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ABSTRACT

Background The diagnostic yield of endoscopic ultra-

sound (EUS) guided fine-needle aspiration (FNA) is variable,

and partly dependent upon rapid onsite evaluation (ROSE)

by a cytopathologist. Second generation fine-needle biopsy

(FNB) needles are being increasingly used to obtain core

histological tissue samples.

Aims Studies comparing the diagnostic yield of EUS guided

FNA versus FNB have reached conflicting conclusions. We

therefore conducted a systematic review and meta-analysis

to compare the diagnostic yield of FNA with FNB, and speci-

fically evaluating the diagnostic value of ROSE while com-

paring the two types of needles.

Methods We searched several databases from inception to

10 April 2016 to identify studies comparing diagnostic yield

of second generation FNB needles with standard FNA nee-

dles. Risk ratios (RR) were calculated for categorical out-

comes of interest (diagnostic adequacy, diagnostic accura-

cy, and optimal quality histological cores obtained). Stand-

ard mean difference (SMD) was calculated for continuous

variables (number of passes required for diagnosis). These

were pooled using random effects model of meta-analysis

to account for heterogeneity. Meta-regression was con-

ducted to evaluate the effect of ROSE on various outcomes

of interest.

Results Fifteen studies with a total of 1024 patients were

included in the analysis. We found no significant difference

in diagnostic adequacy [RR 0.98 (0.91, 1.06), (I2 = 51%)]. Al-

though not statistically significant (P=0.06), by meta-re-

gression, in the absence of ROSE, FNB showed a relatively

better diagnostic adequacy. For solid pancreatic lesions

only, there was no difference in diagnostic adequacy [RR

0.96 (0.86, 1.09), (I2 = 66%)]. By meta-regression, in the ab-

sence of ROSE, FNB was associated with better diagnostic

adequacy (P=0.02). There was no difference in diagnostic

accuracy [RR 0.99 (0.95, 1.03), (I2 = 27%)] or optimal quali-

ty core histological sample procurement [RR 0.97 (0.89,

1.05), (I2 = 9.6%)]. However, FNB established diagnosis with

fewer passes [SMD 0.93 (0.45, 1.42), (I2 = 84%)]. The ab-

sence of ROSE was associated with a higher SMD, i. e.,

in the presence of an onsite pathologist, FNA required

relatively fewer passes to establish the diagnosis than in

the absence of an onsite pathologist.

Conclusions There is no significant difference in the diag-

nostic yield between FNA and FNB, when FNA is accompa-

nied by ROSE. However, in the absence of ROSE, FNB is asso-

ciated with a relatively better diagnostic adequacy in solid

pancreatic lesions. Also, FNB requires fewer passes to es-

tablish the diagnosis.
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Introduction
Endoscopic ultrasound (EUS) guided fine-needle aspiration
(EUS-FNA) is the mainstay for tissue acquisition for evaluation
of lesions adjacent to the digestive tract, including pancreas,
liver, adrenals, lymph nodes, and gastrointestinal subepithelial
tumors [1–5]. Despite its widespread adoption, the diagnostic
yield of FNA is highly variable, as is evident with solid pancreatic
neoplasms, where reported sensitivities range from 64% to 95
%, specificities range from 75% to 100%, and diagnostic accura-
cies range from 78% to 95% [6]. The reported diagnostic accu-
racy for other lesions such as mediastinal masses and gastroin-
testinal tract stromal tumors (GISTs) is even lower [7, 8]. This
variation in diagnostic utility is dependent on a number of fac-
tors, including lesion location, the availability of cytology staff
for rapid onsite evaluation (ROSE), the skill and experience of
the endosonographer, and the size and type of needle selected
for tissue acquisition. An important limitation of EUS-FNA is
that it does not provide core tissue specimens with preserved
architecture, which is required for immunohistochemical stain-
ing and histologic diagnosis of conditions such as lymphoma,
GIST, and autoimmune pancreatitis [9–11].

