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Abstract
Background: This meta-analysis aimed to provide a pooled analysis of prospective controlled trials comparing the diagnostic
accuracy of 22-G and 25-G needles on endoscopic ultrasonography (EUS-FNA) of the solid pancreatic mass.

Methods: We established a rigorous study protocol according to Cochrane Collaboration recommendations. We systematically
searched the PubMed and Embase databases to identify articles to include in the meta-analysis. Sensitivity, specificity, and
corresponding 95% confidence intervals were calculated for 22-G and 25-G needles of individual studies from the contingency
tables.

Results: Eleven prospective controlled trials included a total of 837 patients (412 with 22-G vs 425 with 25-G). Our outcomes
revealed that 25-G needles (92% [95%CI, 89%–95%]) have higher sensitivity than 22-G needles (88% [95% CI, 84%–91%]) on solid
pancreatic mass EUS-FNA (P=0.046). However, there were no significant differences between the 2 groups in overall diagnostic
specificity (P=0.842). The pooled positive and negative likelihood ratio of the 22-G needle were 12.61 (95%CI, 5.65–28.14) and 0.16
(95% CI, 0.12–0.21), respectively. The pooled positive likelihood ratio was 12.61 (95% CI, 5.65–28.14), and the negative likelihood
ratio was 0.16 (95% CI, 0.12–0.21) for the 22-G needle. The pooled positive likelihood ratio was 8.44 (95% CI, 3.87–18.42), and the
negative likelihood ratio was 0.13 (95% CI, 0.09–0.18) for the 25-G needle. The area under the summary receiver operating
characteristic curve was 0.97 for the 22-G needle and 0.96 for the 25-G needle.

Conclusion: Compared to the study of 22-G EUS-FNA needles, our study showed that 25-G needles have superior sensitivity in
the evaluation of solid pancreatic lesions by EUS–FNA.

Abbreviations: 22-G = 22-gauge, 25-G = 25-gauge, CI = confidence interval, EUS-FNA= Endoscopic ultrasound-guided fine
needle aspiration, HR =hazard ratio, NLR = negative likelihood ratios, PLR = positive likelihood ratios, SROC = summary receiver
operating characteristic curve.

Keywords: 22-G, 25-G, EUS, FNA, Pancreas
1. Introduction

Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA)
is a widely used, safe, and accurate technique for sampling the
tissues of pancreatic masses.[1,2] EUS-FNA provides a tissue
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diagnosis for pancreatic masses and has high sensitivity and
specificity (75%–92% and 82%–100%, respectively) with an
accuracy >85%.[3,4] Bleeding, infection, perforation, and
pancreatitis are among the most common complications during
the targeting of pancreatic masses, but their incidences are as low
as 1%.[5]

Several factors can affect EUS-FNA results, such as endo-
sonographer experience, endoscope position, needle diameter,
number of passes, sedation, FNA technique, and the presence of
an onsite cytopathologist.[6–8] EUS-FNA needles of various
diameters (19-, 22-, and 25-gauge (G]) are commercially
available. Therefore, the decision to use a specific needle size
involves tradeoffs between possible risks and benefits. In fact, 19-
G needles, the largest of the 3, carry an increased risk of bleeding
and have lower accuracy in diagnosing pancreatic lesions than
conventional 22-G FNA needles.[9,10]

The 22-G FNA needle has been the most commonly used for
EUS-FNA of pancreatic masses.[7,8] Recently, several studies
demonstrate that the 25-G is more safe and effective than the 22-
G needle for EUS-FNA of solid pancreatic masses.[11–13] The 25-
G needle is considered the best choice because of its easy
maneuverability in every endoscope position and its penetrating
thin tip that is easy to advance, even into deep lesions. However,
only a few comparative studies with small numbers of patients
have examined whether a 25-G needle is comparable to a

mailto:15133565582@163.com)
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://dx.doi.org/10.1097/MD.0000000000005802


Xu et al. Medicine (2017) 96:5 Medicine
standard 22-G needle in terms of specimen cellularity, quality,
and diagnostic accuracy. The results of several studies comparing
diagnostic accuracy of 22-G and 25-G needles remain inconclu-
sive. Considering the results of a recent meta-analysis that shows
a potential advantage of the 25-G needle over the 22-G needle for
the diagnosis of pancreatic malignancy.[14] Although this study
compared the effects of the 2 methods, there are no evidence-
based consensus regarding the optimal needle for use in EUS-
FNA of solid pancreatic masses. The aim of this meta-analysis
was to compare the diagnostic accuracy of 22- and 25-G needles
on the solid pancreatic mass.
2. Materials and methods

