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Abstract
Fine needle aspiration (FNA) is currently the standard of care for sampling
pancreatic solid masses by using endoscopic ultrasound (EUS). The accuracy of
the technique is reported to be high, especially if coupled with the rapid on site
evaluation (ROSE), and it has a high safety profile. However, FNA presents some
limitations, such as the small amount of tissue that can be collected and the
inability of obtaining a core tissue with intact histological architecture, which is
relevant to perform immunohistochemical analysis, molecular profiling and,
therefore, targeted therapies. Moreover, the presence of the ROSE by an expert
cytopathologist is very important to maximize the diagnostic yield of FNA
technique; however, it is not widely available, especially in small centers. Hence,
the introduction of EUS fine needle biopsy (FNB) with a new generation of
needles, which show a high safety profile too and a satisfying diagnostic accuracy
even in the absence of ROSE, could be the key to overcome the limitations of
FNA. However, FNB has not yet shown diagnostic superiority over FNA.
Considering all the technical aspects of FNA and FNB, the different types of
needle currently available, comparisons in term of diagnostic yield, and the
different techniques of sampling, a tailored approach should be used in order to
determine the needle that is most appropriate for the different specific scenarios.
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Core tip: Endoscopic ultrasound guided fine needle aspiration (FNA) is the gold standard
for sampling solid pancreatic masses, but the small amount of tissue collected and the
need of on site evaluation to maximize the diagnostic yield are some disadvantages. New
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fine needle biopsy (FNB) needles, with high safety profile and satisfying diagnostic
accuracy even in absence of on site evaluation, could overcome FNA limitations.
However, FNB has not yet shown a clear diagnostic superiority. Thus, in order to choose
the better needle for a given scenario, it is important to know the technical aspects of
FNA and FNB, the different sampling techniques, the types of needle available, and their
diagnostic performance.
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INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer related fatalities in Western
countries[1,2].  Ductal  adenocarcinoma  (ADK)  is  considered  the  main  cause  of
pancreatic mass, but many other neoplasms and benign conditions can be detected in
the pancreas. Distinguishing different types of pancreatic masses is an important
clinical challenge because the pathological diagnostic confirmation is highly relevant
for establishing the best treatment. Endoscopic ultrasound (EUS) guided-fine needle
aspiration  (EUS-FNA) is  currently  the  standard of  care  for  sampling  pancreatic
masses, with a diagnostic accuracy ranging in literature from 77% to 95%[3,4].

EUS-FNA is a safe technique, with related morbidity and mortality rates < 1% and
complications such as pain (0.38%), bleeding (0.10%), and pancreatitis (0.4%; n  =
8246)[5].  There  were  some  concerns  about  the  risk  of  seeding,  but  peritoneal
carcinomatosis may occur more frequently in patients undergoing percutaneous FNA
than those who have EUS-FNA for the diagnosis of pancreatic cancer. The reported
risk of seeding during pancreatic tissue acquisition is significantly lower during EUS-
guided procedure compared with percutaneous sampling (2.2% vs 16.3%; P < 0.025)[6].

A  recent  study  has  indicated  that  EUS-FNA  could  be  carried  out  without
consequence  on  efficacy  of  surgery[7].  Again,  the  European  Society  for  Medical
Oncology  guidelines  recommended  EUS-FNA,  especially  in  doubtful  cases.
Percutaneous biopsy of the pancreas is  contra-indicated in potentially resectable
cases[8]. When performing EUS tissue acquisition, the operator should consider several
variables  that  may influence  the  outcome to  maximize  the  accuracy and reduce
adverse events. These include correct EUS assessment of target lesion and type, size of
needle, and most suitable sampling technique[9]. Of note, considering strict cytological
criteria, EUS-FNA sensitivity has been reported to be as low as 77%, even in expert
hands,  due  to  inadequate  samples  and  the  presence  of  extensive  necrosis  or
fibrosis[10,11].

Therefore, rapid on site evaluation (ROSE) by a cytopathologist, firstly described by
Hikichi  et  al[12],  has  been proposed to improve EUS-FNA diagnostic  accuracy by
evaluating  samples  adequacy/cellularity  and thus,  theoretically,  increasing  the
overall  accuracy and reducing needle passes.  Unfortunately,  ROSE is not widely
available, and its real impact on diagnostic accuracy is not well established[13].

Although EUS-FNA is usually adequate for the final diagnosis of pancreatic ADK,
it  is  not able to obtain a core tissue with a preserved architecture,  essential  for a
definite  diagnosis  of  other  pancreatic  solid  tumors  and  benign  conditions[14].
Moreover, cytological samples do not allow immunohistochemistry, phenotyping,
and genetic analysis, which are fundamental factors for risk stratification and tailored
oncological management. To overcome the aforementioned shortcomings, fine needle
biopsy (FNB) was developed in order to guarantee the acquisition of a core tissue,
ideally  providing  a  sample  with  preserved  architecture  for  both  histological,
immunohistochemical, and genetic profiling.

The aim of this review is to provide an overview about the diagnostic yield of EUS-
FNA and FNB for pancreatic masses, to analyze the technical features of the different
needles and the different techniques in sampling (e.g.,  stylet/no stylet;  different
aspiration methods, needle sizes) in order to provide a small practical guide with
reference  to  the  different  possible  scenarios  where  EUS  guided  sampling  is
performed.

WJGE https://www.wjgnet.com August 16, 2019 Volume 11 Issue 8

Conti CB et al. EUS-FNA/FNB for solid pancreatic masses

455



LITERATURE SEARCH
An extensive bibliographic search in PubMed via  MeSH was performed using the
following key words and free terms: Pancreatic mass, pancreatic cancer, FNA, FNB,
endoscopic ultrasound, EUS sampling, EUS needle, comparisons between FNA and
FNB, FNB versus FNA, FNB versus FNB, FNA versus FNA needle, AND pancreatic
masses.  The reference lists from the selected studies were manually examined to
identify further relevant reports. Non-English-language papers were excluded.

EUS-FNA ACCURACY: THE ROLE OF ROSE ON THE WAY
TO FNB
One recent study of 985 patients with pancreatic masses[15] found that pre-operative
EUS-FNA led to “significantly fewer benign lesions resected” compared with the
group that underwent surgery without EUS (P = 0.024). Hence, if “tissue is the issue”,
the main purpose of  EUS is  to collect  material  for  pathological  evaluation.  EUS-
guided tissue acquisition of solid pancreatic lesions can be performed using two
different methods: FNA and FNB.

