
INTRODUCTION

Endoscopic ultrasonography (EUS) is useful for evaluating 
gastric subepithelial tumors (SETs). EUS allows the differenti-
ation of intramural lesions from extrinsic compression and 
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characterization of the tumors by providing information about 
the layer of origin, echo pattern, and margin. However, because 
it is impossible to differentiate definitely between benign 
and malignant SETs by EUS alone, histologic or cytologic con-
firmation is necessary.1-3

EUS-guided sampling via fine-needle aspiration (FNA) is 
commonly used to obtain specimens from lesions within the 
gastrointestinal (GI) tract and adjacent organs.4,5 Sufficient di-
agnostic yields ranging from 60% to 90% have been reported 
using 22-gauge (G) needle FNA with an excellent safety pro-
file.1,6-8 However, FNA is limited in that the aspirates consist 
mostly of cellular materials, and thus, specimens are not always 
available to assess architectural details or perform immunohis-
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tochemical analysis.9 In addition, its utility is influenced by sev-
eral factors such as the presence of onsite cytopathologists, the 
number of passes, the use of a stylet or suction during FNA, and 
special techniques to procure better quality specimens.10,11

Cutting biopsy with a 19 G Trucut biopsy (TCB) was intro-
duced to overcome these limitations of FNA in 2002.12 EUS-
TCB provides larger core tissue specimens that preserve the 
tissue architecture and allow histological examination with im-
munohistochemistry, which is especially useful in certain tu-
mors such as lymphomas and gastrointestinal stromal tumors 
(GISTs). Nevertheless, the range of diagnostic yields for TCB 
has been reported as 47% to 78% in various organs.13-15 These 
less than expected results of TCB are related to technical diffi-
culties associated with the use of a large, stiff 19 G needle. In 
particular, TCB displayed extremely high failure rates when 
the transduodenal approach was employed.16 Complications 
are more frequently encountered with TCB in pancreatic dis-
eases.11,17 However, the details of TCB-related technical failure 
and complications in gastric SETs are lacking.

Hence, the aim of this study was to compare the yields and 
utility of 19 G TCB versus 22 G FNA with a large volume of se-
rial cases of gastric SETs larger than 2 cm in diameter.

MATERIALS AND METHODS

Study population
The records of 184 patients with a gastric SET larger than 2 

cm in diameter who underwent EUS-guided needle sampling 
between November 2005 and May 2012 at Asan Medical Cen-
ter in Korea were retrieved from a consecutively collected da-
tabase. A gastric SET larger than 2 cm without benign EUS fea-
tures, such as a typical lipoma, cystic tumor, or ectopic pancreas, 
was subject to EUS-guided needle sampling for pathologic di-
agnosis.18-20 Thirty-two patients who underwent EUS-guided 
sampling with other needle types were excluded from the 
analysis, including five, three, and 24 patients who underwent 
25 G FNA, 22 G TCB, and 19 G FNA, respectively. Thus, a to-
tal of 152 patients were included in this study. Tumor size, gas-
tric location, EUS echo features, number of needle passes, and 
procedure-related adverse events were reviewed. The diag-
nostic yields of FNA and TCB were assessed by definitive cy-
topathology obtained from aspiration smears and/or cell 
blocks, core biopsies, and endoscopic or surgical resection.

All patients provided written informed consent before their 
procedure. The study protocol was approved by the Institu-
tional Review Board of the Asan Medical Center.

