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Abstract

Endoscopic ultrasound (EUS)-guided tissue acquisition has emerged over the last decade as an invaluable diagnostic tool in approaching
the different pancreatic lesions. Given the safety and minimal invasiveness of this approach combined with the high diagnostic yield, it
became the standard of care when dealing with different pancreatic pathologies. However, some variables regarding this procedure remain
not fully understood. These can influence the diagnostic yield of the procedure and include the presence of the on-site cytopathologist,
the type and size of the needle used as well as obtaining aspiration versus core biopsy, the number of passes and the sampling technique,
and the role of suction and stylet use among others. We performed a comprehensive literature search using PubMed, Google Scholar, and
Embase for studies that assessed these variables. Eligible studies were analyzed using several parameters such as technique and procedure,
with the aim of reviewing results from an evidence-based standpoint.
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Introduction

Endoscopic ultrasound (EUS)-guided fine-needle
aspiration (FNA) has become an indispensable tool for
acquiring pancreatic lesion tissue. Since the first studies
of EUS-FNA in the early 1990s, the relative safety and
accuracy of EUS-FNA have led to most academic and
community centers replacing percutaneous FNA.['2 The
high spatial resolution of EUS compares favorably with
traditional cross-sectional imaging modalities such as
magnetic resonance imaging and computed tomography
scanning, particularly for lesions measuring <2 cm.
EUS provides detailed information regarding vascular
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involvement, and allows for simultaneous staging.® The
resulting cytopathological diagnoses may have a major
impact on therapeutic decision and on the prognosis of
patients.™

The use of EUS-FNA in clinical practice has been steadily
increasing. Roy et al. analyzed a 5-year trend (2006-2010)
in tissue acquisition in pancreatic diseases in the United
States using the Medicare database.® The use of EUS-FNA
increased by 69.3%, surgical biopsy declined by 41.7%, and
the use of percutaneous biopsy remained stable.
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A meta-analysis of 33 studies between 1997 and 2009
recently showed that EUS-FNA has a pooled sensitivity
for malignant cytology of 85-91%, specificity of 94-98%,
positive predictive value of 98-99%, and negative
predictive value of 65-72%.[°”1 False-negative results for
malignancy may occur in up to 20-40% of the cases.[** In
another recent meta-analysis, the accuracy of EUS-FNA
in diagnosing solid pancreatic masses was analyzed.
Pooled sensitivity, specificity, positive likelihood
ratio, and negative likelihood ratio were 86.8% [95%
confidence interval (CI), 85.5-87.9], 95.8% (95% CI, 94.6-
96.7),15.2 (95% ClI, 8.5-27.3),and 0.17 (95% CI, 0.13-0.21),
respectively. Repeat EUS-FNA is recommended as the
second-line test in patients in whom there is a strong
clinical suspicion of malignancy but a nondiagnostic
finding on initial examination.[*1012

In previous studies, the accuracy of EUS in obtaining
pancreatic and lymph node biopsy specimens has varied
from 71% to 98%.1*1I More recently, improvements have
been made in the technique and equipment that serve
to optimize specimen positivity. The diagnostic yield of
EUS-FNA-guided biopsies depends on the location, size,
and type of target lesion, in addition to procedural and
technical factors such as type of needle, biopsy technique,
experience of the endosonographer, and presence of on-
site cytopathologist.8!

There are several variables that can influence the
diagnostic yield and sensitivity of EUS-FNA-guided
biopsies of pancreatic lesions. We performed a
comprehensive literature search using PubMed, Google
Scholar, and Embase for studies that assessed these
variables. Eligible studies were analyzed using several
parameters such as technique and procedure. The aim of
our study is to discuss these variables from an evidence-
based point of view as detailed below.

