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INTRODUCTION

Pancreatic malignancy portends poor prognosis with a dis-
mal 5-year survival of 8%.1 Moreover, the disease burden of 
pancreatic cancer continues to rise, having the second highest 

incidence among gastrointestinal tumors in the U.S.2 Prompt 
tissue diagnosis allows for early targeted treatment, potentially 
improving progression-free survival.3 The advent of endo-
scopic ultrasound-guided fine needle aspiration (EUS-FNA) 
and endoscopic ultrasound-guided fine needle biopsy (EUS-
FNB) has permitted minimally invasive tissue acquisition for 
tissue diagnosis. Unlike FNA needles, the reverse or opposing 
cutting bevel design of the FNB needle allows for the biopsy of 
core histopathologic tissue.4

EUS-FNA and EUS-FNB provide accurate diagnoses of 
solid pancreatic lesions with a reported sensitivity of 85% 
and 87%, respectively.5,6 Previous studies comparing the two 
needles have yielded conflicting results with no clear superi-
ority.7-10 There has been a recent increase in randomized con-
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trolled trials (RCTs) comparing the two techniques; however, 
there is a relative lack of updated meta-analyses examining 
clinical outcomes. This study aims to compare the clinical and 
technical outcomes between EUS-FNA and EUS-FNB when 
investigating solid pancreatic lesions.

MATERIALS AND METHODS

Search strategy and eligibility criteria
Two authors (BDR and DSJ) conducted an independent 

systematic electronic search of PubMed/Medline, Scopus, 
and Google Scholar databases for published articles com-
paring EUS-FNA and EUS-FNB between 01/01/2012 and 
01/01/2019. The search strategy was in accordance with the 
Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidance using a predefined protocol.11 
With the assistance of an experienced health science librarian, 
the search terms used were EUS-FNA versus EUS-FNB AND 
pancreas OR pancreatic lesion. The aforementioned authors 
reviewed the study title and abstract for eligibility in the study. 
Disagreements were brought to the senior author (JMP) for 
final decision.

Studies were considered eligible if they met the following 
criteria: (1) RCT involving more than 30 live human partici-
pants; (2) published in the English language; and (3) provided 
data on the primary outcome, diagnostic accuracy. Studies 
were excluded if they were of a non-randomized design, in-
volved animal or ex vivo studies, contained less than 30 partic-
ipants, or lacked the outcome of interest. 

Data extraction and quality assessment
Data abstraction was uniform for all studies and involved 

baseline characteristics and the outcomes of interests. To as-
sess for clinical outcomes, records were collected of diagnostic 
accuracy and adverse event rate (AE). Technical success, 
histopathologic and cytopathologic accuracy, along with the 
number of passes required to obtain a diagnosis were obtained 
for technical outcomes. Study demographics and outcomes 
data can be viewed in Table 1. The Cochrane Collaboration’s 
tool was used to assess the quality and risk of bias of selected 
studies.12 A Funnel plot was used to depict publication bias 
and Eggers regression test was used to quantitatively evaluate 
publication bias.13

Outcomes analyzed
Our primary outcome was diagnostic accuracy, defined 

as a proportion of overall accurate cytopathologic and histo-
pathologic tissue diagnoses established within the attempted 
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number of passes. The secondary outcomes included AE; 
cytopathologic accuracy, defined as greater than 50% of target 
cells present; histopathologic accuracy, defined as presence of 
histopathologic architecture and tissue core; the mean number 
of needle passes to achieve adequate tissue diagnosis; and tech-
nical success, defined as the ability to obtain a tissue sample.

