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Background/Aims: Recently, a three-plane symmetric nee-
dle with Franseen geometry was developed for endoscopic
ultrasound-guided fine needle biopsy (EUS-FNB). In this ret-
rospective study, tissue acquisition per pass was compared
between 22-gauge Franseen FNB and standard fine needle
aspiration (FNA) needles in patients with solid pancreatic le-
sions. Methods: Consecutive patients who underwent EUS-
FNA or EUS-FNB for solid pancreatic lesions between Octo-
ber 2014 and March 2018 were retrospectively studied. The
tissue acquisition rate and the diagnostic performance per
session, per pass, and at first pass were compared. Results:
A total of 663 passes (300 by the FNB needle and 363 by
the standard FNA needle) were performed in 154 patients
(71 FNB and 83 FNA). The tissue acquisition rate per session
and at first pass in the FNB and FNA groups was 100% and
95% (p=0.13) and 87% and 69% (p=0.007), respectively.
The multivariate analysis revealed that among the patients,
EUS-FNB (odds ratio, 3.07; p=0.01) was associated with a
higher first-pass tissue acquisition rate. While the tissue ac-
quisition rate reached a plateau after the 4th pass with FNA,
it reached a plateau after the 2nd pass with FNB. Among the
129 malignant cases, the histological tissue acquisition rate
per session was similar (100% and 94%), but the sensitivity
by histology alone per session was higher for FNB than for
FNA (93% and 73%, p<0.01). Conclusions: The results of
our retrospective analysis indicated that compared with a
standard FNA needle, a 22-gauge Franseen FNB needle was
associated with a higher first-pass tissue acquisition rate.
(Gut Liver 2020;14:817-825)
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INTRODUCTION

Endoscopic ultrasound-guided fine needle aspiration (EUS-
FNA) is an established procedure for tissue acquisition and
pathological diagnosis of pancreatic solid lesions.'” However,
histological tissue acquisition of EUS-FNA is not necessarily
sufficient for additional diagnostic techniques or for the identi-
fication of molecular markers often necessary for the final diag-
nosis and appropriate clinical management. To overcome these
disadvantages of EUS-FNA, several novel needles have been
introduced for EUS-guided fine needle biopsy (EUS-FNB).**

Recently, a three-plane symmetric needle with Franseen
geometry has been developed for performing EUS-FNB."*™?
While rapid on-site evaluation (ROSE) reportedly increases the
diagnostic performance and decreases the number of passes,”'
its role in EUS-FNB is not fully established in clinical practice.
In addition, ROSE is not readily available in many institutions
including our center. We conducted this retrospective study
comparing tissue acquisition rates per pass between 22-gauge
Franseen FNB needle and 22-gauge standard FNA needle to
evaluate the role of EUS-FNB without ROSE in patients with
pancreatic solid lesions.

MATERIALS AND MIETHODS
1. Patients

This is a single center, retrospective study in the University of
Tokyo Hospital. Data on consecutive patients who underwent
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EUS-FNA between October 2014 and September 2016 and EUS-
FNB between October 2016 and March 2018 for pancreatic solid
lesions were retrieved from a prospectively maintained database
at the University of Tokyo Hospital. Inclusion criteria were pa-
tients who underwent EUS-guided tissue acquisition using a
standard 22-gauge FNA needle (Expect needle: Boston Scientific
Japan, Tokyo, Japan) or a 22-gauge EUS-FNB needle (Acquire
needle: Boston Scientific Japan) for pancreatic solid lesions and
whose cytological and histological analyses per passes were
available. Exclusion criteria were patients with severe coagu-
lopathy and patients with a pancreatic cystic lesion or an extra-
pancreatic lesion. This study was approved by the local ethical
committee (approval number: 1804) and all patients provided
informed consent for EUS-guided tissue acquisition.

