% SpringMedia

77

Review

Endoscopic Ultrasound-Guided Fine Needle Aspiration:
From the Past to the Future

Midailin-Ionut Costache’, Sevastita Iordachel,John Gasdal Karstensen’, Adrian Siftoiu"”, Peter Vilmann®

! Department of Gastroenterology, Research Center of Gastroenterology and Hepatology, University of Medicine and Pharmacy, Craiova 200638,
Romania; > Department of Surgery, Endoscopic Unit, Copenhagen University-Hospital Herlev, Denmark

ABSTRACT

Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) is a technique which allows the study of cells obtained through
aspiration in different locations near the gastrointestinal tract. EUS-FNA is used to acquite tissue from mucosal/submucosal
tumors, as well as peri-intestinal structures including lymph nodes, pancreas, adrenal gland, gallbladder, bile duct, liver, kidney, lung,
ete. The pancreas and lymph nodes are still the most common organs targeted in EUS-FNA. The overall accuracy of EUS is supe-
rior to computed tomography scan and magnetic resonance imaging for detecting pancreatic lesions. In most cases it is possible
to avoid unnecessary surgical interventions in advanced pancreatic cancer, and EUS is considered the preferred method for loco-
regional staging of pancreatic cancer. FNA improved the sensitivity and specificity compared to EUS imaging alone in detection
of malignant lymph nodes. The negative predictive value of EUS-FNA is relatively low. The presence of a cytopathologist during
BEUS-FNA improves the diagnostic yield, decreasing unsatisfactory samples or need for additional passes, and consequently the
procedural time. The size of the needle is another factor that could modify the diagnostic accuracy of EUS-FNA. Even though the
EUS-FNA technique started in early nineteen's, there are many remarkable progresses culminating nowadays with the discovery
and performance of needle-based confocal laser endomicroscopy. Last, but not least, identification and quantification of potential
molecular markers for pancreatic cancer on cellular samples obtained by EUS-FNA could be a promising approach for the diagno-
sis of solid pancreatic masses.
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INTRODUCTION organs'. Nevertheless, a need for tissue diagnosis was evident
from the early work on EUS.” EUS-FNA has started in
1991 for pancreatic cancer” and at present is performed on
a routine basis at many endoscopic centers, being evident
that this procedure has a major impact on the therapeutic

management of patients, by obtaining a definite tissue

Endoscopic ultrasound fine-needle aspiration (EUS-
FNA) is a technique which allows the study of human cells
obtained through aspiration in different locations near the
gastrointestinal tract. The procedure is usually performed

after detection of a suspected mass through other imaging
methods, including endoscopy, ultrasound, computed
tomography (CT) or magnetic resonance imaging (MRI), eze.'
Thus, FNA is a minimally invasive method for cytological
sampling of peripheral and deep-seated mass lesions.”

The attachment of ultrasound probes to endoscopes
in the early 1980s (by DiMagno)® allowed an improved
visualization of the gastrointestinal wall and abdominal
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diagnosis from lesions outlined by EUS’. The ability to
obtain cytologic material under direct visualization adds a
new dimension to the diagnostic usefulness of this technique
because it offers an opportunity for prompt and accurate
diagnosis.”

EUS-FNA is used to acquire tissue from mucosal/
submucosal tumors, as well as peri-intestinal structures
including lymph nodes, pancreas, adrenal gland, gallbladder,
bile duct, liver, kidney, lung, ete.’ Based on the published
literature, the pancreas and lymph nodes (intra-thoracic and
intra-abdominal) are the most common organs targeted in
EUS-FNA.*

Even though the EUS-FNA technique started twenty years
ago, there are remarkable progresses culminating nowadays
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with the application of through the needle-based confocal
laser endomicroscopy (CLE) methods that allow real-time
optical biopsies.

FROM THE PAST...

It is obvious that EUS-FNA is not at all limited to
gastroenterology, as the gastrointestinal tract traverses
through anatomical regions related to other medical specialties
such as pulmonology, thoracic surgery, internal medicine,
oncology, urology, gynecology and endocrinology.”” In the
early 1990s, a special biopsy equipment was developed by
Peter Vilmann and Seren Hancke in collaboration with Medi-
GlobeGmbH, Tibingen, Germany, and this gave the final
breakthrough for the EUS-guided biopsy method.” "’ All
needle assemblies that are commercially available today have
basically similar characteristics and designs (Fig. 1A, 1B and
10).

