cannot always be differentiated based on cytologic
features alone. The key cytologic findings that support the

❚Table 2❚
Approaches for Performing Endoscopic Ultrasound–Guided Fine-Needle Aspiration From Various Topographic Locations 
in the Pancreas

Location of Lesion Approach Additional Cells

Head/uncinate Transduodenal Tightly cohesive glandular cells with honeycomb appearance and goblet cells
Body/tail Transgastric Parietal cells, superficial glandular cells (Image 3)

❚Image 2❚ Endoscopic ultrasound–guided fine-needle
aspiration sample from a case of chronic pancreatitis that
shows a cohesive 2-dimensional group of ductal epithelial
cells. Individual cells show a preserved nuclear/cytoplasmic
ratio and regular nuclear membrane (Papanicolaou, ×40).
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diagnosis of mucinous cystadenocarcinoma include
moderate cellularity, loose clusters of cells, single cells,
nucleoli, overt malignant nuclear features, and the presence
of signet-ring cells.67 Pancreatic pseudocysts can be distin-
guished from pancreatic cystic epithelial neoplasms by the
predominance of histiocytes and inflammatory cells and an
absence or paucity of epithelial cells. In addition, these
lesions might not always be distinguished from intraductal
papillary mucinous tumor (IPMT) of the pancreas and
mucin-secreting adenocarcinoma of the pancreas.

We recently encountered 2 cases of IPMT. A definitive
interpretation was possible based on cytologic features in 1
case, and a possibility of mucinous tumor was raised in the
other. The features characteristic of IPMT include large
papillary groups with fibrovascular core lying in pools of
mucin ❚Image 5❚. The neoplastic cells are columnar and
show loss of cell polarity. A few single cells also might be
seen. Individual cells might demonstrate a wide range of
morphologic changes, from a preserved N/C ratio and a
regular nuclear membrane to marked anisocytosis, an
increased N/C ratio, and an irregular nuclear membrane with
conspicuous nucleoli.

Cytology alone is considered an insensitive test for the
analysis of cystic pancreatic lesions.68 In 1 study, the sensi-
tivity for detecting solid pancreatic lesions by FNA was
98%; this higher sensitivity for FNA diagnosis decreased to
62% when only cystic pancreatic lesions were analyzed.55

Care must be taken to prevent potential interpretative errors

in the diagnosis of cystic pancreatic lesions that may arise
owing to unique findings that are typical of samples obtained by
EUS-FNA. An overinterpretation of duodenal or gastric mucosa
in a pancreatic pseudocyst or microcystic serous cystadenoma
may lead to an erroneous diagnosis of a mucinous cystic

❚Image 3❚ Smear reveals cohesive superficial glandular cells
of the stomach mucosa. The cells have a preserved
nuclear/cytoplasmic ratio. These cells were obtained while
aspirating a celiac lymph node using the transgastric
approach (rapid Romanowsky, ×40).

❚Image 4❚ This markedly cellular aspirate shows single cells
with anisocytosis and eccentrically placed nuclei with evenly
dispersed chromatin and occasional cells with conspicuous
nucleoli obtained by endoscopic ultrasound–guided fine-
needle aspiration of an islet cell tumor of the pancreas
(Papanicolaou, ×20).

❚Image 5❚ The smear reveals pools of mucin and a large,
cohesive group of epithelial cells with papillary arrangement;
the sample was obtained by endoscopic ultrasound–guided
fine-needle aspiration of  an intraductal papillary mucinous
tumor of the pancreas (rapid Romanowsky, ×10).
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lesion of the pancreas. In our practice, we report cystic
lesions with increased mucin production and few epithelial
cells without overt malignant features as cystic mucinous
neoplasms.

To analyze cyst contents, carcinoembryonic antigen,
amylase, CA125, and CA 19-9 have been used in the hope of
increasing the sensitivity and specificity of the diagnosis, but
their use has not become the standard of practice.62,69 In a
recent study, pancreatic tissues with noninvasive mucinous
cystic neoplasms, irrespective of the degree of atypia, were
positive for MUC5AC and negative for MUC1.70 In contrast,
the cases with an invasive component expressed MUC1. It
therefore is possible that the expression pattern of the MUC
antigens may provide useful information for the determina-
tion of the invasive potential of a cystic mucinous lesion.70

More studies are needed, however, to evaluate the expression
patterns of the MUC antigen in cytology samples and to
assess their ability to differentiate between benign and
malignant mucinous cystic lesions.

