
tered on routine endoscopy with an incidence of 0.8%−2.0%.1 

Most GI SETs are benign, such as leiomyoma, schwannoma, 
lipoma, ectopic pancreas, and duplication cyst. GI stromal tu-
mors (GISTs) constitute a major proportion of premalignant GI 
SETs2; therefore, differential diagnosis of these lesions is critical.  

Endoscopic ultrasound (EUS) information is essential for 
evaluating GI SETs and guiding its management; however, it has 
limited accuracy in discriminating premalignant lesions from 
SETs.3,4 Tissue sampling (TS) procedures such as EUS-guided 
fine-needle aspiration (EUS-FNA), EUS-guided Trucut biopsy, 
and EUS-guided fine-needle biopsy (EUS-FNB) have been in-
troduced to overcome this limitation.5-8 Although EUS-FNA is 
the basic procedure for the cytopathological diagnosis of SETs, 
it has suboptimal accuracy, with a rate of 34%−82%.7,9-11 Fur-
thermore, it has limitations in terms of obtaining core tissue. 

Background/Aims: Endoscopic ultrasound-guided fine-needle biopsy (EUS-FNB) is integral to the diagnosis of gastrointestinal (GI) 
subepithelial tumors (SETs). The impact of different EUS-FNB tissue sampling techniques on specimen adequacy and diagnostic accu-
racy in SETs has not been fully evaluated. This study aimed to compare the diagnostic outcomes of slow-pull (SP) and standard suction 
(SS) in patients with GI SETs. 
Methods: In this retrospective comparative study, 54 patients were enrolled. Medical records were reviewed for location and size of the 
target lesion, FNB needle type/size, technical order, specimen adequacy, diagnostic yield, and adverse events. The acquisition rate of 
adequate specimens and diagnostic accuracy were compared according to EUS-FNB techniques. 
Results: The mean lesion size was 42.6±36.4 mm, and most patients were diagnosed with GI stromal tumor (75.9%). The overall diag-
nostic accuracies of the SP and SS techniques were 83.3% and 81.5%, respectively (p=0.800). The rates of obtaining adequate core tissue 
were 79.6% and 75.9%, respectively (p=0.799). No significant clinical factors affected the rate of obtaining adequate core tissue, includ-
ing lesion location and size, FNB needle size, and final diagnosis. 
Conclusions: SP and SS had comparable diagnostic accuracies and adequate core tissue acquisition for GI SETs via EUS-FNB. 
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EUS-Trucut biopsy solves these problems; however, it has a 
high rate of technical failure.5,12,13 Recently, a large multicenter 
study reported the superior accuracy and reduced role of rapid 
on-site evaluation (ROSE) in EUS-FNB compared with EUS-
FNA.14 Moreover, a meta-analysis documented the different 
rates of adequate TS for GI SETs between EUS-FNA (80.6%) 
and EUS-FNB (94.9%).15 Therefore, EUS-FNB is the standard 
EUS-TS procedure for the diagnosis of GI SETs. 

Various factors have been investigated for the effect of EUS-
TS procedures on diagnostic accuracy: FNB needle type/size, 
number of needle passes, application of special maneuvers 
(fanning), endosonographer’s experience, and availability of 
ROSE.10,16,17 In addition, different EUS-TS techniques are im-
portant for diagnostic accuracy. Two representative techniques 
are available: slow-pull (SP) and standard suction (SS). SS is 
performed using a 10-mL syringe attached to the proximal end 
of the needle to provide continuous negative pressure within 
the target lesion during TS. Although SS is effective for obtain-
ing an adequate amount of tissue, its use in EUS-TS may cause 
histological damage and increase blood contamination.18,19 In 
contrast, the SP technique decreases the negative pressure by 
withdrawing the stylet slowly from the needle after it enters the 
lesion. This may improve tissue adequacy and ameliorate blood 
contamination.20,21 However, the exact role of suction in TS 
remains unclear and most reports have investigated pancreatic 
lesions alone.22,23 Limited studies have compared SP and SS for 
EUS-FNB in GI SETs. Therefore, we compared the diagnostic 
outcomes of the EUS-TS techniques done in patients with up-
per GI SETs who underwent EUS-FNB. 

