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INTRODUCTION

Upper gastrointestinal subepithelial lesions  (SELs) 
include gastrointestinal stromal tumors  (GISTs), 

leiomyomas, schwannomas, lipomas, ectopic 
pancreatic lesions, and neuroendocrine neoplasms. 

ABSTRACT

Background and Objectives: Sample isolation processing by stereomicroscopy (SIPS) was recently introduced as an alternative 
to rapid on‑site cytologic evaluation and showed high accuracy for use in pathologic diagnoses. SIPS is a useful, but slightly 
complicated procedure; therefore, a new, more straightforward method for the objective estimation of the core tissue amount 
required during the sampling is desirable. We evaluated the usefulness of the automated multiband imaging system (AMUS) for 
calculating whitish core amounts in EUS-FNA biopsy (EUS‑FNAB) samples from patients with subepithelial lesions (SELs). 
Methods: Four EUS‑FNAB specimens per patient were obtained from 20 patients with upper gastrointestinal SELs. The correlation 
between the whitish core amount calculated by AMUS, length of the manually measured whitish cores (stereomicroscopically 
visible white core [SVWC]), and sample suitability for pathologic evaluation were analyzed. Results: We identified 13 patients 
with gastrointestinal stromal tumors, five with leiomyomas, one with a schwannoma, and one with an ectopic pancreas. The 
histological diagnostic accuracy was 100%, median SVWC length was 9 mm, and median whitish core area, calculated using 
AMUS, was 10 mm2. SVWC length correlated with whitish core amount (ρ = 0.81, P < 0.01) and adequacy score (ρ = 0.54, 
P < 0.01). Whitish core amount correlated with adequacy score (ρ = 0.54, P < 0.01). The area under the receiver‑operating 
characteristic curve calculated for whitish core amount with respect to the histological diagnosis was 0.83 (P < 0.01; cutoff ≥4 
mm2, sensitivity 98.4%). Conclusions: AMUS, a simple on‑site verification instrument, is an alternative to SIPS for determining 
the appropriate SEL tissue sampling quantity with high diagnostic accuracy.
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Their characteristics vary, with some having malignant 
potential, whereas others follow a benign course 
that does not require surgical resection.[1] Therefore, 
obtaining a histologically confirmed diagnosis is 
important for distinguishing between the different 
types of  SELs and proposing a correct treatment plan. 
GISTs, derived from the muscularis propria, are the 
most common type of  SELs. These malignant tumors 
account for up to 3% of  all gastrointestinal tumors.[2] 
Similarly, leiomyomas and schwannomas are also derived 
from the muscularis propria.[3] EUS‑guided specimen 
collection and specific immunohistochemical staining 
can distinguish GISTs from other tumors. EUS‑FNA 
biopsy  (FNAB) is considered as one of  the useful 
diagnostic tools for SELs.

We previously developed a procedure for sample 
isolation processing by stereomicroscopy  (SIPS) to 
prepare high‑quality tissue specimens for EUS‑FNAB 
as an alternative to rapid on‑site evaluation  (ROSE) 
and reported that the pathological diagnostic efficacy 
of  EUS‑FNAB was significantly improved when 
the cutoff  length for stereomicroscopically visible 
white cores (SVWCs), obtained using a 22‑gauge needle, 
was  ≥3.5  mm  (sensitivity over  98%) in SELs.[4,5] In 
SIPS, specimens obtained by EUS‑FNAB are isolated 
into their respective SVWCs and red components 
by the evaluator under a stereomicroscope.[4] Thus, 
manual SIPS is a useful but slightly complicated 
procedure; therefore, it is desirable to create a new, 
more straightforward method for objective estimation 
of  the core tissue amount required during sampling. 
We recently reported on the usefulness of  a new 
image‑processing technology, the automated multiband 
imaging system  (AMUS), for EUS‑FNAB in patients 
with pancreatic cancer.[6] The results of  the whitish core 
amount calculated by AMUS strongly correlated with 
SVWC assessments performed manually. Furthermore, 
the findings on subgroup analysis  (isolation group 
vs. no‑isolation group) of  the adequacy score of  the 
specimen indicated that isolating SVWC and red 
components, which is a required process in manual 
SIPS, was not required for AMUS assessment.