Statistical analysis
Forest plots containing fixed and random effect models were 

generated for each outcome of interest. The Mantel-Haenszel 
method was used to compare proportions between device out-
comes, with p-value <0.05 chosen for the level of significance. 
For the calculation of pooled overall means of numerical 
values from individual studies, we used the inverse variance 
method. We also computed the differences in pooled means 
between outcomes of interest and assessed the p-values of this 
difference. Heterogeneity between studies was tested using the 
I2 statistics of Higgins.14 An I2 >50% with a p-value <0.05 was 
considered statistically significant and prompted interpreta-
tion from the random effect model. We used the meta package 
version 4.9-1 for R, and version 3.5.2 for all analyses (R Foun-

dation for Statistical Computing, Vienna, Austria). This study 
received approval from the institutional review board (IRB no. 
618834-21). We received no funding for this study.

RESULTS

Studies included
We initially identified 257 records after duplicates were 

removed with our search strategy. After screening titles and 
abstracts, 236 articles were subsequently excluded. Six studies 
were also removed due to their retrospective or observational 
design, and 3 lacked the outcome of interest. One study was 
excluded due to the lack of a full manuscript. In total, 11 stud-
ies involving 1,365 patients were included for analysis (Fig. 
1).7,10,15-23 

The van Riet et al.15 used a novel 20 G FNB needle while the 
Kamata et al.17 used a 25 G core needle. The remaining studies 
used either 22 G FNB needles alone or multiple FNB needle 
sizes. Both the Kamata et al. and van Riet et al. used 25 G FNA 
needles, with the remaining studies using 22 G FNA or mul-

Fig. 1.  Study selection flow diagram.
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tiple needle sizes.15,17 A total of 714 patients underwent FNA 
and 706 underwent FNB pancreatic tissue sampling. 

Primary and secondary endpoints
The mean diagnostic accuracy for FNA and FNB was 81% 

and 87%, respectively (pooled relative risk [RR], 0.94; 95% 
confidence interval [CI], 0.90–0.98; p =0.005) (Fig. 2). The 
mean cytopathologic accuracy for FNA and FNB was 82% 
and 89%, respectively (pooled RR, 0.93; 95% CI, 0.87–1.00; 

p=0.04) (Fig. 3). There was a numerical increase in the mean 
histopathologic accuracy of FNB compared to FNA but this 
finding did not reach significance (81% and 74%, respectively, 
pooled RR, 0.90; 95% CI, 0.75–1.08; p =0.39) (Fig. 4). The 
mean technical success for FNA and FNB was 99% for both 
techniques (Fig. 5). FNB required almost one fewer needle 
passes to obtain adequate tissue compared to FNA (1.6 and 
2.3, respectively, mean difference, 0.71; 95% CI, 0.38–1.04; 
p<0.0001) (Fig. 6).

Fig. 2.  Diagnostic accuracy. CI, confidence interval; FNA, fine needle aspiration; FNB, fine needle biopsy; RR, relative risk.

Study n
FNA
total n

FNB
total Risk ratio RR 95% CI

Weight
(fixed)

Weight
(random)

van Riet et al. (2019)15 123 158 134 154 0.89 0.81‒0.99 21.7% 12.5%
Cheng et al. (2018)10 107 126 110 123 0.95 0.86‒1.04 17.8% 13.7%
Tian et al. (2018)16 16 18 15 18 1.07 0.82‒1.39 2.4% 2.8%
Noh et al. (2018)7 28 30 28 30 1.00 0.87‒1.14 4.5% 8.6%
Kamata et al. (2016)17 82 108 84 106 0.96 0.83‒1.11 13.5% 7.8%
Aadam et al. (2016)18 29 37 33 36 0.86 0.70‒1.04 5.3% 4.7%
Alatawi et al. (2015)19 42 50 45 50 0.93 0.80‒1.09 7.2% 7.1%
Vanbiervliet et al. (2014)20 38 41 35 39 1.03 0.90‒1.18 5.7% 8.4%
Lee et al. (2014)21 55 58 57 58 0.96 0.90‒1.03 9.1% 19.2%
Hucl et al. (2013)22 45 60 56 64 0.86 0.72‒1.02 8.7% 5.8%
Bang et al. (2012)23 28 28 25 28 1.12 0.99‒1.27 4.1% 9.5%

Fixed effect model 714 706 0.94 0.90‒0.98 100.0% -
Random effects model 0.96 0.92‒1.01 - 100.0%
Heterogeneity: /2 = 28%, τ2 = 0.0016, p = 0.18

Favors FNB
0.8 1 1.25

Fig. 3.  Cytopathologic accuracy. CI, confidence interval; FNA, fine needle aspiration; FNB, fine needle biopsy; RR, relative risk.

