
6492

Abstract. – OBJECTIVE: Endoscopic ultra-
sound (EUS)-guided FNB was not demonstrat-
ed to be better than EUS fine-needle aspiration 
(FNA) to obtain adequate samples for diagnosis 
of pancreatic tumors. We report our experience 
using a 22-gauge needle aspiration to obtain 
both cytologic and histologic samples.

PATIENTS AND METHODS: In a total of 232 
patients (51% men), 22-gauge needles (Cook 
Medical) were used to obtain a cytological sam-
ple (between 2008 and 2016, Cohort A) and a cy-
tologic and a histologic sample (between 2016 
and 2019, Cohort B) to evaluate the usability of 
this needle to collect material for cytologic and 
histologic examination. MOSE was used.

RESULTS: Pancreatic adenocarcinoma was 
diagnosed in 76/113 (68%) patients in Cohort A 
and in 88/119 (74%) in Cohort B. Non-diagnos-
tic sampling occurred in 30/113 (26%) patients 
in Cohort A and in 25/119 (21%) in Cohort B. The 
median number of passages was three in both 
cohorts. Lesions were in the head/uncinated 
process 57% vs. 51% and body/tail 43% vs. 49% 
in Cohorts A and B, respectively; the mean tu-
mor size was 34.5 mm (SD 10.7) in Cohort A and 
35.4 mm (SD 14.7) in Cohort B. 

CONCLUSIONS: FNA needle (22-gauge) with 
adequate passes, MOSE determination and ad-
equate processing of specimens, provided FNA 
and FNB specimen collection.
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Introduction

Despite its relatively low incidence, pancreatic 
cancer (>95% with features consistent with ad-
enocarcinoma) is recognized as a leading cause 

of cancer-related death in Western countries1. 
According to the Cancer Statistics Center of the 
American Cancer Society, approximately 60,000 
people will be diagnosed with pancreatic can-
cer in 2021 in the USA, with 48,000 estimated 
deaths1.

Diagnosis of pancreatic adenocarcinoma 
(PAC) relies on imaging modalities; endoscopic 
ultrasound (EUS) is used with a tissue acquisition 
technique, such as fine-needle aspiration (FNA). 
Evidence indicates that, at the time of diagno-
sis, approximately 80% of patients have regional 
spread or metastatic disease. Therefore, effective 
and safe modalities to diagnose pancreatic cancer 
at an early, and therefore more likely curative 
stage are needed to improve outcomes and reduce 
the high mortality (5-year survival: 6%)2.

EUS-guided FNA (EUS-FNA) is a minimally 
invasive method for tissue sampling from solid 
masses. Since its introduction in the mid-1990s, 
EUS-FNA has been a key diagnostic tool in 
patients with suspected solid pancreatic masses, 
thanks to high sensitivity and specificity, in-
creasing accuracy over time, and a very low rate 
of complications2-4. However, EUS-FNA often 
requires multiple passes to obtain an adequate 
quantity of the tissue. 

Endoscopic ultrasound guided tissue acqui-
sition by MOSE (macroscopic on site evalua-
tion) and ROSE (rapid on-site evaluation) have 
been introduced in the clinical practice in order 
to guide sampling collections process. MOSE 
evaluation by the endosonographer has been ad-
vocated to estimate the adequacy of specimens 
of samples from target lesion for histological 
diagnosis. ROSE is provided by a pathologist or 
an experienced cytotechnologist providing im-
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mediate real-time evaluation of a FNA biopsy or 
touch imprints of a core biopsy. ROSE may be 
useful to improve diagnostic accuracy, but it is 
not widely available due to limited resources. In 
addition, ROSE impact on diagnostic accuracy is 
still unclear5. 