Historically,  FNA  needles  were  developed  only  to  obtain  an  adequately
representative cellularity of the lesion. Therefore,  EUS-FNA does not necessarily
retain the stroma and requires the presence of an expert pathologist both for the
preparation of the collected specimens and for their interpretation. The ROSE process,
done during the procedure in the endoscopy suite, involves the processing of a tissue
smear and the evaluation under a light microscope by a trained cytopathologist. An
on-site cytopathologist is fundamental to confirm adequate tissue sampling, which
increases the diagnostic accuracy, when compared to EUS-FNA performed without
ROSE[16]. ROSE reduces the number of needle passes necessary to obtain an adequate
specimen and increases the diagnostic capability of the endosonographer through
immediate feedback during the procedure[17-18]. Early data from three meta-analyses
demonstrated that ROSE was associated with a statistically significant (P  < 0.001)
improvement in the adequacy rate (average 10%, 95%confidence interval (CI): 5%-24
%)[16,19-20].

Hence,  EUS-FNA with  ROSE has  been  considered  the  reference  standard  for
obtaining  high  diagnostic  accuracy  in  the  biopsy  sampling  of  the  pancreas[21].
However, the main limitation of this approach is represented by the cost related to the
presence of a dedicated and skilled cytopathologist in the endoscopic room; and
although EUS-FNA with ROSE reduces the number of passes necessary to obtain a
suitable sample, it seems to increase the overall procedure time, both for the need of
specimen processing and for the time requested for the interpretation[22].

However, high quality studies reported conflicting conclusions[23]. Two randomized
clinical trials (RCTs) conducted in 2015[23,24] showed no significant difference in the
diagnostic yield of malignancy, proportion of inadequate specimens, and accuracy in
patients with pancreatic mass undergoing EUS-FNA with or without ROSE. FNA
without ROSE was performed using a fixed number of needle passes, which was
significantly higher compared to the number of passes needed in the group with on-
site pathologist. No difference was reported in terms of complications related to the
number of passes in RCTs and meta-analyses

Moreover, high-volume centers had adequacy rates > 90% of the sample without
ROSE, suggesting that ROSE should be considered in centers where the specimen
adequacy rate is < 90%[25,26]. A meta-analysis published in 2016 compared EUS-FNA
with  and  without  ROSE,  including  RCTs,  with  a  total  of  1299  patients[27].  No
statistically significant difference was found between the EUS-FNA with or without
ROSE in  term of  diagnostic  yield  of  malignancy  or  proportion  of  patients  with
adequate  specimens.  The  diagnostic  sensitivity  and specificity  between the  two
groups were also comparable.

Since  ROSE is  a  time-consuming service  with  poor  reimbursement  and is  not
available in many centers, it should not be strongly recommended to provide a ROSE
service throughout all centers performing EUS for pancreatic lesions[28].

In order to theoretically overcome these limitations, a new-generation of needles
has been developed. FNB-needles were specially designed to obtain a core specimen
with preserved tissue architecture. The specimen fragments are not lost or consumed
during cell block centrifugation or specimen sectioning, and histological architecture
and tissue integrity can be retained in most of the specimens. The FNB needles are the
ideal  sampling  method  for  solid  masses,  like  subepithelial  lesions  of  the
gastrointestinal (GI) tract, lymph nodes, and pancreatic and non-pancreatic lesions
(such as liver parenchyma) as FNB allows immunohistochemical testing relevant in
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many diseases.
The FNB needles procure large volumes of tumor cells and desmoplastic stroma,

providing better histological samples with a diagnostic yield exceeding 90%. This
observation  is  important  for  low  volume  centers  without  ROSE  or  a  dedicated
cytopathologist  because  a  cell  block  specimen  can  be  interpreted  by  any  GI
pathologist without special expertise in cytopathology. Indeed, a recent systematic
review and meta-analysis compared the diagnostic yield of FNA with FNB on solid GI
lesions, lymph nodes, and pancreatic lesions, specifically evaluating the diagnostic
value of ROSE while comparing the two types of needles[29]. Fifteen studies (n = 1024)
were  included in  the  analysis.  No significant  difference  in  diagnostic  adequacy
[Relative  risk  (RR):  0.98,  CI:  0.91-1.06,  I2  =  51%]  was  observed.  Although  not
statistically significant  (P  =  0.06),  FNB without ROSE showed a relatively better
diagnostic adequacy. For solid pancreatic lesions only, there was no difference in
diagnostic adequacy (RR: 0.96, CI: 0.86-1.09, I2 = 66%), but, in the absence of ROSE,
FNB was associated with better diagnostic adequacy (P  = 0.02).  In terms of both
diagnostic  accuracy  (RR:  0.99,  CI:  0.95-1.03,  I2  =  27%)  and  optimal  quality  core
histological sample procurement (RR: 0.97, CI: 0.89-1.05, I2  = 9.6%), there were no
significant differences. However, FNB established the diagnosis with fewer passes
(Standardized mean difference: 0.93, CI: 0.45-1.42), I2 = 84%). In the presence of ROSE,
FNA required relatively fewer passes to establish the diagnosis than in its absence.
The authors concluded that FNB without ROSE can replace EUS-FNA with ROSE
without loss of  diagnostic accuracy[29].  In case of pancreatic mass,  when ROSE is
unavailable,  current  European Society of  Gastrointestinal  Endoscopy guidelines
suggest (low quality evidence, weak recommendation) performance of three to four
needle passes with an FNA needle or two to three passes with an FNB needle[30].

EUS-FNB NEEDLES: EVOLUTION AND TYPES
The evolution of FNB needles started from a Menghini-type 18G core needle, adapted
to  a  prototype  2.8  mm  channel  convex  array  echoendoscope[31].  The  technical
limitation of this needle was the poor penetration into the pancreatic tissue and a
consequent poor diagnostic yield. However, that was the first description of EUS-
FNB, and it set the stage for all future development.

The first original FNB needle (QuickCore® Biopsy Needle; Cook Medical) was a
Tru-Cut needle (Medline Industries) that could be used with echoendoscopes and was
introduced in the early 2000s. The Quick-Core was composed of a cannula, a tissue
penetrating stylet that can be disposed within the cannula, and a handle mechanism
to advance the cannula over the stylet to maintain the cannula capability to move
smoothly over the stylet, even when the scope is bent.

