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Abstract: Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) for pancreatic tumors
and subepithelial lesions (SEL) of the gastrointestinal tract are effective for histological diagnosis.
There are also reports that tissue sampling is possible with a smaller number of punctures by EUS-
guided fine-needle biopsy (EUS-FNB). In this study, we retrospectively compared the diagnostic
abilities of EUS-FNA and EUS-FNB. We examined 130 patients who underwent EUS-FNA/EUS-FNB
for pancreatic tumors and SEL from July 2018 to January 2021. None of the cases underwent rapid
on-site evaluation. There were 94 and 36 cases in the EUS-FNA and EUS-FNB groups, respectively.
The median tumor size in the EUS-FNB group was 30 mm, which was significantly larger than the
EUS-FNA group (p = 0.02). In addition, transgastric puncture was significantly more common in the
EUS-FNB group (p = 0.01). The EUS-FNA and EUS-FNB groups had a sensitivity of 82.9% and 91.7%
and an accuracy rate of 85.1% and 91.7%, respectively. However, both procedures had a comparable
diagnostic ability.

Keywords: endoscopic ultrasound-guided fine-needle aspiration; endoscopic ultrasound-guided
fine-needle biopsy; pancreatic tumor; subepithelial lesions

1. Introduction

Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) for pancreatic tu-
mors and subepithelial lesions (SEL) of the gastrointestinal tract is effective for histological
diagnosis [1–4]. In recent years, several puncture needles have been developed for in-
creased tissue sampling. In particular, tissue sampling using a Franseen needle is called
EUS-guided fine-needle biopsy (EUS-FNB), which is used to sample many tissues with
a small number of punctures [5]. Accurate histological diagnosis may provide accurate
treatment, and a large number of tissue samples may be used for immunostaining and
gene mutation identification.

Rapid on-site evaluation (ROSE) can improve the accuracy rate of diagnosis by con-
firming the presence or absence of tissue samples during examination [6–9]. For accurate
tissue diagnosis, the introduction of ROSE is desirable. However, at present, ROSE cannot
be introduced at many facilities because of the long inspection times and a shortage of
human resources. With EUS-FNB, sufficient tissue sampling can be expected without ROSE.
In this study, we performed EUS-FNA/EUS-FNB without ROSE in pancreatic tumors and
SELs to determine whether one procedure had better diagnostic abilities than the other,
and we also examined the efficacy of different EUS-FNB needle types.

2. Materials and Methods

We retrospectively examined patients who underwent EUS-FNA or EUS-FNB for pan-
creatic tumors and SEL in our hospital from July 2018 to January 2021. EUS-FNA/EUS-FNB
were performed for the purpose of histological diagnosis because of the limited number of
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cases in which pancreatic tumors and SELs were diagnosed by imaging and endoscopy.
Inclusion criteria included (1) pancreatic tumor/SEL for which EUS-FNA/EUS-FNB could
be performed, (2) patient consent and (3) cases in which ROSE was not performed.

EUS-FNA/EUS-FNB were performed by an endoscopist skilled in endoscopic ultra-
sound (Figure 1). During EUS-FNA, the lesion was visualized by endoscopic ultrasonog-
raphy GF-UCT260 (Olympus Medical Japan, Tokyo, Japan) and was punctured with an
end-cutting needle. Samples were collected using the slow-pull method or the standard
method with 20 mL of air pressure. Either a 22G or 25G end-cutting needle was used.
Additionally, an EZshot3 plus (Olympus Medical Japan, Tokyo, Japan) puncture needle was
used (Figure 2). The puncture was performed until the tissue was sampled macroscopically.
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During EUS-FNB, the lesion was also visualized by endoscopic ultrasonography
GF-UCT260 (Olympus Medical Japan, Tokyo, Japan) but was punctured with a Franseen
needle. Samples were collected using the slow-pull method without suction pressure.
Either a 22G or 25G Franseen puncture needle was used. Additionally, we also compared
the effectiveness of the Sono Tip Topgain® (MediGlobe, Rohrdorf, Germany) (Figure 3)
and AcquireTM (Boston Scientific Japan, Tokyo, Japan) (Figure 4) puncture needles. The
puncture was performed until the tissue was sampled macroscopically.
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Pancreatic tumor cells were detected by cytological or histological diagnosis using the
specimens obtained by EUS-FNA/EUS-FNB and were defined as positive upon diagnosis.
Gastrointestinal SEL was defined as positive when tumor cells could be detected by cyto-
logical or histological diagnosis using the samples obtained by EUS-FNA/EUS-FNB. In
cases where histological diagnosis could not be obtained by EUS-FNA/EUS-FNB, surgery
was performed based on clinical signs or diagnostic imaging, and a definitive diagnosis
was obtained from the resected specimen. Inoperable cases were confirmed by diagnostic
imaging and clinical signs 3 months later. The examination time was defined as the period
from endoscope insertion to removal.