METHODS 

Eligible patients 
This retrospective comparative analysis was conducted in a 
tertiary referral center in Korea from January 2016 to February 
2020. The inclusion criteria were as follows: (1) patients with 
upper GI SETs confirmed by endoscopy or imaging, (2) lesions 
suspected to have originated from the GI wall on EUS, and (3) 
patients who underwent EUS-TS with SP or SS during the first 
two passes. The exclusion criteria were as follows: (1) incon-
clusive final diagnosis, (2) lower GI SETs, (3) no SETs on EUS 
examination, and (4) SET-like carcinomas. Initially, 58 patients 
underwent EUS-TS, and four patients were excluded because of 
an inconclusive diagnosis (n=1) and rectal lesions (n=3). 

A detailed flowchart of the study is presented in Figure 1. The 

medical records of EUS-TS procedures were reviewed for the 
location and size of the target lesion, FNB needle type/size, ob-
tained specimen adequacy, diagnostic yield, and adverse events. 

Endoscopic ultrasound-guided tissue sampling and histo-
logic assessment 
EUS-FNB was performed by two experienced endosonogra-
phers (CMC and YHK). Linear-array echoendoscopes (GF-
UCT240 or GF-UCT260; Olympus Medical Systems, Tokyo, 
Japan) were used with a ProSound Alpha 10 processor (Aloka, 
Tokyo, Japan). Midazolam and meperidine were used for intra-
venous conscious sedation. After targeting the lesion using an 
echoendoscope, the FNB needle was advanced into the lesion. 
Four types of FNB needles (EZ shot, Olympus Optical, Tokyo, 
Japan; Acquire, Boston Scientific, Marlborough, MA, USA; 
ProCore, Cook Medical Inc., Bloomington, IN, USA; ClearTip, 
FineMedix, Daegu, Korea) were used. The FNB needle type 
and size were selected at the discretion of the endosonographer. 
After successful puncture of the target lesion, two passes were 
performed using the SP and SS techniques. The technical order 
was allocated using a random number sheet. 

For the SP technique, we gradually and continuously re-
moved the stylet with to-and-fro movements. The SS technique 
was performed by removing the stylet completely and applying 
negative pressure using a 10-mL syringe. After sample collec-
tion, the syringe was closed and the needle was removed from 
the scope. To-and-fro movements (between 15 and 20 times) in 
different areas of the lesion were performed in a fanning man-
ner for each pass. If an adequate specimen was not acquired 
from the first two passes, additional needle passes were per-

58 EUS-TS for GI SETs
SP or SS during first two passes 

(January 2016 to February 2020)

54 Enrolled patients

26 SP/SS 28 SS/SP

4 Excluded patients
1 Inconclusive diagnosis
3 Located in rectum

Fig. 1. The flow-chart of this study. EUS, endoscopic ultrasound; TS, 
tissue sampling; GI, gastrointestinal; SET, subepithelial tumor; SP, 
slow-pull suction; SS, standard suction.
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formed at the discretion of the endoscopist. 
The acquired specimens were placed in 10% buffered for-

malin for histological examination with hematoxylin and eosin 
staining. When spindle cell tumors were detected, immunohis-
tochemical (IHC) staining was performed for the differential 
diagnosis of SETs. All analyses were performed by experienced 
GI pathologists. 

Definitions and study outcomes 
Technical success was defined as successful puncture of the 
target lesion. We estimated core-tissue adequacy using a pre-
viously reported scoring system.24,25 We used a 3-scale scoring 
system: insufficient material for interpretation (0), sufficient 
material with low quality for histological interpretation (1), and 
good quality for histological interpretation (2). Suboptimal core 
tissue adequacy was scored as 0 or 1, and adequate core tissue 
as 2 (Table 1). The tumor area was measured using a digital 
slide scanner and slide viewer software dedicated to histological 

assessment (CaseViewer; 3DHISTECH Ltd., Budapest, Hunga-
ry). The surface area of adequate core tissue on each scanned 
slide was digitally marked and calculated using the slide viewer 
software (Fig. 2). The histologic result of EUS-FNB or surgical 
resection was the final diagnosis for estimating the diagnostic 
accuracy. 

The primary outcome of this study was to compare the ade-
quate tissue acquisition rate and diagnostic accuracy between 
the SP and SS techniques for EUS-TS in upper GI SETs. The 
secondary outcome was to determine the factors related to core 
tissue adequacy using both techniques. 