Pancreatic Neuroendocrine Cell Tumors (Islet Cell Tumors)
Islet cell tumors of the pancreas are aspirated infre-

quently. In the experience of Jhala et al,30 the incidence of
islet cell tumor is 4.6% (7/151) in pancreatic needle aspi-
rates. A similar frequency of 3.3% (12/364) was noted by
others.56 A higher frequency, 8.8%, was noted when only
solid pancreatic lesions were aspirated.20 An accurate diag-
nosis of an islet cell tumor and its differentiation from
pancreatic adenocarcinoma, acinar cell carcinoma, and solid
cystic pancreatic carcinoma can be made based on an
assessment of morphologic features and immunohistochem-
ical analyses.30,71,72 On-site assessment increases the diag-
nostic accuracy for the diagnosis of islet cell tumors by
permitting immediate collection of additional material for
ancillary studies.30 In the absence of on-site assessment, the
sensitivity for the detection of islet cell tumors decreases
considerably.20

Metastatic or Disseminated Tumors
EUS-FNA also has been useful for the detection of

metastatic malignant neoplasms. In our practice we have
identified renal cell carcinoma73 ❚Image 6❚, a malignant
lymphoma, and metastatic melanoma. The cytologic features
for making a diagnosis of these tumors are well described in
the literature.

Lymph Nodes

Many studies have noted the importance of performing
EUS-FNA for mediastinal and intra-abdominal lympha-
denopathy. Most of these studies have evaluated the use of
EUS-FNA in the staging of malignant neoplasms of the lung,
gastrointestinal tract, and pancreas. Determination of nodal

metastasis by EUS-FNA has resulted in a change in preoper-
ative staging that prevents unnecessary surgeries and a
change in management strategies for primary malignant
neoplasms of the lung, gastrointestinal tract, and
pancreas.6,74-81 EUS-FNA of deep-seated lymphadenopathy
also is useful in the diagnosis of malignant lymphoma.

Cellular Yield and Technical Aspects
The technique used in performing EUS-FNA of deep-

seated lymphadenopathy influences the cellularity of the
sample obtained. Wallace and colleagues82 found that the use
of suction, compared with no suction, increased the cellu-
larity of the specimen but also resulted in excessive blood in
the sample, making interpretation difficult. The use of
suction did not improve the likelihood of obtaining the
correct diagnosis.82 Similarly, the site of lymph node aspira-
tion, edge or center, did not change the likelihood of
obtaining a correct diagnosis. The same group of investiga-
tors also indicated that diagnostic material was obtained
within the first 3 passes. It is, therefore, recommended that
up to 3 passes of EUS-FNA, without the use of suction,
should be performed and that the site of the enlarged lymph
nodes that is most convenient be targeted.

Sample Collection
If the clinical information or the rapid interpretation of

on-site cytology suggests malignant lymphoma, the en-
doscopist is asked to provide additional material for flow
cytometric examination. The cells should be collected in
RPMI 1640 solution for flow cytometric analysis or molec-
ular genetic analysis. We have used Hank’s balanced-salt
solution as a transport medium, and collection in this solu-
tion has permitted subsequent analysis of aspirates by flow
cytometry if required. Collection of samples in Hank’s
balanced-salt solution is associated, however, with the rapid
loss of the viability of cells over a 24-hour period, which
may decrease the yield of diagnostic cells for flow cyto-
metric examination. We now routinely collect the samples in
RPMI 1640 for a suspected lymphoma. In a series of 158
consecutive EUS-FNAs of lymph nodes, we correctly identi-
fied all 5 malignant lymphomas based on morphologic and
flow cytometric analyses.