Nevertheless, FNA was developed many centuries ago.
The first report on the use of needles for therapeutic
purposes can be found in the most influential book of
Arab Medieval Medicine, who described for the first
time therapeutic punctures of the thyroid gland, using
instruments resembling modern aspiration needles. But the
last century showed remarkable progress in terms of FNA,
the use of surgical needles for the diagnosis and treatment
of various diseases being widely used.! In 1912, a German
haematologist, Hans Hirschfeld (1873-1944), reported on
FNA biopsy for diagnosis of cutaneous lymphomas and
other tumors with the use of needle aspiration biopsy and
histological process of the acquired cellular material."
Leonard Stanley Dudgeon was the first who scientifically
established the technique of needle biopsy," while Hayes
Martin and Edward Ellis'>" applied needle biopsies on a
wide range of samples and clinical cases. But, the first report
of the use of fine (22-G) needle should be attributed to
Ernst Manheim (a German pathologist), in 1931."

Diagnostic role of EUS-FNA
The first EUS-FNA for cytologic diagnosis of a pancreatic
lesion was performed by Peter Vilmann in 1991 (Fig. 2) and
published in 1992.° His thesis which is considered a landmark
study was published as a book on EUS using curved linear array
transducer with description and development of the biopsy
needle and the EUS-FNA procedure (Fig. 3)’, EUS-FNA from
upper and lower gastrointestinal tract was further described in
1992 in separate studies by Wiersema ¢/ a/.”” and Vilmann e a/.>°
The regional anatomy of the pancreas is complex,
making procurement of cytologic samples difficult without
exploratory laparotomy. Traditionally, transcutaneous
ultrasound, CT or EUS-FNA has been used for imaging
guidance of the needle to obtain biopsies of the pancreas.”
Since its development in the 1980s, EUS has been found
utility in the investigation and staging of suspected pancreatic
cancer. As compared to other imaging modalities (CT,
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Figure 1. Initial designs of the endoscopic ultrasound-guided fine
needle aspiration needle (Vilmann-Hancke needle).

MRI), EUS has the advantages of a better detection rate of
pancreatic lesions under 3 cm in size and the ability to collect
samples for cytopathologic analysis, being an integral part
of the diagnosis and staging of pancreatic tumors.'” Thus,
the overall accuracy of EUS is superior to CT scan and MRI
for detecting pancreatic lesions.”**" Actually, the main role
of EUS-FNA in pancreatic lesions is to obtain the tissue
diagnosis in suspected pancreatic masses. Thus, in most cases



Costache M, et al. Retrospective and perspective of EUS-FNA

Figure 2. Endoscopic ultrasound (EUS)-guided fine needle aspiration
consisting of a linear EUS scope with the FNA needle exiting the
biopsy channel in the plane of the ultrasound image.

Figure 3. Initial thesis was considered a landmark study and
published as a book on endoscopic ultrasound (EUS) using curved
linear array transducer with description and development of the
biopsy needle and the EUS-guided fine needle aspiration procedure.

it is possible to avoid unnecessary surgical interventions
in advanced pancreatic cancer, and EUS is considered the
preferred method for loco-regional staging of pancreatic
cancer.’ A medical literature review to evaluate the role of
EUS-FNA for diagnosis of solid pancreatic masses showed
a 78%-95% sensitivity, 75%-100% specificity, and 78%-95%
> confirming that EUS-FNA is an effective and
safe method to obtain a cytological diagnosis of pancreatic

17,2
accuracy,

turnors.30

Many studies have noted the importance of performing
BEUS-FNA for mediastinal and intra-abdominal lymph
nodes. Most of these studies have evaluated the use of
BEUS-FNA in the staging of malignant neoplasms of the
lung, gastrointestinal tract, and pancreas4 but many other
such as sarcoidosis™, lymphomas35 and tuberculosis™ have
been diagnosed by this method. Lymph node staging and
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the detection of metastatic lesions are essential issues of
pancreatic cancer staging. EUS-FNA allows for sampling of
suspicious-appearing lymph nodes and liver lesions. EUS-
FNA has been shown to increase the accuracy of lymph
node staging and thereby reduce the number of unnecessary
surgical interventions.