Presence of on-Site Cytopathologist

The rapid on-site evaluation (ROSE) process involves
the evaluation of the direct smears obtained at the
point of care in the endoscopy suite.”! This is usually
done by a cytopathologist using a light microscope with
immediate feedback given to the endosonographer about
the diagnostic quality of the aspirates, and additional
EUS-FNA passes may be required or a modification in
the method of FNA such as altering use of suction or
changing the needle size. This information will simply
not be available if the EUS-FNA is performed without
ROSE. More than a decade ago, Klapman et al.*"!
compared the outcomes of EUS-FNA with and without
ROSE in procedures performed by the same endoscopist.
Patients treated with ROSE had their cytology positive
or negative for malignancy more frequently than those
who underwent EUS-FNA without ROSE (P = 0.001)

and were less likely to have an unsatisfactory specimen
(P =0.04) or undergo a repeat procedure (P = 0.16). Since
then, numerous studies have confirmed the superiority
of ROSE in terms of increasing the diagnostic yield by
limiting the number of passes and decreasing the number
of inadequate samples.[**?]

Collins et al.,*" over a consecutive 3-year period analyzed
379 patients who underwent ROSE and 377 patients who
did not. The percentage of repeat procedures on the non-
ROSE group was 5.8%, which was slightly higher than
in the ROSE group (2.9%). The use of ROSE decreased
the number of repeated procedures by approximately
50% (P = 0.024). In patients requiring an additional
procedure, the use of ROSE provided a higher number
of definitive diagnoses.

The diagnostic yield of cytology obtained by EUS-
FNA with ROSE in most studies exceeds 90%.!
In a meta-analysis involving 34 studies evaluating
EUS-FNA, the pooled sensitivity and specificity for
EUS-FNA of pancreatic ductal adenocarcinoma were
88.6% and 99.3%, respectively®® A meta-regression
model demonstrated that ROSE remained a significant
determinant of the accuracy of EUS-FNA (P = 0.001)
after correcting the study population number
and reference standard. In a second, more recent
meta-analysis, ROSE was associated with a 3.5%
improvement in adequacy rates for EUS-FNA of solid
pancreatic lesions.’® ROSE assessor type was found to
have no impact on adequacy rates but it was found to
be an effective modifier on the relationship between
needle passes and per-case adequacy for EUS-FNA of
solid pancreatic lesions.

ROSE is most frequently used in the United States but
its popularity is growing in Europe too. The European
Society of Gastrointestinal Endoscopy (ESGE) technical
guidelines state that ROSE provides a highly reliable
diagnosis with an excellent agreement with the final
cytopathological diagnosis.! Although there is growing
evidence to support the efficacy of ROSE, there have
been some concerns about the cost-effectiveness of
implementing an on-site cytopathologist, especially at
centers with financial constraints or limited resources.
Wani et al.* performed a study in which two strategies
for EUS and ROSE were evaluated. In the first, an on-site
cytotechnologist performed ROSE to assess adequacy of
sampling. In the second strategy, multiple passes were
performed by the endosonographers until it was decided,
in their opinion that an adequate sample been obtained
and ROSE was not carried out. The factors assessed
included diagnostic yield with offsite cytopathology,
incremental diagnostic yield with ROSE, incremental
adequacy of sampling with ROSE, cytotechnician salary,
and incremental diagnostic yield of a second EUS-FNA
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after an initial nondiagnostic procedure. The results
indicated that the overall cost per patient was less with
ROSE (US$2061) compared with when ROSE was not
used (US$2,228).

Alternative strategies have been suggested for ROSE
although most have failed to show any benefit. Gross
inspection and ROSE performed by an endosonographer
was shown to be worse (70%) compared to ROSE by a
cytotechnician (89%) in the diagnosis of malignancy
(P = 0.001).5°" However, Hikichi T et al.B® found no
difference in sample adequacy, number of needle passes,
or EUS-guided FNA performance characteristics in
two different 2-year periods. In one period, ROSE was
performed by endosonographers and in the other by
cytopathologists. Additionally, Hayashi et al.*”! examined
whether diagnostic accuracy increased through ROSE by
endosonographer training using predefined cytological
criteria such as identification of anisonucleosis, nuclear
membrane irregularity, overlapping, and enlargement.
The rate of inconclusive diagnoses, interpreted as
“suspicious,” “atypical,” and “inadequate for diagnosis”
was reduced from 26.4% to 8.2% (P = 0.004). Moreover,
diagnostic accuracy was increased from 69.2% to 91.8%
(P <0.001).