Mediastinal Lymphadenopathy
EUS-FNA has been useful in staging primary lung83 and

esophageal cancers,75 in the diagnosis of benign conditions
such as sarcoidosis,84 and in the detection of primary medi-
astinal lesions such as paraesophageal bronchogenic cysts.85

In a setting of known or suspected lung carcinoma, medi-
astinal lymphadenopathy may represent metastatic carci-
noma. In patients with lymph node metastasis, surgery alone
is unlikely to be curative and adjuvant therapy will be
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required. Currently, several nonsurgical techniques for
obtaining tissue diagnosis, such as transbronchial needle
aspiration and CT-guided aspiration, are used in most
centers. Early studies have shown that transbronchial needle
aspiration has wide ranging sensitivity (50%-91%), speci-
ficity (96%-100%), and overall accuracy (78%-91%) in the
detection of metastatic lung carcinoma.86,87 Similarly, CT-
guided FNA of mediastinal nodes has a sensitivity ranging
from 88% to 96%.88,89 In comparison, it has been demon-
strated consistently that EUS-FNA is a sensitive (96%),
specific (100%), and accurate (97%-98%) modality for the
detection of metastatic mediastinal malignant neoplasms.74,90

It also has been demonstrated that EUS-FNA can accurately
establish a primary diagnosis of metastasis when the results
of other techniques have remained inconclusive. Thus, EUS-
FNA might prevent the performance of more invasive proce-
dures, such as thoracotomy or thoracoscopy and medi-
astinoscopy.91 EUS-FNA has the added advantage of being
capable of reaching the lower paraesophageal lymph nodes,
aortopulmonary window, and posterior mediastinal nodes
that are difficult to aspirate by other modalities.

Intra-abdominal Lymphadenopathy
Giovannini and colleagues75 have shown that EUS-FNA

is a highly sensitive (97%) and specific (100%) modality for
the detection of celiac lymph node metastasis in patients
with esophageal cancer. They also have shown that the detec-
tion of malignant neoplasms by using EUS-FNA modified

the tumor staging in 77.5% of cases, resulting in the preven-
tion of unnecessary surgery in 60% of the cases.75 In an
attempt to determine the clinical impact of FNA of celiac
lymph nodes for M1a disease in esophageal carcinoma,
Parmar and colleagues92 showed that an EUS-FNA diagnosis
positive for malignancy in a distant lymph node led to a
change in management strategy and avoidance of unneces-
sary surgery. These authors also showed that EUS-FNA is
superior to CT scan for diagnosing M1a disease. In addition,
Eloubeidi and colleagues81 demonstrated that detection of
celiac lymphadenopathy by EUS is an independent predictor
of survival in patients with esophageal cancer.

Our own experience with EUS-FNA of 158 lymph
nodes shows that EUS-FNA is a highly sensitive (98.5%)
and specific method (100.0%) for diagnosis with positive
and negative predictive values of 100.0% and 98.8%, respec-
tively. Our experience also shows that this modality is useful
for the detection of metastatic carcinoma ❚Image 7❚ from the
esophagus, pancreas, and lung. No false-positive diagnoses
have been encountered.

Analysis of Lymph Nodes After Therapy
Jhala et al93 describe experience with 11 patients with

previous esophageal carcinoma who had lymphadenopathy
following chemotherapy, radiation therapy, or both and
who underwent EUS-FNA. The FNA specimens from these
rapid Romanowsky–stained lymph nodes revealed predom-
inantly pink, homogeneous, mucin-like material ❚Image 8❚
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❚Image 6❚ Endoscopic ultrasound–guided fine-needle
aspiration sample of the pancreas from a patient with history
of renal cell carcinoma. The smear reveals group of cells with
abundant clear cytoplasm and nuclei with nuclear membrane
irregularity (rapid Romanowsky, ×40).

❚Image 7❚ A smear from aspiration of a celiac lymph node
from a patient with esophageal carcinoma reveals a
cohesive group of malignant cells with an increased
nuclear/cytoplasmic ratio and metastatic adenocarcinoma
cells; the sample is from a patient with a history of
gastroesophageal carcinoma (rapid Romanowsky, ×40).
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with scattered, mixed lymphoid elements. In 1 case, groups
of epithelial cells were noted in a background with marked
mucinous change, giving an appearance of mucinous cystic
neoplasm. The authors concluded that the knowledge of
previous therapy and the absence of malignant cells in FNA
specimens in these cases helped determine the correct diag-
nosis of therapy-associated change.

Pitfalls
One of the major pitfalls is overinterpretation of a lesion

as positive for metastatic malignancy as a result of contami-
nation of dysplastic cells when the needle traverses an area
of high-grade dysplasia of the gastrointestinal tract mucosa.
It is equally important that benign mucosal glandular cells in
the aspirate of the lymph node not be overinterpreted as
metastasis.