A meta-analysis from 76 studies (9310 patients) on
mediastinal lymph nodes, demonstrated that FNA improved
the sensitivity (from 84.7% to 88%) and specificity (from
88% to 96.4%) compared to EUS imaging alone.”” Thus,
EUS-FNA should be the diagnostic test of choice for
assessment of mediastinal lymph nodes.”™” A recent study
also demonstrated an excellent specificity (100%) and a high
accuracy (90%) for EUS-FNA of mediastinal lymph nodes in
patients with known or suspected lung cancer, indicating that
the procedure has a high clinical impact.”’

Some meta-analyses and multicenter studies evaluated the
accuracy of EUS-FNA in diagnosing other organ lesions like:
mucinous pancreatic cystic neoplasms, solid pseudopapillary
tumors, autoimmune pancreatitis, metastatic lesions of the
pancreas, bile duct strictures and gallbladder masses, esophageal
and gastric cancet, gastrointestinal stromal tumors (GISTs),
non-small cell lung cancer staging, et." " For diagnosing
mucinous pancreatic cystic lesions, EUS-FNA has a pooled
sensitivity of 63% and specificity of 88%.%"** Over a 6-year
petiod, a retrospective, multicenter study demonstrated the
uscfulness of EUS-FNA in diagnosing a rare but important
cause of focal pancreatic lesions (metastatic lesions of
the pancreas).”** Another meta-analysis (including 284
patients) has shown that EUS-FNA has a pooled sensitivity
of 84% and a pooled specificity of 100% in the evaluation
of bile duct strictures and gallbladder masses.” A meta-
analysis has also demonstrated that EUS-FNA substantially
improves the sensitivity (from 84.7% to 96.7%) and
specificity (from 84.6% to 95.5% ) compared to EUS
imaging alone in evaluating N stage disease of esophageal
cancer.’™"®" Last, but not least, a recent study (over a
4-year period), has shown that the EUS-FNA performance
characteristics for diagnosing GISTs yielded a sensitivity
of 82%, a specificity of 100%, and an overall accuracy of
86%."" Thus, EUS-FNA is an extremely valuable tool
for diagnosing and characterizing submucosal lesions of the
upper gastrointestinal tract.”

How to decrease the rate of false negative?

The specificity of EUS can be increased close to 100%
with FNA with an accuracy of 95%. However, the negative
predictive value of EUS-FNA is relatively low, especially
when the diagnosis of pancreatic lesions is suspected. Data
from the medical literature for diagnosis of solid pancreatic
masses using EUS-FNA showed a 46%-80% negative
predictive value.””?*" For lymph nodes, the negative
predictive value of EUS-FNA is higher, approximately 80%
(78% - 85%)."*" Hence, negative results do not completely
exclude malignancy. Therefore, the need for routine EUS-
FNA of potentially resectable pancreatic mass lesions noted
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on other imaging modalities is still controversial "%

For effective assessment of the EUS-FNA samples, a
cytopathologist or an advanced trainee in cytopathology
should be on site to ensure that the samples taken are
adequate. The presence of a cytopathologist during EUS-
FNA, improves the diagnostic yield, decreasing unsatisfactory
samples, reducing the need for additional passes, and
consequently the procedural time.*” 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, cytopathologists go to the endoscopy suite
and provide an on-site, prompt interpretation.” So, onsite
cytopathological assessment is accepted as a quality control
measure for EUS and is the standard of care at most
academic EUS centers. In a recent study of 182 patients
with pancreatic masses who underwent EUS-FNA, the
presence of an on-site cytopathologist was associated with
a significantly lower number of inadequate samples and a
higher diagnostic sensitivity. """’

But another emerging concept is telecytopathology which
may be a valid substitute for onsite cytopathologic evaluation.
The slides are initially prepared and prescreened by a
cytotechnologist or pathology resident and then analyzed by
an offsite cytopathologist using real-time remotely operated
system.” A retrospective study demonstrated the potential
use of telecytopathology as a valid substitute for onsite
evaluation of pancreatic carcinoma by EUS-FNA."

A retrospective review showed that the cytotechnologists
and cytopathologists are comparably accurate in on-
site evaluations of adequacy of EUS-guided pancreatic FNA.
The adequacy and accuracy of the on-site evaluation
increases with institutional experience, and this increase is
not solely attributable to cytologist factors.”"