In an effort to overcome some of the limitations of EUS-FNA,
a dedicated EUS core biopsy needle (19G Trucut needle) was
developed over a decade ago. However, this first generation
fine-needle biopsy (FNB) device failed to show superiority over
traditional FNA [12]. Moreover, the technical failure rate was
high, especially when FNB was attempted with an angulated
scope position– such as when working in the duodenum– due
to the stiffness of the device. Consequently, more flexible sec-
ond generation core biopsy needles have been developed, and
are being increasingly used for tissue acquisition. These include
ProCore (Cook Endoscopy) needles with a reverse-bevel for tis-
sue acquisition and the recently approved fork-tip (SharkCore,
Medtronic Corp.) needles; both are available in 19, 22, and 25
gauges. Core tissue samples obtained with these newer core
biopsy needles may improve diagnostic yield, and may poten-
tially obviate the need for ROSE. Studies comparing these sec-
ond generation core biopsy needles with standard FNA needles
have reached different conclusions. Studies from the United
States have used ROSE routinely for FNA, but since ROSE is not
uniformly available in other parts of the world, most studies
conducted outside the United States have not used ROSE. We
therefore conducted a systematic review and meta-analysis
comparing the diagnostic performance of second generation
core biopsy needles with standard FNA needles, specifically
analyzing the role of ROSE in such comparisons.

Methods
This systematic review was carried out in accordance with the
guidelines of the preferred reporting items for systematic re-
views and meta-analyses (PRISMA) [13] and meta-analysis of
observational studies in epidemiology (MOOSE) [14].

Data sources and search strategy

A systematic search of the literature was conducted by an ex-
perienced medical reference librarian (R.N.) with 18 years of ex-
perience. The search strategies were developed in Ovid MED-
LINE and translated to match the subject headings and key-
words for Ovid EMBASE, Cochrane database, and Scopus from
inception through 16 June 2016. The following MeSH, Emtree,
and keyword search terms were used: “endoscopic ultrasound”,
“EUS”, “fine needle aspiration”, “fine needle biopsy”, “Pro-
Core”, “core biopsy”, “fork-tip needle”, “SharkCore”, “EUS-
FNA”, and “EUS-FNB”. The search accounted for plurals and var-
iations in spelling with the use of appropriate wildcards. Articles
were selected for full text review on the basis of their title and
abstract. A manual search was conducted through the biblio-
graphies of the retrieved publications to increase the yield of
potentially relevant articles. All results were downloaded into
EndNote 7.5 (Thompson ISI ResearchSoft, Philadelphia, Penn-
sylvania, United States), a bibliographic database manager;
any duplicate citation was identified and removed.

Inclusion and exclusion criteria

Two authors (M.K.I. and B.A.) searched for original articles using
predetermined inclusion criteria. To meet the inclusion criteria,
studies had to be randomized trials or observational studies (co-
hort or case– control design) and compared the second genera-
tion core biopsy needles (ProCore and SharkCore) with standard
FNA needles of any gauge using EUS for sampling solid lesions.
We restricted our search to studies that included patients over
the age of 18 years and included at least one of the following as
outcome measures: diagnostic adequacy, diagnostic accuracy,
optimal core histological samples, and mean number of needle
passes required to establish the diagnosis. Studies may or may
not have used ROSE. Studies were excluded if they did not di-
rectly compare second generation core biopsy needles with
standard FNA needles, included data on first generation 19G
Trucut biopsy needles, or if data were not reported as one of
the aforementioned outcomes. Studies were also excluded if
they reported experimental data on animals or if data were in-
cluded in a more recently published study in which case the
most recent study was included. Only studies published in Eng-
lish in peer reviewed journals were included in the analysis. Data
presented as abstracts were excluded, as there is a discrepancy
between full publications and published abstracts [15, 16].

Study selection and data extraction

Two reviewers (M.A.K. and M.K.I.) independently assessed the
eligibility of the identified studies, collected information to as-
sess the methodological validity of each included study, and ex-
tracted data using structured data extraction forms. Any dis-
agreement between the reviewers was to be discussed with a
third reviewer (T.H.B.), with an agreement to be reached by
consensus. Extracted data included study design, country and
year of study, patient demographics, location of lesion, pres-
ence or absence of onsite pathologist, follow-up period, diag-
nostic adequacy, diagnostic accuracy, optimal quality histologi-
cal core procurement, mean number of passes required to ob-

E364 Khan Muhammad Ali et al. A meta-analysis of… Endoscopy International Open 2017; 05: E363–E375

Review

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



tain the diagnosis, and, wherever available, procedure details
including needle gauges, application of suction and fanning
techniques.