Gastrointestinal Tract

For cytologic diagnosis, endoscopic brushing is a useful
modality for the detection of surface lesions; however, this
modality is not useful for the diagnosis of submucosal
lesions. EUS offers the advantages of direct visualization of
the mucosal surface and accuracy in determining the extent
and size of the submucosal lesion.94 Therefore, EUS permits
preoperative determination of the depth of tumor invasion, or
T staging, as well as determination of the N status, providing
valuable information concerning the TNM staging of
gastrointestinal tract malignant neoplasms, including those

of the esophagus95-98 and stomach98-100 and peri-
ampullary,101,102 colorectal,103 and anal canal tumors.104 EUS
also has been used to determine the extent of involvement
and response to therapy of mucosa-associated lymphoid
tissue (MALT) lymphomas of the stomach.105-107

Specifically, EUS-FNA has shown value in the
following areas.

Detection of Foregut Cysts
One of the major differential diagnoses for a patient

with a posterior mediastinal lesion, which might manifest
with dysphagia, is a foregut cyst, which includes esophageal
reduplication and bronchogenic cysts. These may be differ-
entiated based on the presence of complete muscle wall, the
type of lining epithelium, and results of the imaging studies.
An esophageal reduplication cyst is a rare developmental
anomaly that clinically and radiologically can mimic a
neoplasm.

We have recorded 7 foregut cysts (bronchogenic cyst, 5;
esophageal reduplication cyst, 2) that have been aspirated
with EUS-FNA. Our experience shows that EUS-FNA is a
useful and a safe nonsurgical modality for obtaining a diag-
nosis. The cytology of the cysts shows degenerated cell
debris and hemosiderin-laden macrophages. In addition,
these aspirates also might contain detached ciliated cell frag-
ments, which can be demonstrated by both light and electron
microscopy. The presence of numerous squamous cells
supports the diagnosis of an esophageal reduplication cyst.
The presence of numerous goblet cells with an absence of
squamous cells supports the diagnosis of bronchogenic cyst.

Cytologic features alone are not pathognomonic for the
diagnosis of a foregut cyst but can be used to rule out malig-
nant neoplasm and help to support the diagnosis of foregut
cyst when used in conjunction with imaging studies,
including EUS findings.

Gastrointestinal Stromal Tumors
Gastrointestinal stromal tumors (GISTs) usually are

submucosal and cannot be detected by brush sampling or
forceps biopsy. FNA is being used increasingly for the diag-
nosis of GIST.108-113 EUS helps to determine the site, size,
and extent of the lesion, with some of these features being
useful for determining the malignant potential of this tumor.
FNA samples from GISTs show hypercellular groups of
spindled cells ❚Image 9❚ and, rarely, epithelioid cells. The
spindled cells also show blunt-ended nuclei and might show
nuclear angulations.

The major pitfall associated with EUS-FNA of GISTs is
the aspiration of muscle cells from the wall of the gastroin-
testinal tract or smooth muscle tumors.114 Since the definitive
differentiation of GISTs from other spindle cell lesions influ-
ences subsequent therapy, every attempt should be made to
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❚Image 8❚ This smear from a celiac lymph node aspirate
obtained by endoscopic ultrasound–guided fine-needle
aspiration in a patient treated with adjuvant chemotherapy
and radiation therapy for esophageal carcinoma shows a
paucicellular aspirate with large areas of myxoid change
(rapid Romanowsky, ×10).
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distinguish these lesions. A panel of immunohistochemical
stains, including primary antibodies against c-kit (CD117),
CD34, smooth muscle antigen, muscle-specific actin, and S-
100, may be used to distinguish GISTs from muscle cells,
smooth muscle tumors, and rare tumors, such as solitary
fibrous tumors of the gastrointestinal tract.

MALT Lymphoma
EUS is useful for determining the characteristic wall

thickness of the gastrointestinal tract. It has proven useful in
determining the prognosis and predicting the therapeutic
response of MALT lymphomas.105-107 The diagnosis of
gastrointestinal MALT lymphoma using EUS-FNA is more
difficult; it is not always possible because morphologic
examination forms the mainstay for diagnosis, and, there-
fore, these tumors have not been aspirated for the purpose of
obtaining a definitive diagnosis. The detection of gastric
MALT lymphoma requires characteristic morphologic
changes, a high degree of clinical suspicion, and ancillary
studies, including flow cytometry and analysis of
immunoglobulins, gene rearrangements, or both.