The goal of performing FNA is to obtain a positive
diagnosis in the quickest possible time with the least number
of passes. The number of passes to be made depends on
the presence or absence of on-site cytopathologist for
assessment of specimen adequacy, for establishment of on-
site diagnosis, and to guide the need for further sampling.
In the absence of an on-site cytopathologist, adequate
number of passes should be performed to avoid the need
for repeat procedures.” Studies have shown that with solid
pancreatic mass lesions, the optimal number of EUS-FNA
needle passes ranged from 2 to 6. Moreover, using suction
increases the diagnostic yield of a higher number of slides
without increasing bloodiness.”

The size of the needle is another factor that could
modify the diagnostic accuracy of EUS-FNA. 19-G
needles seem to be able to provide a higher amount of
tissue material as compared to 22-G needles, without
supplemental complications. Anyway, EUS-FNA with
a 19-G aspiration needle may be a valuable method for
the diagnosis of pancreatic/peri-pancreatic masses when
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Figure 4. Endoscopic ultrasound-guided fine needle aspiration
performed with a 22-G needle on the side of a hypoechoic pancreatic
tumor mass, with both cytology and microhistology performed after
at least 3 passes. Cytology showed a clump of malignant cells, while
microhistology confirmed the diagnosis of adenocarcinoma.

the cytopathologist is not available in endoscopy room.”
There was no difference in accuracy, number of passes or
complications between 25-G and 22-G needles. Anyway,
targeting of lesions in the distal duodenum may be casier
by using the 25-G needle due to less friction and easier
penetration.” Another recent study demonstrated that with
an adequate tissue sample, broad application of cytometry
and immunohistochemistry increased the diagnostic yield of
EUS-FNA.” Recently, EUS-FNA biopsy can be performed
with a new 19-G histology needle, being feasible for
histopathology diagnosis of intraintestinal and extraintestinal
mass lesions, offering the possibility of obtaining a core
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Figure 5. Needle based confocal laser endomicroscopy (nCLE) image of pancreatic tissue using fluorescein as a systemic contrast agent,
presenting grey lobular structures of tissue with thin white lines crossing representing fibrosis in a patient with chronic pancreatitis. Another
nCLE image of pancreatic tissue, demonstrating dark lobular structures and large vessels obtained in a patient with pancreatic ductal carcinoma.

sample for histological evaluation in the majority of cases,
with an overall diagnostic accuracy of over 85%.”

However, EUS-FNA is technically challenging and
requires special training, being a difficult technique to
master, with a prolonged learning curve. The American
Society for Gastrointestinal Endoscopy (ASGE)
recommends that for “comprehensive competence in all
aspects of EUS, a minimum of 150 supervised cases, of
which 75 should be pancreaticobiliary, and 50 EUS-FNA”
should be performed. The current ASGE guideline of
25 supervised EUS-FNA procedures for the diagnosis of
pancreatic adenocarcinoma is reasonable.””

TO THE FUTURE

CLE is a novel endoscopic method that was first introduced
in 2004 into the endoscopist’s toolbox.” Whereas techniques
such as chromoendoscopy and conventional magnification
endoscopy try to predict histology from mucosal patterns,
CLE actually allows intravital microscopy of the human
gastrointestinal mucosa during ongoing endoscopy, enabling
real-time optical biopsy.*

CLE is based on tissue illumination with a low-power laser
with subsequent detection of the fluorescence light reflected
from the tissue.””* Confocal imaging can be based on tissue
reflectance or tissue fluorescence.””” CLE based on tissue
fluorescence uses local and/or intravenous contrast agents
and generates high-quality images comparable with traditional
histological examination. The contrast agents can be applied
systemically (fluorescein, tetracycline) or topically (acriflavine,
cresyl violet) by using a spraying catheter.” Development
of organ- and tissue-specific contrast agents will further
expand the indications for confocal endomicroscopy, which
can potentially be used to assess extraluminal (e.g., biliary,
pancreatic, intraperitoneal) pathology.

Since the first description of use of an endoscope-based

CLE (eCLE) system in humans in 2004, the technology
of eCLE has been studied for several indications. These
include use to identify Barrett esophagus, esophageal and
gastric cancer, gastric intestinal metaplasia, celiac disease,
colorectal polyps, ulcerative colitis surveillance, graft-versus-
host disease, biliary tract strictures, pancreatic cysts, and
use in association with endoscopic mucosal resection.” ™
Recent technology allows a confocal miniprobe (pCLE) to
be passed through the biopsy channel of the endoscope,
while the optical biopsy images are usually co-registered with
the histopathology results performed at the conclusion of
pCLE imaging. Based on the same CLE system, microprobe-
based CLE has been combined with EUS-guided puncture
of pancreatic cystic lesions, a procedure termed needle-based
CLE (nCLE), in a proof-of-principle approach. Although
follow-up trials are to be awaited, nCLE may be proved
valuable in the evaluation of such cystic lesions(W, but also
focal masses”.