Quality assessment of included studies

Quality assessment was done by two reviewers (M.K.I and
M.A.K.) independently using the Newcastle Ottawa Scale
(NOS) for observational studies and the Cochrane tool for as-
sessing risk of bias for randomized trials. The Newcastle Ottawa
scale measures quality in the three parameters of selection,
comparability, and exposure/outcome, and allocates a maxi-
mum of 4, 2, and 3 points, respectively. High-quality studies
are scored greater than 7 on this scale, and moderate-quality
studies, between 5 and 7. The Cochrane tool for quality assess-
ment checks for selection bias, performance bias, detection
bias, attrition bias, and reporting bias. Any discrepancy be-
tween reviewers for quality assessment was discussed with a
third reviewer (I.G.) with agreement reached by consensus.

Data synthesis and statistical analysis

We assessed the following four outcomes of interest: (1) diag-
nostic adequacy, defined as the ability to procure cytological
and/or histological samples adequate for interpretation; (2) di-
agnostic accuracy, defined as the ability to make a definitive di-
agnosis based on cytological aspirate and/or core tissue; (3) op-
timal core histological tissue, defined as samples with high cel-
lularity and quality enabling appropriate core assessment in
terms of tissue architecture; (4) number of passes required to
establish a diagnosis.

Risk ratios (RR) were calculated for categorical outcomes of
interest (diagnostic adequacy, diagnostic accuracy, and opti-
mal core histological tissue) comparing the core biopsy needles
with standard FNA needles. Standard mean differences (SMD)
were calculated for continuous variables (number of passes to
obtain diagnosis) comparing the two types of needles. Sub-
group analyses evaluating the same variables (apart from num-
ber of passes required to establish diagnosis) for pancreatic le-
sions exclusively were also conducted. These outcome variables
were pooled one at a time and a meta-analysis was performed
using either a fixed effect model or Der-Simonian and Laird ran-
dom effects model [17] depending on the presence or absence
of significant heterogeneity, respectively, and corresponding
forest plots constructed. Heterogeneity across the studies was
assessed using the Cochran Q test and I2 statistics. A P value of
< 0.1 for the Cochran Q test was defined as indicating the pres-
ence of heterogeneity. I2-values of 0–40, 30–60, 50–90, and
75–100% were reflective of low, moderate, substantial, and
considerable heterogeneity, respectively [18]. Publication bias
was assessed through funnel plots and Egger’s test for asym-
metry. Meta-regression was conducted to explore heterogene-
ity and specifically the effect of onsite pathology was evaluated
in these outcomes to explain any differences in results. When
meta-regression showed a trend or significant results, scatter-
plots were constructed to graphically present the data. All sta-
tistical analyses were conducted using Comprehensive Meta-a-
nalysis software (version 3.0; Biostat; Englewood, New Jersey,
United States).

Results
Search strategy yield, study characteristics,
and quality assessment

The search strategy identified 3067 publications, of which 481
were removed as duplicates and a further 2501 were excluded
as being ineligible based on title and abstract review. Backward
snowballing of 85 retrieved studies did not reveal any additional
study meeting our inclusion criteria. After full text review of
these 85 articles, 70 studies were removed, including studies
not having comparative data for standard FNA needles with
second generation FNB needles, review articles, and studies
not evaluating any of the four main outcome measures listed
in the inclusion criteria. Consequently, 15 studies [19–33]
with 1024 patients were included in the main analysis of which
four were randomized trials [19, 22–24] and 11 were observa-
tional studies [20, 21, 25–33]. The search strategy is summar-
ized in ▶Fig. 1. Seven studies [20, 23,25–28,33] used a cross-
over design in which both needles were used in all patients,
while eight studies [19, 21, 22, 24, 29–32] used either a stand-
ard FNA needle or a core biopsy needle in each patient. Seven
studies [19, 23–25,28–30] included pancreatic lesions exclu-
sively while one study [22] included subepithelial lesions exclu-
sively. A total of 700 solid pancreatic lesions were included in
the analysis. Rapid onsite pathology evaluation was available
in all of the eight studies [19, 21, 25, 26, 28, 31–33] conducted
in the United States, whereas it was only available in one non-U.
S. study [24]. Two studies [32, 33] used the fork-tip or Shark-