We have encountered 1 case of gastric MALT lymphoma
aspirated by EUS-FNA. The aspirate revealed only small,
minimally atypical lymphocytes with clear cytoplasm
admixed with plasma cells. This polymorphous lymphoid
appearance means that it is difficult to differentiate MALT
lymphoma from chronic gastritis. In such a scenario, the
finding of significantly thickened gastric mucosa by EUS and

the finding of light chain restriction by flow cytometry or
immunoglobulin gene rearrangement analysis or the detection
of bcl-10 nuclear staining115 would support the diagnosis of
MALT lymphoma over a diagnosis of chronic gastritis.

Uncommon Lesions

EUS-FNA is being used increasingly in the detection of
some of the uncommon lesions of the gastrointestinal tract
that previously were not detected by brush sampling.
Endometriosis involving the gastrointestinal wall may mani-
fest with bowel obstruction and require surgical intervention.
EUS-FNA samples may become informative in the diagnosis
of these lesions. The presence of endometrial gland and
stroma and macrophages with or without evidence of hemor-
rhage would support the correct recognition of endometriosis
by EUS-FNA ❚Image 10❚.

Hepatobiliary Tree

Liver

CT scans and ultrasound have been used to detect and
guide the collection of FNA samples from hepatic masses.116-119

Several studies have explored the usefulness of EUS in the
diagnosis of hepatic lesions and its ability to promote early
intervention. It has been reported that EUS is able to identify
hepatic lesions in cases in which a previous CT scan had
failed to detect a lesion.120 As is the case in the lesions of
other organs, however, EUS alone cannot differentiate
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❚Image 9❚ The cellular aspirate from a gastrointestinal stromal
tumor obtained from a duodenal mass reveals sheets of
spindled cells with wispy cytoplasm. The nuclei are
elongated with some showing nuclear angulation (rapid
Romanowsky, ×20).

❚Image 10❚ Endoscopic ultrasound–guided fine-needle
aspiration sample from a patient with a history of
endometriosis and a mass in the bowel wall reveals tightly
cohesive, small glandular cells reminiscent of endometrial
cells. In addition, macrophages, some with pigment, also are
identified (rapid Romanowsky, ×20).
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between malignant and benign conditions.121 In a multi-insti-
tutional study, EUS-FNA increased the diagnostic accuracy in
89% of cases in which previous percutaneous FNA was
nondiagnostic.121 In another study, EUS-FNA led to the early
detection of hepatocellular carcinoma, resulting in its early
resection.122

These studies show that EUS-FNA might have a valu-
able role in the detection of primary and metastatic malig-
nant neoplasms of the liver ❚Image 11❚. EUS-FNA of the
liver might have a complication rate of 4%, with the reported
complications including death, bleeding, fever, and pain.121

Biliary Tree and Gallbladder
EUS is a valuable alternative to endoscopic retrograde

cholangiopancreatography (ERCP) and is increasingly
studied for initial evaluation of the biliary tree. Erickson and
Garza35 found that performing EUS with FNA as the initial
modality for evaluation of obstructive jaundice obviates the
need for about 50% of ERCPs. They also showed that the
use of EUS as an initial modality for the evaluation of biliary
tree lesions substantially reduced costs ($1,007-$1,313 per
patient). In addition, some investigators have noted that in
cases in which ERCP-guided bile duct brushing proved
inconclusive, EUS-FNA successfully provided information
that led to a definitive diagnosis of malignant neoplasm.123 In
our experience, we obtained a diagnosis of malignant

neoplasm ❚Image 12❚ in 4 cases using EUS-FNA when diag-
nostic cells could not be obtained by ERCP-guided bile duct
brushing. As is the case with bile duct brushings, EUS-FNA
of the biliary tract might show epithelial cells with marked
reactive changes in patients with cholangitis and stent place-
ment, and these cells mistakenly might be judged to be
malignant. The presence of many single cells would,
however, favor a diagnosis of malignant neoplasm.

Gallbladder
EUS-FNA may be used for obtaining samples to rule

out malignant neoplasms of the gallbladder. This has not
been investigated previously by others.

We have encountered 3 patients who have undergone
EUS-FNA of the gallbladder (4 samples). In all cases, we
encountered malignant cells in a background of marked
acute inflammatory response. The presence of a marked
acute inflammatory response led to an inconclusive diagnosis
of atypia in 2 cases. No complications, including bile
leakage, have been noted in our series. However, further
studies are needed to demonstrate cytologic features and the
safety of performing FNA of gallbladder lesions.

