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Abstract

Background To compare the diagnostic yield and safety of 22G endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) and endoscopic ultrasound-guided fine-needle biopsy (EUS-FNB) in the diagnosis of pancreatic solid lesions.
Methods Between April 2014 and September 2015, 36 patients with pancreatic solid lesions were included for endoscopic
ultrasound test. Patients were randomly divided into two groups: EUS-FNA (n=18) and EUS-FNB (n=18). Each nidus was
punctured three times (15 ~ 20 insertions for each puncture) with a 22G needle. The core specimens were analyzed, and the
diagnostic yields of FNA and FNB were evaluated.

Results The procedure success rate was 100% with no complications. Cytological and histological examinations found that
the diagnostic yield of FNB and FNA were both 83.3%. To get a definitive diagnosis, FNB needed fewer punctures than
FNA (1.11 vs. 1.83; P <0.05).

Conclusions 22G EUS-FNB is a safe and effective way to diagnose pancreatic solid lesions. FNB required a lower number
of needle passes to achieve a diagnosis compared with FNA.
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Abbreviations Pancreatic cancer is the fourth leading cause of cancer-
EUS Endoscopic ultrasound related deaths in Western countries [1, 2]. Patients who
EUS-FNA Endoscopic ultrasound-guided fine-needle have pancreatic cancer have a poor 5-year survival of only

aspiration 6%, and 90% of them ultimately die from the disease [3].
EUS-FNB Endoscopic ultrasound-guided fine-needle Along with the growing demand to treat individuals with

biopsy precancerous lesions, the need for low-risk investigation,
TNB Trucut needle biopsy low-morbidity operation, and a minimally invasive approach
TCB True cut biopsy becomes increasingly pressing [4].

Recently, the standard method for sampling solid pan-
creatic masses is endoscopic ultrasound-guided fine-nee-
dle aspiration (EUS-FNA). Its sensitivity, specificity, and
diagnostic accuracy for malignant cytology are 85-95%,
54 Xiao-Yan Wang 95-98%, and 78-95%, respectively [5, 6]. Despite the suc-

wxy20011@163.com cess of EUS-FNA, it still has several limitations. First, the
availability of a cytopathologist to render on-site diagnosis
can affect the diagnostic accuracy [7, 8], and a lower sensi-
tivity of pancreatic mass lesions for EUS-FNA was observed
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In order to overcome limitations associated with EUS-
FNA cytology and to improve diagnostic accuracy, a
19-gauge trucut needle biopsy (EUS-TNB) was designed to
procure larger amounts of tissue with conserved architecture
that would enable histological analysis [11]. Some initial
studies suggested when obtaining biopsy specimens with the
EUS-guided true cut biopsy (EUS-TCB) device, TCB has a
greater diagnostic accuracy compared with EUS-FNA nee-
dles for submucosal mass lesions and lymphoma, and poten-
tially needs fewer needle passes for the diagnosis of solid
pancreatic neoplasms [12]. However, it is not feasible to use
with the transduodenal approach and has been reported to
result in technical failures. The newly developed ProCore
needle (Cook Medical), which incorporates reverse bevel
technology, has various available sizes and enables the trans-
duodenal approach. In a multicenter, pooled, cohort study,
the 19G ProCore needle offers the possibility of obtaining
a core sample for histological evaluation in the majority
of cases, with an overall diagnostic accuracy of over 85%
[13]. The 19G ProCore needle eventually became available
in smaller versions that are easier to manipulate (25G and
22G needles) [14]. This endoscopic ultrasound-guided fine-
needle biopsy (EUS-FNB) device using a core biopsy needle
was developed to improve diagnostic accuracy by simulta-
neously obtaining cytological aspirates and histologic core
samples. The main objective of our prospective experiment
is to compare the diagnostic yield of 22G EUS-FNB with
22G EUS-FNA in patients with solid pancreatic lesions and
to compare the number of passes needed for diagnosis of
FNA and FNB.

Methods
Patients

A prospective study of all EUS-guided sampling procedures
performed between April 2014 and September 2015 was
conducted at The Third Xiangya Hospital of the Central
South University. Adult patients were included in the study
if they were suspected of having a solid pancreatic mass
according to clinical symptoms (pain, jaundice, weight loss,
etc.) and/or radiological findings (a solid pancreatic mass
exposed by CT and/or MRI and/or EUS). The exclusion cri-
teria were as follows: the presence of predominantly cystic
pancreatic lesions (cystic component of more than 50% of
the mass on iconography), according to the ESGE guidelines
[15], coagulopathy (PT [Quick value] <60%, PPT > 42 s,
and platelets < 60,000/mm?), pregnant or lack of pancreatic
tissue sampling during the study procedure. Consecutive
cases were sampled under the guidance of EUS during the
study period, including 36 cases of solid pancreatic lesions.
This study was sanctioned by The Third Xiangya Hospital
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of Central South University. It received approval from the
local ethics committee, and signed informed consent was
obtained from all patients.