3066 records identified from database search

2585 records screened after duplicates removal

84 full-text articles from database search reviewed

84 full-text articles assessed for eligibility

15 studies with 1024 patients included in meta-analysis.
         4 randomized trials
11 observational studies

No records identified by 
backward snowballing

No records identified by 
backward snowballing

481 records removed as 
duplicates

2501 records removed 
excluded after title and 

abstract review

70 articles excluded after 
full-text review.
▪ Studies having no 
 comparative data = 23
▪ Studies having data on 
 1st generation core 
 biopsy needles = 11
▪ Animal studies = 8
▪ Review articles = 28 

▶ Fig. 1 PRISMA flow chart (study selection process).
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Core needle for FNB, while the rest of the 13 studies used the
ProCore needle. Study characteristics and patient demograph-
ics are presented in ▶Table 1 and ▶Table 2.

Quality assessment of four randomized trials [19, 22–24]
was done using the Cochrane tool for assessing risk of bias. All
of the four trials had a high risk of performance bias as none of
the endoscopists was blinded to the type of needle being used.
However, cytopathologists analyzing the samples were blinded
to the type of needle. The risks of selection bias, detection bias,
attrition bias, and reporting bias were found to be low in all of
the four trials. The Newcastle Ottawa scale was used for ap-
praising the quality of observational studies. Three studies
[20, 29, 32] satisfied the criteria of high quality studies, seven
[21, 26–28, 30, 31, 33] were of moderate quality, and one [25]
was of low quality (▶Table 2).

Meta-analyses
Diagnostic adequacy

Ten studies [19–22, 25, 27–29, 31, 32] with a total of 694 pa-
tients evaluated the diagnostic adequacy of the two types of
procurement needle. Pooled RR for diagnostic adequacy with
95% confidence interval (CI) was 0.98 (0.91, 1.06), (Cochran Q
test P=0.01, I2 = 51%; ▶Fig. 2). Sensitivity analysis was done
after removing the only low quality study [25], to obtain a
more robust estimate. The adjusted pooled RR with 95%CI was
1.00 (0.94, 1.07), (Cochran Q test P =0.14, I2 = 36%). Six studies
[19, 21, 25, 28, 31, 32] had an onsite pathologist available for
specimen analysis. We evaluated the effect of onsite pathology
by conducting a meta-regression to further explore heteroge-
neity in our estimate. Although not statistically significant, the
absence of onsite pathologist showed a trend of better diag-
nostic adequacy with FNB in comparison to FNA (Intercept
coefficient: –0.51, No onsite pathology coefficient: 1.30, P =
0.06). A scatterplot for meta-regression analyzing the effect of
onsite pathology is presented in ▶Fig. 3. This signifies that in
the absence of ROSE, FNB showed a trend of better diagnostic
adequacy. The funnel plot appeared symmetric and Egger’s test
failed to detect any publication bias (P=0.65, two tailed).

Subgroup analysis was conducted evaluating the diagnostic
adequacy in pancreatic lesions and seven studies were involved
in this analysis. Pooled RR with 95%CI for diagnostic adequacy
of pancreatic lesions was 0.96 (0.86, 1.09), (Cochran Q test P=
0.004, I2 =66%; ▶Fig. 4). Sensitivity analysis was performed
after removing the study by Strand et al. [25] as it appeared to
be an outlier in the estimate. Pooled RR was 1.00 (0.91, 1.11),
(Cochran Q test P=0.06, I2 = 50%). To further explore hetero-
geneity, onsite pathology was evaluated as a source of hetero-
geneity in meta-regression analysis. The absence of onsite pa-
thology was a significant predictor of heterogeneity and was
associated with better diagnostic adequacy of core biopsy nee-
dle in comparison to fine-needle aspiration (intercept coeffi-
cient =–0.56, No onsite pathology coefficient = 1.30, P=0.02).
A scatterplot summarizing this meta-regression is shown in

▶Fig. 5. This signifies that, in the absence of ROSE, FNB had
better diagnostic adequacy in pancreatic lesions. To summar-
ize, in the absence of an onsite pathologist, the performance

of core needle biopsy was relatively better compared to fine-
needle aspiration in terms of diagnostic adequacy of pancreatic
lesions.