2. EUS-FNA or EUS-FNB procedure

All EUS procedures were performed using a curved linear array
echoendoscope (GF-UCT260; Olympus Medical Systems, Tokyo,
Japan or EG-580-UT; Fujifilm Medical Systems, Tokyo, Japan),
which was connected to a processor featuring color Doppler
function (EU-ME2; Olympus Medical Systems or SU-1, Fujifilm
Medical Systems) under moderate sedation with intravenous
midazolam and pethidine hydrochloride. After EUS evaluation
including regional vasculature with color Doppler function,
EUS-guided tissue acquisition was performed. The FNA or FNB
needle with a stylet was advanced into the target lesion under
EUS guidance. A stylet was completely removed and 10 to 20
to-and-fro movements within the target lesion were performed
while a 10-mL suction was applied. The needle was withdrawn
after suction was released, and the obtained material was ex-
pressed entirely onto a glass slide by reinsertion of the stylet.
The material on the slide was then carefully inspected and vis-
ible core, if any, was lifted off the slide and placed into a forma-
lin bottle for histologic examination. The remaining specimen
was sent for cytological examination. No ROSE was performed.
The number of passes was decided at the discretion of the at-
tending physician but EUS-FNA or FNB was basically repeated
until enough visible core tissue was obtained macroscopically
(Fig. 1). Cytological and histological reports were retrospectively
reviewed. Cellularity and blood contamination for each slide
of cytological specimen were evaluated based on the consen-
sus between two cytotechnologists who were blind to FNA or
FNB needles, and the semi-quantified scores used in this study
were routinely recorded in the pathological reports as follows;
0 (none), 1 (few aggregates), 2 (fair cellularity) and 3 (abundant
cellularity) for cellularity and O (none), 1 (few), 2 (moderate) and
3 (high) for blood contamination. Cellularity score was based on
the amount of all types of cells including tumor cells. Pathologi-
cal diagnosis was based on the combination of cytological and
histological diagnoses as previously reported.”” All procedures
were performed by 10 experts (>5 years of EUS-FNA experienc-
es) or by 12 trainees (<5 years of EUS-FNA experiences) under

Fig. 1. Macroscopic findings of endoscopic ultrasound-guided fine
needle biopsy specimens. A whitish core tissue was clearly observed
upon visual inspection (arrows).

supervision by experts.
3. Final diagnosis

The final diagnosis was made either by the pathological di-
agnosis based on surgically resected specimen, by EUS-FNA or
EUS-FNB diagnosis positive for malignancy with compatible
clinical outcomes, or by EUS-FNA or EUS-FNB diagnosis nega-
tive for malignancy with lack of deterioration on follow-up
more than 6 months.

4. OQutcome measurements

Primary endpoint of this study was the histological tissue
acquisition rate in a first pass and per session. The histologi-
cal tissue acquisition rate was defined as the acquisition rate of
the sufficient material for adequate histological interpretation.
Secondary outcomes were the diagnostic performance by histol-
ogy, cytology and combination per pass, per session and in the
first pass, cellularity and bloodiness of cytological specimen per
pass, adverse events and the prognostic factors for first-pass tis-
sue acquisition and histological sensitivity. Technical failure was
defined as failure to obtain macroscopic visible specimen before
needle exchange. Adverse events were defined and graded ac-
cording to the lexicon.” Post EUS-FNA or FNB pancreatitis was
defined as a new onset of abdominal pain or a worsening of an
existing one, associated with an increase in amylase or lipase
more than 3 times the upper cutoff value. Computed tomogra-
phy was performed for evaluation of pancreatitis in those cases
with abdominal pain associated with elevated pancreatic en-

zymes.
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5. Statistical analysis

Continuous variables were presented as the median and
range, and categorical variables as the number and percentage.
Statistical comparisons were performed with the chi-square test
or the Fisher exact test for categorical variables and the Wilcox-
on rank-sum test for continuous variables. Logistic regression
models were used to evaluate prognostic factors of first-pass tis-
sue acquisition and histological sensitivity. Potential prognostic
factors of first-pass tissue acquisition were age, sex, tumor size,
tumor location, puncture route, needle type, and final diagnosis
of pancreatic cancer. A p-value of <0.05 in a two-tailed test was
considered as a statistically significant difference. All statistical
analyses were performed with EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan).”*

Table 1. Patient Characteristics and EUS-Guided Tissue Acquisition

RESULTS
1. Patient characteristics and EUS procedures

A total of 663 passes (300 by the FNB needle and 363 by the
FNA needle) were performed in 154 patients (71 FNB and 83
FNA) with pancreatic solid lesions during the study period. Pa-
tient characteristics and final diagnoses are shown in Table 1. In
both groups, the final diagnosis was pancreatic cancer in 72%.
The median tumor size was 25 mm in the FNB group and 24
mm in the FNA group. The median number of passes was four
in both groups.