Procedural technique

The study was prospectively carried out on consecutive
cases of solid pancreatic masses, and the patients enrolled
were then randomized to undergo 22G EUS-FNB (Cook
EchoTip ProCore) using a core biopsy needle or 22G EUS-
FNA (Olympus, GF UCT 160) using a standard aspiration
needle at the individual tertiary center. All procedures were
conducted using Olympus ME1, with patients positioned
in the left lateral decubitus position under conscious seda-
tion. All study procedures were performed by a senior
endoscopist. FNA or FNB procedures were conducted from
duodenum when the masses were located in the pancreatic
head or uncinate, while the procedures were conducted from
stomach when the masses were located in pancreatic body
and tail. Doppler-mode imaging was applied to rule out the
presence of any intervening vessels in the needle path.

The same sampling technique was used with both FNA
and FNB needles to eliminate technical biases. After the
lesion was penetrated by the device, the stylet was removed,
and suction was applied by a 5 mL syringe while moving the
needle to and fro within the lesion 15 ~20 times. Suction was
released before removing the needle.

After each pass, tissue material was placed into liquid-
based cytology tubes and instantly name tagged and labeled
based on the order of each needle pass. Three passes were
made using the FNA or FNB. No pathologist was present in
the room, and all samples were sent to the pathology depart-
ment for evaluation.

Preparation of specimens and measure

The collected material from each pass was simultaneously
processed for cytological and histological analysis as fol-
lows: the sample placed in CytoLyt solution (a transport
medium) was centrifuged and resuspended. A partial resus-
pended PreservCyt cell fluid sample (20 mL) was smeared
onto glass slides which were immediately fixed with 95%
ethanol and stained with a Papanicolaou-stain for cytological
analysis. For histological analysis, the remaining PreservCyt
fluid sample was centrifuged, resuspended, incubated, fixed
in formalin, embedded in paraffin, sectioned at 4 um, and
stained with hematoxylin and eosin (H&E). Immunohisto-
chemical studies were performed if needed.

Cytohistological analysis

Two pathologists who were blinded to the randomization
sequence estimated the samples and drew a conclusion about
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their adequacy and quality. They defined adequacy as the
proportion of samples that a final histopathological diagno-
sis could be made.

Standard of reference for final diagnosis

A final diagnosis was made using one of the following meth-
ods: (i) Definite evidence of malignancy on a surgical sam-
ple. (ii) Malignant diagnosis on EUS-FNB or EUS-FNA and
clinical/imaging follow-up compatible with malignant dis-
ease. (iii) No evidence of malignancy on EUS-FNB or EUS-
FNA and on clinical/imaging follow-up of at least 6 months.

Outcome parameters

The medical records of the patients were revised through
standardized data-entry form which included patient demo-
graphics, clinical findings, procedural complications, results
of follow-up, and pathological findings. The primary out-
come was compared with diagnostic yield of FNA and FNB.
The secondary objective measures were technical success,
sample adequacy, contamination (immediate complications
were documented at the time of the procedure, and late com-
plications were documented follow-up at 72 h), complica-
tions, the number of passes for diagnosis, and the first pass
of diagnosis sensitivity for pancreatic malignancies.

Statistical analyses

Two-tailed sample size calculation was performed with the
Type 2 (b) error set at 0.2 (* test with corrected continuity)
and the Type I error rate (a) set at 0.05 for detecting a dif-
ference in diagnostic accuracy between the FNB and FNA
groups. x> test or Fisher’s exact test was used to compare
categorical data which were expressed as frequencies and
proportions, including gender, tumor location, and technical
details. Student’s  test was used for continuous data like Age
and numbers of needle passes required for diagnosis which
was reported with mean and standard deviation (SD). The
Mann—Whitney U test was used to compare the medians
(with interquartile ranges [IQRs] and ranges) of mass size.
Sensitivity, specificity, and accuracy values were summa-
rized as exact 95% confidence intervals (CIs). P values were
calculated by Fisher’s exact test. The calculation of 95%
confidence intervals (CIs) was based on the delta method
of logic functional analysis and the asymptotic normality of
maximum likelihood estimators. Analyses were performed
using SPSS for Windows (version 18.0; SPSS Inc., Chicago,
Illinois, USA). Statistical significance was set at a P value
of <0.05.