The need for an onsite cytopathologist may be obviated
if reliable core tissue can be procured for histologic
assessment.**! Currently, none of the specially designed
biopsy needles or a 19G needle can guarantee reliable
histologic core tissue procurement or demonstrate a
diagnostic accuracy of greater than 95 %% although
some studies have shown a benefit. In a recent study
by Krishnan et al.,*! the utility of ROSE in achieving
EUS-guided core biopsy specimens was evaluated.
Sixty consecutive patients referred for EUS-fine-needle
biopsy (FNB) were evaluated to determine the additive
value of ROSE on diagnostic accuracy. On-site specimen
adequacy and final diagnostic accuracy were 58%
(95% CI: 45.1-71.2%) and 83% (95% CI: 71.9-91.5%),
respectively. The results obtained were found to be
superior to those of standard EUS-guided FNA. In his
study comparing EUS-FNB alone with EUS-FNA with
ROSE followed by EUS-ENB, Keswani et al.*!! showed
that in nonpancreatic adenocarcinoma lesions, EUS-
FNB without cytology provided a high diagnostic
accuracy with no additional benefit of prior EUS-FNA.
The overall diagnostic accuracy was similar between
the EUS-FNB and EUS-FNA /B groups (83.7% vs 84.9%;
P=1.0).

To summarize, from the data reported in the
literature, ROSE may decrease the number of needle
passes and increase the diagnostic yield of EUS-
FNA specimens by 10-30% and thus, diagnostic accuracy.
EUS-guided FNA combined with ROSE is able to

diagnose pancreatic lesions with a high sensitivity and
specificity by obtaining cytological and/or histological
samples. Using core biopsy needles may increase
specimen adequacy and diagnosis although more
studies are needed to explore this. Alternatives to ROSE
have failed to show any significant benefit in terms of
diagnosis and sample adequacy.

Needle Type and Size

Three commonly used sizes of EUS-FNA needles are
commercially available — 19G, 22G, and 25G. The
most commonly used needle is a 22G needle, which
is flexible and enables cytologic assessment without
a significant risk for complications.*? Nevertheless, it
has been suggested that the 25G needle may actually
pose a benefit when performing FNA of the pancreatic
head or uncinate process, due to its flexibility and thus
facilitate ease of use when compared to a higher gauge
needle.®! For uncinate process lesions, the use of a 22G
needle has been reported to be unsuccessful in up to 33%
of the cases."®! The diagnostic accuracy for pancreatic
masses when using the 22G needles is up to 95%" and
as low as 68%!*! for subepithelial lesions. The overall
rates of diagnostic adequacy for sampling pancreatic
masses for cytology using the 22G needle are variable
compared with histology (82-93% vs 84-87%).*% The
overall diagnostic accuracy for histology on each pass is
only 60% for the 25G needle and 75% for the 22G needle.

Gimeno-Garcia ef al. performed a randomized controlled
trial comparing stylet-free EUS-guided FNA with 22G
and 25G needles." ! There were no significant differences
between the 22G and the 25G FNA needles in sample
adequacy, bloodiness, ease of puncture, FNA failure,
visibility, number of passes, and complications; and no
significant differences between the needles were found in
relation to lesion site. Similar outcomes were found in a
Danish study.”! A recent randomized controlled trial by
Ramesh ] et al. comparing flexible 19G and 25G needles
for EUS-FNA of solid pancreatic masses also found that
there was no significant difference in the performance of
flexible 19G and 25G needles in terms of technical failure
(0% vs 2%, P=0.99) or adverse events (2% vs 0%, P =0.99)
between the two cohorts.*¥! While most of these studies
have failed to show any superiority of one needle over
another, a meta-analysis of EUS-FNA of solid pancreatic
lesions noted that the 25G needle was associated with a
higher sensitivity (P = 0.0003) but comparable specificity
(P =0.97) to the 22G needle.! Affolter et al. also noted in
their meta-analysis that in the evaluation of pancreatic
and peripancreatic lesions by EUS-FNA, 25G needles
may confer an advantage in adequacy relative to 22G
needles but confer no advantages with respect to
accuracy, number of passes, or complications.*
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It remains to be said that Bang J et al. have proposed
an algorithm to choose needles for aspiration: 25G
needles for transduodenal FNA, 22G or 25G needles
for other FNAs, 19G flexible needles for transduodenal
interventions, and standard 19G needles for interventions
for other routes.!