As mentioned above, AMUS was effective in diagnosing 
pancreatic cancer by EUS‑FNAB,[6] but there are no 
studies on its use in patients with gastrointestinal 
SELs. Therefore, this study aimed to investigate the 
correlation between SVWC lengths calculated manually 
by physicians and the amount of  whitish core calculated 
using AMUS to evaluate the usefulness of  AMUS for 

EUS‑FNAB in patients with upper gastrointestinal SELs 
derived from the muscularis propria.

SUBJECTS AND METHODS

Study design
In this single‑center prospective study, we enrolled 
consecutive patients who underwent EUS‑FNAB for 
SELs derived from the muscularis propria of  the 
upper gastrointestinal tract at our hospital between 
January 2019 and November 2019. The inclusion 
criteria were age  ≥20  years and the presence of  upper 
gastrointestinal SELs derived from the muscularis 
propria requiring pathological diagnosis. Patients with 
abnormal coagulation parameters were excluded. The 
primary endpoint was the correlation between SVWC 
length calculated manually by physicians and the 
amount of  whitish core calculated by AMUS. The 
secondary outcomes included the correlation between 
SVWC length and the histological adequacy score, 
the correlation between the whitish core amount 
and histological adequacy score in the pathological 
specimens, the cutoff  value of  the amount of  
whitish core for histological diagnosis, the sensitivity 
of  EUS‑FNAB using the cutoff  value, histological 
diagnostic accuracy, and procedure‑related adverse 
events  (AEs).

This study was conducted in accordance with the tenets 
of  the Declaration of  Helsinki and was approved 
by our institutional review board based on ethical, 
scientific, and medical validity. All patients provided 
written informed consent prior to participating in the 
study.

EUS‑FNAB
EUS‑FNAB was performed without ROSE, using a 
linear scanning video echoendoscope  (GF‑UCT260, 
TGF‑260J; Olympus Medical Systems, Tokyo, Japan) 
and either a 22 G FNA needle  (EZ Shot 3 Plus™; 
Olympus Medical Systems, Tokyo, Japan) or a 
22 G FNB needle  (Acquire™; Boston Scientific 
Corp., Marlborough, MA, USA). The therapist chose 
the puncture needle. Following stylet withdrawal, 
10–20 strokes were made with the needle inside 
the lesion using a 20‑mL syringe under negative 
pressure. Four needle passes were performed for all 
lesions. In the first two specimens  (isolation group), 
a technician  (one of  the two designated endoscopists) 
measured the SVWC length and isolated the SVWC 
sample and red components according to the protocol 
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of  our previous study.[3] In the two remaining 
specimens (no‑isolation group), isolation was not 
performed.

Patients were examined twice for AEs: 3  h after 
EUS‑FNAB sampling and the following morning. The 
incidence of  AEs up to 30  days after EUS‑FNAB 
sampling was evaluated during medical examinations in 
the outpatient clinic based on established guidelines.[7]

Automated multiband imaging system and specimen 
preparation
The EUS‑FNAB sample was assessed using AMUS, 
as shown in Figure  1, as we previously reported.[6] 
The automated multiband imaging device provided by 
Olympus Corporation, a component of  the AMUS, is 
shown in Figure  2. The vermiform sample obtained 
via EUS‑FNAB was sufficiently extended onto a 
petri dish and was soaked in 10% buffered formalin 
solution  [Figure  3a]. AMUS obtained multiband image 
data using nine narrow‑band lights equipped with a 
multiband LED light source with peak wavelengths 
of  405, 430, 465, 505, 545, 600, 630, 660, and 
700  nm  [Figure  3b]. The whitish core regions in 
the multiband image were then detected using a 
segmentation algorithm by eliminating the influence 