However, technical issues included challenges in deploying the spring-loaded tray
when the needle was pulled back, especially within the duodenum or in case of not
having the specimen be retained.  Additionally,  a  certain track length within the
pancreas was needed in order to deploy safely the needle and avoid injury of the
pancreatic duct, which can increase the risk of pancreatitis[32].

The currently available core biopsy needles can be mainly classified as non-cutting
or  cutting  type,  including side-type  and the  most  recently  introduced end-type
(Figure 1).

The Echo Tip®  HD ProCore™  (Wilson-Cook Medical Inc.,  Winston-Salem, NC,
United States) needle was introduced in 2011. It is a cutting, end-side needle. It has
two distinct cutting surfaces: the tip and a reverse bevel, just distal to the tip that
promotes collection of a core sample during the retrograde movement of the needle
within a lesion.  The reverse bevel  has a potential  advantage of  increasing tissue
acquisition amount while preserving histological architecture. The EchoTipProCore is
available in 19 (4.8 French sheath), 22, and 25 gauge (G) (5.2 French sheath). Early
published results on the performance of ProCore needles demonstrate high diagnostic
accuracy rates (86%-89%)[33-35].  In 2015,  a 20 G FNB needle (8 French sheath) was
developed to increase the diagnostic accuracy; it was designed to combine a large
lumen and enhanced flexibility to facilitate tissue acquisition, even from an angulated
endoscope position. According to the manufacturer’s design specifications, this was
achieved by coating the sheet  of  the needle  with a  smooth and flexible  material
(polytetra-fluoroethylene). Also, the cutting edges of the needle were changed from a
reverse- to a forward-facing bevel, and from a Lancet to a Menghini tip design, in
order to decrease resistance when traversing the tissue (Figure 2).

The SharkCore™ (Medtronic Inc., Sunnyvale, CA, United States) is a fork-tip FNB
needle with six distal cutting surfaces in an asymmetric design, specifically designed
to obtain cohesive units of tissue with intact cell architecture. By minimizing tissue
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Figure 1

Figure 1  Fine needle biopsy needles types. A: Acquire (Boston Scientific, Marlborough, MA, United States)
needle; B: SharkCore™ (Medtronic Inc., Sunnyvale, CA, United States) needle; C: ProCore™ (Wilson-Cook Medical
Inc., Winston-Salem, NC, United States) needle.

stacking and fracturing, the needle can potentially provide better core samples. This
needle is available in 19, 22, and 25 G (8 French sheath).

The SharkCore needle uses the Beacon™ EUS delivery system, which allows needle
removal from the sheath, maintaining the position of the sheath in the endoscope and
consequently its relation to the lesion. Theoretically,  this system could allow the
endoscopist  to maintain the position or even to replace the needle with one of a
different size.

A large and initial multicenter retrospective experience of EUS-guided fine needle
biopsies  obtained  using  the  SharkCore  FNB  needle  on  different  solid  lesions
(pancreas,  subepithelial  lesion,  and lymph node) demonstrated an excellent 88%
overall pathologic diagnostic yield with a median number of two passes only. Overall,
histological diagnosability and thus pathologic yield for each lesion subtype were as
follows: pancreatic lesions 86%, subepithelial lesions 87%, lymph nodes 93%. The
needle size did not have an impact on pathologic diagnostic yield, as both 25 G needle
and 22 G needle performed at a very high level, 86% and 89%, respectively[36].

The  most  recently  introduced  FNB-needle  is  the  Acquire™  needle  (Boston
Scientific, Marlborough, MA, United States). This is a Franseen needle with a three-
plane symmetric cutting surface. This structure of the electropolished tip improves
control and stability of the needle and allows penetrating the tissue, minimizing
sample tearing and fragmentation. Furthermore, the Acquire needle is made of cobalt-
chromium, a material subject to less deformation than stainless steel alloys.

The Acquire core biopsy needle is available in 19 (5.2 French sheath; minimum
working channel 2.8 mm), 22 (5 French sheath; minimum working channel 2.4 mm),
and 25 G (4.8 French sheath; minimum working channel 2.4 mm).

A multicenter retrospective study of 200 patients undergoing EUS-FNB of solid
lesions with Acquire needle showed a high rate of tissue adequacy and tissue core,
with no adverse events. The tissue obtained by EUS-FNB was adequate for evaluation
and diagnosis  by  ROSE in  98.5% of  cases.  In  90% of  cases,  a  core  of  tissue  was
obtained[37].

TECHNIQUES IN SAMPLING

The use and type of suction
Emerging data suggest that needle aspiration techniques could have a direct effect on
the yield of EUS-FNA or EUS-FNB.

Conventionally, when performing EUS-FNA, a negative pressure is applied using
suction  with  a  10  or  20-mL syringe  (“standard  suction”).  In  the  “high  pressure
suction”, a negative pressure with a 50-mL syringe is applied during EUS-FNA. To
avoid GI contamination of the sample, the stopcock of the syringe is usually closed
before needle removal. However, a negative pressure persists in the syringe and can
be neutralized by disconnecting the syringe stopcock from the needle port before
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Figure 2

Figure 2  Fine needle biopsy sample of pancreatic adenocarcinoma, which clearly shows the preserved
histological architecture of the malignant tissue (hematoxylin and eosin staining, 10 ×).

withdrawing the needle from the lesion.
In  the  “stylet  slow-pull”  technique,  the  stylet  is  slowly  and  continuously

withdrawn  as  the  needle  moves  to-and-from  within  the  target  lesion,  creating
minimal negative pressure (about 5% of the force generated with a standard suction
technique). The suction and the no suction methods are similar in terms of diagnostic
adequacy.  However,  the suction method applies  a  lot  of  pressure,  causing more
bleeding and more tissue damage, leading to reduced sample quality and an increase
in the number of slides used, but it improves both the cellularity and the quality of the
aspirate. The capillary action may improve specimen quality by reducing the amount
of blood in the aspirated material.

Many trials compared the diagnostic yield of EUS-FNA samples obtained with
slow-pull and with standard suction technique[38]. No differences in term of smear
cellularity, diagnostic yield, and sufficient histological material obtained were found,
but bleeding was significantly higher in the standard suction group (P < 0.001).

In the “wet suction” technique, the needle is preloaded with saline solution in order
to replace the column of air with liquid, which is less compressible and transmits
better to the needle tip the negative pressure applied to the proximal part of the
needle. Therefore, the wet suction technique may be considered a modified standard
suction technique. A blinded randomized trial by Attam et al[39] compared the wet
technique with the dry technique. The results revealed that the wet technique yielded
a significantly higher cellularity (1.82 vs 1.45; P < 0.0003) and a significantly better
diagnostic yield (85.5% vs 75.2%; P < 0.035) compared to the dry technique.