Study n
FNA
total n

FNB
total Risk ratio RR 95% CI

Weight
(fixed)

Weight
(random)

Cheng et al. (2018)10 100 126 109 123 0.90 0.80‒1.00 49.0% 36.9%
Noh et al. (2018)7 27 30 28 30 0.96 0.83‒1.12 12.4% 18.8%
Vanbiervliet et al. (2014)20 32 41 32 39 0.95 0.76‒1.18 14.6% 9.2%
Lee et al. (2014)21 52 58 54 58 0.96 0.86‒1.08 24.0% 35.1%

Fixed effect model 255 250 0.93 0.87‒1.00 100.0% -
Random effects model 0.94 0.88‒1.00 - 100.0%
Heterogeneity: /2 = 0%, τ2 = 0, p = 0.77

Favors FNB
0.8 1 1.25
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Fig. 5.  Technical success. CI, confidence interval; FNA, fine needle aspiration; FNB, fine needle biopsy; RR, relative risk.

Study n
FNA
total n

FNB
total Risk ratio RR 95% CI

Weight
(fixed)

Weight
(random)

van Riet et al. (2019)15 158 158 152 154 1.01 0.99‒1.03 29.0% 26.2%
Cheng et al. (2018)10 126 126 123 123 1.00 0.98‒1.02 23.5% 34.6%
Tian et al. (2018)16 18 18 18 18 1.00 0.90‒1.11 3.5% 0.7%
Kamata et al. (2016)17 108 108 106 106 1.00 0.98‒1.02 20.2% 25.6%
Vanbiervliet et al. (2014)20 41 41 39 39 1.00 0.95‒1.05 7.6% 3.6%
Lee et al. (2014)21 58 58 58 58 1.00 0.97‒1.03 11.0% 7.5%
Bang et al. (2012)23 28 28 27 28 1.04 0.97‒1.11 5.2% 1.7%

Fixed effect model 537 526 1.01 0.99‒1.02 100.0% -
Random effects model 1.00 0.99‒1.01 - 100.0%
Heterogeneity: /2 = 0%, τ2 = 0, p = 0.88

0.9 1 1.1

Fig. 4.  Histopathologic accuracy. CI, confidence interval; FNA, fine needle aspiration; FNB, fine needle biopsy; RR, relative risk.

Study n
FNA
total n

FNB
total Risk ratio RR 95% CI

Weight
(fixed)

Weight
(random)

van Riet et al. (2019)15 70 158 119 154 0.57 0.47‒0.70 28.7% 16.6%
Cheng et al. (2018)10 103 126 114 123 0.88 0.80‒0.97 27.4% 19.4%
Noh et al. (2018)7 24 30 22 30 1.09 0.82‒1.44 5.2% 13.8%
Kamata et al. (2016)17 75 108 86 106 0.86 0.73‒1.00 20.6% 17.9%
Vanbiervliet et al. (2014)20 36 41 27 39 1.27 1.00‒1.61 6.6% 15.2%
Lee et al. (2014)21 45 58 48 58 0.94 0.78‒1.12 11.4% 17.1%

Fixed effect model 521 510 0.83 0.77‒0.89 100.0% -
Random effects model 0.90 0.75‒1.08 - 100.0%
Heterogeneity: /2 = 85%, τ2 = 0.0426, p < 0.01

Favors FNB
0.5 1 2

Fig. 6.  Mean number of passes. CI, confidence interval; FNA, fine needle aspiration; FNB, fine needle biopsy; RR, relative risk; SD, standard deviation.