Statistical analysis 
Chi-square or Fisher exact tests were performed for categorical 
variables and were presented as absolute values and percent-
ages. Continuous data were compared using Student t-test or 
Wilcoxon signed-rank tests and were summarized as mean 
and standard deviation (SD). A two-sided p-value of <0.05 was 

Table 1. Scores used to evaluate the adequacy of the specimen retrieved
Score Explanation
0 Insufficient material for interpretation
1 Sufficient material for low-quality histological interpretation (micro-fragments <550 μm in longest axis)
2 Sufficient material for good-quality histological interpretation (at least 1 core >550 μm in longest axis)

AA BB
Fig. 2. Representative images of the measured tumor area. (A) Gastrointestinal stromal tumor in the gastric corpus. (B) Leiomyoma in the 
esophagus.
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considered statistically significant. All analyses were performed 
using the IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA). 

Ethical statements 
The study protocol was approved by the Institutional Review 
Board (IRB) of Kyungpook National University Chilgok Hos-
pital (IRB No: KNUCH 2020-04-044). Informed consent was 
waived because of retrospective studies.

RESULTS 

Baseline characteristics of enrolled patients 
Fifty-four patients were included in this analysis. Most lesions 
were located at the stomach (85.2%). The mean lesion size was 
42.6±36.4 mm. The FNB needles used were ProCore (n=42, 
77.8%), Acquire (n=9, 16.7%), EZ shot (n=2, 3.7%), and ClearT-
ip (n=1, 1.8%). In addition, 20- and 22-gauge FNB needles were 
used in 63% (n=34) and 37% (n=20) of the patients, respective-
ly. The final diagnoses included GIST (n=41, 75.9%), leiomy-
oma (n=9, 16.7%), schwannoma (n=2, 3.7%), paraganglioma 
(n=1, 1.8%), and ectopic pancreas (n=1, 1.8%). The proportions 
of technical orders were 48.1% (SP/SS) and 51.9% (SS/SP). One 
patient developed an infection related to the procedure and re-
covered with intravenous antibiotics (Table 2). 

Comparison of diagnostic outcomes between slow-pull 
and standard suction techniques 
The overall diagnostic accuracies of the SP and SS techniques 
were 83.3% and 81.5%, respectively (p=0.800). There was no 
significant difference in the acquisition rates of adequate core 
tissue between the SP and SS techniques (79.6% and 75.9%, 
respectively; p=0.799). In addition, there was no significant 
difference in the median (interquartile range, IQR) tumor area 
estimated from adequate core tissue between the two tech-
niques (SP, 1.66 [IQR, 0.68–2.67] vs. SS, 1.79 [IQR, 0.76–3.02]; 
p=0.641) (Table 3). 

Subgroup analysis of adequate core tissue rate and tumor 
area 
We performed a subgroup analysis comparing the capability of 
SP and SS techniques in obtaining an adequate core tissue and 
the tumor area (mm2) (Figs. 3, 4). We further categorized the 
descriptors into the location of the lesion (stomach), lesion size 
(3 cm), FNB needle size, and final diagnosis with each tech-
nique. The rate of obtaining adequate core tissue was higher for 

Table 2. Baseline characteristics of enrolled patients (n=54)
Characteristic Value
Age (yr) 60.4±12.9
Male sex 32 (59.3)
Size (mm) 42.6±36.4
Site
  Esophagus 5 (9.3)
  Stomach
    Cardia 7 (13.0)
    Fundus 7 (13.0)
    Corpus 31 (57.4)
    Antrum 1 (1.8)
  Duodenum 3 (5.5)
Needle size
  20-gauge (ProCore) 34 (63.0)
  22-gauge 20 (37.0)
    Acquire 9
    ClearTip 1
    EZ shot 2
    ProCore 8
Technical order
  SP/SS 26 (48.1)
  SS/SP 28 (51.9)
Adverse events
  Infection 1 (1.8)
Final diagnosis
  GIST 41 (75.9)
  Leiomyoma 9 (16.7)
  Schwannoma 2 (3.7)
  Paraganglioma 1 (1.8)
  Ectopic pancreas 1 (1.8)
Diagnostic accuracy
  Overall 52 (96.3)
  SS vs. SP 44 (81.5) vs. 45 (83.3)
  First pass vs. second pass 42 (77.8) vs. 47 (87.0)

Values are presented as mean±standard deviation or number (%).
SP, slow-pull suction; SS, standard suction; GIST, gastrointestinal stromal 
tumor.

the SP technique with a 20-gauge FNB needle (SP, 82.4% vs. SS, 
67.6%; p=0.161) and for the SS technique with a 22-gauge FNB 
needle (SP, 75.0% vs. SS, 90.0%; p=0.212); however, there were 
no significant differences. 