While the 22G needle is the most commonly used
needle size, no single needle size has shown superiority
over another in recent studies. 25G needles may have
a slightly greater sensitivity and adequacy than 22G
needles but confer no advantages with respect to
accuracy, number of passes, or complications. Needle
selection is a complex process and will ultimately depend
on lesion morphology, location, and presence of an on-
site cytopathologist.

Endoscopic Ultrasound Core Biopsy

In recent years, many studies have focused on the use
of the EUS-core biopsy needle to obtain more tissue.
These needles allow a larger amount of tissue and better
preservation of cell architecture than an aspirate. Possible
indications for the use of a FNB include failure of FNA
with a 22G or 25G needle, suspicion of metastatic tumors
requiring special studies for identification, and diagnosis
of neuroendocrine tumors, lymphoma, or autoimmune
pancreatitis.l! Therefore, in theory, a FNB specimen
should have greater diagnostic accuracy and provides
more tissue for ancillary testing than a typical FNA
sample. In this setting, FNB may offset the limitations
of FNA wherein the diagnostic sensitivity is reliant on
the availability of an onsite cytopathologist.l**! Without
a cytopathologist in endoscopic room, combining EUS-
FNA cytology and histology significantly increases the
sensitivity for malignancy diagnosis compared with
cytology or histology alone (89.9% vs 68.1% for cytology
P =0.007 and 60% for histology P < 0.001).0'")

Conventionally, obtaining such a core histopathological
specimen required the use of a large 199G FNA needle or a
“tru-cut” spring-loaded biopsy needle (e.g., Quick Core,
Cook Medical). However, these have had a high rate of
failure due to needle stiffness and scope angulation.?
Tru-cut biopsy has not been shown to be superior to
FNA with respect to overall diagnostic accuracy except
perhaps in certain situations such as autoimmune
pancreatitis and lymphoma.l*** A new nitinol-based
19G flexible needle (Flex 19; Boston Scientific, Natick,
MA, USA) and the latest 19G histologic needles (ProCore,
Wilson-Cook) have largely replaced the 19G tru-cut
needle for performing core biopsies.

There are a number of studies evaluating the use of 19G,
22G, and more recently 25G fine-biopsy needles with a
reverse bevel design (EchoTip ProCore, Cook Medical).

An early multicenter study noted that the ProCore
19G needle was technically feasible in 45 (95.7%) of 47
pancreatic tumor cases, with a diagnostic accuracy rate
of 89.4% . Technical failures occurred in only 2 out of
35 cases from the duodenum. Following the release of
the 22G core biopsy needle, Beroza et al. compared its use
with a standard 25G FNA needle in sampling the same
pancreatic lesion during EUS. There are no significant
differences in the diagnostic yield between EUS-
guided 22G core biopsy and the standard 25G FNA for
diagnosing pancreatic lesions but core biopsy required
a fewer number of passes. There was a nonsignificant
incremental diagnostic yield when using both needles
during the same procedure.

Another study showed no significant difference in the
yield or quality of the histologic core between 22G
FNA and 22G biopsy needles for EUS-guided sampling
of solid pancreatic masses.?” Diagnostic sufficiency,
technical performance, and safety profiles of both
types of needles were comparable. Similarly, Hucl
et al. noted that there was no statistically significant
difference between a 22G core needle and a standard
22G FNA needle in terms of sensitivity, specificity,
and positive and negative predictive values although
the core needle required fewer passes to provide
an adequate sample, offering a potentially shorter
procedure time.’”! A retrospective study by Iwashita
et al. evaluating the diagnostic yield of EUS-FNB of
pancreatic lesions using a 25G core biopsy needle
showed a high cytological yield (cumulative sensitivity
of 83%, 91%, and 96% when cytologic analysis was
performed on passes 1, 2, and 3, respectively), similar
to 25G FNA needles while also providing some
histologic core tissue.*®

At present, therefore, most studies have shown no
appreciable benefit in using a core biopsy needle over
a FNA needle during EUS of pancreatic lesions, with
the exception of less needle passes needed to obtain
an adequate sample. Sensitivity, specificity, negative
and positive predictive values, yield, and safety are
comparable to 22G and 25G FNA needles.