Study Total Mean
FNA
SD Total Mean

FNB
SD Mean difference RR 95% CI

Weight
(fixed)

Weight
(random)

Tian et al. (2018)16 18 1.83 1.2500 18 1.11 0.8300 0.72 0.03‒1.41 6.4% 14.2%
Alatawi et al. (2015)19 50 3.28 1.0000 50 2.59 0.4900 0.69 0.38‒1.00 32.2% 29.2%
Hucl et al. (2013)22 60 2.36 0.9500 64 1.32 0.5500 1.04 0.76‒1.32 40.4% 30.9%
Bang et al. (2012)23 28 1.61 0.8800 28 1.28 0.5400 0.33 -0.05‒0.71 21.0% 25.7%

Fixed effect model 156 160 0.76 0.58‒0.93 100.0% -
Random effects model 0.71 0.38‒1.04 - 100.0%
Heterogeneity: /2 = 67%, τ2 = 0.0704, p = 0.03

Favors FNB
-1 -0.5 1 10.5
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Fig. 7.  Adverse event rate. CI, confidence interval; FNA, fine needle aspiration; FNB, fine needle biopsy; RR, relative risk.

Study n
FNA
total n

FNB
total Risk ratio RR 95% CI

Weight
(fixed)

Weight
(random)

van Riet et al. (2019)15 2 158 1 154 1.95 0.18‒21.28 15.5% 22.3%
Cheng et al. (2018)10 2 126 1 123 1.95 0.18‒21.26 15.5% 22.3%
Tian et al. (2018)16 0 18 0 18 0.0% 0.0%
Noh et al. (2018)7 0 30 0 30 0.0% 0.0%
Aadam et al. (2016)18 0 37 0 36 0.0% 0.0%
Vanbiervliet et al. (2014)20 1 41 0 39 2.86 0.12‒68.04 7.8% 12.7%
Lee et al. (2014)21 1 58 3 58 0.33 0.04‒3.11 45.9% 25.5%
Bang et al. (2012)23 1 28 1 28 1.00 0.07‒15.21 15.3% 17.2%

Fixed effect model 496 486 1.13 0.40‒3.22 100.0% -
Random effects model 1.16 0.38‒3.59 - 100.0%
Heterogeneity: /2 = 0%, τ2 = 0, p = 0.76

0.1 0.5 21 10

Fig. 8.  Cochrane risk of bias.

Unique ID 
van Riet et al. (2019)15

Cheng et al. (2018)10

Noh et al. (2018)7

Noh et al. (2018)7

Kamata et al. (2016)17

Aadam et al. (2016)18

Alatawi et al. (2015)19

Vanbiervliet et al. (2014)20

Lee et al. (2014)21

Hucl et al. (2013)22

Bang et al. (2012)23
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Adverse events and quality assessment
There was no difference in the mean incident adverse events 

between FNB and FNA (2.3% and 1.8%, respectively, pooled 

RR, 1.13; 95% CI, 0.40–3.22; p=0.64) (Fig. 7). The Cochrane 
model showed a high-risk potential for bias in two studies, 
Aadam et al. in 2016 and Alatawi et al. in 2015 (Fig. 8).18,19



267

Renelus BD et al. Fine Needle Biopsy Provides Higher Diagnostic Accuracy

DISCUSSION

FNB provides superior diagnostic accuracy without com-
promising safety when compared to FNA. To our knowledge, 
this is the most robust meta-analysis on this topic, limited to 
RCT. Our findings are similar to those of Li et al.24 who also 
found that FNB provided superior diagnostic accuracy, spec-
imen adequacy, and a reduced number of passes. However, 
cytopathologic differences were not reported in that study, 
although specimen adequacy was not defined and may be a 
surrogate for cytology. Furthermore, the authors included a 
prospective cohort study while we limited our data to RCTs. 
In their meta-analysis involving 8 RCT studies, Wang et al.25 
found a reduced number of passes required to obtain tissue 
using FNB needles. The authors, however, did not find any 
difference in diagnostic accuracy.

