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INTRODUCTION

Since its initial development in the early 1980s, endoscopic 
ultrasonography (EUS) has become an essential 
therapeutic tool for gastroenterology and many other 
nongastrointestinal applications. However, EUS‑based 
diagnosis solely on the basis of  ultrasound patterns has 
limitations.[1] EUS‑guided fine‑needle aspiration (EUS‑FNA) 
has therefore been developed as a method of  obtaining 
a pathological diagnosis as a qualitative diagnosis. 
Vilmann et al.[2] were the first to introduce EUS‑FNA 
into clinical use in the 1990s, and since then it has been 
adopted as a technique that provides a safe approach 
of  tissue diagnosis under ultrasound guidance in real 
time. Its greatest advantage is that it enables specimens 

to be obtained safely and accurately from lesions that 
were formerly not readily accessible for pathological 
diagnosis. The reported diagnostic yield of  EUS‑FNA 
for pancreatic tumorous lesions to date is good, with a 
diagnostic accuracy of  78%–95%, sensitivity 78%–95%, 
and specificity 75%–100%.[3‑5] A number of  studies have 
reported adaptations and variations in the technique of  
EUS‑FNA to further improve its specimen acquisition rate 
and diagnostic yield. In this paper, we describe and review 
efforts to improve the diagnostic accuracy of  EUS‑FNA 
for pancreatic masses.

ABSTRACT

Endoscopic ultrasound‑guided fine‑needle aspiration (EUS‑FNA) is widely used to obtain a definitive diagnosis of pancreatic 
tumors. Good results have been reported for its diagnostic accuracy, with high sensitivity and specificity of around 90%; 
however, technological developments and adaptations to improve it still further are currently underway. The endosonographic 
technique can be improved when several tips and tricks useful to overcome challenges of EUS‑FNA are known. This review 
provides various techniques and equipment for improvement in the diagnostic accuracy in EUS‑FNA.

Key words: Diagnostic accuracy, endoscopic ultrasound‑guided fine‑needle aspiration, pancreatic tumors

This is an open access article distributed under the terms of the 
Creative Commons Attribution‑NonCommercial‑ShareAlike 3.0 
License, which allows others to remix, tweak, and build upon the 
work non‑commercially, as long as the author is credited and the 
new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Yamabe A, Irisawa A, Bhutani MS, Shibukawa G, 
Fujisawa M, Sato A, et al. Efforts to improve the diagnostic accuracy 
of endoscopic ultrasound-guided fine-needle aspiration for pancreatic 
tumors. Endosc Ultrasound 2016;5:225‑32.

Access this article online
Quick Response Code:

Website:

www.eusjournal.com

DOI:

10.4103/2303‑9027.187862

Review Article



Yamabe, et al.: Improving the accuracy of EUS-FNA for pancreatic tumors

226 ENDOSCOPIC ULTRASOUND / JUL‑AUG 2016 / VOL 5 | ISSUE 4

ADAPTATIONS TO NEEDLES

Kind of puncture needle
A number of  attempts have been made to improve 
the puncture device [Table 1]. Several studies have 
examined EUS‑guided trucut biopsy using a core‑cut 
needle (Quick‑core™, Cook Medical Co.). A consensus 
on its value has yet to be reached, with one study 
finding no difference in the specimen acquisition rate or 
diagnostic yield with those of  EUS‑FNA,[3] but another 
reporting an exceptionally high true‑positive rate of  
97%.[4] This device was cumbersome to use and was 
recently withdrawn from sale. It would be desirable if  
other puncture needles based on the same concept were 
to be developed that were simpler to use. Puncture 
needles with a side hole at the tip have recently been 
developed as core biopsy needles, and a number of  
reports have addressed their utility. The Echo Tip 
ProCore™ has enabled diagnosis with fewer needle 
passes than conventional puncture needles without 
side holes, with no significant difference in diagnostic 
adequacy, diagnostic accuracy, and rate of  histological 
core specimen acquisition.[6,7] Ishiwatari et al.[8] compared 
puncture needles of  the same type with and without 
a side hole and found that although there was no 
significant difference in the true positive rate, needles 
with side holes had a higher rate of  acquisition of  
specimens usable for histological diagnosis. Vanbiervliet 

et al.,[9] however, reported that conventional needles 
acquired higher‑quality specimens compared with those 
obtained with core biopsy needles. Other studies have 
found that the type and size of  puncture needle had 
no effect on diagnostic yield,[10‑12] and it is to be hoped 
that puncture needles based on new concepts will be 
developed in future.