Results

Between April 2014 and September 2015, 36 patients
included 23 men and 13 women with a mean age of
59.5+19.5 years (range, 45~ 75 years) were screened and
all were included. They were randomized to undergo either
EUS-FNA group or EUS-FNB group. The demographic
details tumor baseline characteristics of the included patients
are presented in Table 1. There were no significant differ-
ence in patients’ age or gender, or location and size of the
tumors, as shown by EUS, between the FNA and FNB
group. FNA as well as FNB was technically successful in
all patients. Both needles were easily passed through the
endoscope, emerged easily from the endoscope, and were
clearly visible (Fig. 1).

Results of diagnosis obtained by EUS-FNA/FNB and
final diagnoses according to the gold standard are shown
in Table 2. In the final diagnosis of the FNA group, 6 of
18 pancreatic mass lesions were pancreatic adenocarci-
noma (33.3%), 8 were mass-forming chronic pancreatitis
(44.4%), 1 was pancreatic lymphoma (5.6%), 1 was pan-
creatic tuberculosis (5.6%), 1 was neuroendocrine tumor
(5.6%), and 1 was metastasis from gastric cancer (5.6%).
But of the patients diagnosed by FNA, 3 misdiagnoses
were appeared. 1 patient of metastasis from gastric can-
cer and 1 patient of mass-forming chronic pancreatitis
were misdiagnosed with nonmalignancy, 1 patient of neu-
roendocrine tumor was misdiagnosed with mass-forming
chronic pancreatitis. In the final diagnosis of FNB group,
12 of 18 pancreatic mass lesions were pancreatic adeno-
carcinoma (66.7%), 1 was mass-forming chronic pancrea-
titis (5.6%), 2 were pancreatic tuberculosis (11.1%), 1 was
neuroendocrine tumor (5.6%), 1 was pancreatic lymphoma

Table 1 Demographic details and pancreatic solid lesions characteris-
tics of 36 patients included in the study

EUS-FNA EUS-FNB P value

Mean age (SD), years 61.4(69) 61.2(9.3) 0.936

Gender, no. (%) 1.000
Female 6 (33.3) 7 (38.9)

Male 12 (66.7) 11 (61.1)

Mass location, no. (%) 1.000
Head/uncinate 8 (44.4) 8 (44.4)

Body/tail 10 (55.6) 10 (55.6)

Size of mass (mm) 0.304
Median (range) 21.7 (12-36) 19.8 (12-35)
Interquartile range 16.5 18

Final diagnosis, no. (%)

Malignant 9 (50.0) 15 (83.3) 0.075
Benign 9 (50.0) 3(16.7)
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(5.6%), and 1 metastasis from gastric cancer (5.6%). How-
ever, of the patients diagnosed by FNB, 1 patient of metas-
tasis from gastric cancer and 1 patient of neuroendocrine
tumor were misdiagnosed with mass-forming chronic pan-
creatitis, and 1 patient of metastasis from gastric cancer
was misdiagnosed with nonmalignancy. We performed
statistical analysis using the results of specimens where
a final diagnosis of malignancy was established. Negative
predictive value, sensitivity, specificity, and accuracy of
EUS-FNB for malignancy (50, 80, 100, and 83%, respec-
tively) were not significantly different from those of EUS-
FNA (82, 78, 100, and 89%, respectively; P> 0.05). The

OLYMPUS

AGE:
DOB: SEX:

09:54:07

6MHZ 9cm
G:12/19 1:1L2
c:4/8 FC:2
L.DEN:x2.0
TX: 93%
MEDIA N
T/B:NONE

positive predictive value s of FNA and FNB were 100 and
100%, respectively.