Spleen

FNA of the spleen has proven useful for the detection of
malignant non-Hodgkin lymphoma, metastatic carcinoma,
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❚Image 11❚ This smear from a patient with history of
pancreatic carcinoma was aspirated from liver lesions
(adenocarcinoma metastatic to the liver). The cells show
marked pleomorphism with anisocytosis. Individual cells
show an enlarged nucleus with an altered
nuclear/cytoplasmic ratio. Nuclear membrane irregularity is
noted in the large cells (rapid Romanowsky, ×40).

❚Image 12❚ This ThinPrep (Cytyc, Boxborough, MA) sample
was obtained by endoscopic ultrasound–guided fine-needle
aspiration of a mass in the second portion of the biliary duct.
The cells show loosely cohesive groups with occasional
single cells. A marked variation in cell size is noted. Individual
cells reveal an altered nuclear/cytoplasmic ratio, prominent
nucleoli, and an irregular nuclear membrane. This aspirate is
from a patient with cholangiocarcinoma (Papanicolaou, ×40).
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sarcoidosis, infectious conditions, and extramedullary
hematopoiesis.124-128 Percutaneous FNA of the spleen is
highly specific (100%) and yields an overall accuracy of
84.9% to 88% for needle aspirates. When combined with
needle biopsy, the accuracy increases to 90.3%.125,127,129 It
has been noted that the diagnostic accuracy of splenic FNA
can be increased by obtaining samples for flow cytometry.130

It has been suggested by some, however, that a potential risk
for increased bleeding contributes to the lack of use of FNA
of the spleen in the United States.128,131

The use of EUS-FNA in the spleen has not been
studied. We have encountered 3 cases of EUS-FNA for
splenic lesions. In our experience, EUS-FNA yielded
cellular samples and an accurate diagnosis in 2 of 3
cases. In these 2 cases, the morphologic features of the
cells, in conjunction with immunohistochemical stains
and/or flow cytometric examination, helped in the correct
interpretation of large B-cell malignant non-Hodgkin
lymphoma. The third case proved to be a false-negative
diagnosis because the morphologic features of the cells
and the flow cytometric findings could not conclusively
establish the diagnosis of malignant non-Hodgkin
lymphoma. Our preliminary experience suggests that
judicious use of EUS-FNA might permit the detection of
unsuspected neoplasms, the determination of a preopera-
tive diagnosis of splenic lesions, or both. It should be
stressed, however, that further studies are needed to
determine the safety and efficacy of this modality in the
detection of splenic lesions.

Adrenal Glands

EUS can detect adrenal gland lesions and can effectively
obtain FNA samples from the left side. We have obtained
samples from 7 cases, of which 2 demonstrated carcinoma. In
our experience, no complications were noted following EUS-
FNA. This modality is useful for detecting metastatic malig-
nant neoplasms to the adrenal gland, especially from the lung.

Samples from normal adrenal glands reveal single cells
or small aggregates. The cells usually are uniform; however,
anisocytosis sometimes can be noted. The nuclei generally
have regular nuclear membranes. Some cells may reveal
conspicuous nucleoli. The cytoplasm may be eosinophilic,
foamy. or rich in lipids. Since the cytoplasm frequently is
disrupted, naked nuclei often are identified, with lipid
vacuoles ❚Image 13❚ noted in the background.

Future Directions and Summary

FNAs are being used increasingly to obtain samples for
molecular tests, including determinations of k-ras, p53, and
DPC4 activity132; clusterin expression133; c-kit mutations112,134;

gene rearrangement studies135; and telomerase
activity.136,137 The increased usefulness of molecular tech-
niques for the early detection and prognostication of tumors
potentially will increase the usefulness of powerful modali-
ties such as EUS-FNA that can provide samples from deep-
seated lesions.

EUS is a powerful modality that promises to change
practice patterns related to deep-seated malignant neoplasms
in coming years. This modality requires that cytopathologists
become an integral part of the patient management team, and
the protocols concerning management will reflect this. While
the diagnostic criteria for the majority of lesions are not
affected, the cytopathologist should be aware of the limita-
tions and pitfalls of this technique when evaluating samples
obtained by EUS-FNA.
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