Needle size
Available needle sizes are 19‑G, 22‑G, and 25‑G. 
Although the 22‑G or 25‑G needle seems to be the 
most commonly used for sampling of  the pancreas, the 
optimal needle size for FNA depends on the nature 
and location of  the suspected lesion. There are many 
reports that have compared the diagnostic yield based 
on needle size. For the cytopathological yield of  FNA 
for 22‑G and 25‑G needles, some investigators[13‑24] 
showed that the overall diagnostic accuracy of  these 
needles was approximately the same, and there is 
no clear‑cut superiority of  either size. In addition, 
Affolter et al.[11] summarized data from the past studies 
and estimated the effect of  needle size (19‑G, 22‑G, and 
25‑G) on reported outcomes such as accuracy, adequacy, 
and complications. In this report, they suggested that 
while the 25‑G needles might confer an advantage 
in adequacy relative to 22‑G needles, there were no 
advantages with respect to accuracy, number of  passes, 
or complications between them. On the other hand, 
a meta‑analysis involving six studies and 1064 patients 
suggested that the 25‑G needle was more sensitive 
than the 22‑G needle (93% vs. 84%) for diagnosing 
pancreatic malignancy.[25] Furthermore, in a prospective 
randomized trial comparing 25‑G and 22‑G needles by 
Carrara et al.,[26] sampling was more adequate in the 25‑G 
compared to the 22‑G group (81% vs. 68%; P = 0.09). 
Moreover, Ramesh et al.[12] compared the flexible 19‑G 
and 25‑G needle and reported there was no significant 
difference in the performance of  flexible 19‑G and 
25‑G needles. As a whole, the 25‑G needle might be 
both more flexible and technically easier to use in the 
pancreatic head and uncinate process although it is still 
controversial which needle size is better.

ADAPTATIONS OF PUNCTURE AND 
SPECIMEN ACQUISITION METHODS

Puncture method  (needle movement inside the tumor) 
To date, various techniques of  needling for 
improvement in diagnostic accuracy of  EUS‑FNA 
were reported [Table 2]. Recent studies have reported 
the value of  the fanning technique, in which the 

Table 1. Adaptations to endoscopic 
ultrasound‑fine‑needle aspiration needles
Manufacturer Device Needle size
Boston scientific Expect (standard/

slimline handle)
19, 22, 25

Expect flex (standard/
slimline handle)

19

Beacon endoscopic BNX 19, 22, 25
ConMed Corporation Vizeon 19, 22, 25

Clear View 19, 22, 25
Cook Medical Echo Tip Ultra 19, 22, 25

Echo Tip ProCore 19, 22, 25
Echo Tip ProCore (C) HD 
Ultrasound Biopsy Needle

20

Hakko EUS sonopsy CY 21
Medi‑Globe Corporation Sonotip Pro control 19, 22, 25

Hancke‑Vilmann 
EUS‑FNA system

19, 22

Olympus EZ Shot 22
EZ Shot 2, without/
with side hole

19, 22, 25/22

EZ Shot 3 Plus, without/
with side hole

19, 22/19, 22

NA‑11J‑KB (power shot 
needle)