In the FNA group, there was one technical failure case in
which macroscopic visible specimen could not be obtained be-
fore needle exchange to a 25-gauge FNA needle. In additional
14 cases (four EUS-FNB and 10 EUS-FNA), though EUS-FNB or
EUS-FNA was technically successful, the needle was exchanged
to a 25-gague FNA needle at the discretion of endoscopists. The

Characteristics FNB (n=71) FNA (n=83) p-value
Age, yr 68 (26-85) 70 (32-93) 0.65
Male sex 46 (65) 49 (59) 0.51
Final diagnosis
Malignant 57 (80) 72 (87)
Pancreatic cancer 51(72) 60 (72)
Neuroendocrine tumor 3(4) 8 (10)
Metastatic pancreatic tumor 3(4) 4 (5)
Benign 14 (20) 11 (13)
Autoimmune pancreatitis 5(7) 5 (6)
Chronic pancreatitis 3(4) 2(2)
Nonspecific inflammation 3(4) 2(2)
Serous cyst neoplasm 1(1) 1(1)
Pancreatic abscess 1(1) 1(1)
Schwannoma 1(1) 0
Tumor size, mm 25 (5-66) 24 (7-67) 0.65
Tumor location 0.90
Head 29 (41) 36 (43)
Body 31 (44) 36 (43)
Tail 11 (15) 11 (13)
Puncture site 0.50
Stomach 39 (55) 51 (61)
Bulb 25 (35) 22 (27)
D2 7 (10) 10 (12)
No. of passes 4 (2-8) 4 (1-8) 0.29
Procedures 0.01
Experts 32 (45) 56 (67)
Trainee 39 (55) 27 (33)

Data are presented as median (range) or number (%).

EUS, endoscopic ultrasound; FNB, fine needle biopsy; FNA, fine needle aspiration; D2, the second portion of the duodenum.
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reasons for needle exchange were difficult angle for puncture in
10 (three EUS-FNB and seven EUS-FNA) and needle malfunc-
tion in four (one EUS-FNB and three EUS-FNA).

As procedure-related adverse events, two cases (4%) in the
FNB group developed mild pancreatitis. Doppler signal along
the needle tract was observed in some cases after EUS-FNB (Fig.
2) but clinically overt bleeding was not observed. Doppler signal
along the needle tract was rarely observed in the FNA group.
There were no adverse events in the FNA group.

2. Histological tissue acquisition in the FNB and FNA
groups

The histological tissue acquisition rate in the first pass was
significantly higher in the FNB group: 87% and 69% in the FNB
and FNA groups (p=0.007), respectively. After a median of four
passes in both groups, the histological tissue acquisition rate
was 100% and 95% in the FNB and FNA groups (p=0.13), re-
spectively. While tissue acquisition rate reached a plateau after
4th pass with ENA, it reached a plateau after 2nd pass with FNB
(Fig. 3). The histological tissue acquisition was confirmed after
the procedure, so the median number of passes was same in
both groups.

Prognostic factor analyses of first-pass tissue acquisition are
shown in Table 2. In the multivariate analysis, EUS-FNB (odds
ratio [OR], 3.07; 95% confidence interval, 1.31 to 7.17; p=0.01)
and puncture from the stomach (OR, 0.42; 95% confidence in-
terval, 0.18 to 0.98, p=0.04) were the significant factors associ-
ated with a higher tissue acquisition rate.

3. Cytological evaluation in the FNB and FNA groups

Results of cytological evaluation are shown in Table 3. The
accuracy, sensitivity, specificity, positive and negative predictive

Fig. 2. (A) The EUS image of EUS-
FNB puncture. (B) After removal of
the FNB needle, a Doppler signal
was temporarily observed along the
needle tract.

EUS, endoscopic ultrasound; FNB,
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Fig. 3. Tissue acquisition rates of EUS-FNB and EUS-ENA. The tissue

acquisition rate reached a plateau after the 4th pass with EUS-ENA,

whereas it reached a plateau after the 2nd pass with EUS-FNB.