The technique of fine-needle biopsies (FNBs) 
was developed to increase the amount of tissue 
acquisition and, consequently, the diagnostic ac-
curacy of samples). The features of fine-needles, 
such as a different tip design and side fenestra-
tion, allow core biopsies with preserved archi-
tecture, enabling not only a cytological but also 
a histological analysis (including tumor genomic 
profile) and avoiding ROSE6,7. Therefore, EUS-
FNB and EUS-FNA needles have been recently 
compared in three clinical studies (two perspec-
tives and one retrospective); however, they could 
not demonstrate a conclusive benefit of the newer 
and more expensive tools6-8.

The aim of the present study is to demonstrate 
that, in a center with a remarkable experience in 
EUS-FNA procedures, it is possible to acquire 
both cytological and histological samples with the 
same EUS needle (EchoTip Ultra; Cook Medical, 
Limerick, Ireland) thanks to a different modality 
of handling the collected material. 

Patients and Methods

This retrospective, monocentric cohort study 
was conducted at the Regina Elena Cancer In-
stitute of Rome, a center with a >15-year experi-
ence in EUS-FNA procedures. The local Ethical 
Committee has approved the study design and 
all patients had signed an informed consent to 
the use of their data for research purposes before 
enrolment.

Patients
Data from consecutive patients who, from Sep-

tember 2008 to December 2019, underwent EUS-
FNA on solid pancreatic masses with a conven-
tional 22-gauge FNA needle (EchoTip Ultra) by 
the same expert endosonographer were retrieved. 

All patients who had a suspected solid malig-
nant pancreatic mass according to clinical symp-
toms (pain, jaundice, weight loss, etc.) and/or 
radiological findings (a solid pancreatic mass 
exposed by CT and/or MRI and/or EUS) were 
considered. Procedures in patients with masses 
with a predominantly cystic component (>50%), 
extra pancreatic gastrointestinal masses of uncer-

tain origin (gastric or duodenal masses infiltrat-
ing pancreas), suspected masses originating from 
other organs or peri-pancreatic-lymphadenopathy 
were excluded from the analysis as well as proce-
dures where ROSE was employed.

Patients who underwent EUS-FNA from Sep-
tember 2008 to March 2014 (Cohort A) and from 
April 2014 to December 2019 (Cohort B) were 
identified. In Cohort A, only cytological analysis 
was performed whilst in Cohort B, patients had 
both cytological and histological analysis on tis-
sue samples collected with the same needle (FNA 
needle). 

Endoscopic Ultrasound Fine-Needle 
Aspiration/Fine-Needle Biopsy Procedure

EUS was performed with a curved linear array 
echoendoscope (GF-UCT 140, Olympus; and EG-
3570 UTK, Pentax, Japan) by an expert endos-
copist on a patient positioned in the left lateral 
decubitus position under moderate sedation (mid-
azolam and fentanyl i.v.). Pancreatic masses were 
visualized by endoscopic ultrasonography and 
FNA or FNB procedures were conducted from 
the duodenum when masses were located in the 
pancreatic head or uncinate process, while EUS 
were conducted from the stomach for masses lo-
cated in the body or tail of the pancreas. 

The needle was advanced into the target with 
the stylet in place; then the stylet was removed, 
and suction was applied by a 5 mL syringe 
while moving the needle 15-20-times to and from 
within the lesion. We always performed funning 
technique by using the elevator and vertical knob 
of the endoscope to sampling different portions of 
the lesion. Suction was stopped before removing 
the needle. In absence of an on-site cytologist, 
three to six needle passes were performed for 
each lesion to increase diagnostic yield.