22

EUS: Endoscopic ultrasound, FNA: Fine‑needle aspiration
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puncture needle is moved in a fan‑like motion. Bang 
et al. [27] compared EUS‑FNA performed with the 
fanning technique and the normal technique and 
found that the true positive rate was 96.4% when 
the fanning technique was used and 76.9% with 
the normal technique (P = 0.05), and although this 
difference was not significant, there was a clearly 
significant difference in the number of  needles 
passes required to reach a diagnosis. Recently, the 
door‑knocking method, which is maximally quick needle 
advancement technique within the target lesion, has 
developed. Mukai et al.[28] compared the conventional 
puncture method with the door‑knocking method 
and found that although there was no difference in 
the true positive rate, the door‑knocking method 
did enable the acquisition of  larger specimens. 
Attam et al. [29] found that when EUS‑FNA was 
performed using the “wet suction” technique, in which 
the puncture needle is filled with saline solution, 
good quantities of  better‑quality specimens could be 
acquired compared with the conventional method, 
whereas Villa et al.[30] reported that not only were 
specimens of  better quality but also diagnostic yield 
for the wet suction technique was significantly better 
at 85.5% compared with 75.2% for the conventional 
method (P < 0.035). Nakai et al.[31] passed 0.75 mm 
biopsy forceps through a 19‑G FNA needle to perform 
direct biopsy and found that the tissue acquisition rate 
for a single puncture was 67% with 0.75 mm biopsy 
forceps alone but rose to 88% when this technique was 
used in combination with regular EUS‑FNA, indicating 
that this is a useful technique for acquiring tissue with 
a small number of  needle passes.

Because of  the unique characteristics of  the Echo Tip® 
HD ProCore™ needle, we theorized that moving it 
with a whipping back technique might yield more tissue 
than moving it at natural speed because the needle has 
a “reverse side‑bevel” that cuts the specimen. Therefore, 
we carried out bench‑top experiments to investigate 
the hypothesis that the whipping back technique would 
be more useful than the conventional technique.[32] 
However, we found no significant difference in the 
volume of  specimen acquired, and even when using the 
ProCore™, with its special shape, the best results were 
produced by the regular puncture action.

Number of fine‑needle aspiration passes
In the absence of  rapid on‑site evaluation (ROSE), 
earlier reports recommended 5–7 passes for cases with 
a pancreatic mass.[33,34] Some other studies, however, 
have found that a smaller number of  passes are 
sufficient,[35‑37] and Itoi et al.[36] reported that even 
without ROSE, a mean 2.88 needle passes were 
adequate for diagnosis, yielding 93.3% accuracy, 91.8% 
sensitivity, 100% specificity, 100% positive predictive 
value, and 77.6% negative predictive value. Most 
studies have shown that maximal diagnostic yield can 
be obtained after 2–5 passes for pancreatic masses 
if  ROSE is available.[37‑40] Suzuki et al.[41] compared 
the results when the number of  passes was fixed at 
4 and when ROSE was used for 25‑G EUS‑FNA 
and found that there was no significant difference in 
either sensitivity or specificity for passes (93% and 
100%) and when ROSE was used (94% and 100%). In 
another study of  the number of  passes and diagnostic 
yield, Erickson and Garza[42] found that if  ROSE 
was also used the average number of  needle passes 
was 3.4 ± 2.2 (range 1–10), but that the average 
number of  passes was affected by the differentiation 
level of  cancer (well‑differentiated cancer: 5.5 ± 2.7; 
moderately differentiated: 2.7 ± 1.2; moderately to 
poorly differentiated: 3.4 ± 2.1; poorly differentiated: 
2.3 ± 1.1) (P < 0.001). Wani et al.[43] carried out a 
similar study and found that well‑differentiated cancer 
was a predictive factor for a larger number of  needle 
passes.

Suction techniques
To date, various suction techniques of  EUS‑FNA were 
reported [Table 3]. The standard EUS‑FNA is done 
under negative pressure, usually applied with a 10–20 
mL syringe.[44] Recently, however, a number of  studies 
of  suction pressure in EUS‑FNA for pancreatic tumors 

Table 2. Various techniques for improvement 
in diagnostic accuracy of endoscopic 
ultrasound‑fine‑needle aspiration
Authors Year Technique Benefits
Bang et al. 2013 Fanning 

technique
Fewer number of passes 
required to establish diagnosis

Mukai et al. 2015 Door‑knocking 
method

Obtaining large amount of 
tissue sample for histology

Attam et al. 2015 Wet suction 
technique

Obtaining the high quality and 
quantity of the FNA sample

Nakai et al. 2015 Using 0.75 mm 
biopsy forceps

Reliable way to obtain the 
tissue sample for histology

Villa et al. 2016 Wet suction 
technique

Obtaining the high‑quality 
sample and improving the 
diagnostic accuracy

Yamabe et al. 2016 Best usage for 
ProCore

High negative pressure is best 
usage regardless of the specific 
shape of the needle tip