DISCUSSION 

Our study demonstrated that SP and SS have similar diagnostic 
accuracies (83.3% vs. 81.5%; p=0.800) and comparable efficacies 
for acquiring adequate core tissue (79.6% vs. 75.9%; p=0.799). 

640



Table 3. Comparison of diagnostic yield and specimen adequacy according to fine-needle biopsy techniques
Variable Slow-pull suction (n=54) Standard suction (n=54) p-value
Technical success 54 (100) 54 (100) 1.000
Diagnostic accuracy 45 (83.3) 44 (81.5) 0.800
Specimen adequacy score 0.799
  0 7 (13.0) 7 (13.0)
  1 4 (7.4) 6 (11.1)
  2 43 (79.6) 41 (75.9)
Area of adequate tissue (mm2) 1.66 (0.68–2.67) 1.79 (0.76–3.02) 0.641

Values are presented as number (%) or median (interquartile range).
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In addition, the overall diagnostic accuracy for GI SETs was 
96.3%, which showed a higher rate of diagnostic outcomes than 
a previous meta-analysis that reported 59.9% for EUS-FNB TS 
in the diagnosis of GI SETs.26 We believe that the difference in 
diagnostic rates between the previous meta-analysis and our 
study may be attributed to the presence of inter-study heteroge-
neity. 

EUS-FNB may be a better procedure than EUS-FNA; how-
ever, it has suboptimal diagnostic accuracy. This is associated 
with specimen adequacy and preserved tissue architecture. 
Most GI SETs have spindle cell features; therefore, IHC staining 
of the core tissue specimens is necessary. Our general data re-
vealed factors that may improve diagnostic accuracy. In theory, 

suction may increase the amount of tissue sampled. But the 
technique increases blood contamination and damages the cell 
structure. Therefore, the role of suction remains controversial. 
In fact, most reports have analyzed these factors and their asso-
ciation in pancreatic lesions or other non-GI SET lesions.21,23,27 
Consequently, a comparative study between SP and SS for EUS-
FNB was required, particularly in GI SETs. Our results suggest 
that SP and SS have comparable diagnostic outcomes, including 
rates of obtaining an adequate core tissue and a tumor area. 

Several researchers have assessed the diagnostic outcomes us-
ing different FNB needle sizes. One retrospective study reported 
that a definitive diagnosis with full histological assessment, in-
cluding IHC, is achieved in approximately 88% of cases.28 Addi-
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tionally, a prospective study assessing the use of a 20-gauge FNB 
needle (ProCore) showed that the core tissue procurement and 
diagnosis rates with two needle passes were 94.4% and 88.9%, 
respectively.29 Similar to a previous study, our findings showed 
that the 20G ProCore FNB needle had an overall diagnostic 
accuracy of 91.2% (31/34). However, there was no statistical 
difference between the SP (79.4%) and SS groups (73.5%; 
p=0.776). Another retrospective study reported that EUS-FNB 
using a 22-gauge FNB needle (Acquire) in the diagnosis of pan-
creatic or GI SETs had a specimen adequacy for ROSE of 96.6% 
and a diagnostic accuracy of 96.7%.30 One prospective study 
revealed a 75% yield for diagnosis of GI SETs with the use of a 
22-gauge FNB needle (ProCore).31 Our results showed a higher 
rate for obtaining adequate core tissue with a 20-gauge FNB 
needle using the SP technique. In contrast, the SS technique 
showed a higher rate of obtaining adequate core tissue using a 
22-gauge FNB needle. However, the differences were not statis-
tically significant. 