Diagnostic accuracy

A total of 12 studies [20, 21, 23–31, 33] comprising 791 pa-
tients evaluated the diagnostic accuracy of FNB in comparison
to FNA. Pooled RR with 95%CI for diagnostic accuracy was 0.99
(0.95, 1.03), (Cochran Q test P=0.18, I2 = 27%; ▶Fig. 6). Once
again the study by Strand et al. [25] appeared to be an outlier
in the estimate; therefore, we conducted a sensitivity analysis
after excluding it. The adjusted RR with 95%CI was 1.00 (0.96,
1.04), (Cochran Q test P=0.68, I2 =0%). The funnel plot ap-
peared symmetric and Egger’s test for asymmetry was negative
(P=0.93, two tailed).

Nine studies evaluated the diagnostic accuracy of FNB in
comparison to FNA for pancreatic lesions. Pooled RR with 95%
CI was 0.99 (0.90, 1.08), (Cochran Q test P=0.003, I2 = 65%;

▶Fig. 7). After removing Strand et al. [25], sensitivity analysis
showed pooled RR 1.01 (0.96, 1.05), (Cochran Q test P=0.28,
I2 = 19%). On meta-regression analysis, onsite pathology was
not a significant predictor of heterogeneity (intercept coeffi-
cient =–0.43, No onsite pathology=0.48, P=0.56).

Optimal quality histological core procurement

Nine studies comprising 725 patients compared the two
types of needle in their ability to procure optimal histological
cores. Pooled RR with 95%CI for procurement of optimal his-
tological cores was 0.97 (0.89, 1.05), (Cochran Q test, P=
0.35, I2 = 9.6%; ▶Fig.8). The funnel plot appeared symmetric
and Egger’s test did not detect any publication bias (P =0.63,
two tailed). Six studies compared optimal quality core pro-
curement in pancreatic lesions. Pooled RR with 95%CI was
0.95 (0.83, 1.09), (Cochran Q test P =0.13, I2 =35%; ▶Fig. 9).

Number of passes required to establish diagnosis

Seven studies with 449 patients provided comparative data on
the mean number of passes required to establish diagnosis with
each needle. Pooled standard mean difference (SMD) with 95%
CI was in favor of FNB [0.93 (0.45, 1.42), (Cochran Q test P<
0.0001, I2 =84%;▶ Fig. 10)]. Meta-regression analysis was con-
ducted to explore heterogeneity. The absence of onsite pathol-
ogy was significantly associated with a higher SMD (intercept
coefficient = 0.64, No onsite pathology coefficient: 0.68, P=
0.03). Meta-regression is summarized in the scatterplot
(▶Fig. 11). Therefore, in the presence of an onsite pathologist,
FNA required relatively fewer passes to establish the diagnosis
than in the absence of an onsite pathologist. In summary, core
needles are superior in establishing the diagnosis with fewer
passes irrespective of the presence of onsite pathology. No
publication bias was detected by Egger’s test of asymmetry (P
=0.13).

Discussion
EUS-FNA with ROSE is considered to be the gold standard for
EUS-guided tissue acquisition in the United States; however,
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ROSE has not been uniformly incorporated in all centers in the
United States and even less so worldwide. The main aim of this
meta-analysis was to evaluate diagnostic performance of sec-
ond generation FNB needles in comparison to FNA and to eval-
uate the influence of onsite cytopathology in such an estimate.