FNA: Fine‑needle aspiration
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have reported other techniques such as the nonsuction 
technique,[45‑47] the slow pull technique,[48,49] and the high 
negative pressure technique.[33,44]

In terms of  the nonsuction method, Mohammad 
Alizadeh et al.[47] compared nonsuction and 10 mL 
negative pressure and found that not only was there 
significantly less blood contamination when nonsuction 
was used compared with 10 mL negative pressure 
(20% vs. 50%; P < 0.002) but that the diagnostic yield 
also increased. Puri et al.,[45] however, carried out a 
similar study and found that sensitivity and negative 
predictive values were higher when suction was applied, 
as compared to the nonsuction group (85.7% vs. 
66.7%; P = 0.05), and no difference in the bloodiness 
of  each sample. Lee et al. [46] also reported that 
10 mL negative pressure was superior to nonsuction 
in terms of  accuracy (85.2% vs. 75.9%; P = 0.004) 
and sensitivity (82.4% vs. 72.1%; P = 0.005) although 
specificity was similar (95.8% vs. 100%; P = 0.999). 
At this point, therefore, the utility of  the nonsuction 
technique may best be described as controversial. The 
value of  the slow pull technique was described by 
Nakai et al.,[48] who stated that the slow pull technique 
provides less bloody specimens without reducing 
cellularity in EUS‑FNA for pancreatic malignant 
lesions, and the sensitivity of  the slow pull technique 
is similar in terms of  cytology but higher than that of  
histology. In contrast, Kin et al.[49] found no difference 
between suction and slow pull in EUS‑FNA of  solid 
pancreatic lesions using a standard 22‑G needle. With 
respect to the high negative pressure technique, Kudo 
et al.[44] compared the rate of  specimen acquisition 

when 10 mL negative pressure and 50 mL negative 
pressure were used and found that this was significantly 
higher with 50 mL negative pressure (72.2% vs. 90%; 
P = 0.0003). Although blood contamination was 
significantly greater when the high negative pressure 
technique was used (P = 0.004), this was not considered 
to affect the histological diagnosis. A few recent studies, 
however, have stated that although high negative 
pressure enables the acquisition of  larger specimens, 
blood contamination does actually affect the diagnostic 
yield.[47,48] Further studies of  the value of  the slow 
pull technique are required, but at this point, it may 
be better to use the conventional 10–20 mL negative 
pressure as the suction pressure for EUS‑FNA for 
pancreatic tumors.

USE OF IMAGE PROCESSING 
(ENDOSCOPIC ULTRASOUND‑GUIDED 
FINE‑NEEDLE ASPIRATION UNDER 
CONTRAST‑ENHANCED HARMONIC 
IMAGING)

EUS‑FNA with the use of  ultrasound contrast agent 
is also used in the attempt to improve its diagnostic 
accuracy. The use of  ultrasound contrast agent may 
enable the recognition of  better puncture sites on the 
basis of  differences in blood flow patterns at the lesion 
site. Kitano et al.[50] have reported on the usefulness 
of  contrast‑enhanced harmonic EUS (CE‑EUS) and 
EUS‑FNA using CE‑EUS. They demonstrated that 
CE‑EUS could indentify pancreatic adenocarcinomas 
as solid lesions exhibiting hypoenhancement, with a 
sensitivity and specificity of  88%–96% and 88%–94%, 

Table 3. Comparative studies of each suction technique
Authors Year Suction Result
Larghi et al. 2005 35‑mL negative pressure A tissue core adequate for histologic evaluation 

was yielded in 96% of solid masses
Puri et al. 2009 Nonsuction versus suction Suction was associated with increased number of pathology 

slides, higher sensitivity, and negative predictive and 
no difference in the bloodiness of each sample

Lee et al. 2013 Nonsuction versus 10 
mL negative pressure

10 mL negative pressure was superior to nonsuction 
in terms of accuracy and sensitivity