EUS procedures
EUS-guided FNA or TCB was performed using a linear-ar-

ray echoendoscope (GF-UCT2000-OL5; Olympus, Tokyo, Ja-

pan) with patients under conscious sedation. The procedures 
were performed by seven endoscopists who were specialists in 
diagnostic EUS of the upper GI tract. TCB was introduced as 
an alternative sampling method in January 2007 in our endo-
scopic unit. The needle type was decided by an operating en-
dosonographer. The yearly usages of 22 G FNA and19 G TCB 
during the study period were as follows: 2 vs. 0 in 2005 (from 
November), 5 vs. 0 in 2006, 2 vs. 2 in 2007, 2 vs. 9 in 2008, 8 vs. 
15 in 2009, 16 vs. 24 in 2010, 17 vs. 26 in 2011, and 10 vs.14 in 
2012 (until May). For the aspiration procedure with a 22 G 
FNA needle (Echotip; Wilson-Cook, Winston-Salem, NC, 
USA), negative pressure was applied using a 10-mL syringe if 
the preceding attempt did not yield aspirate.21 Aspirate was 
placed onto glass slides and assessed macroscopically by en-
dosonographers. Particles of aspirate were collected into a for-
malin solution for cell block preparation (hematoxylin and eo-
sin stain) and subsequent immunohistochemical staining. Some 
aspirated samples were smeared onto glass slides and fixed im-
mediately in 95% absolute alcohol for cytologic examination 
(Papanicolaou staining). For the TCB technique, a 19 G needle 
(Quick-Core; Wilson-Cook) was inserted into a lesion and 
withdrawn after the spring-loaded outer needle was fired.20 
Core biopsy specimens were retrieved from the 20-mm tissue 
tray and fixed in formalin. Additional cytologic examination 
was not performed for the specimens acquired by TCB. An on-
site cytopathologist was not available during the procedure.

Diagnostic definitions
Pathologic results were categorized as diagnostic or nondi-

agnostic. A diagnostic result was defined when sufficient sam-
ples were obtained to allow for the architectural details and/or 
a specific diagnosis to be established by immunohistochemis-
try including stains for c-kit (CD117), CD34, smooth muscle 
actin, and S100. A nondiagnostic result was defined as follows: 
(1) suspicious, a needle sample from which cellular materials 
was obtained, but the quantity was not sufficient for architec-
tural details or immunohistochemistry; or (2) insufficient, a 
scant sample from which a diagnosis could not be made. A di-
agnosis of GIST was made when microscopy revealed spindle 
or epithelioid cells that were positive for c-kit with or without 
positive CD34 immunohistochemistry.22 Leiomyoma was typi-
fied by smooth muscle or spindle cells that were positive for 
actin and negative for c-kit. A tumor of neural origin (schwan-
noma) was defined by the presence of spindle cells that were 
positive for S100.

Statistical analysis
Descriptive statistics were used to characterize the study 

subjects. Continuous variables were expressed as means±SD 
and compared using Student t-test. The chi-square test was 
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used to compare categorical variables. All statistical calcula-
tions were 2-sided, and a p-value less than 0.05 indicated sta-
tistical significance. Statistical analyses were performed using 
SPSS version 20 (IBM Co., Armonk, NY, USA).

RESULTS

Of the 152 study patients, 62 (40.8%) underwent 22 G FNA, 
and 90 patients (59.2%) underwent 19 G TCB (Fig. 1). EUS-
guided sampling was diagnostic for 94 lesions (61.8%) and 
nondiagnostic for 58 lesions (38.2%). A pathologic diagnosis 
was made additionally by surgical resection in 83 patients (54.6%) 
and by endoscopic resection in seven patients (4.6%). The fi-
nal pathology could not be determined in 25 patients as fol-
lows: medical follow-up with a suspicion of benign lesion on 
EUS and/or sampling specimens in 18 patients, severe comor-
bidity for operation in two patients, and refusal to undergo re-
section in five patients. Of the 127 identified gastric SETs, 76 
lesions (59.8%) were found to be GISTs. The final pathology of 
gastric SETs that were sampled by 22 G FNA and 19 G TCB is 
summarized in Table 1 (p=0.008). 

The clinical and EUS features of patients who underwent 
EUS-guided sampling because of SET are shown in Table 2. 