In contrast, the obtained tumor area showed different results; 
a larger FNB needle (20-gauge) had a higher capability of ac-
quiring the tumor area with the SS technique. The tumor area 
was estimated by calculating the sum of the measured adequate 
core tissues, which might have caused this discrepancy. To the 
best of our knowledge, no previous reports have compared 
the SP and SS techniques with different FNB needle sizes. The 
sampling technique and FNB needle size may have affected the 
results, since most GISTs have necrotic tissue.32 

This study has several strengths. The SP and SS techniques 
were performed randomly and in an alternative order. This 
minimized bias from the retrospective design. In addition, we 
used a scoring system to estimate core tissue adequacy, which 
could have increased the objectivity of the results. This study 
had some limitations as well. First, it was a retrospective study. 
Although the technical order was randomized, the type and 
size of the FNB needles were not randomized. Second, we per-
formed TS using different FNB needle types and sizes. Third, 
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the bloodiness of EUS-FNB specimens were not compared 
according to EUS-TS techniques, although continuous negative 
suction in SS may aspirate more blood than SP. Future studies 
should estimate the clinical outcomes of TS techniques with re-
gard to different FNB needle sizes and types. 

In conclusion, we found comparable diagnostic outcomes of 
EUS-TS with SP and SS for upper GI SETs in terms of technical 
success, diagnostic accuracy, and core tissue acquisition rates. 
These results suggest that both SP and SS are practical options 
for EUS-guided TS for upper GI SETs. 

Conflicts of Interest 

The authors have no potential conflicts of interest. 

Funding 

None. 

Author Contributions 

Conceptualization: JSL, CMC, YHK; Data curation: JSL, ANS, 
MHH; Formal analysis: JSL, CMC; Investigation: JSL, ANS, HIB; 
Methodology: JSL, CMC, YHK; Project administration: JSL, CMC, 
YHK; Validation: CMC, YHK; Writing-original draft: JSL; Writ-
ing-review & editing: all authors. 

ORCID 

Joon Seop Lee� https://orcid.org/0000-0003-4702-917X 

Chang Min Cho� https://orcid.org/0000-0002-9903-1282 

Yong Hwan Kwon� https://orcid.org/0000-0002-0520-9685 

An Na Seo� https://orcid.org/0000-0001-6412-3067 

Han Ik Bae� https://orcid.org/0000-0001-9221-8207 

Man-Hoon Han� https://orcid.org/0000-0001-8856-553X 

REFERENCES 

1.   Dumonceau JM, Deprez PH, Jenssen C, et al. Indications, results, 
and clinical impact of endoscopic ultrasound (EUS)-guided sam-
pling in gastroenterology: European Society of Gastrointestinal 
Endoscopy (ESGE) clinical guideline-updated January 2017. Endos-
copy 2017;49:695–714. 

2.   Polkowski M. Endoscopic ultrasound and endoscopic ultrasound-guid-
ed fine-needle biopsy for the diagnosis of malignant submucosal tu-
mors. Endoscopy 2005;37:635–645. 

3.   Karaca C, Turner BG, Cizginer S, et al. Accuracy of EUS in the eval-
uation of small gastric subepithelial lesions. Gastrointest Endosc 

2010;71:722–727.  
4.   Rösch T, Kapfer B, Will U, et al. Endoscopic ultrasonography. Ac-

curacy of endoscopic ultrasonography in upper gastrointestinal 
submucosal lesions: a prospective multicenter study. Scand J Gastro-
enterol 2002;37:856–862. 

5.   Lee JH, Choi KD, Kim MY, et al. Clinical impact of EUS-guided 
Trucut biopsy results on decision making for patients with gas-
tric subepithelial tumors ≥2 cm in diameter. Gastrointest Endosc 
2011;74:1010–1018. 

6.   Mekky MA, Yamao K, Sawaki A, et al. Diagnostic utility of EUS-guid-
ed FNA in patients with gastric submucosal tumors. Gastrointest 
Endosc 2010;71:913–919. 

7.   Philipper M, Hollerbach S, Gabbert HE, et al. Prospective compar-
ison of endoscopic ultrasound-guided fine-needle aspiration and 
surgical histology in upper gastrointestinal submucosal tumors. En-
doscopy 2010;42:300–305. 

8.   Polkowski M, Bergman JJ. Endoscopic ultrasonography-guided bi-
opsy for submucosal tumors: needless needling? Endoscopy 2010; 
42:324–326. 

9.   Akahoshi K, Sumida Y, Matsui N, et al. Preoperative diagnosis of 
gastrointestinal stromal tumor by endoscopic ultrasound-guided 
fine needle aspiration. World J Gastroenterol 2007;13:2077–2082. 