The results are presented as numerical values (%), and continuous variables are
presented as median values (range). Two consecutive variables were tested using the
Mann–Whitney U test. For non-contiguous variables, the Wilcoxon signed-rank test was
used. Statistical significance was set at p ≤ 0.05. Using SPSS (IBM, Japan), the sensitivity
was calculated as the ratio of test-positive to disease-positive, and the specificity was
calculated as the negative ratio of disease negatives.

3. Results

From July 2018 to January 2021, 130 cases that met the inclusion criteria for pancreatic
tumors and SELs were examined with EUS-FNA or EUS-FNB. There were 94 and 36 cases
in the EUS-FNA and EUS-FNB groups, respectively.

3.1. Patient Characteristics

The median age of the EUS-FNA group was 71 years, which did not differ significantly
from the median age of the EUS-FNB group (71.5 years) (p = 0.30). The proportion of men
in the EUS-FNB group was low (p < 0.01). The median tumor size was 22 and 30 mm in
the EUS-FNA and EUS-FNB groups, respectively, and was larger in the EUS-FNB group
(p = 0.02). In both groups, pancreatic ductal cancer was the most common disease (EUS-
FNA, 80.9%; EUS-FNB, 58.3%) in the pancreatic tumor group, and a gastrointestinal stromal
tumor was the most common in both groups in the SEL group. (Table 1).

Table 1. Patient characteristics of EUS-FNA and EUS-FNB groups.

EUS-FNA (n = 94) EUS-FNB (n = 36) p-Value

Sex, Male (%) 56 (59.6) 14 (38.9) <0.01
Age, median (range) 71 (38–86) 71.5 (43–90) 0.3
Tumor size, mm, median (range) 22 (6–70) 30 (12–70) 0.02
diagnosis
Pancreas tumors, n (%) 76 (80.9) 21 (58.3) 0.05
Pancreatic ductal cancer, n (%) 54 (57.4) 16 (44.4)
Metastatic pancreatic tumor, n (%) 4 (4.3) 1 (2.8)
Pancreatic neuro-endocrine tumor, n (%) 6 (6.4) 1 (2.8)
Acinar cell carcnioma, n (%) 0 1 (2.8)
Tumor-foming pancreatitis, n (%) 12 (12.8) 1 (2.8)
B cell lymphoma, n (%) 0 1 (2.8)
Subepithelial lesions, n (%) 18 (19.1) 15 (41.6) 0.11
Gastrointesitnal stromal tumor, n (%) 9 (9.6) 13 (36.1)
Leiomyoma, n (%) 4 (4.3) 0
Schwanomma, n (%) 4 (4.3) 2 (5.6)
Teratoma, n (%) 1 (1.1) 0
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3.2. Outcomes

The median procedure time was 13 min in the EUS-FNA group and 16.5 min in the
EUS-FNB group; thus, the procedure time was significantly shorter in the EUS-FNA group
(p = 0.01). One adverse event (a tumor infection of the teratoma after puncture) was
observed in the EUS-FNA group.

The median number of punctures was 2 in both groups; no significant difference was
observed (p = 0.62). Transgastric puncture was the most common puncture site, with 62.8%
in the EUS-FNA group and 77.8% in the EUS-FNB group. Thus, the EUS-FNB group had
significantly more transgastric punctures than the EUS-FNA group (p = 0.01). In addition,
puncture from the duodenum was significantly higher in the EUS-FNA group in both the
bulb and descending parts (bulb, p < 0.01; descending, p < 0.01). The 22G puncture needle
was used in 91.1% of cases in the EUS-FNA group and 100% of cases in the EUS-FNB group
(Table 2).