of  various concentrations of  blood background 
and taking advantage of  the property by which the 
spectral absorption rate of  blood varies depending 
on the wavelength of  light used to calculate the 
whitish core quantity  (area)  [Figure  3c]. Specifically, 
the spectral transmittance of  a pixel was first 
determined as a multidimensional vector  (A). Next, 
the spectral transmittance of  the whitish core and red 
component, which were the targets of  segmentation, 
were determined as B and C, respectively. Then, the 
cosine similarities between A and B and between 
A and C were determined for each pixel. The 
pixel was classified into the region with the highest 
similarity to determine whether it belonged to B 
or C. Finally, the area  (number of  pixels) of  each 
region was calculated. The SVWCs were measured 
under a stereomicroscope  (×20–40, SZX10; Olympus 
Medical Systems, Tokyo, Japan) using a scale on the 
microscope monitor screen. In the isolation group, the 
sample was examined in a petri dish where SVWCs 
and red components were dissected using injection 
needles under a stereomicroscope. SVWCs and red 
components were closely aligned on separate filter 
papers, immersed in vessels containing 10% neutral 
buffered formalin, then sent for pathological analyses. 
In the no‑isolation group, samples were closely aligned 

Figure 1. Study outflow. (a) Step 1: The sample in the puncture needle was initially extruded onto the petri dish by compressing air in the syringe 
and then using a stylet. (b) Step 2: The earthworm-like core sample obtained was immersed in 10% neutral buffered formalin solution under the 
stereomicroscope. The liquid component remaining after extruding the sample from the needle was sent for cytologic examination. (c) Step 3: The 
whitish core sample was sufficiently extended onto a petri dish and soaked in 10% buffered formalin solution, irradiated using nine narrow-band 
lights, and imaged to obtain multiband image data. (d) Step 4: The SVWCs were measured under the stereomicroscope (×20–40, SZX10; Olympus 
Medical Systems) using a scale on the microscope monitor screen. (e) Step 5: In the isolation group, the sample in the petri dish was examined, 
and SVWCs and red components were dissected using injection needles. SVWCs and red components were closely aligned on separate filter 
papers, immersed in vessels containing 10% neutral buffered formalin, and sent for pathological analyses. (f) Step 6: In the no-isolation group, 
the samples were closely aligned on filter papers without isolation, immersed in vessels containing 10% neutral buffered formalin, and sent for 
pathological analyses. AMUS: Automated multiband imaging system; SVWC: Stereomicroscopically visible white core
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on filter papers without isolation, immersed in vessels 
containing 10% neutral‑buffered formalin, then sent for 
pathological analyses.

Pathological examinations
For histological diagnoses, hematoxylin and eosin 
(HE)‑stained specimens were prepared. If  
immunohistochemical staining was required for 
diagnosis, it was performed at the discretion of  a 
specialized pathologist. Pathological examinations were 
performed twice by two or more doctors qualified as 
specialized pathologists. Among patients who underwent 
surgical resection following EUS‑FNAB, the final 
diagnosis was considered correct if  it was consistent 

with the diagnosis from the pathological examination 
of  the resected specimen. For patients with unresected 
malignancies or benign conditions, the subsequent 
clinical course was monitored with diagnostic imaging 
performed. Patients with benign conditions were 
monitored for  ≥6 months after EUS‑FNAB.

Two gastroenterologists  (graduate students in the 
department of  pathology), trained by an expert 
pathologist and blinded to patient clinical information, 
assessed each specimen for the histological adequacy 
score and the degree of  blood contamination. The 
adequacy score and the degree of  blood contamination 
score were classified based on a previously reported 
scoring system:[8] score 0, samples with no material; score 
1, sufficient material for limited cytologic interpretation, 
but probably representative; score 2, sufficient material 
for adequate cytologic interpretation, but insufficient 
for histologic information; score 3, sufficient material 
for limited histologic interpretation; score 4, sufficient 
material for adequate histologic interpretation, but 
a low‑quality sample  (total material  <1, 10×  power 
field in length); and score 5, sufficient material for 
adequate histologic interpretation and a high‑quality 
sample  (>1, 10× power field in length). The degree of  
blood contamination was classified as follows: Score 1, 
significant; score 2, moderate; and score 3, minimal. If  
the judgments of  the two evaluators differed, the one 
with a lower score was adopted.