Molecular markers

Pancreatic cancer is characterized by a variety of molecular
alterations”, and therefore, identification and quantification
of potential molecular markers for pancreatic cancer
on cellular samples obtained by EUS-FNA could be a
promising approach for the diagnosis of solid pancreatic
masses.'” EUS-FNA can provide material for molecular
biology analysism; moreover EUS-FNA allows the extraction
of sufficient quantities of RNA to perform quantitative real-
time polymerase chain reaction (PCR) analysis%, which is
currently the most accurate method for detecting differential
gene expression. A recent study demonstrated that molecular
studies on EUS-FNA material (using low density array
on EUS-FNA biopsies from solid pancreatic masses) are
promising investigational techniques for the identification
and quantification of markers in pancreatic adenocarcinoma

. . . 2
patients diagnosed with non-resectable tumors."’
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Accurate diagnosis of malignant and benign pancreatic
masses can be challenging, potentially delaying treatment
for cancer and subjecting patients with benign disease
to unnecessary surgery. EUS-FNA of pancreatic masses
remains inconclusive in a subset of patients and several other
innovative approaches have been proposed. Broad panel
microsatellite loss and &-7as point mutation analysis can be
reliably performed on EUS-FNA samples from pancreatic
masses and improves the diagnostic accuracy. Furthermore,
it accurately differentiates between malignant and benign
pancreatic masses.'” K-ras mutation analysis may be helpful
in patients with suspected pancreatic ductal adenocarcinoma
(PDAC) yet inconclusive EUS-FNA findings, a study from
this year demonstrating that &-7zs mutations were extremely
rare in pancreatic inflammation and other pancreatic
tumors. "' Autoimmune pancreatitis may mimic pancreatic
cancer, and thus the detection of DNA mutations in
EUS-FNA material may improve discrimination between
autoimmune pancreatitis and pancreatic cancer. A -ras
mutation in EUS/FNA material from a pancreatic mass is
associated with malignancy and may help to discriminate
from benign conditions such as autoimmune pancreatitis.l%
Mucins (MUC) are aberrantly expressed in various
1rna1iz<gnar1cies,1U7 while alterations in mucin glycosylation and
expression have been described in cancer. MUC7 could serve
as a potential biological marker to identify malignant lesions,
especially pancreatic adenocarcinoma.'” Another approach
is to use mismatch excision repair (MMR), a DNA repair
system that eliminates mismatched base pairs and it plays
an important role in the maintaining of genomic integrity.
The use of MMR genes for the differentiation between
pseudotumoral chronic pancreatitis and pancreatic cancer
using a minimally invasive sampling technique could be a
promising technjque.99

In conclusion, large-scale gene analysis has been widely
proposed as a powerful method for diagnosis of malignancy,
but also to predict prognosis, invasion and metastasis through
the identification of biomarkers. Future studies will clarify
the role of molecular markers-based techniques associated

with EUS-FNA.
CONCLUSIONS

BEUS-FNA is used to acquite tissue from different tissue
structures located in the vicinity of the gastrointestinal
tract. The pancreas and lymph nodes are still the most
common organs targeted in EUS-FNA. This minimally
invasive procedure has an excellent sensitivity and specificity
for the diagnosis of solid pancreatic masses and lymph
nodes. Nevertheless, the negative predictive value of
EUS-FNA is relatively low, especially for the diagnosis
of pancreatic neoplasms. There are several issues to be
taken into consideration to improve this: the presence of a
cytopathologist during the procedure or the alternative of
telecytopathology, application of immunohistochemistry,
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performance of various sampling techniques, including fine
needle aspiration biopsy (FNB), the prolonged learning
curve, efe. Even though the EUS-FNA technique started
in early nineteen's, there are many remarkable progresses
culminating nowadays with the discovery and performance
of nCLE. Last, but not least, identification and quantification
of potential molecular markers for pancreatic cancer on
cellular samples obtained by EUS-FNA could be a promising
approach for the diagnosis of solid pancreatic masses
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