EUS-FNB, endoscopic ultrasound-guided fine needle biopsy; EUS-
FNA, endoscopic ultrasound-guided fine needle aspiration.

value of cytology alone per session (n=154) were 76%, 71%,
100%, 100% and 40%, respectively, while those of cytology
alone per pass (n=663) were 60%, 52%, 100%, 100% and 29%.
When the FNB and FNA groups were compared, accuracy per
pass tended to be high in the FNB group: 64% in the FNB group
and 56% in the FNA group (p=0.06).

Blood contamination was more prominent in cytological
specimen of the FNB group: blood contamination scores >2 in
73% and 55% of the FNB and FNA groups, respectively (p<0.01).
However, the cellularity score did not increase in the FNB group.
The cellularity scores of >2 were 59% and 52% in the FNB and
FNA groups (p=0.07).
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Table 2. Prognostic Factors of First-Pass Tissue Acquisition

Univariate Multivariate
Factor
OR (95% CI) p-value OR (95% CI) p-value
Age >70 yr 1.09 (0.51-2.33) 0.82 - -
Male sex 0.97 (0.45-2.12) 0.94 - -
Pancreatic cancer 1.75 (0.79-3.90) 0.17 - -
Tumor size >20 mm 1.81 (0.82-3.99) 0.14 - -
Puncture site, stomach 0.40 (0.17-0.93) 0.03 0.42 (0.18-0.98) 0.04
Needle type, FNB needle 3.14 (1.36-7.27) 0.01 3.07 (1.31-7.17) 0.01
Endoscopist, expert 1.16 (0.54-2.48) 0.70 - -
OR, odds ratio; Cl, confidence interval; FNB, fine needle biopsy.
Table 3. The Diagnostic Performance of the Cytological Specimens
Per session Per pass
Diagnostic performance ENB ENA ENB ENA
(n=71) (n=83) p-value (n=300) (n=363) p-value
Accuracy 79 74 0.46 64 56 0.06
Sensitivity 74 69 0.70 55 49 0.20
Specificity 100 100 1.00 100 100 1.00
PPV 100 100 1.00 100 100 1.00
NPV 48 33 0.30 35 24 0.02
Data are presented as percentage.
FNB, fine needle biopsy; FNA, fine needle aspiration; PPV, positive predictive value; NPV, negative predictive value.
Table 4. The Diagnostic Performance of EUS-FNB and EUS-FNA per Session, per Pass and at First Pass
Per session Per pass First pass
Diagnostic performance ENB ENA ENB ENA ENB ENA
(=57) (=72) PV (ooan) m=3iy) PV (nosy)  (ue7y PVANC
Histological tissue acquisition 100 94 0.13 89 73 <0.01 88 69 0.02
Histology positive for malignancy 93 73 <0.01 70 46 <0.01 63 43 0.03
Cytology positive for malignancy 74 69 0.70 55 49 0.20 47 46 1.00
Histology or cytology positive for malignancy 97 85 0.04 79 64 <0.01 72 58 0.14

Data are presented as percentage.

EUS, endoscopic ultrasound; FNB, fine needle biopsy; FNA, fine needle aspiration.

4. The diagnostic performance of EUS-FNB and EUS-FNA in
malignancy

A total of 553 passes were performed in 129 malignant cases
and the diagnostic performance is shown in Table 4. Histologi-
cal tissue acquisition rate per session was not significantly
different: 100% and 949% in the FNB and FNA group (p=0.13),
respectively. However, sensitivity of histology alone per session
was higher in the FNB group: 93% and 73% in the FNB and
FNA group (p<0.01), respectively.

In the per pass analysis, EUS-FNB demonstrated a higher his-
tological specimen acquisition rate (89% and 73%, p<0.01) and
higher sensitivity in histology (70% vs 46%, p<0.01) per pass.

The sensitivity of cytology per pass was similar (55% and 49%
in the FNB and FNA groups, p=0.20) and the combined his-
tological and cytological sensitivity per pass was significantly
higher (79% and 64% in the FNB and FNA groups, respectively,
p<0.01). The incremental increase of the diagnostic performance
by adding cytology was 4% and 14% in the FNB and FNA
groups (p=0.07).