Specimen Management
All aspirated material was collected immedi-

ately into liquid-based cytology tubes (ThinPrep) 
and, successively, the core tissue was moved from 
cytolytic solution to the formalin-containing bot-
tle (Figure 1). Macroscopically on-site evalua-
tion (MOSE) was made by the endosonographer 
immediately after the collection to evaluate the 
number of needed passes. However, a minimum 
of three passes for every lesion was made. The 
first evaluation of the tissue sampling adequacy 
was evidenced by the presence of a long strain 
of tissue (>1 cm), without the presence of large 
amount of blood. 
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Both cytological samples and material placed 
in a formalin solution were delivered to the 
cytopathology unit within 48 hours. A stan-
dardized procedure was developed for the cy-
tological sample: all specimens prepared were 
resuspended into a methanol-based preservative 
(PreserverCyt); subsequently, the ThinPrep pro-
cessor yields an alcohol-fixed slide preparation. 
The processor disperses cells and collects them 
on a polycarbonate filter, and finally transfers 
cells to a glass slide. The slide is then immersed 
in 95% alcohol and stained with Papanicolau 
technique. The core tissue obtained was fixed in 
formalin 10% solution. All histological samples 
were processed as described: fixed, dehydrated 
and embedded in paraffin in order to obtain 
blocks of paraffin tissue for histological exam-
inations. Routine staining was performed. All 
samples were analyzed by a pathologist with a 
large experience in cytology and histology of 
gastrointestinal diseases.

Statistical Analysis
Data were analyzed by descriptive statistics. 

The association between categorical variables 
was estimated with chi square test or Fisher exact 
test, as appropriate. Sensitivity, specificity and 
accuracy were calculated and reported with their 
95% confidence intervals. p<0.05 was regarded 
as statistically significant. Statistical analysis was 
performed with SPSS version 21.0 (SPSS Inc., 
Chicago, IL, USA)

Results

Data from a total of 232 patients (119 men) 
with a mean age of 65.9 years (standard deviation 
[SD]: 10.9) were evaluated. All patients had pan-
creatic solid masses and underwent EUS-FNA/B 
consecutively between September 2008 and De-
cember 2019 (Figure 2). Patients’ demographic 
data and lesion characteristics are reported in 
Table I. 

Demographic and 
Lesions Characteristics

Overall, the analyzed cohorts were comparable 
in terms of demographic and lesions characteris-
tics. The mean tumor size was 35 mm (SD: 12.9), 

Figure 1. Management of the collected samples on site. A, First step, flush all aspirated material in the ThinPrep solution. B, 
Displacement at formalin recipient. C, Both samples delivery to the Pathology Unit.

Figure 2. Case series.
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with a comparable distribution for location (head/
uncinate process vs. body/tail). 

EUS-FNA/B was feasible in all patients with 
a median of three needle passes in both cohorts. 

Final diagnosis was PAC in 164/232 (71%) 
patients: 76 (68%) in Cohort A and 88 (74%) in 
Cohort B, respectively. Negative diagnosis for 
neoplastic disease, confirmed by surgery, or clin-
ical and imaging follow up, was made in 13 (6%) 
patients: of these, 7 (6%) were in Cohort A and 6 
(5%) were in Cohort B.

Diagnostic Accuracy
In 30/113 (26%) patients in Cohort A and in 

25/119 (21%) patients in Cohort B, EUS-FNA/B 
was non-diagnostic and confirmed by other di-
agnostic procedures (ultrasound or CT-guided 
biopsy) or surgery.

Total diagnostic accuracy was 75% with a 
sensibility of 73.1%. There was no statistically 
significant difference in diagnostic accuracy be-
tween Cohort A and Cohort B (71.7% vs. 78.2%, 
respectively; p=0.32).

Sensibility of FNA/B in Cohort A and B was 
68.9% and 77%, respectively (p=0.29).

In lesions ≥20 mm, diagnostic accuracy was 
76.7%, with a sensibility of 75.3%; in lesions 
≤20 mm, accuracy was 59.1% with a sensibility 
of 50%.

Calculation for location total accuracy was 
74.1% in head–uncinate tumors and 76.5% in 
body-tail lesions. From 2010 to 2019, accuracy 
calculated by years showed a progressive in-
crease, with the highest rate (78.8%) in 2019 and 
the lowest rate in 2010 (66.7%) (Table II.

Discussion

Currently, EUS-FNA is the gold standard for 
EUS-guided sampling of PAC8. However, this 
procedure still has several limitations. 