Wani et al. 2014 Nonsuction versus suction EUS‑FNA without suction uses the fine‑needle capillary 
sampling technique to achieve the same result

Nakai et al. 2014 Slow pull versus 
suction (using ProCore)

Slow‑pull technique was associated with less blood contamination and 
increase in the diagnostic yield, especially when used with a 25‑G needle

Kudo et al. 2014 10 mL versus 50 mL 
negative pressure

50 mL negative pressure were significantly superior to those obtained 
by 10 mL negative pressure for histopathological diagnosis (P=0.0003)

Kin et al. 2015 Slow pull versus suction No difference between suction and slow pull in EUS‑FNA of 
solid pancreatic lesions using a standard 22‑G needle

Mohammad Alizadeh et al. 2015 Nonsuction versus 10 mL 
negative pressure

Nonsuction related with less contamination by blood and raise the 
diagnostic yield

EUS: Endoscopic ultrasound, FNA: Fine‑needle aspiration
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respectively. In particular, 80%–100% of  false‑negative 
cases in EUS‑FNA are correctly classified by CE‑EUS, 
suggesting that CE‑EUS complements EUS‑FNA. They 
also reported that CE‑EUS‑depicted hypoenhancement 
diagnosed ductal carcinomas with a sensitivity and 
specificity of  95.1% (95% confidence interval [CI]: 
92.7%–96.7%) and 89.0% (95% CI: 83.0%–93.1%), 
respectively, whereas hypervascular enhancement 
diagnosed neuroendocrine tumors with a sensitivity 
and specificity of  78.9% (95% CI: 61.4%–89.7%) 
and 98.7% (95% CI: 96.7%–98.8%), respectively.[51] 
Therefore, CE‑EUS will be useful for detecting masses 
that are difficult to identify on conventional images 
using B‑mode, particularly in patients with severe 
chronic pancreatitis.

Hocke et al.[52] stated that the use of  CE‑EUS improved 
the sensitivity with which chronic pancreatitis could 
be differentiated from inflammatory pseudotumors 
and pancreatic carcinoma from 73% to 91% and 
the specificity from 83% to 93%. According to a 
study by Seicean et al.,[53] EUS‑FNA under CE‑EUS 
imaging improved the diagnostic accuracy for pancreatic 
masses to 86.5% from the 78.4% achieved with regular 
EUS‑FNA (P = 0.35), and they also reported that the 
accuracy increased to 94% when the two methods’ 
results were combined. Sugimoto et al.[54] reported that 
EUS‑FNA under CE‑EUS imaging enables a diagnosis 
to be obtained with fewer needle passes compared with 
conventional EUS‑FNA, whereas Hou et al.[55] stated 
that the percentage of  adequate biopsy specimens in 
the CE‑EUS group (96.6%) was greater than that in the 
EUS group (86.7%). These studies suggest that the use 
of  CE‑EUS in combination with EUS‑FNA may both 
enable the acquisition of  a good volume of  specimen 
and improve the true positive rate.

RAPID ON‑SITE EVALUATION

Although the use of  ROSE has been shown to improve 
the true positive rate of  EUS‑FNA.[10,38,40,56‑60] The 
number of  institutions capable of  having a pathologist 
on staff  when EUS‑FNA is performed is limited,[36,48,61] 
and this is a factor that at least hinders the widespread 
use of  ROSE. Hikichi et al. [62] compared the 
sensitivity, specificity, and true positive rate of  ROSE 
performed by the pathologist and the endoscopist 
and found no significant difference between the two. 
Hayashi et al.[63] reported that the performance of  
ROSE by the endoscopist who had received a certain 
level of  cytology training improved the true positive 

rate from 62.9% to 91.8%. This suggested that even 
in the absence of  a pathologist, the performance of  
ROSE by an endoscopist may be sufficient to improve 
diagnostic yield.