Table 2. Outcomes of EUS-FNA and EUS-FNB.

EUS-FNA (n = 94) EUS-FNB (n = 36) p-Value

Procedure time, min, median (range) 13 (5–36) 16.5 (6–40) 0.01
Adverse events, n (%) 1 (1.1) 0 (0)
Number of punctures, median (range) 2 (1–3) 2 (1–3) 0.62
Puncture site

Esophagus, n (%) 2 (2.1) 0
Rectum, n (%) 1 (1.1) 0
Stomach, n (%) 59 (62.8) 28 (77.8) 0.01
Duodenal bulb, n (%) 17 (18.1) 6 (16.7) <0.01
Descending part of duodenum, n (%) 15 (16) 2 (5.6) <0.01

Needle
EZ shot3 plus

22G, n (%) 86 (91.1) N/A
25G, n (%) 8 (8.9) N/A

AcquireTM, 22G, n (%) N/A 25 (73.3)
Topgain®, 22G, n (%) N/A 11 (26.7)

3.3. Subgroup Analysis of SEL

Regarding the patient backgrounds of SEL, there was no significant difference between
the EUS-FNA group and the EUS-FNB group in terms of male proportion and age. There
was no difference in tumor size in the SEL subgroup between the two groups. (p = 0.28)
There was no significant difference between the EUS-FNA group and the EUS-FNB group
at the puncture site. The number of punctures was significantly smaller in the EUS-FNB
group. (p = 0.04) (Table 3).

Table 3. Subgroup analysis of SELs.

EUS-FNA (n = 18) EUS-FNB (n = 15) p-Value

Sex, Male (%) 10 (55.6) 8 (53.3) 0.18
Age, median (range) 68 (42–82) 68 (43–80) 0.87
Tumor size, mm, median (range) 28.5 (17–70) 20 (6–40) 0.28
Puncture site

Esophagus, n (%) 2 (11.1) 0
Rectum, n (%) 1 (5.6) 0
Stomach, n (%) 12 (66.7) 13 (86.7) 0.31
Duodenal bulb, n (%) 2 (11.1) 2 (13.3)
Descending part of duodenum, n (%) 1 (5.6) 0

Number of punctures, median (range) 2.5 (1–3) 2 (1–2) 0.04
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3.4. Sensitivity, Specificity and Accuracy of EUS-FNA and EUS-FNB

The overall sensitivity was 82.9% (68/82) in the EUS-FNA group and 91.4% (32/35) in
the EUS-FNB group. No false negatives were found, and the specificity was 100% in both
groups. The accuracy rate was 85.1% (80/94) in the EUS-FNA group and 91.7% (33/36)
in the EUS-FNB group. The accurate diagnosis rate of pancreatic tumors in the EUS-FNA
and EUS-FNB groups was 81.6% (62/76) and 85.7% (18/21), respectively. The accurate
diagnosis rate of SEL lesions was 100% in both groups (Table 4).

Table 4. The sensitivity, specificity and accuracy of EUS-FNA and EUS-FNB.

EUS-FNA (n = 94) EUS-FNB (n = 36)

Overall sensitivity, % 82.9 (68/82) 91.4 (32/35)

Overall specificity, % 100 (12/12) 100 (1/1)

Overall accuracy, % 85.1 (80/94) 91.7 (33/36)

Pancreatic tumors
Sensitivity, % 78.1 (50/64) 85 (17/20)
Specificity, % 100 (12/12) 100 (1/1)
Accuracy, % 81.6 (62/76) 85.7 (18/21)

Subepithelial lesions
Sensitivity, % 100 (18/18) 100 (15/15)
Specificity, % N/A N/A
Accuracy, % 100 (18/18) 100 (15/15)

3.5. EUS-FNB Needle Types

The diagnostic ability of the two different types of EUS-FNB needles was also exam-
ined. The sensitivity of AcquireTM and Sono Tip Topgain® were 91.5% (22/24) and 90.9%
(10/11), respectively. The accuracy rates for AcquireTM and Sono Tip Topgain® were 88.0%
(22/25) and 90.9% (10/11), respectively (Table 5).