Figure 2. Set-up of the automated multiband imaging device, which is 
a component of the AMUS. During the actual measurement, the dark 
curtain was closed, and multiband image data were obtained using nine 
narrow-band lights. AMUS: Automated multiband imaging system

Figure 3. EUS-FNAB samples’ images with white light and AMUS. (a) Samples placed in a petri dish and soaked in formalin. (b) AMUS obtained 
multiband image data using nine narrow-band lights. (c) Whitish core regions in the multiband image, detected using a segmentation algorithm. 
AMUS: Automated multiband imaging system
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Statistical analyses
Power analysis could not be performed because of  
the study’s exploratory nature; therefore, an achievable 
target of  20  patients  (80  specimens) was selected. 
Receiver‑operating characteristic  (ROC) curves for 
the whitish core amount calculated by AMUS for 
the histological diagnosis were plotted. The accuracy 
of  the area under the curve  (AUC) for diagnostic 
yield was evaluated. The cutoff  value required 
to obtain a histological diagnosis was calculated 
using the Youden index.[9] Subgroup analyses were 
performed for the isolation and no‑isolation groups. 
Statistical comparisons were conducted using the 
Mann–Whitney U test and Fisher’s exact probability 
test for categorical variables, and Spearman’s rank 
correlation coefficient for correlation. Concordance 
between the classifications of  the histological adequacy 
score and degree of  blood contamination determined 
by the two evaluators was analyzed using the kappa 
coefficient. Statistical analyses were performed using 
R statistical package version  3.2.4  (The R. Foundation, 
Vienna, Austria), with P  <  0.05, considered statistically 
significant.

RESULTS

The 20 registered participants included six men and 
14 women, with a median age of  67  years  (range: 
21–87  years). The median lesion’s maximum diameter 
was 25  mm  (range, 12–50  mm). Four punctures were 
performed for each patient, and 80  samples were 
obtained. Table  1 presents the EUS‑FNAB results. 
FNA needles were selected in three of  20 subjects, 
of  which one was an ectopic pancreas localized in the 
stomach, one was a GIST localized in the stomach, 
and one was a GIST localized in the esophagus. GISTs, 
leiomyomas, schwannomas, and ectopic pancreas lesions 
were observed in 13, five, one, and one patient(s), 
respectively. All lesions were diagnosed histologically 
with immunohistochemical staining except for the 
ectopic pancreas, which was diagnosed using HE‑stained 
specimens. Throughout the study period, 10  patients 
with GISTs underwent surgical resection. However, 
due to serious concomitant disease, three patients 
with GISTs did not undergo surgical resection. The 
final diagnoses in the other seven patients with benign 
diseases  (five leiomyomas, one schwannoma, and one 
ectopic pancreas) were determined by monitoring their 
clinical courses for ˃6  months throughout the study 
duration.

The diagnostic accuracy  (per lesion) was not different 
between the isolation group  (95%) and the nonisolation 
group  (100%). In the isolation group, the accuracy, 
based on histological examination of  SVWC, was 95%, 
which was significantly superior to that of  the red 
components  (65%)  (P <  0.01).

A total of  76  samples  (38 from the isolation group and 
38 from the no‑isolation group) were used for analysis. 
We excluded the one subject who was diagnosed with 
ectopic pancreas. Correlations were observed between 
the SVWC length  (median value: 9  mm) calculated 
manually by physicians and the amount of  whitish core 
calculated by AMUS  (median value: 12 mm2)  (ρ = 0.81, 
P < 0.01); between the SVWC length and the adequacy 
score  (median value score 4)  (ρ = 0.65, P  <  0.01); 
and between the amount of  the whitish core and the 
adequacy score  (ρ = 0.54, P  < 0.01).