Recent studies have shown that macroscopic on‑site 
quality evaluation (MOSE) also improves diagnostic 
accuracy to a degree comparable with ROSE. On this 
point, Iwashita et al.[64] investigated the size of  the 
macroscopically visible core and the diagnostic yield of  
EUS‑FNA and found that MVC of  ≥4 mm on MOSE 
can be an indicator of  specimen adequacy and can 
improve diagnostic yield. MOSE offers a procedure that 
can be reliably carried out by an endoscopist even if  
ROSE is infeasible, and can be regarded as obligatory 
for endoscopists who intend to improve their diagnostic 
accuracy.

CYTOLOGIC AND HISTOLOGIC SAMPLE 
PROCESSING

The obtained material is expressed onto glass slides 
or into a container for pathologic examination by 
expelling air from a syringe and/or reinsertion of  the 
stylet. Inserting the stylet into the needle should be 
done for expression of  the material if  the operator 
feels a strong pressure when expressing the material 
with the syringe.[65] Specimens collected by fine needle 
would contain the cyto‑histopathological sample and 
blood/clot. Therefore, it is often difficult to confirm 
whether the obtained sample contains an adequate 
specimen within. Matsumoto et al.[66] developed a useful 
target sample check illuminator (TSCI) and reported 
that using the TSCI in EUS‑FNA made it possible to 
both collect the minimum necessary target samples by 
EUS‑FNA and to end further procedures, even without 
performing ROSE.

The aspirated material can be processed as direct 
smears, collected in a preservative solution or media for 
subsequent processing, or both. In performing ROSE, 
the preparation of  good smears is the final important 
step because smearing error may lead to tissue loss, 
artifacts, and interpretation difficulties. At dry fixation, 
the air‑dried preparation requires immediate drying of  
the cytologic smears. Usually, these slides are stained 
utilizing Romanowsky‑type stains (i.e., Diff‑Quik 
staining, Siemens, USA) to provide morphologic 
assessment on‑site. Although Diff‑Quik staining 
usually provides adequate findings for a preliminary 
diagnosis, ethanol‑fixed and Papanicolaou‑stained 
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material provides the best nuclear detail. The smears 
must be placed immediately into alcohol to minimize air 
drying artifacts.[67] However, in wet fixation, processing 
must be carried out while the slide is still damp. This 
can be accomplished by directly immersing the slides 
in 95% ethanol, or by spraying the smeared slides 
using alcohol‑based spray fixatives. Typically, wet fixed 
smear preparations are subsequently stained using 
Papanicolaou stain in the laboratory. The Papanicolaou 
stain is preferred by many pathologists because of  its 
near transparency, allowing for the nuclear features, 
chromatin pattern, and thicker tissue fragments to be 
visualized.

Material also may be placed in a liquid medium 
or fixative for cell block, which can then be 
formalin‑fixed, paraffin‑embedded, and sectioned for 
standard hematoxylin and eosin staining or other 
ancillary testing. Although cell blocks are used as a 
complement in many cases,[68] Noda et al.[69] reported 
that the cell block method with immunostaining 
showed a higher diagnostic accuracy than smear 
cytology in patients who had undergone EUS‑FNA 
without ROSE (93.9% and 60.6%, P = 0.003). Haba 
et al.[58] also reported that the diagnostic performance 
was significantly higher when both cytological and 
cell‑block examinations were carried out than with only 
cytological examination. These types of  processing will 
be performed in cases without ROSE.

Although the success rate of  EUS‑FNA increases with 
the endoscopist’s experience, the diagnostic success 
of  EUS‑FNA also depends on the cytopathologist’s 
experience. Unlike percutaneous biopsies, EUS‑FNA 
material is contaminated by gastrointestinal 
epithelium[70,71] that can lead to errors in diagnosis. It 
is important for the cytopathologist to be aware of  
the route traversed by the needle for proper evaluation 
of  the smears. Training courses are required for 
cytopathologists with no previous experience with 
EUS‑FNA.[72,73]

CONCLUSION

A range of  adaptations to improve the accuracy of  
EUS‑FNA is currently under development. Although 
the diagnostic yield of  regular EUS‑FNA is around 
90% and as such is already satisfactory, we must 
constantly develop and implement new procedures in 
the quest to attain the 100% level. It is our hope that 

this article will be of  value to as many endoscopists as 
possible.
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