Major limitations of EUS-FNA are the relatively small amount
of tissue obtained and the inability to provide core tissue for
histochemical analysis, which is indispensable not only in the
diagnosis of certain malignant conditions such as GISTs, and
lymphoma but also in diagnosing benign conditions such as au-
toimmune pancreatitis [9, 11]. Another drawback of standard
FNA is the presumed requirement of ROSE to increase diagnos-
tic yield. As a result, the field continues to search for tissue ac-
quisition alternatives that can allow high diagnostic accuracy
without the use of ROSE. One such alternative is the develop-
ment of core biopsy needles for procuring histological samples.
Studies comparing the first generation Trucut biopsy needle
with standard FNA failed to establish superiority of core biopsy
needles to FNA [34, 35]. Studies comparing the second genera-
tion needles have reached conflicting results. A previous meta-
analysis [36] of small numbers of studies and patient popula-
tions failed to show any difference between the diagnostic per-
formances of FNA in comparison to second generation core
biopsy needles; however, they did not specifically address the
issue of onsite cytopathology, which is one of the major reasons
for the development of core biopsy needles.

Onsite pathology increases the diagnostic performance of
EUS-FNA [37], but because of its limited availability to tertiary
care centers in the United States, this increased diagnostic per-
formance may not be applicable to centers that do not have
ROSE. A recent study by Kandel et al. [32] showed significantly
better histological sample procurement with a fork-tip FNB
needle (SharkCore) in comparison with a standard FNA needle
(95% versus 59%, P=0.01), with fewer passes in favor of FNB
(2 versus 4, P=0.001). Likewise, another observational study
[33] with a crossover design demonstrated that a diagnosis of
malignancy was more likely with FNB (72.7% versus 66.7%, P=
0.003). This study also showed that FNB samples also provided
qualitative information such as degree of differentiation in ma-
lignancy, metastatic origin, and rate of proliferation in neu-
roendocrine tumors which were not available with samples pro-
cured from standard FNA needles.

In our meta-analysis, diagnostic adequacy was similar for
both types of FNB needles for all lesions. However, the analysis
was limited by moderate heterogeneity and on meta-regres-
sion. A trend towards better diagnostic adequacy with second
generation core biopsy needles was seen in the absence of on-
site pathology. Likewise, when these two needles were used ex-
clusively for pancreatic lesions, we found no significant differ-
ence in diagnostic adequacy. Once again the analysis for only
pancreatic lesions was limited by moderate heterogeneity and
on meta-regression analysis; onsite pathology was a significant
predictor of heterogeneity. The absence of onsite pathology
was associated with a significant increase in diagnostic ade-
quacy when core biopsy needles were used. We did not find
any difference in diagnostic accuracy and optimal histological
core procurement between FNA and core needles for all lesions,
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and when analyzing only pancreatic lesions. Finally, core biopsy
needles required significantly fewer passes to establish the di-
agnosis compared to standard FNA. This analysis was limited
by considerable heterogeneity and onsite pathology was found
to be a significant predictor of heterogeneity. In short, standard
FNA needles required relatively fewer passes in the presence of
onsite pathology compared to absence of onsite pathology.

It is worth noting that while ROSE increases the diagnostic
performance of FNA, it also increases direct costs and proce-
dure duration. If similar diagnostic ability can be attained with
core biopsy needles, ROSE may not be required for better diag-
nostic performance. Increased procedure duration translates
into higher opportunity costs (costs associated with lost time
while awaiting cytological interpretation feedback). Lin et al.
[26] found that FNB using two needle passes had similar diag-
nostic accuracy as FNA. Rodrigues-Pinto et al. [33] reported
higher malignancy detection with FNB than with FNA when the
same number of passes was performed. According to a recent
study [37] examining the cost benefit analysis of ROSE in FNA,
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▶ Fig. 3 Scatterplot for meta-regression analysis for onsite pathol-
ogy in diagnostic adequacy (P=0.06).

Study name Statistics for each study Risk ratio and 95 % Cl
 Risk ratio Lower limit Upper limit p-Value

Bang, 2012 0.825 0.687 0.990 0.038
Hucl, 2013 1.067 0.953 1.194 0.262
Strand, 2014 0.707 0.552 0.906 0.006
Mavrogenis, 2015 1.067 0.788 1.444 0.676
Berzosa, 2015 0.900 0.744 1.089 0.278
Alatawi, 2015 1.110 1.005 1.226 0.040
Dwyer, 2015 1.094 0.828 1.445 0.529
 0.965 0.856 1.087 0.553

0.5
Favours FNB

21
Favours FNA

▶ Fig. 4 Forrest plot for diagnostic adequacy of FNA in comparison to FNB for pancreatic lesions.