The “hybrid technique” consists of preparing the needle as in the wet technique but
applying the suction as the dry technique. It has the advantage of having a column of
fluid  in  the  needle  that  guarantees  a  continuous  negative  pressure  with  a  10  cc
prevacuum syringe. This avoids the manual suction of the syringe, as performed in
the wet technique, while sampling the lesion. A single-center underpowered pilot
study compared wet, dry, and hybrid techniques. Considering diagnostic yield, there
was no statistically significant difference between the three techniques (hybrid 100%,
wet 92%, dry 90%)[39].

The role of the different aspiration techniques when performing FNB was assumed
from previous studies on FNA needles. Lee et al[40]  carried out a randomized trial
enrolling patients (n  = 50) with suspected pancreatic malignancy and undergoing
EUS-FNB. A 22 G ProCore needle, used without ROSE, was randomized at the use of
stylet slow-pull-back technique (group A), standard suction (group B), or non-suction
after stylet removal (group C) method. The rate of good or excellent cellularity was
highest in group A compared with groups B and C (72% vs 60% vs 50%; P = 0.049). A
> 25% rate of blood contamination was prevalent in group B (30% vs 42% vs 10%; P =
0.009).  The rate  of  adequate core-tissue acquisition was not  different  among the
groups (52% vs 34% vs 50%; P = 0.140).

The use of stylet
The use of stylet theoretically reduces the sample contamination by the GI cells and
clogging of the needle. It also allows an easier escape of the sample from the needle.
Unfortunately, the use of the stylet extends the procedure time and reduces the needle
flexibility,  especially when the scope tip is  bent (duodenal position) or if  a large
needle (19 G) is used.

A 2016 meta-analysis of these studies (five RCTs and two retrospective studies for a
total of 5491 specimens) demonstrated no significant difference in the rate of sample
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adequacy  between  the  stylet  group  (2135/2504,  85.26  %)  and  no-stylet  group
(2609/2987, 87.35 %) (odds ratio: 0.94, 95%CI: 0.79-1.11, P = 0.45). Furthermore, the
rate of cellularity > 50 % and the contamination rate and blood contamination rate
were not significantly superior in the stylet group when compared with the no-stylet
group[41].

FNA NEEDLES COMPARISON

22 G versus 25 G FNA-needles
Regarding the diagnostic performance (sample adequacy and quality) of FNA needles
of different caliber, no significant differences between 22 G versus 25 G needles were
found[42,43].

However, conflicting results can be derived from two recent meta-analyses,  in
terms of  the diagnostic  sensitivity,  specificity,  and safety of  22 G and 25 G FNA
needles in sampling solid pancreatic lesions[44,45]. Facciorusso et al[44] included seven
trials with a total of 732 lesions: 295 lesions were sampled with 22 G needle, 309 were
sampled with 25 G needle, and 128 lesions with both needles. Regarding the pooled
sensitivity, a non-significant superiority of 25 G needle over 22 G was found [RR: 0.93
(0.91-0.95) vs 0.89 (0.85-0.94) for 25 G and 22 G needle, respectively; P=0.13], and no
difference was observed when considering specificity (P=0.85).  No differences in
safety and sample adequacy were found.

Xu et al[45], on the contrary, obtained a higher sensitivity for the 25 G needle in the
diagnosis of solid pancreatic lesions. In detail, 11 prospective RCTs were analyzed,
including 837 patients of which 412 were sampled with 22 G and 425 with 25 G FNA
needle. The 25 G needle was superior in terms of sensitivity [92% (95%CI: 0.89-0.95)]
compared to the 22-G needle [88% (95%CI: 0.84-0.91)] in sampling solid pancreatic
masses (P  =  0.046),  whereas the specificity of  the two needles  were comparable.
Importantly, the pooled positive and negative likelihood ratio for the 22 G needle
were 12.61 (95%CI: 5.65-28.14) and 0.16 (95%CI: 0.12-0.21), respectively, whereas the
pooled positive and negative likelihood ratio for the 25 G needle were 8.44 (95%CI:
3.87-18.42) and 0.13 (95%CI: 0.09-0.18), respectively, with area under the receiver
operating curve of 0.97 for the 22 G needle and 0.96 for the 25 G needle.

Similarly,  a meta-analysis in 2018 that included four RCTs, with a total  of  462
patients (233 sampled by using 25 G needle and 229 by using 22 G needle) highlighted
a  slight  not  statistically  significant  superiority  of  25  G needle  over  22  G[46].  The
diagnostic sensitivity was 93% and 91% for the 25 G and 22 G needle, respectively.
The specificity was 87% and 83% for 25 G and 22 G needle, respectively. However,
area under the receiver operating curve did not show any statistically significant
difference between the two needles (P = 0.497).

Hence, no definitive recommendations over the use of one particular device can be
made, as there was no strong superiority of one needle on the other. In addition, a
RCT[47]  comparing 22  G FNA needles  with  and without  a  side  port  did  not  find
significant differences between them in terms of both diagnostic accuracy and sample
adequacy.

19 G versus 22 G FNA needle
Some studies focused on the possibility of obtaining histological samples by using a
large caliber needle, such as a 19 G FNA needle, which could preserve the architecture
of the tissue. An RCT in 2010 compared the diagnostic accuracy of 19 G needle versus
22 G needle in a cohort of 117 patients with solid pancreatic/peripancreatic masses[48].
EUS-FNA was performed without ROSE. The accuracy of the samples obtained from
the body/tail lesion was higher for the 19 G needle (95.0%) than the 22 G (76.7%) (P =
0.031), and the amount of cellular material obtained was significantly higher in the 19
G  needle  group  (P  =  0.033).  However,  the  overall  diagnostic  accuracy  was  not
significantly different (86.7% vs 78.9% for 19 G and 22 G, respectively; P = 0.268).