The rigorous study protocol was established according to
Cochrane Collaboration recommendations. And Ethical approv-
al was not necessary for this meta-analysis. Abstracts of the
citations identified by the search were then scrutinized by 2
observers to determine eligibility for inclusion in the meta-
analysis. We conducted a systematic review and meta-analysis to
compare the diagnostic accuracy of 22-G and 25-G needles on
EUS-FNA of solid pancreatic masses. A systematic electronic
search of the English literature was independently performed by 2
investigators using Cochrane, EMBASE, and MEDLINE; the
databases were searched for studies published between December
2015 and February 2016. The search terms were “EUS-FNA,”
“22-G,” “25-G,” and “pancreatic” and MeSH headings “EUS-
Figure 1. Flowchart of the study selection proces
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FNA” (MeSH), “22-G” (MeSH), “25-G” (MeSH), and “pan-
creatic” (MeSH) were used in combination with the Boolean
operators AND or OR. We also checked reference lists of
relevant articles and review articles. No study design restrictions
or time limits were applied to the initial search.
Studies were included if they met both criteria: prospective

controlled trial; and separation into groups based on the use of
22-G and 25-G needles for EUS-FNA of the solid pancreatic
mass. Exclusion criteria: retrospective study; literature with no
original data; or case report or case series. We included studies
that evaluated the association between the needle size and the
diagnostic accuracy for EUS-FNA of solid pancreatic masses.
2.1. Statistical analysis

Synchronized extraction results were pooled statistically as effect
estimates in the meta-analyses. Sensitivity, specificity, and corre-
sponding 95% CI were calculated for 22-G and 25-G needles of
individual studies from the contingency tables. Pooled results were
constructedusingboth thefixed-effectmodel and the random-effects
model based on whether significant heterogeneity was present or
absent. We used the Cochran Q statistic and I2 value to assess
heterogeneity among the studies. Values of I2 > 50% indicated
significant heterogeneity. The fixed-effect model was used first to
calculate pooled HR; if the assumption of homogeneity had to be
rejected, a random-effects model would be used. All of the statistical
analyses were performed using Meta-DiSc and SPSS 13.0.
s for eligible studies in the systematic review.



Table 1

Characteristics of the selected studies.

Reference Year Country No. of patients 22G/25G Age, mean 22G/25G Overall diagnostic accuracy 22G/25G Type of study Multicenter

Imazu et al 2009 Japan 12/12 NA 9/11 Prospective No
Lee et al 2009 USA 12/12 NA 12/12 Prospective/Randomized No
Sakamoto et al 2009 Japan 24/24 NA 19/22 Prospective No
Siddiqui et al 2009 USA 64/67 69.3/71.5 56/64 Prospective/Randomized No
Camellini et al 2011 Italy 43/41 NA 41/41 Prospective/Randomized No
Fabbri et al 2011 Italy 50/50 68.2±7.4 43/47 Prospective/Randomized No
Suzuki et al 2012 Japan 19/20 67.9±8.5/67.5±8.7 19/19 Prospective No
Lee et al 2013 Korea 94/94 61.3±11.1/58.5±11.8 84/83 Prospective/Randomized No
Vilmann et al 2013 Denmark 28/31 62±13.6/64±11.4 26/28 Prospective/Randomized Yes
Mavrogenis et al 2015 USA 19/19 NA 15/16 Prospective No
Carrara et al 2016 Italy 47/55 66±12/67±12 43/47 Prospective/Randomized No

Xu et al. Medicine (2017) 96:5 www.md-journal.com
2.2. Results Study identifications and selection
The search query resulted in 2811 records. Of them, 2613
were excluded by 2 independent reviewers after preliminary
review of the titles and abstracts, leaving 198 articles for
full-text review. After duplicate filtering, a total of 11
studies [12,13,15–23] including a total of 837 patients (412 22-
Figure 2. Results for the 22-gauge needle in individual studies and from p
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G vs 425 25-G) were examined. All were prospective
cohort studies and compared 22-G with 25-G needles. A
PRISMA flowchart (Fig. 1) describes the details of the
literature search for this systematic review. Themain character-
istics of the included studies and patients are summarized in
Table 1.
ooled data shown as forest plots for: (A) sensitivity and (B) specificity.
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2.3. Diagnostic accuracy