Study name Statistics for each study Risk ratio and 95 % Cl
 Risk ratio Lower limit Upper limit p-Value

Bang, 2012 0.895 0.775 1.032 0.128
Hucl, 2013 0.984 0.990 1.076 0.728
Witt, 2013 1.063 0.872 1.295 0.549
Kim, 2014 3.750 1.041 13.513 0.043
Strand, 2014 0.707 0.552 0.906 0.006
Mavrogenis, 2015 1.091 0.853 1.395 0.487
Berzosa, 2015 0.900 0.744 1.089 0.278
Alatawi, 2015 1.110 1.005 1.226 0.040
Dwyer, 2015 0.997 0.747 1.332 0.984
Kandel. 2016 1.001 0.920 1.090 0.974
 0.983 0.911 1.062 0.671

0.5
Favours FNB

21
Favours FNA

▶ Fig. 2 Forrest plot for diagnostic adequacy of FNA in comparison to FNB.
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ROSE was advantageous when per-pass adequacy was low. In
our estimate, we found no difference in diagnostic adequacy
and diagnostic accuracy, but core needle biopsy required fewer
passes to establish a diagnosis. This points towards the fact that
the performance of the core biopsy needle may be superior to
standard FNA.

Strengths and limitations

To our knowledge, this is the first meta-analysis comparing the
diagnostic performance of two types of second generation core
biopsy needles with standard FNA needles, and the first to spe-
cifically assess the influence of ROSE. Our meticulously con-
ducted analysis included a comprehensive search strategy,
with inclusion of the largest number of relevant studies, and
adds substantially to the previously accumulated evidence.
Due to the relatively higher number of studies in the analysis,
we were able to assess for publication bias and conduct a pre-

Study name Statistics for each study Risk ratio and 95 % Cl
 Risk ratio Lower limit Upper limit p-Value

Hucl, 2013 1.157 0.975 1.372 0.094
Vanbiervliet, 2014 0.973 0.884 1.071 0.576
Lee, 2014 1.036 0.967 1.111 0.311
Mavrogenis, 2015 1.000 0.804 1.244 1.000
Berzosa, 2015 0.913 0.732 1.139 0.421
Alatawi, 2015 1.071 0.920 1.248 0.374
Yang, 2015 0.919 0.814 1.037 0.171
Dwyer, 2015 1.275 0.871 1.866 0.211
Strand, 2014 0.356 0.207 0.611 0.000
 0.993 0.908 1.085 0.875

0.5
Favours FNB

21
Favours FNA

▶ Fig. 7 Forrest plot for diagnostic accuracy of FNA in comparison to FNB in pancreatic lesions.

Study name Statistics for each study Risk ratio and 95 % Cl
 Risk ratio Lower limit Upper limit p-Value

Hucl, 2013 0.982 0.873 1.105 0.765
Witt, 2013 1.000 0.853 1.172 1.000
Vanbiervliet, 2014 0.973 0.884 1.071 0.576
Lee, 2014 1.036 0.967 1.111 0.311
Lin, 2014 0.917 0.752 1.117 0.389
Mavrogenis, 2015 1.000 0.807 1.238 1.000
Berzosa, 2015 0.913 0.732 1.139 0.421
Alatawi, 2015 1.071 0.920 1.248 0.374
Yang, 2015 0.919 0.814 1.037 0.171
Dwyer, 2015 1.133 0.787 1.629 0.502
Pinto. 2016 1.154 0.938 1.420 0.176
Strand, 2014 0.707 0.552 0.906 0.006
 0.992 0.954 1.032 0.701

0.5
Favours FNB

21
Favours FNA

▶ Fig. 6 Forrest plot for diagnostic accuracy of FNA in comparison to FNB.
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▶ Fig. 5 Scatterplot for meta-regression analysis for onsite pathol-
ogy in diagnostic adequacy for pancreatic lesions (P=0.02).
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Study name Statistics for each study Risk ratio and 95 % Cl
 Risk ratio Lower limit Upper limit p-Value