Pancreatic Cystic Lesions

Pancreatic cystic neoplasms (PCNs) include a spectrum
of pathology, covering intraductal papillary mucinous
neoplasm (IPMN), mucinous cystic neoplasms (MCN),
and serous cystadenomas. PCNs are often classified
into mucinous versus nonmucinous cysts because the
appearance of cyst fluid obtained by EUS-FNA. Mucinous
cysts are usually malignant or potentially malignant.
Peripheral calcification (egg shell calcification) can be
seen in 10-25% of MCNs and help to differentiate them
from serous cysts.[*) EUS-FNA can provide information
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on the viscosity, cytology, chemistry, tumor markers and
molecular markers of the cystic lesions.

Endoscopic ultrasonography with FNA has been shown
to be superior to CT and MRI in accurately classifying a
cyst as neoplastic (P < 0.0001).1°! Moreover, the addition
of EUS-FNA to abdominal imaging significantly increases
the overall accuracy for diagnosis of neoplastic pancreatic
cysts. This may be related to the fact that EUS has low
invasiveness and high resolution as well as anatomical
proximity to the pancreas and upper gastrointestinal tract
in comparison to other modalities such as endoscopic
retrograde cholangiopancreatography (ERCP).5!

A recent large multicenter study evaluated the factors
influencing the yield of EUS-FNA of pancreatic cystic
lesions.[” It found that on univariate analysis, factors
associated with higher cytologic yield included vascular
involvement on EUS, presence of solid cystic component,
and increased number of needle passes during EUS-FNA.
In addition, for pancreatic cysts with a solid component,
the diagnostic yield of EUS-FNA increased significantly
from 44 % with one pass to 78 % with more than one pass
(P =0.016). However, it must be noted that the decision
to use EUS-FNA for PCN is dependent on a number of
factors, with a significant one being the size of the PCN.
A very small cyst may not provide an adequate sample
for analysis. Walsh et al. concluded that a minimum size
of 1.5 cm was needed for successful analysis of EUS-FNA
of PCN.

FNA of pancreatic cystic lesions involves very similar
techniques to FNA of solid lesions. For suspected
mucinous cysts, a 22G needle is used because of the
high viscosity of the fluid. The cyst fluid from serous
cystadenomas is thin and easily aspirated and serous
cystadenomas and cystic neuroendocrine tumors should
be aspirated with a 25G needle in order to minimize
the risk of bleeding.[! Brugge et al. recommend that
pseudocysts be aspirated with a 22G or 19G needle in
order to evacuate the entire lesion.® Through-the-needle
imaging is an exciting new concept that allows direct
visualization within the cyst via a needle probe. Two
types of through-the-needle imaging are currently being
explored: Cystoscopy and confocal laser endomicroscopy
(CLE). Recent studies have been promising although
further work is needed to explore these technologies
further. 681

Cyst fluid analysis is fraught with limitations but in
the appropriate clinical and radiologic context can
facilitate diagnosis.[! The classic study by Brugge et al.
evaluating various cyst fluid markers in 112 patients
had identified CEA as having the highest clinical utility
in discriminating mucinous from nonmucinous cystic
lesions,” although a recent large multicenter study

showed that cyst fluid CEA levels have a clinically
suboptimal accuracy level in differentiating MCNs from
non-MCNs."! Amylase below 250 U/L can rule out a
pseudocyst with 98% specificity.” Typically, amylase
levels are higher in IPMN than in MCN although they
can be similar as well.”! Other tumor markers such as
CA19-9 and the lipase enzyme have also been evaluated
although more studies are needed to confirm their
clinical utility. Molecular analysis of aspirated cyst
fluid for DNA mutations may help to distinguish MCN
from non-MCNs. KRAS mutations favor a mucinous
diagnosis, whereas a GNAS mutation favors a diagnosis
of IPMNs over MCNs.™ A recent study of the cyst
fluid proteome demonstrated that proteomic profiling
of mucin in cyst fluid (obtained by EUS-FNA) was 98%
accurate for premalignant and malignant cysts./”!