EUS-FNA samples provide a relatively small 
amount of tissue specimens, without preserving 
the core tissue architecture, which is essential for 
histological diagnosis of pancreatic masses10,11. 
Cytological analysis alone may not diagnose ma-
lignancies, such as stromal cell tumors, lympho-
mas, or well-differentiated adenocarcinoma12.

Frequently, to obtain more tissue for an ac-
curate diagnosis or detection of biomolecular 
markers, it is necessary to increase the number 
of passes. This may increase the risk of adverse 
events and prolong the procedure. 

ROSE has been considered to improve diag-
nostic yield and accuracy with a limited number 
of passes. To date, its advantages are not demon-
strated, even in centers with highly trained 
personnel, because costs are increased and an 
on-site cytopathologist is not easily available13. 
Many studies did not show an actual imple-

Table II. Comparison of demographic, tumor and endoscopic procedure data between Cohort A and B.

 Parameters Cohort A Cohort B p-value

Age (years), mean (SD) 65.3 (10.9) 66.5 (SD 11.1) 0.41
Sex (n), male/female 64/49 55/64 0.15
Tumor size (mm), mean (SD) 34.5 (10.7) 35.4 (14.7) 0.61
Location, n (%):   0.41
• Head/uncinate 65 (57%) 61 (51%) 
• Body/tail 48 (43%) 58 (49%) 
Needle passes (n) 3 3 0.99
Final diagnosis, n (%)   0.27
• Pancreativ adenocarcinoma 76 (68%) 88 (84%) 
• Negative for malignancy 7 (6%) 6 (5%) 
• Non diagnostic 30 (26%) 25(21%) 
Diagnostic accuracy (%) 71.7% 78.2% 0.32

Table I. Patient demographic and tumor data, final diagnosis 
of 232 patients with pancreatic solid masses.

 Parameters n (%)/mean (SD)

Age (years) 65.9 (SD: 10.9)
Sex (n), male/female 119/113
Tumor size (mm) 35 (SD: 12.9)
Location:
• Head/uncinate 126 (54%)
• Body/tail  106 (45%)
Final diagnosis:
• Positive for PAC  164 (71%)
• Negative for malignancy 13 (6%)
• Non diagnostic 55 (23%)
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mentation in diagnostic rate in EUS-FNA with 
ROSE, but only a better evaluation of the sample 
adequacy. 

Recently, the FNB needle (such as EchoTip-
Procoreneedle, Cook Medical) or the novel fork 
tip biopsy needle have been developed to obtain 
core biopsy and a large amount of collected 
specimen. Nevertheless, their price is higher than 
that of traditional needles, such as EchoTip Ultra 
needle, with a great impact on the total cost of the 
procedure14.

In our study, we used a traditional 22-gauge 
needle (EchoTip Ultra). In the first period (un-
til March 2014), we collected only cytological 
samples (ThinPrep solution), while more recently 
(from April 2014 onwards), we changed the proce-
dure to obtain cytological and histologic samples 
with the same type of needle. Our data showed 
that the distribution of pancreatic lesions by size 
and location, and the accuracy of malignancy de-
tection are comparable in the two cohorts. There is 
no difference in diagnostic accuracy for pancreatic 
masses in Cohort A (cytologic samples only) and 
in Cohort B (cytologic and histologic samples). We 
found no differences between the two cohorts in 
the number of passes and in the time of procedure, 
since the handling of the sample is carried out by 
the nurse in the operating room during the proce-
dure. We think that our data add a new perspective 
to results from previous studies comparing FNA 
vs. FNB or newer vs. standard needles. Interest-
ingly, with the same standard needle, we obtained 
high-quality tissue by just modifying the way 
of handling the collected samples. Furthermore, 
when using a FNA standard needle, we could ob-
tain both cytologic and histologic samples. 

Notably, as already described by Karsenti et 
al15, the use of MOSE is mandatory in order to 
limit needle passes by accurately estimating the 
quantity of histologic core fragment in the ab-
sence of ROSE7,16.