Table 5. The sensitivity, specificity and accuracy of EUS-FNB group.

EUS-FNB (n = 36) AcquireTM (n = 25) Sono Tip Topgain® (n = 11)

Overall sensitivity, % 91.6 (22/24) 90.9 (10/11)

Overall specificity, % 100 (2/2) N/A

Overall accuracy, % 88 (22/25) 90.9 (10/11)

4. Discussion

In this study, we examined the patient characteristics and diagnostic abilities of EUS-
FNA and EUS-FNB. The tumor size was larger in the EUS-FNB group than the EUS-FNA
group, and the EUS-FNB group had more transgastric punctures than the EUS-FNA group
in the whole group. Franseen-shaped needles used in EUS-FNB had inferior penetrability
to end-cutting needles and were used for transgastric punctures and large tumor-sized
lesions due to the poor puncture properties; it was thought that momentum was required
during the puncture. In contrast, puncture from the duodenum was significantly more
frequent in the EUS-FNA group than the EUS-FNB group, and puncture with an end-
cutting needle was selected to avoid organs such as the pancreatic duct and blood vessels
around the duodenum.

On the other hand, interesting results were obtained when the analysis was performed
only on the SEL group. In SEL, there was no significant difference in tumor size between
the EUS-FNA group and the EUS-FNB group. No significant difference was observed in
the puncture site between the two groups, and the puncture from the stomach was slightly
more frequent in the EUS-FNB group. The number of punctures was significantly smaller
in the EUS-FNB group. From the above, it was shown that in both the EUS-FNA group
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and the EUS-FNB group, SEL was punctured regardless of the tumor size and tumor site,
but the number of punctures was smaller in the EUS-FNB group. The reason is considered
to mean that more samples are required for immunostaining in SEL lesions, and more
samples were obtained in the EUS-FNB group.

Both procedures had comparable results; however, the accurate diagnosis rate was
higher in the EUS-FNB group. Furthermore, a comparison of the EUS-FNB needle types
revealed that the AcquireTM needle (a Franseen needle that has been used for a long
time) had higher sensitivity, but the Sono Tip Topgain® needle (the latest Franseen needle
developed in 2020) had a higher accuracy rate.

Tissue sampling using EUS-FNA or EUS-FNB has been widely documented. Many
meta-analyses reveal that, in terms of the diagnostic results, EUS-FNA on pancreatic tumors
has a sensitivity of approximately 90% and a specificity of 95% or more [1–4]. However,
some comparisons between EUS-FNA and EUS-FNB reveal that there are no differences in
diagnostic ability between the two procedures [10–13]. On the other hand, there are few
reports on the comparison between EUS-FNA and EUS-FNB for SEL. According to reports,
the diagnostic ability of EUS-FNB is high, but the number of cases is still small [14,15].

There are also many reports on ROSE results for solid pancreatic masses. While
some reports reveal that ROSE improves diagnostic ability, others reveal that it does not
contribute to the accurate diagnosis rate; thus, whether ROSE improves diagnostic ability
remains controversial [6–9].

In this study, EUS-FNA/EUS-FNB were performed without ROSE, and the results
were comparable to those reported previously. Since both groups produced the same
number of punctures, the introduction of ROSE is not essential.

Recently, several puncture needles for EUS-FNB have been developed for endoscopic
visibility and/or gastrointestinal puncture ability. Many reports on the diagnostic ability of
EUS-FNB in recent years have revealed that the accurate diagnosis rate is high, between
91.6% and 98.7%, and that this procedure provides accurate diagnosis for large tumor
sizes. It has also been reported that the number of punctures in EUS-FNB is less than EUS-
FNA [16–18]. However, we did not observe differences in diagnostic performances between
the procedures, and the different EUS-FNB needles also had a comparable diagnostic
performance. Besides, this study showed that EUS-FNB could be diagnosed with a small
number of punctures for SEL.