EUS-EFNA for PCN is relatively safe. In a systematic
review, the overall complication rate of EUS-FNA for
pancreatic cysts was higher than that of pancreatic
solid lesions (2.75% vs 0.82%)."?! Pancreatitis was seen
in 1.1%, bleeding in 0.3%, infection in 0.2%, abdominal
pain in 0.8% and fever in 0.3% patients. It is to be noted
that the incidence of pancreatitis is considerably lower
than that of pancreatitis after ERCP with pancreatic duct
maneuver.® In addition, a concern when considering
aspiration of a cystic lesion is the introduction of infection.
Multiple aspirations could potentially increase this risk.[!
However, there have been no randomized trials conducted
to determine the need for prophylactic antibiotics in
the setting of EUS-FNA. The risk of bacteremia after
EUS-FNA is low (0-6%) and comparable with that
of diagnostic endoscopy.’”! The American Society of
Gastrointestinal Endoscopy (ASGE) suggests antibiotics
before EUS-FNA of mediastinal cysts and advises
against the administration of prophylactic antibiotics
before EUS-FNA of pancreatic and peripancreatic cystic
lesions.” Prophylaxis, when deemed necessary, involves
administration of an antibiotic such as a fluoroquinolone
administered before the procedure and continued for 3-5
days after the procedure.

EUS-FNA appears to be a safe and effective procedure
for the evaluation of PCNs, especially when combined
with ROSE. It should be considered in cysts that are at
least 1.5 cm in diameter. 22G and 25G needles appear
to be the most effective for PCN, with the addition of a
19G needle for pseudocysts. Updated guidelines from
the ASGE suggest that antibiotic prophylaxis of PCN
before EUS-FNA is not necessary although they may be
given in high-risk patients.

Role of Stylet Use

Utilization of a stylet has been a point of debate in the
literature. A removable stylet is usually included in
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EUS-FNA needle systems. There was an assumption that
the use of a stylet during EUS-FNA prevents clogging of
the needle lumen by gastrointestinal (GI) wall tissue as
the needle traverses this to reach the target lesion, which
could limit the ability to aspirate cells from the target
lesion.” Based on this theoretical belief of improving the
quality of specimens obtained, the use of a stylet is routine
practice for some endosonographers during EUS-FNA. [

Several randomized controlled trials have noted that
stylet use increases the bloodiness of the specimen and
does not increase the diagnostic yield in FNA."81 Air
flushing in a controlled fashion has been demonstrated
to be superior to reinsertion of the stylet to express EUS-
FNA aspirates. The traditional technique of reinserting
the stylet to express EUS-FNA aspirates may be required
only in cases where the aspirates cannot be expelled due
to clotting or drying.*" In a recent cross-sectional survey
of American endosonographers, DiMaio et al. found that
91% (n =192) of all practitioners utilized a stylet during
initial FNA.

The use of a stylet has, therefore, not been shown to have
any clinical benefit during EUS-FNA.

Role of Suction

Similarly, the role of suction varies and there is no
consensus on its use. Suction is supposed to improve
the diagnostic yield during EUS-FNA by holding the
tissue against the cutting edge of the needle as it is
moved through the target lesion and drawing up cells.
EUS-FNA without suction uses the fine-needle capillary
sampling technique to achieve the same result.’”! Lee
et al.®! noted in their randomized control trial that the
diagnostic yield during EUS-FNA of pancreatic masses
with suction was higher than without suction (72.8% vs
58.6%, P = 0.001). The EUS-FNA was performed with a
22G or 25G needle with suction being applied with a 10
mL syringe. In another study, EUS-FNA with suction was
associated with increased number of pathology slides,
higher sensitivity, and negative predictive value (85.7%
vs 66.7%, P = 0.05) and no difference in the bloodiness
of each sample.® In a pilot study by Larghi et al. 185!
continuous high negative pressure mechanical suction
(35 mL of a 60 mL syringe) with a 22G needle yielded a
tissue core adequate for histologic evaluation in 96% of
solid masses.

However, Wallace et al. found that the use of suction
during EUS-FNA of lymph nodes was associated with
excessive bloodiness [odds ratio (OR): 4.7, 95% CI:
1.9-11.2].81 The European Society of Gastrointestinal
Endoscopy (ESGE) technical guidelines recommend the
application of continuous suction for EUS-FNA of solid
masses but no suction for lymph nodes.F!