Biomolecular diagnosis requires a large amount 
of cellular material and tissue; its introduction in-
duced a new modality of collecting samples for. 
Nevertheless, the routine passage of the sample, 
with the ThinPrep solution and then with the for-
malin buffer, permits to collect a large number 
of cells (after treatment in PreserverCyt solution) 
separated and well-purified. Such a sample can be 
excellent for the study of biomolecular markers; 
at the same time, it may provide a tissue fragment 
for immuno-histochemistry. 

The increasing use of the funning technique 
permits to enlarge the field of sampling during 

the same pass. So, by always flushing the aspirat-
ed material before in ThinPrep solution and then 
moving it in formalin it is possible to obtain both 
cytologic and histologic samples. Both samples 
are equally representative of every area collect-
ed in a single or in further passes. This is very 
important because many intralesional necrotic 
and inflammatory infiltrated areas are frequently 
present in pancreatic carcinoma. So, it is im-
portant to analyze all kinds of tissues and cells 
deriving from different areas of the solid lesion.  

This study has several limitations. First of all, 
the lack of ROSE, mainly in Cohort A, may de-
crease the rate of diagnostic accuracy of all the 
study population, while the same diagnostic rate 
becomes higher in the last part of the series (Co-
hort B). 

Moreover, in Cohort A, a lower degree of expe-
rience of endoscopist and pathologist was respon-
sible for a low rate of diagnosis, which increased 
rapidly over time.

In this setting, it could also be helpful to 
perform a comparative histopathological study 
concerning the morphology of the histological 
fragment obtained with the described procedure 
and the core biopsy needle fragments.

However, several studies demonstrated the bet-
ter performance of the novel type of needle, both 
core biopsy needle (such as EchoTipProcore) and 
novel fork needle (such as Acquire, Boston Scien-
tific). Indeed, this approach allows the collection 
of a sample more representative of the entire 
lesion. This is relevant for diseases in which it is 
difficult to reach diagnosis with a single biopsy 
specimen (such as lymphoma, neuroendocrine 
tumor or auto-immune pancreatitis)4,6,10,13,14,17,18.

Our histological samples were adequate to 
allow a histologic and molecular characterization 
of PAC. Biomolecular diagnosis will likely be-
come crucial in the near future as demand for a 
more personalized therapy is growing19. 

Our results suggest that using a FNA standard 
22-gauge Cook needle with an adequate number 
of passes, a MOSE determination of the sample 
before ending the procedure allows to collect 
sufficient material for cytological and histolog-
ical analysis. A close collaboration between the 
echo-endoscopist and the pathologist is crucial to 
standardize the correct processing of specimens, 
from sampling to histologic evaluation.

Our experience suggests that beyond the size 
and the type of the needle (useful in most cases) 
also the collecting modality and management of 
the samples during the EUS-FNA are crucial.



FNB in EUS-biopsy

6497

The modality of collection must be standard-
ized in every tertiary center according to pathol-
ogists’ requirements, and a close collaboration 
between echo-endoscopist and endoscopy service 
team should be encouraged. 

In conclusion, our data suggest that use of a 
22-gauge FNA needle with an adequate number 
of passes, a MOSE determination of the sample, 
and an adequate management of the sample, 
permits to obtain both FNA and FNB specimen 
collection. 

A validated collecting modality, such as im-
plementation of funning technique with adequate 
number of passes guided by MOSE evaluation, 
and correct management of the samples allows to 
collect both cytological and histological analysis 
using a 22-gauge FNA needle.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
Editorial assistance was provided by Tiziana Monti and 
Aashni Shah (Polistudium SRL, Milan, Italy). This assis-
tance was supported by internal funds.

Authors’ Contribution
(1) Conceptualization: DA. (2) Data curation:  FM, PV. (10) 
Supervision: DA. (11 Validation: DO, FG, DF, FM, PV, EV, 
FP, DA. (13) writing original draft: DA. (14) Writing-review 
and editing: DO, FG, DF, FM, PV, EV, FP, DA.