Moreover,  using the 19 G needle could be difficult  when sampling pancreatic
masses with the scope in the duodenum because of its stiffness and caliber, which
could affect  the needle flexibility and its  diagnostic  yield.  In a large multicenter
prospective study from Attili et al[49],  246 patients with solid lesions (203 cases) or
enlarged lymph nodes (43 cases)  were examined. The procedure was technically
feasible in 228 patients, with an overall procurement yield of 76.8%, which was very
low. Considering malignant versus nonmalignant disease, the sensitivity, specificity,
and positive/negative likelihood ratios were 70.7% [95%CI: 64.3-76.6, 100% (95%CI:
79.6-100),  and 35.3  (95%CI:  2.3-549.8)/0.3  (95%CI:  0.2-0.4)],  respectively,  with  a
diagnostic accuracy of 73.6% (95%CI: 67.6-79.0).
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FNA VERSUS FNB NEEDLES
The main  outcomes  considered in  the  studies  that  evaluated and compared the
performance of FNA versus FNB needles were: safety, diagnostic accuracy, sample
adequacy, sample quality, technical performance of the needle, and costs(Table 1).
Importantly, no studies found a relevant difference in the safety between FNA and
FNB. Therefore, the most important outcome considered in the comparison between
the two methods was the diagnostic accuracy.

The technical aspects and the presence of ROSE, as already stressed, are important
issues  in  the  evaluation  of  the  overall  results  when  comparing  FNA  and  FNB.
Although the literature evidence did not support a strong superiority of FNB over
FNA, most recent studies showed a trend in favor of FNB, especially without ROSE,
in terms of specimen adequacy with fewer needle passes. A 2012 RCT compared 22 G
FNA without suction (Expect; Boston Scientific, Natick, MA, United States) and 22 G
FNB  (Echotip  ProCore;  Cook  Endoscopy,  Bloomington,  IN,  United  States)
performance[4]. Both the procedures were performed with ROSE. This study examined
a cohort of 28 FNA and 28 FNB procedures and found no significant difference in
terms of median number of passes required to obtain a diagnosis, rate of diagnostic
sufficiency reached, complication rates, and rate of obtaining histological core and its
quality. The 22 G biopsy needle obtained a diagnostic cytological specimen in 89.3%
of patients and histological specimen in 80% of patients; on-site cytological diagnosis
was established with biopsy needle in nearly 90% of patients.

Accordingly, Alatawi et al[50] found a similar accuracy of 22 G FNA or 22 G Procore
FNB needle in the diagnosis of malignancy, when biopsying pancreatic solid masses
(sensitivity of 88.4% vs  97.8%, respectively, specificity of 100% for both methods).
However, a lower number of passes was required with FNB needles versus FNA (two
passes vs three passes). The use of FNB also improved the histopathological quality of
the specimens, in term of slide cellularity and tissue microfragments. These results
were obtained by the examination of 100 patients[50].

A large recent RCT conducted by Cheng et al[51] found EUS-FNB samples to be more
accurate in diagnosing pancreatic masses than EUS-FNA samples.  In detail,  they
examined 190 pts patients undergoing EUS-FNA (22 G EchoTip Ultra needles; Cook
Medical) and 187 pts undergoing FNB (22G EchoTip ProCore needle; Cook Medical)
for the sampling of solid masses: pancreatic (249 patients), abdominal (82 patients),
and mediastinal (46 patients). For each procedure, four passes with the slow-pull
technique were performed. ROSE was available in all cases. Diagnosis was accurate in
91.4% of cases for FNB, whereas it was 80% for FNA cases, based on the final patient
diagnoses (P = 0.0015). In the subgroup of pancreatic masses, diagnosis with FNB was
accurate in 92.7% of the cases, whereas it was 81.7% for FNA (P = 0.0099). Regarding
the cytological analysis of the pancreatic masses, FNB samples accurately identified
88.6% of all pancreatic lesions, whereas FNA samples only accurately identified 79.4%
(P = 0.0046).

No  significant  difference  between  FNA  and  FNB  needle  were  found  when
comparing the performance of the technique without ROSE. An advantage in terms of
passes needed to obtain a diagnosis was found with the 22 G FNB needle (Cook
EchoTip ProCore) in comparison to 22 G FNA (Olympus, GF UCT 160) when using
the suction method without ROSE[52]. This study found an overall diagnostic yield of
83.3% for both techniques (a total of 136 patients), with 1.11 passes versus 1.83 passes
(P < 0.05) required when using FNA and FNB, respectively.

Data from a large meta-analysis including eight RCTs (921 cases) supported these
results[53], as FNB gave higher specimen adequacy compared to FNA, despite the need
of fewer needle passes.

A retrospective review of consecutive patients undergoing FNB sampling and FNA
of the same single lesion with the same needle gauge and number of passes without
ROSE and another retrospective cohort reviewed a total of 87 consecutive EUS-FNB
specimens using either a 22 G Franseen needle (51 patients) or a 22 G FNA needle (36
patients) for sampling pancreatic diseases[54,55]. The diagnostic accuracy of the two
methods was statistically comparable, but the median sample area was significantly
larger in samples obtained from FNB than those obtained from FNA (4.07 vs  1.31
mm2,  P  <  0.0001).  ROSE  was  not  available  in  this  study.  Furthermore,  a  recent
systematic  review and a  meta-analysis  already cited  in  the  previous  paragraph
showed that FNB required fewer passes to establish the diagnosis than FNA sampling
with ROSE[29].

In the studies conducted in centers where ROSE was not available, FNA and FNB
seemed to perform similarly[54,55], but FNB allowed for obtaining larger samples with
fewer needle passes. These observations open the possibility of using FNB instead of
FNA when ROSE is not available, as it maintains the same diagnostic accuracy.

Most  of  the  available  studies  that  compared  FNA  and  FNB  investigated  the
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Table 1  Published comparative studies regarding fine needle aspiration versus fine needle biopsy needles performance in terms of
diagnostic yields

Ref Study design N°Lesions,pan-
creatic Rose Needles

(G),FNA vs FNB
Overall
diagnostic yield

Sample
adequacy Comments

[4]
RCT (56) Yes 22 vs 22 Procore Equivalent Equivalent

[29]
Meta-analysis (11
observational
study and 4
RCTs)

1024 (mainly
pancreatic and
lymph nodes)

#6 NO #9 Yes 19 (only one
study); 22 and 25
G vs 22

Equivalent Equivalent in the absence of
ROSE, FNB was
associated with
better diagnostic
adequacy (P = 
0.02) and FNB
required less
passes

[50]
RCT 194 (100) No 22 vs 22 Procore 84 vs 90 Equivalent Lower n° of

passes for FNB vs
FNA needle (2 vs
3)