The mean age of patients was 55.5 years, and 50% were male. 
The mean tumor size was 40.5 mm, and 26 tumors (17.1%) were 
larger than 5 cm in diameter. There was no difference in diam-
eter between the 22 G FNA and 19 G TCB groups (37.4±23.6 
and 42.6±32.9 mm, respectively; p=0.23). For lower third le-
sions, FNA and TCB were applied in 16 and seven patients, re-
spectively (25.8% vs. 7.8%, p=0.003). On EUS, internal echo-
textures of heterogeneity, cystic foci, and hyperechoic spots 
were similar between the groups. Irregularity of the outer bor-
der was found more frequently in tumors sampled using 19 G 
TCB. A median of three needle passes was required for each 
target lesion (p=0.33). Technical failure of TCB was reported 
in nine patients, who were converted to FNA. The locations 
of these lesions consisted of the cardia (one case), greater cur-
vature side of the fundus (two cases), lesser curvature side of 
the body (four cases), and greater curvature side of the antrum 
(two cases). Procedure-related adverse events were reported 
in eight patients (5.3%; FNA vs. TCB, 8.1% vs. 3.3%; p=0.27). 
All adverse events improved during the 24-hour postproce-
dure hospital stay. One case of TCB-related abdominal pain 
resolved spontaneously, and two cases of immediate bleeding 
after TCB puncture were managed with endoscopic hemo-
stasis.

184 EUS-guided sampling
for gastric SET ≥2 cm

24 EUS-19 G FNA
5 EUS-25 G FNA
3 EUS-22 G TCB

90 EUS-19 G TCB62 EUS-22 G FNA

Exclusion

24 Diagnostic 38 Non-diagnostic 20 Non-diagnostic

25 Remained undiagonsed

83 Surgical resection
7 Endoscopic resection

37 Diagnosed by EUS-FNA or TCB samples

76 GIST 51 Non-GIST SET

70 Diagnostic

Fig. 1. Study patients. EUS, endoscopic ultrasonography; SET, subepithelial tumor; G, gauge; FNA, fine needle aspiration; TCB, Trucut biop-
sy; GIST, gastrointestinal stromal tumor.
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The overall diagnostic yield of EUS-guided needle sam-
pling was 61.8% (Fig. 2). The diagnostic yield of 19 G TCB was 
significantly higher than that of 22 G FNA (77.8% vs. 38.7%, 

p<0.001). The percentages of nondiagnostic specimens (sus-
picious and insufficient) were significantly lower for TCB (6.7% 
and 15.5%, respectively) than for FNA (22.6% and 38.7%, re-
spectively). Of 76 GISTs, diagnostic specimens were obtained 
for 90.9% of tumors using TCB and 68.8% of tumors using 
FNA (p=0.02) (Fig. 3). Of 51 non-GIST SETs, the diagnostic 
yields were 81.1% using TCB and 14.3% using FNA (p<0.001).

DISCUSSION

This study demonstrated that the yield of 19 G TCB was sig-
nificantly higher than that of 22 G FNA for diagnosing gastric 
SETs larger than 2 cm. The complication rate of TCB was simi-
lar to that of FNA; however, technical failure occurred in the 
use of TCB.

Because cutting biopsy provides more reliable specimens 
for architectural detail and immunohistochemistry, TCB has 
been recommended for the histologic diagnosis of SET. How-
ever, the diagnostic yields of TCB were reported to range 47% 
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Fig. 2. Diagnostic yields of 22-gauge (G) fine needle aspiration (FNA) 
and 19 G Trucut biopsy (TCB).

100

80

60

40

20

0

Pr
op

or
tio

n 
of

 d
ia

gn
os

tic
 y

ie
ld

 (%
)

81.6

68.8

90.9

p=0.02

p<0.01

62.7

14.3

81.1

GIST                                        Non-GIST SET

Overall 22 G FNA 19 G TCB

Fig. 3. Diagnostic yields of gastrointestinal stromal tumors (GISTs) 
and non-GIST gastric subepithelial tumors. SET, subepithelial tu-
mors; G, gauge; FNA, fine needle aspiration; TCB, Trucut biopsy.