A different suction technique, which uses capillary
aspiration by slow withdrawal of the fine-needle stylet,
may have higher sensitivity and a better negative
predictive power than conventional suction. Chen et al.
compared the diagnostic yield of EUS-FNA of pancreatic
lesions with stylet capillary sampling compared with
conventional suction.® They found that the quality of
the cytology specimen graded by blinded pathologists
was abundantly cellular in 55% of capillary sampling
specimens compared to only 33% of the conventional
syringe suction samples.

Other studies have evaluated the efficacy of the slow-pull
technique, mostly in the setting of core-biopsy needles.
This involves repetitive to-and-fro movements with
simultaneous minimum negative pressure provided by
pulling the needle stylet slowly and continuously. One
such study showed a higher diagnostic yield using a
25G core biopsy needle and the slow-pull technique.®)
Nakai et al. compared slow pull versus suction in EUS-
FNA of pancreatic masses and found that the slow-pull
technique was associated with less blood contamination
and increase in the diagnostic yield, especially when
used with a 25G needle.”™ In contrast, Kin et al. found no
difference between suction and slow pull in EUS-FNA of
solid pancreatic lesions using a standard 22G needle."

In summary, suction has not been shown to consistently
improve diagnostic yield although it could increase the
bloodiness of the tissue sample. The capillary aspiration
and slow-pull technique have shown benefit in some
studies but not in others.

Sampling Technique

There are a number of techniques used when sampling
lesions for biopsy, and no single method is unquestionably
superior. However, several of these techniques have
recently gained popularity. For large lesions that
may be centrally necrotic, targeting the periphery is
recommended although this runs the risk of sampling
reactive desmoplasia and inflammatory debris.®®!

As opposed to sampling just one region of the lesion,
the “multipass” technique involves sampling widely
through the lesion many times, before removing the
needle from the scope. The needle is moved through
the entire diameter of the lesion for 5-10 strokes, and
the needle is withdrawn from the lesion and moved to a
different region of the lesion. Approximately, five regions
per lesion are sampled before processing the sample.*!
In contrast, the fanning technique involves sampling
multiple areas within a lesion with each pass. A sufficient
number of passes must be performed to provide enough
material for analysis, and in the case of failure the
procedure needs to be repeated.™ In a randomized
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trial comparing fanning to the conventional “to-and-
fro” technique, there was no significant difference in
diagnostic accuracy between both the techniques (76%
vs 96%) although the fanning technique facilitated a first-
pass diagnosis in 85% of the patients compared with less
than 60% with the standard technique."

More prospective trials are needed to conclusively
evaluate and compare sampling techniques before
recommendations can be made.

Experience of Endoscopist

There does exist a steep learning curve in performing
satisfactory EUS-FNA of pancreatic lesions. Current
ASGE guidelines recommend 25 supervised EUS-FNA
for the diagnosis of pancreatic adenocarcinoma. As
endoscopists perform more EUS-ENA, sensitivity rises.!
A single operator study tracked the performance of one
endoscopist over the course of the first 300 EUS-FNAs,
showing improved performance when comparing the
last 100 procedures performed to the first 100.* Most
experts recommend a 6-24 month “hands-on” training
in EUS before achieving competency.*!! Early hand-on
exposure to EUS-FNA for trainees with attending
physician supervision has been shown to be safe
and have comparable performance characteristics to
experienced endoscopists including number of passes,
diagnostic yield, and complications.!

Number of Needle Passes

The number of needle passes needed to obtain diagnostic
material varies by site, size, and type of lesion, and
potentially may be optimized by immediate cytological
assessment of the adequacy of specimens, as described
above. If ROSE is not available, a number of studies have
analyzed the number of needle passes needed to achieve
a good diagnostic yield. An early study by Erickson
et al.? showed that five to six passes were required for
pancreatic masses, with the caveat that a general policy
of five passes meant that too few or too many passes
would be made in about 50% of the patients. In addition,
well-differentiated pancreatic adenocarcinoma required
a higher number of passes as compared to moderately
and poorly differentiated tumors. In tumors that are
very vascular, increasing the number of passes may
decrease the diagnostic yield due to increasing blood
contamination.®”!