Table  2 shows the subgroup analysis for the isolation 
and no‑isolation groups. All 76  samples  (38 from the 
isolation group and 38 from the no‑isolation group) 
were used for analysis, excluding the one subject who 
was diagnosed with ectopic pancreas. The SVWC 
length, measured according to the study protocol, 
had a median value of  9  mm  (range, 0–99  mm). 
The median SVWC length was not significantly 
different between the two groups  (P  =  0.42). Of  the 
76  samples, 67  (88.2%) met the previously reported 
cutoff  value  (SVWC length  ≥3.5  mm). The sensitivity 
to histopathological diagnosis using the cutoff  value 
was 98.5%  (66/67). The median area of  the white 
core tissue measured was not significantly different 
between the two groups  (P  =  0.09). The concordance 
rates, assessed by the kappa coefficient among the 
evaluators for each sub‑classification of  the pathological 
assessment, were 0.60  (95% confidence interval  [CI], 
0.32–0.87; P < 0.01) for the histological adequacy score, 
and 0.58  (95% CI, 0.38–0.77; P  < 0.01) for the degree 
of  blood contamination score. There was no significant 
difference in the median histological adequacy scores 
between the two groups  (P  =  0.37). The median 
score of  the degree of  blood contamination in the 
isolation group was significantly lower than that in the 
nonisolation group  (P <  0.01).

The AUC of  the ROC curves calculated for the 
whitish core concerning the histological diagnosis was 
0.83  (95% CI: 0.63–1.04; P  <  0.01)  [Figure  4]. When 
the cutoff  value was set to  ≥4 mm2, the sensitivity of  
the cutoff  value was 98.4%.
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DISCUSSION

In this study of  EUS‑FNAB for patients with SELs 
derived from the muscularis propria of  the upper 
gastrointestinal tract, the amount of  whitish core 
calculated by the AMUS strongly correlated with SVWC 
assessments performed manually. We also demonstrated 
high sensitivity for histological diagnosis using a cutoff  
value of  ≥4 mm2.

SIPS, which was devised based on macroscopic on‑site 
evaluation  (MOSE), a rapid evaluation method for 
EUS‑FNAB using a 19‑gauge needle, was developed 
by Iwashita et  al.[10] SIPS differs from the original 
MOSE in that it uses a 22‑gauge needle, which is 
frequently used in daily practice, and specimens 
collected by EUS‑FNAB are evaluated using a 
stereomicroscope rather than grossly by eye. Recently, 
some usefulness of  a modified MOSE using a 

22‑gauge needle has been reported.[11‑15] However, 
specimens collected with a 22‑gauge needle are thinner 
than those collected with a 19‑gauge needle, and it 
may be difficult to determine the presence or absence 
of  a whitish core as a result, especially in samples 
with significant blood contamination. We believe that 
the advantage of  using a stereomicroscope is that it is 
easier to evaluate the presence and quantity  (length) 
of  the whitish core.

In our previous study on the usefulness of  SIPS in 
EUS‑FNAB for SEL, the sensitivity of  histological 
diagnosis was over  98% when the SVWC cutoff  
value  (SVWC length ≥3.5 mm) was used as an index.[3,4] 
However, the evaluation of  SVWC was performed 
by a specific evaluator, and its versatility was unclear. 
Furthermore, the process of  isolating SVWC and red 
components in the SIPS procedure was complicated and 
time‑consuming.

Table 1. Results of EUS‑FNA biopsy
All Isolation group No‑isolation group P

Technical success, n (%) 20/20 (100)
Puncture site, n (%)

Esophagus 1 (5)
Stomach 18 (90)
Second portion of the duodenum 1 (5)

Needle type, n (%)
FNA needle 3 (15)
FNB needle 17 (85)

Final diagnosis, n (%)
GIST 13 (65)
Leiomyoma 5 (25)
Schwannomas 1 (5)
Ectopic pancreas 1 (5)

Presence of spindle cells, n (%) 31/80 (39) 12/40 (30) 19/40 (48) 0.17
Accuracy of histological diagnosis, n (%)

Per pass 76/80 (95) 38/40 (95) 38/40 (95) 1.00
By SVWC 39/40 (95)
By red components 26/40 (65)
By none (isolation sample) 38/40 (95)
Per lesion 20/20 (100) 19/20 (95) 20/20 (100) 1.00