EUS-FNB may be often applied to large lesions that are easy to puncture in the whole
disease, suggesting that it has poor penetration compared to end-cutting needles. Thus,
EUS-FNA should be selected when important organs are in close proximity. Although
adverse events related to EUS-FNA are as low as 1.7%, and no fatal adverse events have
been reported, it is necessary to be familiar with the characteristics of the puncture needle
to avoid adverse events and to sample many tissues [19].

This study is not without limits. First, this was a retrospective single-center report.
Future studies could investigate whether the diagnostic abilities of EUS-FNA and EUS-FNB
differ on a multi-center level. Second, there were fewer cases for EUS-FNB than EUS-FNA.
Therefore, future research with larger case numbers is necessary.

5. Conclusions

EUS-FNA and EUS-FNB without ROSE had equivalent diagnostic abilities. In SEL, the
number of punctures may be smaller in the EUS-FNB group than in the EUS-FNA group.
Nonetheless, there was no difference in diagnostic performance between the different
EUS-FNB needle types.
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the manuscript and approved the final draft. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.



Diagnostics 2021, 11, 965 8 of 9

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Saiseikai Kawaguchi
General Hospital (protocol code 2021-3, 22 April 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical and privacy restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hewitt, M.J.; McPhail, M.J.W.; Possamai, L.; Dhar, A.; Vlavianos, P.; Monahan, K.J. EUS-Guided FNA for Diagnosis of Solid

Pancreatic Neoplasms: A Meta-Analysis. Gastrointest. Endosc. 2012, 75, 319–331. [CrossRef] [PubMed]
2. Chen, G.; Liu, S.; Zhao, Y.; Dai, M.; Zhang, T. Diagnostic Accuracy of Endoscopic Ultrasound-Guided Fine-Needle Aspiration for

Pancreatic Cancer: A Meta-Analysis. Pancreatology 2013, 13, 298–304. [CrossRef] [PubMed]
3. Banafea, O.; Mghanga, F.P.; Zhao, J.; Zhao, R.; Zhu, L. Endoscopic Ultrasonography with Fine-Needle Aspiration for Histological

Diagnosis of Solid Pancreatic Masses: A Meta-Analysis of Diagnostic Accuracy Studies. BMC Gastroenterol. 2016, 16, 108.
[CrossRef] [PubMed]

4. Zhang, X.C.; Li, Q.L.; Yu, Y.F.; Yao, L.Q.; Xu, M.D.; Zhang, Y.Q.; Zhong, Y.S.; Chen, W.F.; Zhou, P.H. Diagnostic Efficacy of
Endoscopic Ultrasound-Guided Needle Sampling for Upper Gastrointestinal Subepithelial Lesions: A Meta-Analysis. Surg.
Endosc. 2016, 30, 2431–2441. [CrossRef] [PubMed]

5. Khan, M.A.; Grimm, I.S.; Ali, B.; Nollan, R.; Tombazzi, C.; Ismail, M.K.; Baron, T.H. A Meta-Analysis of Endoscopic Ultrasound-
Fine-Needle Aspiration Compared to Endoscopic Ultrasound-Fine-Needle Biopsy: Diagnostic Yield and the Value of Onsite
Cytopathological Assessment. Endosc. Int. Open 2017, 5, E363–E375. [CrossRef] [PubMed]

6. Hébert-Magee, S.; Bae, S.; Varadarajulu, S.; Ramesh, J.; Frost, A.R.; Eloubeidi, M.A.; Eltoum, I.A. The Presence of a Cytopathol-
ogist Increases the Diagnostic Accuracy of Endoscopic Ultrasound-Guided Fine Needle Aspiration Cytology for Pancreatic
Adenocarcinoma: A Meta-Analysis. Cytopathology 2013, 24, 159–171. [CrossRef] [PubMed]

7. Schmidt, R.L.; Witt, B.L.; Matynia, A.P.; Barraza, G.; Layfield, L.J.; Adler, D.G. Rapid On-Site Evaluation Increases Endoscopic
Ultrasound-Guided Fine-Needle Aspiration Adequacy for Pancreatic Lesions. Dig. Dis. Sci. 2013, 58, 872–882. [CrossRef]
[PubMed]