[51]
RCT 377 (249) Yes 22 vs 22 Procore Equivalent 81.7 vs 92.6

[52]
RCT (36) No 22 vs 22 Procore Equivalent Equivalent 1.1 passes needed

for FNB vs 1.83
passes for FNA (P
< 0.05)

[53]
Meta-analysis (8
RCT)

921 No 22, 25, and 19
(only one study)
G vs 22

Equivalent Equivalent Few passes for
FNB

[54]
Retrospective 42 (12) Yes 22 or 25 Equivalent Equivalent

[55]
Retrospective (87) No 22 vs 22 Franseen Equivalent Equivalent

[56]
Retrospective (76) No 22 vs 25 32.4 vs 60 Equivalent

[57]
RCT (214) No 25 vs 25 Procore Equivalent 69.4 vs 81

[58]
RCT (116) Yes 22, 25 vs 22, 25

Procore
Equivalent Equivalent Few passes for

FNB
[59]

Meta-analysis (7
comparative
studies and 4
single cohort
studies)

896 (pancreatic
and lymph nodes)

Only in 4 studies 22 and 25 Equivalent Equivalent

[60]
RCT 140 (73) YES 19, 22, 25 67 vs 90 Equivalent Diagnostic yield

only for
pancreatic masses
was equivalent

[61]
Prospective
comparative

145 (69) No 22 vs 22 Procore Equivalent Equivalent Few passes for
FNB

[62]
RCT 58 (16) No 22 vs 22 Procore Equivalent Equivalent Few passes for

FNB
[63]

RCT (13 centers) 608 (312) In 7 centers 25 vs 20 Procore 44 vs 77 Equivalent

RCT: Randomized clinical trial; FNB: Fine needle biopsy; FNA: Fine needle aspiration; ROSE: Rapid on site evaluation

performance of  22  G FNA versus  22  G FNB needles.  However,  beyond the  22  G
needles comparisons, some evidence is available.

A retrospective  study examined a  cohort  of  patients  sampled with 22  G FNA
(Echotip Ultra; Cook Ireland Ltd., Limerick, Ireland) versus a cohort sampled with 25
G FNB needle (Echotip ProCore; Cook Ireland Ltd.) for EUS-guided sampling of solid
pancreatic  masses without ROSE[56].  Among a total  of  76 patients,  there were no
significant differences in safety, technical success (100% for both), and mean number
of passes between the two cohorts (38 patients each). However, interestingly, the 25 G
FNB group had a higher amount of both diagnostic cellular material and preservation
of tissue architecture than FNA (P  = 0.030 and 0.010,  respectively),  with a better
diagnostic yield for specific tumor discrimination compared with the 22 G FNA group
(P = 0.018).

Moreover,  four RCTs[4,50,57,58]  and a meta-analysis  including 11 studies  and 896
patients[59] compared FNA and reverse bevel needles in patients with solid pancreatic
masses. The RCTs evaluated mainly 22 G and 25 G needles. ROSE was available only
in some of them[4,58],  and they used stylet or suction method[50].  No difference was
found in the accuracy of final diagnosis in all studies, but the sample histological
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quality was higher for reverse bevel than for FNA needles[49,56]. Lee et al[58] found a
higher accuracy for samples obtained with reverse bevel needles during the ROSE. A
similar observation on the rate of diagnostic samples adequacy for ROSE was found
by Aadam et al[60]. Moreover, based on the observations of three RCTs, it seems that
reverse  bevel  needles  required  fewer  passes  to  obtain  adequate  samples  for
histological diagnosis, offering potentially shorter procedure time[49,61,62].

Interestingly, in the recent ASPRO multicenter trial,  the authors compared the
performance of a commonly used 25 G FNA needle with the new 20 G FNB needle on
608 patients with solid lesion[63]. The 20 G FNB needle outperformed the 25 G FNA
needle in terms of histological yield (77% vs 44%; P < 0.001) and diagnostic accuracy
(87% vs 78%; P = 0.002), with a 99% technical success rate of the FNB needle.

FNB NEEDLES COMPARISON
With the increasing availability of new FNB needles, some studies have focused on

comparing their performances, mainly in term of diagnostic yield comparison.
In detail, a cohort study compared the opposing bevel-tipped needles (22 and 25 G)

and reverse-bevel needles (20, 22, and 25 G)[64]. The fanning technique was used for all
procedures. Twenty-five gauge needles were used preferentially for transduodenal
biopsy.  A minimum of  three  needle  passes  were  performed,  and ROSE was not
available. A higher diagnostic sensitivity and higher diagnostic overall accuracy for
the opposing bevel needle was obtained in comparison with the reverse-bevel needle:
71.1% vs 90.1%; P = 0.0006 and 74% vs 92%; P = 0.0006, respectively. The percentage of
samples adequate for histology was 87% for the reverse bevel needle versus 99% for
the  opposing bevel  needle  (P  =  0.002).  Therefore,  this  study concluded that  the
opposing  bevel  tip  seems  to  be  superior,  in  terms  of  diagnostic  performance,
compared with a reverse-bevel needle (Table 2).

Another recent study compared the diagnostic yield of the Franseen needle with
the fork-tip needle[65]. A total of 194 solid lesions were sampled, 100 of them located in
pancreas (52%). For solid pancreatic masses, the yield with the Franseen needle was
lower [34/53 (64%) in comparison with the fork-tip needle 40/47 (85%), OR 3.4, 9.1-
8.9; (P = 0.017)]. At the multivariate analysis the number of passes, the site, and lesion
size  did  not  affect  the  diagnostic  yield.  However,  in  this  study,  one  of  the
endosonographer used the ROSE, and this affected the overall methodology.

An RCT also compared the 22 G Franseen and 22 G fork-tip needles in sampling of
pancreatic masses[66]. Fifty patients were sampled using both 22 G Franseen and 22 G
fork-tip needles, with randomization of the needle order. Two passes were performed
using both needles for cell block, and dedicated passes were performed for ROSE,
using both needles until the diagnosis was established. They observed that there was
no  significant  difference  in  term  of  surface  of  total  tissue  (P  =  0.50),  retained
architecture, diagnostic cell block, and diagnostic adequacy at ROSE (94.0% vs 98.0%;
P = 0.32) between Franseen and fork-tip needles, respectively. The authors concluded
also that,  given their  ability to yield diagnostic  cell  block in greater than 90% of
patients, ROSE is not mandatory.

Lastly,  in  terms  of  needle  performance,  no  significant  difference  was  found
between 22 and 25 G FNB needle in a prospective study[67].