Adverse events, n (%) 0
The P values (isolation group vs. no‑isolation group) were determined using Fisher’s exact probability test. FNB: Fine‑needle biopsy; GIST: Gastrointestinal 
stromal tumor; SVWC: Stereomicroscopically visible white core

Table 2. Subgroup analysis between the isolation and no‑isolation groups
All 

(n=76)
Isolation 

group (n=38)
No‑isolation 
group (n=38)

P

Length of SVWC median, mm (range) 9 (0‑99) 9 (1‑99) 9 (0‑59) 0.42
Median area of whitish core measured by AMUS, mm2, (range) 10 (0‑75) 12 (1‑75) 10 (0‑70) 0.09
Median histological adequacy score, (range) 4 (0‑5) 4 (2‑5) 4 (0‑5) 0.37
Median score of the degree of blood contamination, (range) 3 (1‑3) 3 (2‑3) 2 (1‑3) <0.01
The P values (isolation group vs. no‑isolation group) were determined using the Mann‑Whitney U test. SVWC: Stereomicroscopically visible white core; 
AMUS: Automated multiband imaging system
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Figure 4. Comparison of core tissue amount measured by the AMUS 
affecting the histological diagnosis as determined by ROC analysis. 
The AUC of the ROC curves calculated for the whitish core affecting 
the histological diagnosis was 0.83 (95% CI: 0.63–1.04; P < 0.01). AMUS: 
Automated multiband imaging system; ROC: Receiver-operating 
characteristic; AUC: Area under the curve; CI: Confidence interval

Therefore, it was necessary to develop AMUS, a 
device that could determine the amount of  whitish 
core in correlation with the evaluation of  the length 
of  SVWC by a specific evaluator. In addition, by 
omitting the isolation process, the quality of  the 
specimens can be more easily assessed. We recently 
reported the usefulness of  AMUS in pancreatic cancer 
and found a high correlation between SVWC measured 
by specific evaluators and the AMUS‑calculated 
amount of  the whitish core.[6] Based on the results 
of  this study, we found that AMUS showed a high 
correlation between SVWC measured by specific 
evaluators and the AMUS‑calculated amount of  the 
whitish core in SEL as well as in those with pancreatic 
cancer.

The findings of  the subgroup analysis indicated that 
by isolating SVWC and red components, a process of  
SIPS, the degree of  blood component contamination 
in the sample was reduced significantly; however, there 
were no differences reflected in the adequacy score. 
We believe this is because SELs are generally packed 
with tumor cells arranged in an alveolar formation. 
Once a certain amount of  core tissue is obtained, a 
histopathological diagnosis can be made by confirming 
positive reactions to disease‑specific immunochemical 
staining. Although isolation can minimize fibrin 
and blood contamination, it can be concluded that 
blood contamination does not interfere with the 
histopathological diagnosis so long as the cutoff  value 
is obtained. The results suggest that the isolation 
process in SIPS may be omitted.

Despite these favorable results, several limitations of  
AMUS need to be addressed. First, the process has not 
been fully automated and requires human intervention. 
To avoid sample overlapping, the vermiform samples 
taken by EUS‑FNAB must be organized manually 
onto a petri dish and soaked in formalin solution. 
If  the SVWC is located below overlapping samples, 
it may not be detected and may be underestimated 
during multiband image acquisition by the automatic 
analyzer. Second, AMUS requires adequate equipment 
preparation. Because it is still in the development stage, 
we cannot estimate the costs of  performing AMUS at 
this time. Third, given the exploratory nature of  this 
study, a power analysis could not be performed. As 
only 76  samples were analyzed from 19 subjects in the 
study, a separate prospective study involving multiple 
centers and more cases should be conducted to verify 
the usefulness of  AMUS and whether similar results can 
be obtained from the SIPS process without isolation.

CONCLUSIONS

The SVWC lengths measured manually correlated 
with the whitish core amount calculated by AMUS. 
We recommend AMUS as it is simpler than SIPS for 
EUS‑FNAB diagnosis. Our findings may provide useful 
new indices for EUS‑FNAB, particularly in institutions 
where ROSE cannot be performed. Further multicenter 
studies are required to validate our findings.
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