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Introduction
!

Endoscopic ultrasound-guided fine needle as-
piration biopsy (EUS-FNA) has enhanced the diag-
nostic capabilities of endoscopic ultrasonography
(EUS) by providing additional pathologic findings
[1]. However, confirming the presence of a target
specimen within a sample is often difficult be-
cause specimens collectedwith these fine needles
are microscopic and contain blood. Rapid on-site
evaluation (ROSE) during EUS-FNA is beneficial,
but many health care facilities are unable to pro-
vide this service due to a lack of cytopathologists.
Because fine-gauge needles are associated with
fewer complications, easier to use than thicker
needles, and equally effective for diagnosis, 25-G
needles are commonly used for EUS-FNA of pan-
creatic tumors [2]. Given the tendency to perform
EUS-FNA using fine-gauge needles, evaluation of
the target specimen in EUS-FNA samples of pan-
creatic lesions, therefore, may be even more diffi-
cult.
To identify the wavelength that provided the op-
timal absorption specifically by blood covering
the target specimen, single wavelengths from
435nm to 695nm were projected by light-emit-

ting diodes onto EUS-FNA samples of dog pan-
creas. We found that we were able to confirm the
target specimen most clearly with observation
using the 605-nm wavelength. We then devel-
oped a device equipped with a 605-nm wave-
length light source, referred to as the target sam-
ple check illuminator (TSCI) (●" Fig.1).
The current study verified the potential useful-
ness of this device, both in collecting the mini-
mum necessary target specimens within EUS-
FNA samples of pancreatic tumors, and in elimi-
nating the need for further procedures, even
without performing ROSE.

Patients and methods
!

Fifty-eight consecutive patients (33 men, 25
women; mean age 70.4 years; range, 42–87
years) were included in this prospective study
(●" Table1), which took place from July 2012 to
October 2013.The research protocol was re-
viewed and approved by the institutional review
board of Tottori University Hospital.
Samples of EUS-FNA were observed using the
TSCI prior to histologic diagnosis to determine
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Background and study aims: Specimens collected
by fine needle are microscopic and contain blood;
therefore, the presence of a target specimen
within a sample is often difficult to confirm. Al-
though rapid on-site evaluation (ROSE) during
endoscopic ultrasound-guided fine needle aspira-
tion biopsy (EUS-FNA) is beneficial, many health
care facilities are unable to apply this technique
due to a lack of cytopathologists.
The aim of this study was to develop and validate
a device that detects the target specimen within
pancreatic tumor EUS-FNA samples.
Patients and methods: Fifty-eight consecutive pa-
tients with solid pancreatic masses were studied
for a preliminary case series at a tertiary-care uni-

versity hospital (Tottori University Hospital, Yo-
nago, Japan). The material collected was checked
with a target sample check illuminator (TSCI)
and was evaluated by one cytopathologist.
Results: The agreement rate between the TSCI and
histopathology was 93.7%. Further testing proce-
dures were not needed in 91.4% of patients, and
the mean number of needle punctures was 1.2
after a single pass using TSCI. No adverse events
were encountered with the procedure.
Conclusions: With the introduction of the TSCI in
EUS-FNA, it became possible to both collect the
minimum necessary target samples by EUS-FNA
and to end further procedures, even without per-
forming ROSE.
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whether the presence of target specimens could be confirmed.
EUS-FNA was performed using a 7.5-MHz, convex linear array
echoendoscope (GF-UCT260; Olympus Optical, Tokyo, Japan)
and a 19-G (M00550040; Boston Scientific Corporation, Natick,
MA), 22-G (NA-200H-8022; Olympus Optical), or 25-G needle
(M00550020; Boston Scientific Corporation).
Patients were referred for EUS-FNA based on the need to perform
evaluations for anymalignancies. Informed consent was obtained
from all patients prior to EUS-FNA.

No algorithmwas used to decide whether to use a 19-G, 22-G, or
25-G needle. Needles were selected based on the judgment of the
attending physicians.
The aspirated material was evaluated by a cytopathologist, and
ROSEwas not used. The final diagnosis was verified histologically
with either subsequent surgery or treatment based on the clini-
cal course. Patients without a malignant disease, including those
with chronic pancreatitis, a neuroendocrine tumor, or an acces-
sory spleen, were followed up with imaging examinations.
All patients were closely observed for any immediate or delayed
complications.
The data recorded include sample adequacy, final diagnosis,
agreement rate between the TSCI and histopathology, and proce-
dure-related complications.

Results
!