ORCID ID
Davide Orlando: ORCID 0000-0001-9423-6388; Filippo 
Gallina: ORCID 0000-0001-5579-0837; Daniele Forcella: 
ORCID 0000-0002-1757-4911; Ferdinando Marandino: OR-
CID 0000-0003-0559-6133; Paolo Visca: ORCID 0000-
0001-8484-6991; Emanuela Venti: ORCID 0000-0001-
7462-2476; Federico Pierconti: ORCID 0000-0001-7519-
4653; Daniela Assisi: ORCID 0000-0003-2853-8649.

References

 1) Cancer Statistics Center – 2021 Estimates. 
https://cancerstatisticscenter.cancer.org/#!/

 2) Zhang L, Sanagapalli S, Stoita A. Challenges in 
diagnosis of pancreatic cancer. World J Gastro-
enterol. 2018; 24: 2047-2060.

 3) Strand DS, Jeffus SK, Sauer BG, Wang AY, 
Stelow EB, Shami VM. EUS-guided 22-gauge 
fine-needle aspiration versus core biopsy needle 
in the evaluation of solid pancreatic neoplasms. 
Diagn Cytopathol 2014; 42: 751-8.

 4) Alatawi A, Beuvon F, Grabar S, Leblanc S, 
Chaussade S, Terris B, Barret M, Prat F. Com-
parison of 22G reverse-beveled versus standard 
needle for endoscopic ultrasound-guided sam-
pling of solid pancreatic lesions. United Europe-
an Gastroenterol J 2015; 3: 343-352.

 5) Arena M, Eusebi L H, Pellicano R, Palamara MA, 
Iabichino G, Consolo P, Fagoonee S, Opocher E, 
Barabino M, Luigiano C.. Endoscopic ultrasound 
core needle for diagnosing of solid pancreatic le-
sions: is rapid on-site evaluation really neces-
sary? Minerva Med 2017; 108: 547-553.

 6) Asokkumar R, Yung Ka C, Loh T, Kah Ling L, Gek 
San T, Ying H, Tan D, Khor C, Lim T, Soetikno 
R. Comparison of tissue and molecular yield be-
tween fine-needle biopsy (FNB) and fine-needle 
aspiration (FNA): a randomized study. Endosc Int 
Open 2019; 7: E955-E963.

 7) Chong CCN, Lakhtakia S, Nguyen N, Hara K, 
Chan WK, Puri R, Almadi MA, Ang TL, Kwek 
A, Yasuda I, Doi S, Kida M, Wang HP, Cheng 
TY, Jiang Q, Yang A, Chan AWH, Chan S, 
Tang R, Iwashita T, Teoh AYB. Endoscopic ultra-
sound-guided tissue acquisition with or without 
macroscopic on-site evaluation: randomized con-
trolled trial. Endoscopy 2020; 52: 856-863.

 8) Sweeney J, Soong L, Goyal A. Endoscopic ultra-
sound-guided tissue acquisition of solid mass le-
sions of the pancreas: A retrospective compari-
son study of fine-needle aspiration and fine-nee-
dle biopsy. Diagn Cytopathol 2020; 48: 322-329.

 9) Dumonceau JM, Deprez PH, Jenssen C, Igle-
sias-Garcia J, Larghi A, Vanbiervliet G, Aithal 
GP, Arcidiacono PG, Bastos P, Carrara S, Czakó 
L, Fernández-Esparrach G, Fockens P, Ginès 
À, Havre RF, Hassan C, Vilmann P, van Hooft 
JE, Polkowski M. Indications, results, and clini-
cal impact of endoscopic ultrasound (EUS)-guid-
ed sampling in gastroenterology: European Soci-
ety of Gastrointestinal Endoscopy (ESGE) Clini-
cal Guideline-Update January 2017. Endoscopy 
2017; 49: 695-714.