LeBlanc et al. demonstrated an increase in sensitivity
from 17% to 87% when more than seven passes were
made with a 22G needle into pancreatic masses during
EUS-FNA P Interestingly, a German study involving
three contributing centers found that gross examination

of the specimens by the EUS endoscopist for cytological
and histological sensitivities required only one to two
passes in 92% of the cases with solid pancreatic masses.!"’)
The macroscopic assessment was unsuccessful in 7%
(cytology) and 13.5% (histology) of the cases. Similarly,
Turner et al. showed in their cohort of patients that
only two to three passes were necessary to achieve a
diagnostic accuracy of 80% although ROSE was available
in about 44% of the cases.’”! In a prospective study
involving a 25G needle, four passes were found to be
sufficient for EUS-FNA of solid pancreatic lesions.” The
diagnostic accuracy was similar irrespective of an onsite
cytopathologist was present or absent.

The ESGE recommends performing three needle passes
when sampling lymph nodes and liver lesions, five
passes when sampling solid pancreatic masses, and a
single pass when sampling pancreatic cysts due to the
potential for introducing an infection.*!

The optimal number of needle passes to obtain a high
diagnostic yield seems to be three to seven. Ultimately,
the number of passes will highly depend on the
availability of a cytopathologist during the biopsy
procedure and level of cytolopathologist experience
available.

Safety

The total complication rate of EUS-FNA in published
series ranges from 0% to 13%."°% Complications most
commonly include perforation, pancreatitis, infection,
tumor seeding, or clinically significant bleeding.!'®! A
multicenter study in the United States demonstrated
a complication rate of 0.28%[% while a more recent
prospective study noted the complication rate as
0.85%."4 No definite association was found between
the occurrence of a complication and the type and size
of the pancreatic lesion, number of passes, or history of
chronic pancreatitis.

EUS-guided FNA of solid pancreatic masses is a generally
safe and effective modality for tissue acquisition of solid
pancreatic lesions with acute pancreatitis being the most
common complication but infrequently encountered in
clinical practice.

Conclusion

EUS-FNA is an excellent modality for evaluating and
sampling solid and cystic pancreatic lesions. It has high
accuracy, sensitivity, specificity, and positive predictive
value. A majority of studies have shown benefit in using
an on-site cytopathologist although implementation
of this resource may be an issue in smaller hospitals.
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If ROSE cannot be provided, three to seven passes
for solid pancreatic masses, three to seven passes for
peripancreatic lymph nodes, and a single pass for
pancreatic cystic lesions will provide the optimum yield.
No single needle size including 19G, 22G, and 25G sizes
has shown superiority over another in terms of yield,
accuracy, or complication rate. However, the 25G needle
remains a popular choice due to its flexibility in accessing
the head of the pancreas and uncinate lesions. A core
biopsy needle does not appear to have an advantage over
22G or 25G FNA needles except for a reduced number of
passes needed to obtain an adequate sample. Currently,
the use of stylet, suction, different sampling technique,
and passes >7 to obtain FNA have not consistently
shown to increase the yield of FNA. EUS-FNA is a useful
technique to evaluate pancreatic cysts larger than 1.5 cm,
using 22G or 25G needles. Newer technologies such as
needle-based confocal endomicroscopy used during
EUS can be used to improve diagnostic yield via FNA by
providing in vivo histology of pancreatic cysts; however,
further validation is needed before recommendations
can be made.

EUS-guided FNA of solid pancreatic lesions is a generally
safe procedure, with acute pancreatitis being one of
the more frequently cited complications; however,
the overall incidence remains very low. EUS-FNA
of cystic lesions in the pancreas has been shown to
have a slightly higher risk of pancreatitis and other
complications than solid lesions but the risk still remains
low. Preprocedure prophylaxis for cystic lesions is
currently not recommended. Currently, a minimum of
25 supervised EUS-guided FNA procedures of pancreatic
lesions are recommended to achieve confidence in
diagnosing pancreatic adenocarcinoma.

There has been tremendous progress over the past
decade to overcome the limitations of EUS-FNA due to
sampling technique, procedure and equipment. Efforts
to increase diagnostic yield and ease of interpretation of
biopsy samples may herald a shift from cytological to
histological analysis, allowing an increased availability
and use of EUS. Refined techniques such as molecular
analysis of EUS-FNA aspirate are also being more
commonly investigated. Awareness of the variables
affecting sampling in EUS-FNA and incorporating
evidence-based best practice will undoubtedly help
improve clinical outcomes.
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