8. Matynia, A.P.; Schmidt, R.L.; Barraza, G.; Layfield, L.J.; Siddiqui, A.A.; Adler, D.G. Impact of Rapid On-Site Evaluation on the
Adequacy of Endoscopic-Ultrasound Guided Fine-Needle Aspiration of Solid Pancreatic Lesions: A Systematic Review and
Meta-Analysis. J. Gastroenterol. Hepatol. 2014, 29, 697–705. [CrossRef] [PubMed]

9. Chandan, S.; Mohan, B.P.; Khan, S.R.; Ofosu, A.; Dhaliwal, A.S.; Shah, A.R.; Bhogal, N.; Mashiana, H.S.; Mashiana, S.S.; Kassab,
L.L.; et al. Comparision of EUS-Guided Conventional Smear and Liquid-Based Cytology in Pancreatic Lesions: A Systematic
Review and Meta-Analysis. Endosc. Int. Open 2020, 8, E1611–E1622. [CrossRef] [PubMed]

10. Tian, L.; Tang, A.L.; Liu, X.W.; Zhang, L.; Liu, X.W.; Li, J.B.; Wang, F.; Shen, S.R.; Wang, X.Y. Evaluation of 22G Fine-Needle
Aspiration (FNA) versus Fine-Needle Biopsy (FNB) for Endoscopic Ultrasound-Guided Sampling of Pancreatic Lesions: A
Prospective Comparison Study. Surg. Endosc. 2018, 32, 3533–3539. [CrossRef] [PubMed]

11. Bang, J.Y.; Herbert-Magee, S.; Trevino, J.; Ramesh, J.; Varadarajulu, S. Randomized Trial Comparing the 22-Gauge Aspiration and
22-Guage Biopsy Needles for EUS-Guided Sampling of Solid Pancreatic Mass Lesions. Gastrointest. Endosc. 2012, 76, 32311–32327.
[CrossRef] [PubMed]

12. Yang, M.J.; Yim, H.; Hwang, J.C.; Lee, D.; Kim, Y.B.; Lim, S.G.; Kim, S.S.; Kang, J.K.; Yoo, B.M.; Kim, J.H. Endoscopic Ultrasound-
Guided Sampling of Solid Pancreatic Masses: 22-Gauge Aspiration versus 25-Gauge Biopsy Needles. BMC Gastroenterol. 2015,
15, 122. [CrossRef] [PubMed]

13. De Moura, D.T.H.; McCarty, T.R.; Jirapinyo, P.; Ribeiro, I.B.; Hathorn, K.E.; Madruga-Neto, A.C.; Lee, L.S.; Thompson, C.C.
Evaluation of Endoscopic Ultrasound Fine-Needle Aspiration versus Fine-Needle Biopsy and Impact of Rapid On-Site Evaluation
for Pancreatic Masses. Endosc. Int. Open 2020, 8, E738–E747. [CrossRef] [PubMed]

14. De Moura, D.T.H.; McCarty, T.R.; Jirapinyo, P.; Ribeiro, I.B.; Flumignan, V.K.; Najdawai, F.; Ryou, M.; Lee, L.S.; Thompson,
C.C. EUS-guided fine-needle biopsy sampling versus FNA in the diagnosis of subepithelial leiosns: A large muliticenter study.
Gastrointest. Endosc. 2020, 92, 108–119. [CrossRef] [PubMed]

15. Cazacu, I.M.; Singh, B.S.; Luzuriaga Chavez, A.A.; Koduru, P.; Ejaz, S.; Weston, B.R.; Ross, W.A.; Lee, J.H.; Roy-Chowdhuri, S.;
Bhutani, M.S. EUS and EUS-guided FNA/core biopsies in the evaluation of subepithelial lesions of the lower gastrointestinal
tract: 10-year experience. Endosc. Ultrasound 2020, 9, 329–336. [PubMed]