10) Mukai S, Itoi T, Yamaguchi H, Sofuni A, Tsuchi-
ya T, Tanaka R, Tonozuka R, Honjo M, Fujita M, 
Yamamoto K, Matsunami Y, Asai Y, Kurosawa T, 
Nagakawa Y. A retrospective histological com-
parison of EUS-guided fine-needle biopsy using 
a novel franseen needle and a conventional end-
cut type needle. Endosc Ultrasound 2019; 8: 50-
57. 

11) Lee BS, Cho CM, Jung MK, Jang JS, Bae HI. 
Comparison of histologic core portions acquired 
from a core biopsy needle and a conventional 
needle in solid mass lesions: a prospective ran-
domized trial. Gut Liver 2017; 11: 559-566.

12) Li H, Li W, Zhou QY, Fan B. Fine needle biopsy is 
superior to fine needle aspiration in endoscopic 
ultrasound guided sampling of pancreatic mass-
es. A meta-analysis of randomized controlled tri-
als. Medicine 2018; 97: e0207.

13) van Riet PA, Giorgio Arcidiacono P, Petrone M, 
Quoc Nguyen N, Kitano M, Chang K, Larghi A, 



D. Orlando, F. Gallina, D. Forcella, F. Marandino, P. Visca, E. Venti, F. Pierconti, D. Assisi

6498

Iglesias-Garcia J, Giovannini M, van der Merwe 
S, Santo E, Baldaque-Silva F, Bucobo JC, Bru-
no MJ, Aslanian HR, Cahen DL, Farrell J. Com-
bined versus single use20 G fine-needle biopsy 
and 25 G fine-needle aspiration for endoscopic 
ultrasound-guided tissue sampling of solid gas-
trointestinal lesions. Endoscopy 2020; 52: 37-44.

14) Oppong KW, Bekkali NLH, Leeds JS, Johnson 
SJ, Nayar MK, Darné A, Egan M, Bassett P, 
Haugk B. Fork-tip needle biopsy versus fine-nee-
dle aspiration in endoscopic ultrasound-guided 
sampling of solid pancreatic masses: a random-
ized crossover study. Endoscopy 2020; 52: 454-
461.

15) Karsenti D, Palazzo L, Perrot B, Zago J, Lemais-
tre AI, Cros J, Napoléon B. 22G Acquire vs.20G 
Procore needle for endoscopic ultrasound-guid-
ed biopsy of pancreatic masses: a randomized 
study comparing sample quantity and diagnostic 
accuracy. Endoscopy 2020; 52: 747-753

16) Iwashita T, Yasuda I, Mukai T, Doi S, Nakashima 
M, Uemura S, Mabuchi M, Shimizu M, Hatano Y, 

Hara A, Moriwaki H. Macroscopic on-site evalu-
ation of biopsy specimens to improve the diag-
nostic accuracy during EUS-guide FNA using a 
19-gauge needle for solid lesions: a single-cen-
ter prospective pilot study (MOSE study). Gastro-
intest Endosc 2015; 81: 177-85.

17) Hedenstrom P. The best approach for sampling of 
pancreatic neuroendocrine tumors-EUS-FNA or 
EUS-FNB?. Endoscopy International Open 2019; 
7: E1400-1402.

18) Alkhateeb K, Lee BB, Alatassi H, Sanders MA, 
Omer EM, McClave SA, Fraig M. Comparison be-
tween two types of needles for Endoscopic Ul-
trasound (EUS)- guided fine aspiration biopsy of 
pancreatic and upper gastrointestinal masses. 
Diagnostic Cytopathol 2020; 48: 197-202.

19) Elhanafi S, Mahmud N, Vergara N, Kochman ML, 
Das KK, Ginsberg GG, Rajala M, Chandrasekha-
ra V. Comparison of endoscopic ultrasound tis-
sue acquisition methods for genomic analysis of 
pancreatic cancer. J Gastroenterol Hepatol 2019; 
34: 907-913.