Table 1. Final Pathology of Gastric Subepithelial Tumors Which Were 
Sampled by 22 G Fine Needle Aspiration and 19 G Trucut Biopsya)

Variable Total
22 G FNA

(n=62)
19 G TCB

(n=90)
Gastrointestinal stromal tumors 76 (50.0) 32 (51.6) 44 (48.9)
Leiomyoma 24 (15.8) 4 (6.5) 20 (22.2)
Schwannoma 10 (6.6) 3 (4.8) 7 (7.8)
Aberrant pancreas 10 (6.6) 3 (4.8) 7 (7.8)
Malignant sarcoma 2 (1.3) 0 2 (2.2)
Carcinoids 2 (1.3) 1 (1.6) 1 (1.1)
Inflammatory pseudotumor 2 (1.3) 2 (3.2) 0
Lymphoma 1 (0.7) 1 (1.6) 0
No diagnosis 25 (16.4) 16 (25.8) 9 (10.0)
Values are presented as number (%).
G, gauge; FNA, fine needle aspiration; TCB, Trucut biopsy.
a)p=0.008.

Table 2. Endoscopic Ultrasonography Features of Gastric Subepi-
thelial Tumors Which Were Sampled by 22 G Fine Needle Aspira-
tion and 19 G Trucut Biopsy

Variable
22 G FNA

(n=62)
19 G TCB

(n=90)
p-value

Tumor size, mm 0.23
20–30 23 (37.1) 34 (37.8)
30–50 31 (50.0) 38 (42.2)
≥50 8 (12.9) 18 (20.0)

Tumor location 0.003
Upper 35 (56.5) 52 (57.8)
Middle 11 (17.7) 31 (34.4)
Lower 16 (25.8) 7 (7.8)

EUS findings
Irregular shape 18 (29.0) 43 (47.8) 0.03
Heterogenecity 23 (37.1) 46 (51.1) 0.10
Cystic foci 17 (27.4) 19 (21.1) 0.44
Hyperechoic spots 7 (11.3) 8 (8.9) 0.78

No. of passes, median (range) 3 (1–6) 3 (1–10) 0.33
Technical failure 0 9 (9.1)a)

Adverse events 5 (8.1) 3 (3.3) 0.27
Pain 3 1
Hemorrhage 1 2
Fever 1 0

Values are presented as number (%).
G, gauge; FNA, fine needle aspiration; TCB, Trucut biopsy; EUS, 
endoscopic ultrasonography.
a)Among 99 patients who underwent EUS-TCB, technical failure was 
reported in nine cases, which were converted to FNA method.
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to 78%, and inadequate samples were obtained in some pro-
portion of cases.18 One of the reasons for these variously esti-
mated yields may be explained by procedural difficulties of 
TCB using stiff, large-bore 19 G needles, especially in angular 
positions. In a study with SETs greater than 2 cm in the stom-
ach, the diagnostic yield of TCB was 63%, and tumor tissue was 
insufficient in 30.6% of punctured cases.15 They reported that 
a tumor location on the lesser curvature of the stomach was 
the only independent predictor of obtaining diagnostic mate-
rial, and failure of needle puncture occurred in 6.1% of tumors 
in an unfavorable location. By contrast, TCB allowed core 
specimens to be obtained more frequently for histologic as-
sessment than FNA (95.3% vs. 27.8%) and displayed greater 
diagnostic accuracy (88.3% vs. 77.8%) in lesions without an-
gulation.23 Previously, we also reported that 13.8% of gastric 
SETs were not readily accessible using 19 G TCB.20 In the pres-
ent study, 19 G TCB provided diagnostic specimens for 77.8% 
of gastric SETs, and the rates of non-diagnostic suspicious or 
insufficient samples obtained by TCB were significantly lower 
than those for FNA.