16. Takahashi, K.; Yasuda, I.; Hanaoka, T.; Hayashi, Y.; Araki, Y.; Motoo, I.; Kajiura, S.; Ando, T.; Fujinami, H.; Tajiri, K.; et al.
Diagnostic Fine-Needle Biopsy of Small Solid Pancreatic Lesions Using a Franseen Needle during Endoscopic Ultrasound
Examination. Diagnostics (Basel) 2020, 11, 27. [CrossRef] [PubMed]

http://doi.org/10.1016/j.gie.2011.08.049
http://www.ncbi.nlm.nih.gov/pubmed/22248600
http://doi.org/10.1016/j.pan.2013.01.013
http://www.ncbi.nlm.nih.gov/pubmed/23719604
http://doi.org/10.1186/s12876-016-0519-z
http://www.ncbi.nlm.nih.gov/pubmed/27580856
http://doi.org/10.1007/s00464-015-4494-1
http://www.ncbi.nlm.nih.gov/pubmed/26310529
http://doi.org/10.1055/s-0043-101693
http://www.ncbi.nlm.nih.gov/pubmed/28497108
http://doi.org/10.1111/cyt.12071
http://www.ncbi.nlm.nih.gov/pubmed/23711182
http://doi.org/10.1007/s10620-012-2411-1
http://www.ncbi.nlm.nih.gov/pubmed/23053888
http://doi.org/10.1111/jgh.12431
http://www.ncbi.nlm.nih.gov/pubmed/24783248
http://doi.org/10.1055/a-1240-0027
http://www.ncbi.nlm.nih.gov/pubmed/33140017
http://doi.org/10.1007/s00464-018-6075-6
http://www.ncbi.nlm.nih.gov/pubmed/29404729
http://doi.org/10.1016/j.gie.2012.03.1392
http://www.ncbi.nlm.nih.gov/pubmed/22658389
http://doi.org/10.1186/s12876-015-0352-9
http://www.ncbi.nlm.nih.gov/pubmed/26419845
http://doi.org/10.1055/a-1122-8674
http://www.ncbi.nlm.nih.gov/pubmed/32490158
http://doi.org/10.1016/j.gie.2020.02.021
http://www.ncbi.nlm.nih.gov/pubmed/32105712
http://www.ncbi.nlm.nih.gov/pubmed/32913150
http://doi.org/10.3390/diagnostics11010027
http://www.ncbi.nlm.nih.gov/pubmed/33375661


Diagnostics 2021, 11, 965 9 of 9

17. Fujita, A.; Ryozawa, S.; Mizuide, M.; Araki, R.; Nagata, K.; Tanisaka, Y.; Harada, M.; Ogawa, T.; Tashima, T.; Nonaka, K.
Does Endoscopic Ultrasound-Guided Fine Needle Biopsy Using a Franseen Needle Really Offer High Diagnostic Accuracy? A
Propensity-Matched Analysis. Endosc. Int. Open 2019, 7, E1327–E1332. [CrossRef] [PubMed]

18. Mita, N.; Ishiwatari, T.; Umemura, S.; Iwasa, Y.; Toda, K.; Mukai, T.; Miyazaki, T.; Yasuda, I.; Shimizu, M. Endoscopic Ultrasound-
Guided Fine Needle Biopsy Using 22-Gauge Franseen Needle for the Histological Diagnosis of Solid Lesions: A Multicenter
Prospective Pilot Study. Dig. Dis. Sci. 2020, 65, 1155–1163. [CrossRef] [PubMed]

19. Kanno, A.; Yasuda, I.; Irisawa, A.; Hara, K.; Ashida, R.; Iwashita, T.; Takenaka, M.; Katanuma, A.; Takikawa, T.; Kubota, K.; et al.
Adverse events of endoscopic ultrasound-guided fine-needle aspiration for histologic diagnosis in Japanese tertiary centers:
Multicenter retrospective study. Dig. Endosc. 2020. [CrossRef]

http://doi.org/10.1055/a-0957-3005
http://www.ncbi.nlm.nih.gov/pubmed/31673602
http://doi.org/10.1007/s10620-019-05840-y
http://www.ncbi.nlm.nih.gov/pubmed/31531819
http://doi.org/10.1111/den.13912

	Introduction 
	Materials and Methods 
	Results 
	Patient Characteristics 
	Outcomes 
	Subgroup Analysis of SEL 
	Sensitivity, Specificity and Accuracy of EUS-FNA and EUS-FNB 
	EUS-FNB Needle Types 

	Discussion 
	Conclusions 
	References