In conclusion, the comparison among the different FNB models available seems to
be  an  interesting  topic  in  the  perspective  of  identifying  the  perfect  needle  for
histology, but larger comparative studies are needed.

PRACTICAL RECOMMENDATIONS
Multiple factors may contribute to the outcomes of pancreatic EUS-guided tissue
acquisition,  as  above  reported:  Site  selection  for  sampling,  sampling  technique,
location,  and  nature  of  the  lesion,  size  and  type  of  needle,  ROSE  availability,
experience  of  the  endosonographer,  cytopathologist  expertise,  and  methods  of
handling and processing the sample.

In  order  to  maximize  the  diagnostic  yield  of  pancreatic  masses  sampling,  we
propose a practical guide that takes into account the aforementioned factors and
groups them into three main categories. The choice of the needle could be therefore
made by combining these factors and their categories (Figure 3).

The three categories we choose are: Lesion related factors; patient-related factors;
and institute related factors.

Lesion related factors
Among the factors linked to the pancreatic  lesions,  its  location is  a key factor to
consider, for the difficulty of using a needle of greater caliber for lesions located in the
head, uncinate process, or on the most distal portion of the tail,  where it  is more
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Table 2  Published comparative studies regarding fine needle biopsy needles performance in terms of diagnostic yield

Ref Study design N°Lesions,pa
n-creatic Rose Needles Gauge Diagnostic

yield, %
Sample
adequacy, % Comments

[64]
Cohort (201) No Opposing bevel

vs reverse bevel
22-25 vs 20-22-
25

71 vs 90 87 vs 99 Opposing bevel
needle resulted
superior

[65]
Cohort 194 (100) Only in 12% of

cases
Franseen vs
fork tip

22 64 vs 85 The use of
ROSE is a
confounding
factor

Fork tip seems
superior, but
the study lack
of methodology

[66]
RCT (50) Yes Franseen vs

fork tip
22 > 90%,

equivalent
94 vs 98 Equivalent

[67]
Cohort (66) Procore 22 vs 25 87.5 vs 82.1 98 vs 95 Equivalent

RCT: Randomized clinical trial; ROSE: Rapid on site evaluation.

difficult to move the needle from the working channel, with the scope torqued in the
duodenum or in the gastric fundus. Even the stylet use is more difficult with larger
caliber needles in the case of sampling performed through the duodenum[68,69].

Considering the size of the lesion, approximately 60% of small solid pancreatic
lesions ≤ 15 mm are not reported as being histologically consistent with ADK and,
therefore,  do  not  require  radical  surgery[70].  Without  preoperative  diagnosis,  an
unacceptably large proportion of patients would be exposed to unnecessary radical
surgery, with significant morbidity and mortality.  Many studies have reported a
correlation between EUS-FNA accuracy and lesion size[11,71-73]. Pancreatic tumors are
frequently stiff, accompanied by inflammation and desmoplasia and are thus difficult
to penetrate with a needle. Once the needle reaches the target lesion, some limitations
may be found, such as the lack of space to perform the back-and forth movement and
the displacement of the needle from the lesion during the maneuvers.  The lower
diagnostic  yield  of  EUS–FNA in  small  pancreatic  lesions  may  be  related  to  the
presence  of  inflammatory  tissue  and desmoplastic  stroma,  which surround and
constitute  the  most  of  small  carcinomas.  Agarwal  et  al[71]  reported an increasing
sensitivity from 75% to 94% for lesions smaller or larger than 20 mm, respectively.
Similarly, another retrospective study reported that EUS-FNA accuracy without ROSE
was 71% and 90% for lesions smaller or larger than 30 mm, respectively, and these
were  significant  via  multivariate  analysis[72].  Siddiqui  et  al[11]  showed  that  the
EUS–FNA sensitivity for  pancreatic  lesions with < 1 cm size and with 1-2 cm in
diameter was 40% and 75.9%, respectively, and the sensitivity strongly correlated
with tumor size (P = 0.001). Similarly, the accuracy of EUS-FNA increased directly
with the lesion size, ranging from 47% for tumors less than 1 cm in size to 88% for
tumors larger than 4 cm (P < 0.05). On the other hand, Fabbri et al[73] suggested that
EUS-FNB of small pancreatic lesions (mean lesion size: 16.5 mm) using a 22 G ProCore
needle was effective, with a diagnostic accuracy of 82%, and the presence of a tissue
core was recorded in 52.9% of the samples. The authors explained the high needle
performance on small lesion with the presence of the side fenestration, increasing the
efficacy of tissue sampling: the tissue specimens could be collected not only via frontal
orifice but also via side fenestration, which remains in the center of the small lesion
during repeated needle passages[73].

Taking into account the nature of the lesions, obtaining a tissue histology has been
recognized as important for the diagnosis of autoimmune pancreatitis, especially in
focal  form[74],  or  in case of  Hodgkin lymphoma[75].  Hence,  FNB needle should be
considered when facing these diagnostic suspects.

Furthermore, although neuroendocrine tumor (NEN) diagnosis and the assessment
of the degree of their differentiation with FNA needles are possible[76], the use of FNB
needle may be helpful for their definitive diagnosis. In a recent retrospective study of
patients with histologically confirmed pancreatic NENs (pan-NENs), Chen et al[77]

found that a definitive diagnosis of pan-NENs was possible only in 13/21 (61.9%) of
EUS-FNA specimens. Each of the 13 cases with definitive diagnosis showed adequate
cell block material, used for ancillary testing, underpinning the need for robust cell
block material to render a conclusive determination of pan-NENs. Conversely, in a
recent 15-year retrospective study, 30% of false-positive EUS-FNA diagnoses of ADK
were proved to be pan-NENs on the resected specimen[78]. The recent study by Witt et
al[79] on patients with known or suspected pan-NENs compared EUS sampling with
SharkCore®  in patients receiving EUS-FNA using a standard needle. The authors
confirmed that the FNB needle showed promising results in obtaining suitable tissue
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Figure 3

Figure 3  A practical flow chart for selecting among the available needles in each scenario (pancreatic neuroendocrine tumors, pancreatic neuroendocrine
tumors; autoimmune pancreatitis, autoimmune pancreatitis; adenocarcinoma, adenocarcinoma). ROSE: Rapid on site evaluation; EUS-FNA: Endoscopic
ultrasound guided-fine needle aspiration; EUS-FNB: Endoscopic ultrasound guided-fine needle biopsy; ADK: Adenocarcinoma; AIP: Autoimmune pancreatitis.

for ancillary tests, allowing for more definitive pathologic interpretations.
Moreover, pancreatic ADK genotyping will play an increasingly important role in

cancer therapy in the next years. Therefore, tissue histology and the ability to obtain a
cell  block for  additional  studies  will  soon be included among the goals  of  EUS-
sampling. Today, the role of “personalized medicine” in cancer therapy remains a
process in evolution, and the amount of tissue needed for molecular profiling still
remains to be defined. Although repeatedly smaller amounts of DNA are required to
achieve “Next Generation Sequencing”, a current benchmark of adequate tissue is
considered as 1 mm of tissue, eight to 10 slides, or 5 × 5 mm surface area, with at least
20% tumor tissue[80].  These expectations could be easily fulfilled by FNB needles
(Figure 4).