The overall diagnostic yield of 22 G FNA in our study was 
lower than that reported.18 This is probably explained by the 
absence of an on-site cytopathologist, leading to a suboptimal 
evaluation of FNA aspirates.10 In a study assessing the quality 
of EUS-FNA performed by 92 endosonographers, they ex-
plained the lower sensitivity of FNA by the unavailability of 
rapid on-site cytopathological evaluation.23 In addition, on-
site cytopathological evaluation increased the adequacy rates 
of FNA specimens by 10% to 29%.6,24,25

Between 10% and 20% of gastric SETs are malignant or po-
tentially malignant, and GISTs are the most predominate tu-
mors.26 Studies of EUS-guided needle sampling have been fo-
cused on the differentiation of GISTs from other benign tumors. 
In our study, 19 G TCB displayed significantly higher diagnos-
tic yields for both GISTs (90.9%) and non-GIST SETs (81.1%). 
The positive yield rate with 22 G FNA for gastric GISTs was 
higher (68.8%) than that for all gastric SETs (38.7%) and non-
GIST SETs (14.3%). We speculate that the cytologic diagnosis 
of GIST based on c-kit-positive immunostaining might be re-
sponsible for the higher yield of FNA. A malignant or poten-
tially malignant GIST has higher cellularity and mitotic fea-
tures, and thus, substantial amounts of cells might be aspirated 
into the FNA needle. Likewise, the diagnostic yield of 22 G FNA 
for GISTs has been demonstrated to range from 74% to 100%.1,7,13 
The diagnostic yields were estimated to be as high as 91% for 
malignant GISTs, and the accuracy was 94.2% for identifying 
potentially malignant SETs.1,27

A few studies reported TCB-related adverse event rates of 
2% to 4%.15,28 These events included fever, localized abdomi-
nal pain, puncture site infection, and bleeding.8,28,29 We found 

a TCB-related adverse event rate of 3.3%, which was compa-
rable to that of 22 G FNA, and all adverse events were man-
ageable.

Technical failure of TCB occurred in nine of 99 attempts (9.1%), 
and these patients were converted to FNA. Technical failure of 
TCB is caused by the needle, which is stiff and poorly maneu-
verable, and therefore, it fails to approach the lesion in some 
locations.11 Recently, to overcome this limitation, a new gener-
ation of core biopsy devices of various sizes (ProCore; Cook 
Medical) were introduced.30 Several studies evaluated the per-
formance of ProCore at various organs (pancreatic masses, 
lymph nodes, and other indications).31-33 However, they re-
ported inconclusive data, and well-designed randomized tri-
als comparing the different gauge ProCore and standard FNA 
needles for gastric SETs are required.31

This study is subject to the limitations inherent in retrospec-
tive designs with observation data and represents the experi-
ence of a single tertiary referral center, and our findings might 
not be generalizable. Mostly, there should be a special concern 
of selection bias for the diagnostic yields of EUS-guided sam-
pling. As needle types were selected by operating endosonog-
raphers, the yearly usages of needles (FNA vs. TCB) were dif-
ferent. In total, 77% of EUS-FNA procedures were performed 
before 2010, and 55% of EUS-TCB procedures were performed 
before 2010, which means that EUS-TCB was performed af-
ter endosonographers obtained sufficient experience in EUS-
guided tissue acquisition. Presumptive EUS diagnosis and the 
needle selection by individual endosonographers may affect 
the diagnostic yields. There might be a low probability of diag-
nostic discordance because not all EUS-guided diagnoses could 
be reviewed with reference to surgical pathology. In addition, 
it is difficult to determine whether the difference in the diag-
nostic yields of the two sampling methods arose from the tech-
niques (biopsy or aspiration) or the size of the needle (19 G vs. 
22 G). However, we believe that this lack of clarity merits a fu-
ture comprehensive study to improve the diagnostic yields of 
EUS-guided needle sampling for gastric SETs.

In conclusion, 19 G TCB is safe and highly valuable for di-
agnosing gastric SETs larger than 2 cm if technical failure can 
be avoided.
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