10. Hoda KM, Rodriguez SA, Faigel DO. EUS-guided sampling of sus-
pected GI stromal tumors. Gastrointest Endosc 2009;69:1218–1223. 

11. Yoshida S, Yamashita K, Yokozawa M, et al. Diagnostic findings of 
ultrasound-guided fine-needle aspiration cytology for gastrointesti-
nal stromal tumors: proposal of a combined cytology with newly de-
fined features and histology diagnosis. Pathol Int 2009;59:712–719. 

12. Fernandez-Esparrach G, Sendino O, Sole M, et al. Endoscopic ul-
trasound-guided fine-needle aspiration and trucut biopsy in the 
diagnosis of gastric stromal tumors: a randomized crossover study. 
Endoscopy 2010;42:292–299. 

13. Polkowski M, Gerke W, Jarosz D, et al. Diagnostic yield and safety of 
endoscopic ultrasound-guided trucut biopsy in patients with gastric 
submucosal tumors: a prospective study. Endoscopy 2009;41:329–
334. 

14. de Moura DT, McCarty TR, Jirapinyo P, et al. EUS-guided fine-nee-
dle biopsy sampling versus FNA in the diagnosis of subepithelial 
lesions: a large multicenter study. Gastrointest Endosc 2020;92:108–
119. 

15. Facciorusso A, Sunny SP, Del Prete V, et al. Comparison between 
fine-needle biopsy and fine-needle aspiration for EUS-guided sam-
pling of subepithelial lesions: a meta-analysis. Gastrointest Endosc 
2020;91:14–22. 

16. Affolter KE, Schmidt RL, Matynia AP, et al. Needle size has only a 

Lee et al. EUS-FNB in gastrointestinal subepithelial tumors

643

https://doi.org/10.1055/s-0043-109021
https://doi.org/10.1055/s-0043-109021
https://doi.org/10.1055/s-0043-109021
https://doi.org/10.1055/s-0043-109021
https://doi.org/10.1055/s-2005-861422
https://doi.org/10.1055/s-2005-861422
https://doi.org/10.1055/s-2005-861422
https://doi.org/10.1016/j.gie.2009.10.019
https://doi.org/10.1016/j.gie.2009.10.019
https://doi.org/10.1016/j.gie.2009.10.019
https://www.ncbi.nlm.nih.gov/pubmed/12190103
https://www.ncbi.nlm.nih.gov/pubmed/12190103
https://www.ncbi.nlm.nih.gov/pubmed/12190103
https://www.ncbi.nlm.nih.gov/pubmed/12190103
https://doi.org/10.1016/j.gie.2011.06.027
https://doi.org/10.1016/j.gie.2011.06.027
https://doi.org/10.1016/j.gie.2011.06.027
https://doi.org/10.1016/j.gie.2011.06.027
https://doi.org/10.1016/j.gie.2009.11.044
https://doi.org/10.1016/j.gie.2009.11.044
https://doi.org/10.1016/j.gie.2009.11.044
https://doi.org/10.1055/s-0029-1244006
https://doi.org/10.1055/s-0029-1244006
https://doi.org/10.1055/s-0029-1244006
https://doi.org/10.1055/s-0029-1244006
https://doi.org/10.1055/s-0029-1244070
https://doi.org/10.1055/s-0029-1244070
https://doi.org/10.1055/s-0029-1244070
https://doi.org/10.3748/wjg.v13.i14.2077
https://doi.org/10.3748/wjg.v13.i14.2077
https://doi.org/10.3748/wjg.v13.i14.2077
https://doi.org/10.1016/j.gie.2008.09.045
https://doi.org/10.1016/j.gie.2008.09.045
https://doi.org/10.1111/j.1440-1827.2009.02433.x
https://doi.org/10.1111/j.1440-1827.2009.02433.x
https://doi.org/10.1111/j.1440-1827.2009.02433.x
https://doi.org/10.1111/j.1440-1827.2009.02433.x
https://doi.org/10.1055/s-0029-1244074
https://doi.org/10.1055/s-0029-1244074
https://doi.org/10.1055/s-0029-1244074
https://doi.org/10.1055/s-0029-1244074
https://doi.org/10.1055/s-0029-1214447
https://doi.org/10.1055/s-0029-1214447
https://doi.org/10.1055/s-0029-1214447
https://doi.org/10.1055/s-0029-1214447
https://doi.org/10.1016/j.gie.2020.02.021
https://doi.org/10.1016/j.gie.2020.02.021
https://doi.org/10.1016/j.gie.2020.02.021
https://doi.org/10.1016/j.gie.2020.02.021
https://doi.org/10.1016/j.gie.2019.07.018
https://doi.org/10.1016/j.gie.2019.07.018
https://doi.org/10.1016/j.gie.2019.07.018
https://doi.org/10.1016/j.gie.2019.07.018
https://doi.org/10.1007/s10620-012-2439-2