In the examinations, areas that included target specimens
appeared orange (yellow arrows), and those without appeared
dark brown (blue arrows) when examined with the TSCI (●" Fig.
2a). Examinations with a TSCI were performed when we were
unable to detect target specimens with a white light (●" Fig.2b).
We were only able to detect target specimens using a white light
in about 28 out of 57 cases, compared with 57 out of 58 cases
when a TSCI was used (P<0.001). The mean number of total nee-
dle punctures was 2.4 (range, 1–5), and the agreement rate be-
tween TSCI and histopathology in 142 samples was 93.7% (133/
142). No differences were observed between cancerous and
non-cancerous lesions in detection capacity. There were no
differences between 19-G, 22-G and 25-G needles in detection
capacity. When the presence of the target specimen was con-

Fig.1 We developed a device equipped with a
605-nm wavelength light source, referred to as the
target sample check illuminator (TSCI).

Table 1 Details for EUS-FNA.

No. of patients

Pancreatic masses Adenocarcinoma (41)

Chronic pancreatitis (9)

Neuroendocrine tumor (3)

Metastatic tumor (3)

Accessory spleen (2)

Benign/ Malignant Benign (14)

Malignant (44)

Needles 19G (1)

22G (26)

25G (31)

Location (head/ body/ tail) 31 16/11

Fig.2 a Areas with target specimens appeared
orange (yellow arrows), and those without
appeared dark brown (blue arrows) when observed
with the TSCI. bWe could not always detect target
specimens in EUS-FNA samples under white light.

Table 2 Utility of TSCI for EUS-FNA.

Agreement rate between TSCI and histopathology 93.7% (133/142)

Rate of adequate cellularity obtained with a single
pass by a TSCI

91.4% (53/58)
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firmed by TSCI, 91.4% (53/58) of patients were able to finish tests
(●" Table2). The percentage of cases that only required 1 EUS-FNA
pass to yield a diagnosis was 84.5% (49/58), and the mean num-
ber of necessary needle punctures was 1.2 (67/58). No adverse
events were encountered in the current study. An adequate spe-
cimen was obtained by EUS-FNA in 98.3% of cases. The sensitiv-
ity, specificity, positive predictive value, negative predictive val-
ue, and accuracy for EUS-FNA were 97.7%, 100%, 100%, 93.3%,
and 98.3%, respectively (●" Table3). Only one case was misdiag-
nosed, a metastatic pancreatic carcinoma (renal cell carcinoma)
that measured 15mm and existed in the body of the pancreas.
We could get only pancreas parenchyma; tumor cells were not
included in the sample. Therefore, a difference in ability to diag-
nose due to the puncture site was not found.

Discussion
!

This study verified the utility of the TSCI previously developed by
us, which is based on the absorption spectrum of human oxyhe-
moglobin reported by Zijlstra et al [3]. When a target specimen
was present in a sample observed with a light with a wavelength
of 605nm, the blood appeared dark brown due to light absorp-
tion, and the target specimen appeared orange because it did
not absorb the light.
The TSCI was designed to detect the presence of pancreatic tissue
and not necessarily malignant specimens, thus a specimen con-
sidered adequate by a TSCI may not be representative of a tumor.
However, the concordance rate between the TSCI and histopatho-
logic examination of EUS-FNA samples was 93.7%. Therefore, we
were able to confirm that with the introduction of the TSCI in
EUS-FNA, it was possible both to collect the minimum necessary
target samples by EUS-FNA and to end further procedures, even
without performing ROSE.

The difference between themean number of total needle punctu-
res and the mean number of necessary punctures was due to the
need to maintain a high standards and accuracy for our patients.
However, in the future, we will be able to finish sessions earlier
based on evaluation of a TSCI. Specifically, by using a TSCI, results
will be better than when using the standardized approach based
on a minimum of two passes for all pancreatic masses.
The overall complication rate for EUS-FNA has been reported as
0% to 2% [1,4]. We finished EUS-FNA with an average of 1.2
punctures using the TSCI, therefore, this approach seems likely
to contribute to a decreased complication rate because many
health care facilities are unable to perform ROSE due to lack of
cytopathologists.
In conclusion, the introduction of use of a TSCI with EUS-FNA en-
abled both the collection of the minimum number of necessary
samples by EUS-FNA and an end to further procedures, even
without ROSE.

Competing interest: None
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Table 3 Diagnostic power of EUS-FNA when used with a TSCI*.

n Adequate specimen (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

58 98.3
(57/58)

97.7
(43/44)

100
(14/14)

100
(43/43)

93.3
(14/15)

98.3
(57/58)

PPV, positive predictive value; NPV negative predictive value
* Materials for which a final diagnosis was obtained via surgery or clinical follow up.
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