Patient related factors
One of the most relevant issues is the presence of an underlying chronic pancreatitis.
Identifying a neoplasia in the setting of chronic pancreatitis can be challenging. This
difficulty is compounded by the fact that patients with chronic pancreatitis are at
increased risk of developing pancreatic ADK, whereas patients with pancreatic ADK
often have focal areas of chronic pancreatitis too. The reported sensitivity of EUS-FNA
when sampling solid pancreatic masses in the setting of chronic pancreatitis ranged
from 54% to 74%, which is unacceptably low[81,82]. The presence of underlying chronic
pancreatitis  makes  the  morphological  interpretation  of  neoplasms  even  more
challenging because of their very similar imaging features. The pancreatitis-induced
morphological changes (e.g.,  lobulations) may mimic a pancreatic mass, while the
presence of acoustic shadowing from a calcified stone may reduce the ultrasound’s
capability to detect a neoplasm. Again, the coexistence of collateral vascularization in
patients with severe chronic pancreatitis makes the EUS sampling even more difficult.
On  the  other  hand,  when  EUS-guided  sampling  is  possible,  the  pathological
interpretation  can  be  hard.  Some  of  the  cytological  features  that  may  mimic
malignancy in chronic pancreatitis are occasional atypical cells, enlarged, single cells
with large nuclei, degenerative vacuoles, and occasional mitosis. Diagnosing well-
differentiated ADK can be particularly challenging as they tend to lack the typical
hyperchromasia,  display  only  minimal  architectural  disorders,  and  have  only
modestly increased nuclear-to-cytoplasmic ratios[83].  The use of contrast harmonic
imaging and elastography, doing more FNA passes, repeating the procedure with
ROSE, and consulting an experienced pancreatic cytologist may be helpful to improve
the overall  EUS accuracy.  But above all,  the use of  the new EUS-FNB needles or
FNA19 G needles may be considered[84].  Theoretically, a core biopsy yields tissue
fragments  with an intact  histological  architecture,  which is  sometimes required,
particularly in patients with chronic pancreatitis and well-differentiated pancreatic
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Figure 4

Figure 4  Endoscopic ultrasound guided-fine needle biopsy sample of a pancreatic lesion, obtained by using
ProCore 22 G needle.

ADK when cytology is inconclusive. Currently, although it seems reasonable to use
FNB needles in this setting, its role in discriminating pseudotumoral masses from
pancreatic cancer in the setting of chronic pancreatitis has not yet been explored.

Again, FNB needle may be preferable in the context of an oncological patient with
evidence of focal pancreatic lesion. In these cases, when a solid pancreatic mass is
identified, even though it is a single lesion, the possibility of facing a secondary lesion
should be considered. The collaboration of an experienced cytopathologist and the
use of EUS-FNB needles may facilitate the diagnosis, increasing both the diagnostic
accuracy and the quantity of  material  required;  especially for  patients  requiring
complementary immunohistochemical studies[83-87].

Institute related factors
Finally, among the institute setting factors, we remember the availability of ROSE and
the availability of a pancreatic cytopathologist as key aspects in sampling a pancreatic
solid mass (see EUS-FNA accuracy: the role of ROSE on the way to FNB). If both these
elements are present in the hospital, the option of FNA needles may be preferable.

CONCLUSIONS: WHICH IS THE BEST NEEDLE?
EUS-FNA is currently still the standard of care for sampling pancreatic masses with
high diagnostic accuracy, especially if coupled with ROSE, and high safety profile.
However, FNA presents some intrinsic drawbacks that probably will reduce, in the
near future, its use as first line method for tissue acquisition. These include the small
amount of tissue with scant cellularity without the ability to guarantee a core tissue
with intact histological architecture, which impairs immunohistochemical analysis
and molecular profiling. Before long, these two features will become of paramount
importance not only to aid definite diagnosis but even to guide tailored personalized
oncological therapies. Secondly, FNA requires ROSE to maximize its diagnostic yield,
which  may prolong procedural  time,  and is  unfortunately  not  widely  available
outside referral center.

Second generation FNB needles have shown satisfying diagnostic accuracy even in
the absence of on-site pathology, reducing the number of passes required to establish
the diagnosis. Nonetheless, FNB has not yet showed a clear undisputed diagnostic
superiority over  FNA, especially  when considering pancreatic  masses  sampling.
Indeed, the 2017 European Society of Gastrointestinal Endoscopy guidelines stated
that for routine EUS-guided sampling of solid masses and lymph nodes, FNA and
FNB  needles  are  equally  recommended  (high  quality  evidence,  strong
recommendation)[30].

Theoretically the ideal needle should provide specimens with preserved cellular
architecture and fulfill the attributes pin-pointed by Lachter[88]. Among them the most
relevant should be needle safety, high accuracy (thus reducing false negatives), tip
visibility, flexibility, and low cost.

In real practice, the aforementioned attributes are seldom fulfilled by a single kind
of needle. The best needle is the one that better complies with the different factors
(lesion  related,  patient  related,  and  institute  related),  influencing  the  overall
performance of tissue acquisition.

Currently, a “one size fits all” approach should be abandoned in favor of a tailored
approach,  selecting each time the needle better adaptive to the different specific
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scenarios. According to our proposed flowchart on needle selection, FNB should be
preferred in case of concomitant chronic pancreatitis, diagnosis of focal autoimmune
pancreatitis and pan-NENs, pancreatic masses suspected for metastases, need for
tumoral genotype profiling, and in cases where ROSE is not available, in order to
reduce needle passes.

In the near future, with the development of newly designed core biopsy needles, it
is expected that FNB will most probably replace FNA as the standard of care for tissue
acquisition.
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