limited effect on outcomes in EUS-guided fine needle aspiration: 
a systematic review and meta-analysis. Dig Dis Sci 2013;58:1026–
1034. 

17. Pih GY, Kim DH. Endoscopic ultrasound-guided fine needle aspira-
tion and biopsy in gastrointestinal subepithelial tumors. Clin Endosc 
2019;52:314–320. 

18. Tadic M, Stoos-Veic T, Kusec R. Endoscopic ultrasound guided fine 
needle aspiration and useful ancillary methods. World J Gastroen-
terol 2014;20:14292–14300. 

19. Varadarajulu S, Fockens P, Hawes RH. Best practices in endoscopic 
ultrasound-guided fine-needle aspiration. Clin Gastroenterol Hepa-
tol 2012;10:697–703. 

20. Iwashita T, Nakai Y, Samarasena JB, et al. High single-pass diagnostic 
yield of a new 25-gauge core biopsy needle for EUS-guided FNA 
biopsy in solid pancreatic lesions. Gastrointest Endosc 2013;77:909–
915. 

21. Matsubayashi H, Matsui T, Yabuuchi Y, et al. Endoscopic ultraso-
nography guided-fine needle aspiration for the diagnosis of solid 
pancreaticobiliary lesions: clinical aspects to improve the diagnosis. 
World J Gastroenterol 2016;22:628–640. 

22. Fabbri C, Polifemo AM, Luigiano C, et al. Endoscopic ultra-
sound-guided fine needle aspiration with 22- and 25-gauge needles 
in solid pancreatic masses: a prospective comparative study with 
randomisation of needle sequence. Dig Liver Dis 2011;43:647–652. 

23. Nakai Y, Isayama H, Chang KJ, et al. Slow pull versus suction in 
endoscopic ultrasound-guided fine-needle aspiration of pancreatic 
solid masses. Dig Dis Sci 2014;59:1578–1585. 

24. Crino SF, Le Grazie M, Manfrin E, et al. Randomized trial comparing 
fork-tip and side-fenestrated needles for EUS-guided fine-needle 
biopsy of solid pancreatic lesions. Gastrointest Endosc 2020;92:648–

658. 
25. Crinò SF, Manfrin E, Scarpa A, et al. EUS-FNB with or without on-

site evaluation for the diagnosis of solid pancreatic lesions (FROSE-
NOR): protocol for a multicenter randomized non-inferiority trial. 
Dig Liver Dis 2019;51:901–906. 

26. Zhang XC, Li QL, Yu YF, et al. Diagnostic efficacy of endoscopic 
ultrasound-guided needle sampling for upper gastrointestinal sub-
epithelial lesions: a meta-analysis. Surg Endosc 2016;30:2431–2441. 

27. Paik WH, Park Y, Park DH, et al. Prospective evaluation of new 22 
gauge endoscopic ultrasound core needle using capillary sampling 
with stylet slow-pull technique for intra-abdominal solid masses. J 
Clin Gastroenterol 2015;49:199–205. 

28. Antonini F, Delconte G, Fuccio L, et al. EUS-guided tissue sampling 
with a 20-gauge core biopsy needle for the characterization of gas-
trointestinal subepithelial lesions: a multicenter study. Endosc Ultra-
sound 2019;8:105–110. 

29. Kim DH, Kim GH, Cho CM, et al. Feasibility of a 20-gauge ProCore 
needle in EUS-guided subepithelial tumor sampling: a prospective 
multicenter study. BMC Gastroenterol 2018;18:151. 

30. Bang JY, Hebert-Magee S, Hasan MK, et al. Endoscopic ultrasonog-
raphy-guided biopsy using a Franseen needle design: initial assess-
ment. Dig Endosc 2017;29:338–346. 