Table 3 summarizes the results relevant to the pri-
mary and secondary endpoints. No technical failures were
observed in either group. No complications occurred in both
groups. Cytological and histological examination found that
the diagnostic yields of FNB and FNA were both 83.3%. No
difference was found in diagnostic yield between the two
techniques. The important thing is, the number of needle
passes for diagnosis of FNB (1.11 +0.83) was significantly
lower than that for the FNA (1.83 +1.25; P=0.049). On
subgroup analysis of 24 patients with malignant lesions, the
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Fig. 1 EUS-guided biopsy from pancreatic solid masses using FNA (A) and FNB (B)

Table 2 Results of EUS-FNA/FNB and final diagnoses according to gold standard

EUS-FNA diagnosis Final diagnosis (gold standard)

EUS-FNB diagnosis

Final diagnosis (gold standard)

Pancreatic adenocarcinoma (n=6) Pancreatic adenocarcinoma (n=6) Pancreatic adenocarcinoma
(n=12)

Pancreatic adenocarcinoma (n=12)

Mass-forming chronic pancreatitis Mass-forming chronic pancreatitis Mass-forming chronic pancreatitis Mass-forming chronic pancreatitis

(n=8)

Pancreatic lymphoma (n=1)

(n=8)
Pancreatic lymphoma (n=1)
Pancreatic tuberculosis(n=1) Pancreatic tuberculosis (n=1)
Nonmalignancy (n=2) Neuroendocrine tumor (n=1)

Metastasis from gastric cancer

(n=3)
Pancreatic tuberculosis (n=2)

Nonmalignancy (n=1)

(n=1)
Pancreatic tuberculosis (n=2)
Neuroendocrine tumor (n=1)
Pancreatic lymphoma (n=1)

Metastasis from gastric cancer

(n=1) (n=1)
Table 3 Teghnical Characteristic FNA (n=18) FNB (n=18) P value
characteristics and outcomes for
EUS-FNA/FNB Technical success, no. (%) 18 (100) 18 (100)
Diagnostic yield, no. (%) 15 (83.3) 15 (83.3)
No. of passes for diagnosis, mean (SD) 1.83 (1.25) 1.11 (0.83) 0.049
No. of diagnoses of malignancy made in pass 1, 6 (66.67) 12 (80.00) 0.019
sensitivity (%)
Complications, no. (%) 0@ 0(0)
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number of patients in whom a malignancy was diagnosed
by a combination of cytological and histological analysis
on the first pass was significantly greater in the FNB group
than that in the FNA group (80.00 vs. 66.67%; P=0.019).
Adequate material for pathological analysis was obtained
in 15/18 FNB samples and also in 15/18 FNA samples,
showing no difference between the two groups. The overall
quality of the samples obtained from patients with either
needle is shown with the average assessments of one expert
pathologist (Figs. 2, 3). The FNB group gained a higher
average score; however, the difference was not statistically
significant.

Discussion

In the present study, we found that the use of the 22G FNB
needle was technically viable, safe, and efficient, which was
comparable to the use of a standard FNA needle in patients
with pancreatic masses. The total diagnostic yield of FNB
was equivalent to that of a standard FNA. The adequacy of
the specimen obtained by the FNB needle was comparable
to that of the FNA needle. The technical performances were
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similar to each other. However, fewer passes were required
to obtain a diagnosis by FNB than were required by FNA.
The pathological diagnosis of solid pancreatic masses
is important to ensure that suitable therapy is given and
the optimum prognosis is achieved [16, 17]. EUS-guided
FNA of solid malignancies accessible from the upper ali-
mentary tract is a safe, with highly diagnostic accuracy
(>90%) when a rapid on-site pathologist is available [18].
However, the diagnostic accuracy of EUS-FNA with cytol-
ogy alone is insufficient to verify cellular arrangement and
tissue architecture [19], which limited sample of tissue to
be obtained, thereby potentially reducing diagnostic per-
formance. To improve sampling and diagnostic accuracy, a
number of measures have been offered [20, 21]. A real-time
sample adequacy evaluation from an onsite cytopatholo-
gist has been reported to increase the yield of samples by
10~ 15% [22]. Nevertheless, because of increased expenses
and a longer procedure time, on-site cytology is not available
in all facilities. With the continued interest in the develop-
ment of an EUS-guided platform, a 19G FNA needle and
the Quick-Core or Trucut instrument appeared [10, 23, 24],
but all of these approaches have been met with technical
limitations or a lack of demonstrated efficacy, particularly
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Fig.2 Tissue core obtained using the 22G fine-needle biopsy needle by EUS-FNA (A) and FNB (B)

Fig. 3 Histological evaluation of specimens obtained (hematoxylin &
eosin [H&E] staining). A pancreatic ductal adenocarcinoma, sample
obtained using the new 22G fine-needle biopsy needle by EUS-FNA.
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B pancreatic ductal adenocarcinoma, sample obtained using standard
fine-needle aspiration needle by EUS-FNB
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in the transduodenal position. In recent years, an EUS-FNB
device using a core biopsy needle was developed to improve
diagnostic accuracy by simultaneously obtaining cytologi-
cal aspirates and histological core samples [25], which may
have comparable diagnostic yield to traditional FNA for
pancreatic solid lesions in both the 19G and 22G diameters
[13, 25].