FNB needles have been designed to obtain core tissue per-
mitting preserved histological characteristics. Core tissue sam-
pling enables the ability to diagnose pancreatic adenocarcino-
ma much like FNA, but also provides the ability to differentiate 
among other solid pancreatic lesions.26 Core tissue sampling 
can dramatically impact treatment by enabling molecular 
profiling which may be used for personalized medicine. In-
deed, histopathologic specimens obtained from FNB yield an 
accurate pancreatic cancer diagnosis in over 90% of cases.5 
Although we found that FNB provided greater cytopathologic 
accuracy when compared to FNA, there was only an insig-
nificant increase in histopathologic accuracy with core/FNB 
needles. We acknowledge that in clinical practice tissue biopsy 
can be obtained with EUS-FNA and both cytology and histol-
ogy are utilized to improve diagnostic accuracy. Furthermore, 
there are reports of suboptimal diagnostic yield with FNB 
in extra-pancreatic organs. Mohan et al. cite increased liver 
tissue specimens with FNA needles when compared to FNB 
needles in their RCT.27 The authors also found no difference in 
diagnostic accuracy, technical success, or the number of passes 
required to obtain adequate diagnostic tissue. Never-the-less, 
the majority of publications comparing the two devices either 
show improvement in tissue acquisition with FNB or no dif-
ference between the two needles.

EUS-FNA has long been shown to provide accurate yet 
safer diagnostic capabilities when investigating pancreatic pa-
thology compared to computed tomography guided biopsy.28 
A concerns when using FNB is the potential increased risk of 
bleeding, as well as other complications. One way to address 
this concern is to provide fewer number of passes to obtain 
adequate tissue diagnosis. Our findings reveal a significant 
increase in the number of passes required to achieve adequate 
sampling with FNA compared to FNB. Increasing number of 
passes beyond 4 has not been shown to improve diagnostic 

yield in pancreatic cancer29 and may increase the risk of com-
plications.30 Our findings showed a rare occurrence of AE, 
with no difference between FNA and FNB. Given the infre-
quence of AE and variations in reporting, we were unable to 
provide meaningful analysis regarding specific complications. 
Nevertheless, this study builds upon the safety of EUS-guided 
pancreatic tissue sampling irrespective of needle type.

There are currently three commercially available FNB nee-
dles.31 Facciorusso et al. group found that newer FNB needles, 
which have three symmetric cutting edges along the tip of the 
needle, were favorable compared to other FNB needles.32 Giv-
en the novelty, cost, and reliance upon operator experience, 
flexible FNB needles are often limited to robust referral cen-
ters.

There are notable limitations to our study. Firstly, we did not 
compare the various FNB needles due to the limited variations 
in comparative needle sizes in the studies analyzed. This is 
a growing area of interest as FNB needles are being utilized 
increasingly across medical centers. In addition, we were un-
able to analyze outcomes based upon the size and location of 
tumors due to inconsistent reporting. Moreover, potential bias 
was identified in our Cochrane model. Given this potential 
for confirmation bias, there is some concern that the results 
presented may be “too certain”. This certainty cannot however 
be quantified numerically and must be acknowledged when 
interpreting our results.

Shortcomings notwithstanding, conducting a meta-analysis 
on high-quality studies with limited heterogeneity is one of 
the strengths of our study. To the best of our knowledge, this 
is the most comprehensive meta-analysis restricted to RCT 
broaching this topic. The findings of this study shed light on 
the strengths of FNB needle. EUS-FNB provides a significant-
ly higher diagnostic yield with no difference in AE and thus, 
should be readily considered by endosonographers. As this 
area of gastroenterology continues to progress, further inves-
tigation is required to understand the meaningful differences 
between core needle biopsies.
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