31. Schlag C, Menzel C, Götzberger M, et al. Endoscopic ultra-
sound-guided tissue sampling of small subepithelial tumors of the 
upper gastrointestinal tract with a 22-gauge core biopsy needle. En-
dosc Int Open 2017;5:E165–E171.  

32. Yi M, Xia L, Zhou Y, et al. Prognostic value of tumor necrosis in gas-
trointestinal stromal tumor: a meta-analysis. Medicine (Baltimore) 
2019;98:e15338.

644

https://doi.org/10.1007/s10620-012-2439-2
https://doi.org/10.1007/s10620-012-2439-2
https://doi.org/10.1007/s10620-012-2439-2
https://doi.org/10.5946/ce.2019.100
https://doi.org/10.5946/ce.2019.100
https://doi.org/10.5946/ce.2019.100
https://doi.org/10.3748/wjg.v20.i39.14292
https://doi.org/10.3748/wjg.v20.i39.14292
https://doi.org/10.3748/wjg.v20.i39.14292
https://doi.org/10.1016/j.cgh.2012.03.017
https://doi.org/10.1016/j.cgh.2012.03.017
https://doi.org/10.1016/j.cgh.2012.03.017
https://doi.org/10.1016/j.gie.2013.01.001
https://doi.org/10.1016/j.gie.2013.01.001
https://doi.org/10.1016/j.gie.2013.01.001
https://doi.org/10.1016/j.gie.2013.01.001
https://doi.org/10.3748/wjg.v22.i2.628
https://doi.org/10.3748/wjg.v22.i2.628
https://doi.org/10.3748/wjg.v22.i2.628
https://doi.org/10.3748/wjg.v22.i2.628
https://doi.org/10.1016/j.dld.2011.04.005
https://doi.org/10.1016/j.dld.2011.04.005
https://doi.org/10.1016/j.dld.2011.04.005
https://doi.org/10.1016/j.dld.2011.04.005
https://doi.org/10.1007/s10620-013-3019-9
https://doi.org/10.1007/s10620-013-3019-9
https://doi.org/10.1007/s10620-013-3019-9
https://doi.org/10.1016/j.gie.2020.05.016
https://doi.org/10.1016/j.gie.2020.05.016
https://doi.org/10.1016/j.gie.2020.05.016
https://doi.org/10.1016/j.gie.2020.05.016
https://doi.org/10.1016/j.dld.2019.03.008
https://doi.org/10.1016/j.dld.2019.03.008
https://doi.org/10.1016/j.dld.2019.03.008
https://doi.org/10.1016/j.dld.2019.03.008
https://doi.org/10.1007/s00464-015-4494-1
https://doi.org/10.1007/s00464-015-4494-1
https://doi.org/10.1007/s00464-015-4494-1
https://doi.org/10.1097/mcg.0000000000000084
https://doi.org/10.1097/mcg.0000000000000084
https://doi.org/10.1097/mcg.0000000000000084
https://doi.org/10.1097/mcg.0000000000000084
https://doi.org/10.4103/eus.eus_1_18
https://doi.org/10.4103/eus.eus_1_18
https://doi.org/10.4103/eus.eus_1_18
https://doi.org/10.4103/eus.eus_1_18
https://doi.org/10.1186/s12876-018-0880-1
https://doi.org/10.1186/s12876-018-0880-1
https://doi.org/10.1186/s12876-018-0880-1
https://doi.org/10.1111/den.12769
https://doi.org/10.1111/den.12769
https://doi.org/10.1111/den.12769
https://doi.org/10.1055/s-0042-119948
https://doi.org/10.1055/s-0042-119948
https://doi.org/10.1055/s-0042-119948
https://doi.org/10.1055/s-0042-119948
https://doi.org/10.1097/MD.0000000000015338
https://doi.org/10.1097/MD.0000000000015338
https://doi.org/10.1097/MD.0000000000015338

	INTRODUCTION 
	METHODS 
	Eligible patients 
	Endoscopic ultrasound-guided tissue sampling and histologic assessment 
	Definitions and study outcomes 
	Statistical analysis 
	Ethical statements 

	RESULTS 
	Baseline characteristics of enrolled patients 
	Comparison of diagnostic outcomes between slow-pull and standard suction techniques 
	Subgroup analysis of adequate core tissue rate and tumor area 

	DISCUSSION 
	Conflicts of Interest 
	Funding 
	Author Contributions
	ORCID 
	REFERENCES 