In our study, we compared FNA and FNB in many
respects. The results of the experiment indicate that both
FNA and FNB are available and safe during operation.
Our results showed that there were no procedure-related
complications among the 36 patients, some of whom com-
plained with obstructive jaundice, abdominal pain, or body
weight loss before operation. Safety of EUS-FNA has been
reported, and complication rates range between 0.5 and 3%
[13, 25-27]. With respect to technical performance, Iglesias-
Garcia et al. [13] evaluated the 19G FNB in 114 lesions of
109 patients; two technical failures (5.7%) occurred through
duodenal approach. Furthermore, the needle emerged from
the endoscope with difficulty in 18% of cases and with great
difficulty in 1%. The difficulty encountered was attributed
to a curved position of the endoscope in the duodenum. In
contrast, we experienced no technical difficulties when per-
forming biopsies with our 22G FNA and FNB and no techni-
cal failures. In all our cases, the needle emerged easily from
the endoscope, irrespective of the location of the endoscope
in the gastrointestinal tract, which is similar to the study of
Hucl et al. [27].

We found that the adequacy of samples obtained by
FNB and FNA showed no statistically significant differ-
ence. In a prior randomized, retrospective study com-
paring a 22G beveled needle with a standard 22G FNA
needle, the researchers demonstrated that fewer passes
may be required with the beveled needle to achieve ade-
quate sample compared to the standard needle; however,
no meaningful difference in case duration was evident
between the two needle types [28]. Similar findings were
seen in another prospective study comparing the yields
of 22G conventional FNA and 22G FNB [25]. The ran-
domized, single group, prospective study by Mavrogenis
et al. assesses the diagnostic yield of the 25G ProCore
versus the 22G standard cytology needle in pancreatic
mass lesions and lymphadenopathy adjacent to the upper
gastrointestinal tract. They found no significant differ-
ences between the two needles in terms of diagnostic yield
[29]. Several factors might have contributed to the lower
than expected diagnostic accuracy of the FNB device.
Further prospective research with a larger population of
patients with solid pancreatic masses is still needed. In
cases sampled by FNA or FNB, Witt et al. [28] assessed
the average number of needle passes required to procure
each specimen and noted that the mean number of needle
passes was significantly lower for the FNB cohort, which
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is comparable to our study. The fewer number of needle
passes means the shorter procedure duration which is con-
sidered to be an advantage, reducing the need for anesthe-
sia, as well as cost and rates of complications. There was
no significant difference in the average number of needle
passes per FNA or FNB specimen in the study of Bang
et al. [25]. However, in their study, immediate cytologi-
cal evaluation was available, and this might potentially
reduce the number of needle passes of FNA. Data on the
performance of the 22G ProCore needle suggest a 78.7%
first-pass sensitivity for pancreatic malignancy, which was
higher than the 32.4% first-pass sensitivity achieved with
the FNA needle. In the study of Mavrogenis et al. [29],
both the 22G standard needle and the 22G ProCore needle
had a slightly better single-pass performance. Based on
these results, the higher single-pass diagnostic yield of
the FNB device may reduce the number of passes required
to obtain adequate specimens, which would be especially
helpful in hospitals lacking on-site cytology.

One of the limitation of the study is the small number
of patients included. The fewer numbers of malignancy in
FNA group also introduces bias in the analysis. Therefore,
a larger patient samples are needed to confirm our results.
In addition, it was not possible to blind the endoscopist
to the type of device used during the procedures, but it
would not be a major limitation because the pathologists
were blinded to the randomization sequence and the type
of device used for tissue sampling.

Conclusion

EUS-guided FNA and FNB are convenient, safe procedure
that has the ability to provide diagnoses with good sensi-
tivities and specificities for the evaluation and diagnosis
of lesions within the gastrointestinal tract and adjacent
organs. Our study showed that compared to the standard
FNA needles of the same gauge, the 22G reverse-beveled
FNB needles required a lower number of needle passes to
achieve a diagnosis. The total diagnostic yield, quality of
sampling technical performance, and complication rates
of the new 22G FNB needle were comparable with the
22G FNA needle.
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