In the first-pass analysis, both the histological tissue acquisi-
tion rate (88% vs 69%, p=0.02) and the histological sensitivity
(63% vs 43%, p=0.03) were significantly higher in the EUS-FNB
group, too. Prognostic factor analyses for histological sensitivity
in a first pass are shown in Table 5. In the multivariate analysis,
there were no statistically significant prognostic factors of first-
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Table 5. Prognostic Factors of First-Pass Histological Sensitivity

Univariate Multivariate
Factor
OR (95% CI) p-value OR (95% CI) p-value
Age >70 yr 0.90 (0.44-1.84) 0.76 - -
Male sex 1.01 (0.49-2.11) 0.97 - -
Tumor size >20 mm 2.23 (0.99-5.05) 0.05 2.15 (0.95-4.91) 0.07
Puncture site, stomach 0.77 (0.37-1.60) 0.48 - -
Needle type, FNB needle 1.83 (0.87-3.85) 0.11 1.76 (0.83-3.74) 0.14
Endoscopist, expert 0.86 (0.43-1.72) 0.67 - -

OR, odds ratio; Cl, confidence interval; FNB, fine needle biopsy.

pass histological diagnostic sensitivity. However, EUS-FNB (OR,
1.76; p=0.14) and the tumor size of >20 mm (OR, 2.15; p=0.07)
had a tendency toward positive malignancy in a first pass,
though not statistically significant.

In the first-pass analysis of 111 pancreatic cancer cases (51
EUS-ENB and 60 EUS-FNA), the histological tissue acquisition
rate was 96% and 90% (p=0.28) and the diagnosis of definitive
cancer was obtained in 84% and 63% by EUS-FNB and by EUS-
FNA (p=0.02).

DISCUSSION

In our retrospective comparative analysis, EUS-FNB using a
22-gauge Franseen needle was associated with a higher tissue
acquisition rate in the first pass compared with EUS-FNA using
a 22-gauge standard needle in EUS-guided tissue acquisition of
pancreatic solid lesions. While tissue acquisition rate reached a
plateau after four passes of FNA, it reached a plateau after two
passes of FNB, suggesting that this FNB needle would provide
a higher acquisition rate of core tissue with fewer passes even
without ROSE. The diagnostic performance of malignancy was
also higher in the EUS-FNB group in per pass and per session
analyses. The Franseen needle has three cutting edges to facili-
tate greater tissue acquisition and improve diagnostic ability."”
In our study, transgastric approach was associated with lower
tissue acquisition rate in the first pass. In general, transduodenal
puncture is technically difficult, especially when a 19-gauge or
FNB needle is used. In a comparative study of 19- and 22-gauge
FNA needles,” while 22-gauge FNA needle demonstrated simi-
lar diagnostic accuracy throughout the pancreas, 19-gauge
FNA needle was superior to 22-gauge FNA needle in the body
and tail of pancreas, but not in the head of pancreas. In an-
other study comparing 19-gauge FNA and reversed bevel FNB
needles,” FNB needle showed better diagnostic accuracy only by
transgastric puncture. Given the better diagnostic performance
in transduodenal puncture using this 22-Franseen needle, it is
suggested that this needle has good technical feasibility even in
the duodenum. In addition, the stroke technique might affect the
study outcomes. In a comparative study of the stroke methods

using 22-gauge FNA needle,” the major study outcome is that
the door-knocking method showed better diagnostic accuracy in
the stomach. However, when the conventional stroke technique
is used, the tissue acquisition rate was 100% in the duodenum
and 85.7% in the stomach. In our study cohort, the convention-
al stroke was used in most cases, rather than the door-knocking
method, which might lead to the better tissue acquisition rate in
the duodenum using the 22-gauge Franseen needle.

Although EUS-guided tissue acquisition has been established
as a method for the pathological diagnosis of pancreatic lesions,
there is some controversy on its techniques such as the needle
size, the application of suction or a stylet, the number of passes
and so on. EUS-FNB is a recent issue of debate in this field since

a few types of FNB needles are now commercially available:

11-14 15-20

Procore,*” fork-tip,"'"* and Franseen'*” needles. There are com-
parative studies between FNB and FNA needles or between FNB
needles with conflicting data but a recent meta-analysis of 11
randomized controlled trials demonstrated superiority of EUS-
FNB to EUS-FNA in terms of specimen adequacy, sensitivity
and the number of passes. After the promising initial results of
EUS-FNB using the Franseen needle,”” Bang et al.'® conducted
a small randomized controlled trial comparing the Franseen
needle and the conventional FNA needle, showing a larger
total tissue, tumor and desmoplastic fibrosis were obtained by
two dedicated passes for histological analysis by cell block. In
another retrospective comparative study, the Franseen needle
provided better tissue acquisition rate with a mean of 2.1 passes
compared to 3.2 passes by the conventional FNA needle.”” Our
study also confirmed similar findings with a larger cohort; his-
tology acquisition rate of EUS-FNB reached a plateau after two
passes with better sensitivity compared to EUS-FNA in per pass
analysis.

While ROSE reportedly reduces the number of passes in
EUS-FNA,” it is not globally available in clinical practice. The
optimal number of passes in EUS-FNA without ROSE is still
unclear.”®”® While seven passes were required to obtain a sen-
sitivity of 83.3% with a single pass sensitivity as low as 16.7%
in a prospective study published in 2001, a recent prospective
study demonstrated that sensitivity of 93% was reached within
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four passes if the pancreatic tumor was >2 cm.” In our analy-
sis, the number of passes necessary to reach a plateau of tissue
acquisition was four in EUS-FNA and two in EUS-FNB without
ROSE. A recent meta-analysis™ also showed that EUS-FNA and
EUS-FNB were comparable in the presence of ROSE but that
EUS-FNB was associated with a better diagnostic adequacy
within fewer passes in pancreatic lesions. Macroscopic on-site
quality evaluation® was reportedly useful in EUS-FNA using a
19-gauge standard needle in the absence of ROSE but conflict-
ing data were reported in EUS-FNA using a 22-gauge needle.”””
Macroscopic on-site quality evaluation using 22-gauge Fran-
seen needle showed promising results, with >900% sensitivity.
Given the relatively large histological core tissue obtained by
the Franseen needle, specimen adequacy can be speculated by
macroscopic observation.

There are some concerns on adverse events in EUS-FNB using
the Franseen needle. While this Franseen needle can procure the
tissue in the pancreatic lesion, three cutting edges can potential-
ly injure the vessels in the gastrointestinal wall or the pancreas.
In the initial report,”” one arterial bleeding (3%), which required
endoscopic hemostasis, was reported. In another study,”* two
hematoma (4%) and two post-procedure pain (4%) were re-
ported. In our study, there were no bleeding but two cases of
pancreatitis (4%) developed after EUS-FNB. We also noticed
that temporary subclinical bleeding along the needle tract was
prominent after EUS-FNB compared to EUS-FNA, similar to a
previous report.”” These findings did not correlate with signifi-
cant differences in the rate and severity of adverse events in
our study but the adverse event rate appeared relatively high.
Finally, it is important to clarify whether this bleeding may lead
to the increase in tumor seeding or not in the long-term follow-
up of a large study population.

Our study has some limitations. First, this was a single center,
retrospective study with a relatively small study population.
However, consecutive patients were included in the analysis
and the needle selection was solely based on the chronologi-
cal order, which we believe reduces the risk of selection bias. In
addition, the availability of per pass analysis was the strength
of our study. Second, our study design of historical cohorts can
potentially lead to some bias. The results of EUS-guided tissue
acquisition could be affected by the experiences of endoscopists
and cytopathologists. In our study, EUS-FNB was more often
performed by trainees and there were no significant differences
in outcomes between experts and trainees. Therefore, we believe
learning curve effects did not exist in our study. In addition, we
have performed EUS-guided tissue acquisition for 20 years and
the processing of procedure is standardized and it is unlikely
that the cohort effect existed in the evaluation by cytopatholo-
gists in this study period. Third, the uniform criteria for quality
and quantity in the histological specimen obtained by EUS-FNB
were lacking. Fourth, we only included pancreatic solid lesions
in our study. Although pancreatic solid lesions are the major

target of EUS-guided tissue acquisition, the performance of the
Franseen needle in evaluating lesions other than pancreatic
masses should be further evaluated.

In conclusion, 22-gauge Franseen FNB needle was associated
with a higher tissue acquisition rate in the first pass compared
with 22-gauge standard FNA needle in EUS-guided tissue ac-
quisition of pancreatic solid lesions.
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