Hucl, 2013 1.042 0.895 1.213 0.599
Witt, 2013 0.945 0.592 1.511 0.815
Vanbiervliet, 2014 0.800 0.678 0.944 0.008
Lee, 2014 1.067 0.890 1.279 0.486
Bang, 2012 1.167 0.729 1.867 0.520
Mavrogenis, 2015 0.917 0.717 1.172 0.487
Yang, 2015 1.130 0.808 1.581 0.474
Strand, 2014 0.905 0.591 1.386 0.646
Kandel, 2016 1.024 0.591 1.772 0.934
 0.969 0.894 1.051 0.448

0.5
Favours FNB

21
Favours FNA

▶ Fig. 8 Forrest plot for optimal histological core procurement comparing FNA with FNB.

Study name Statistics for each study Risk ratio and 95 % Cl
 Risk ratio Lower limit Upper limit p-Value

Bang, 2012 1.167 0.729 1.867 0.520
Vanbiervliet, 2014 0.800 0.678 0.944 0.008
Lee, 2014 1.067 0.890 1.279 0.486
Strand, 2014 0.905 0.591 1.386 0.646
Mavrogenis, 2015 0.882 0.668 1.166 0.379
Yang, 2015 1.130 0.808 1.581 0.474
 0.951 0.830 1.091 0.475

0.5
Favours FNB

21
Favours FNA

▶ Fig. 9 Forrest plot for optimal histological core procurement comparing FNA with FNB in pancreatic lesions.

Study name Statistics for each study Std diff  in means and 95 % Cl
 Std diff  in means Lower limit Upper limit p-Value

Bang, 2012 0.463 – 0.068 0.994 0.087
Hucl, 2013 1.691 1.423 1.959 0.000
Witt, 2013 0.783 0.105 1.460 0.024
Strand, 2014 1.262 0.726 1.799 0.000
Kim, 2014 1.357 0.427 2.287 0.004
Alatawi, 2015 0.888 0.477 1.299 0.000
Dwyer, 2015 0.091 – 0.450 0.631 0.742
 0.936 0.451 1.420 0.000

– 2.00 – 1.00 1.00 2.00
Favours FNB

0.00
Favours FNA

▶ Fig. 10 Forrest plot for number of passes required for diagnosis with FNA in comparison to FNB.
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determined meta-regression based on the presence or absence
of onsite pathology; however, there are several limitations to
our analysis. First, our estimates of diagnostic adequacy and
number of passes required for diagnosis were limited by mod-
erate and considerable heterogeneity. We evaluated the role
of onsite pathology via meta-regression and found that it was
a significant predictor of heterogeneity in diagnostic adequacy
of pancreatic lesions and in mean number of passes required for
diagnosis. Second, we could not perform a cost-benefit analysis
from the included studies as such data were not reported.
Third, the included studies mostly used 22G or 25G needles
and data from the 19G needle was only included in one study.
Finally, we have pooled the studies using ProCore and Shark-
Core needles together. All of these factors may have accounted
for heterogeneity in our estimate.

How does this knowledge help our endoscopy practice? This
meta-analysis does not establish superiority of core biopsy nee-
dles in comparison to standard FNA needles in terms of diag-
nostic adequacy, diagnostic accuracy, and optimal quality core
procurement. However, in the absence of onsite cytopathologi-
cal assessment, core biopsy needles showed a trend toward
better diagnostic adequacy in all lesions, and significantly bet-
ter diagnostic adequacy for pancreatic lesions. Also, core biop-
sy needles required a lower number of passes to establish the
diagnosis.

In summary, this analysis of the literature adds considerable
weight to the conclusion that FNB without ROSE can supplant
EUS-FNA with ROSE without loss of diagnostic accuracy. The
evolution of endosonographic tissue acquisition from FNA to
FNB seems almost inevitable, as the elimination of ROSE not
only makes the procedure more economical but it can also si-
multaneously provide qualitatively superior histologic speci-
mens. Development of additional core needles for this purpose
is in progress.
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