In this meta-analysis, we separately calculated the diagnostic
accuracy of EUSFNAwith 22-G and 25-G needles. Eleven studies
including 412 patients were eligible for the 22-G needle analysis.
The pooled sensitivity was 88% (95% CI, 84%–91%), and the
pooled specificity was 100% (95%CI, 95%–100%) for the 22-G
needle. (Fig. 2). Statistical analyses of heterogeneity revealed I2

values of 22.2% and 0.0%, respectively. Eleven studies including
425 patients were eligible for the 25-G needle analysis. The
pooled sensitivity and specificity of 25-G needles were 92% (95%
CI, 89%–95%) and 100% (95% CI, 94%–100%), respectively
(Fig. 3). Statistical analyses of heterogeneity revealed I2 values of
0.0% and 0.0%, respectively.
The bivariate generalized linear random-effects model indicat-

ed that 25-G needles have better pooled sensitivity than 22-G
needles for solid pancreatic mass EUS-FNA (P=0.046).
However, there was no significant difference in specificity
between the 2 groups (P=0.842).
For solid pancreatic mass EUS-FNA, the pooled positive and

negative likelihood ratios (PLR and NLR, respectively) of the 22-
G needle were 12.61 (95% CI, 5.65–28.14) and 0.16 (95% CI,
0.12–0.21), respectively (Fig. 4A). The pooled PLR was 8.44
(95% CI, 3.87–18.42), and the pooled NLR was 0.13 (95% CI,
0.09–0.18) for the 25-G needle. (Fig. 4B). The area under the
Figure 3. Results for the 25-gauge needle in individual studies and from p
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summary receiver operating characteristic curve (SROC) was
0.97 for the 22-G needle and 0.96 for the 25-G needle, which
indicates high accuracy (Fig. 5).

3. Discussion

Recently, many comparative studies have aimed to clarify which
needle size is more suitable for diagnosing solid pancreatic
masses, especially in the comparison of 22-G and 25-G needles.
Published data on the sensitivity of EUS-FNA for detecting
pancreatic masses have varied. Some authors concluded that a
larger diameter needle has the advantage of acquiring more tissue
than a smaller-diameter needle.[24–26] Indeed, this advantage may
have a beneficial diagnostic effect in the use of diagnosis by 22-G
needles for histology and immunohistochemistry examinations.
However, the score of ease of puncture by the 25-G needle was
significantly higher than that of the 22-G needle. A limitation of
these studies was the relatively small number of patients with
pancreatic lesions that lack the statistical power to make a clear
statement regarding the utility of needle size.
A meta-analysis, such as that performed in this study, is a

potentially useful tool in this situation because pooling data can
create very powerful results compared to the data obtained from
smaller individual studies. To our knowledge, our study is the
first meta-analysis to include a pooled analysis of prospective
ooled data shown as forest plots for: (A) sensitivity and (B) specificity.



Figure 4. The pooled positive and negative likelihood ratios for solid pancreatic mass fine-needle aspiration guided by endoscopic ultrasonography for: (A)
PLR for 22-gauge needle; (B) NLR for 22-gauge; (C) PLR for 25-gauge needles; (D) NLR for 25-gauge. NLR = negative likelihood ratios, PLR = positive
likelihood ratios.
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controlled trials comparing the 22-G and 25-G needles with
regard to operating characteristics and diagnostic yield in EUS-
guided sampling of pancreatic masses. Our review provides a
comprehensive summation of the current literature describing the
sensitivity and specificity of 22-G and 25-G needles in EUS-FNA
for the diagnosis of solid pancreatic masses. For this study,
attempts were made wherever possible to closely follow the
Cochrane Collaboration recommendations. We prespecified a
rigorous study protocol and searched several electronic data-
bases, identified international conference abstracts, and searched
the study reference lists for relevant trials without language
restrictions.
Figure 5. Summary receiver operating characteristic curves summarize the overall
endoscopic ultrasonography: (A) 22-gauge needles and (B) 25-gauge needles.
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The search yielded 2811 original citations, of which 11 studies
with 837 patients were eligible for the review. The 22-G needle
size was used for a total of 412 patients and resulted in a pooled
sensitivity of 88% (range, 84–91%) and specificity of 100%
(95–100%). The 25-G needle size was used for a total of 425
patients and resulted in pooled sensitivity and specificity of 92%
(range, 89–95) and 100% (range, 94–100%), respectively.
We also used both PLR and NLR as our measures of

diagnostic accuracy since they can be more easily interpreted
and applied to clinical practice. The PLR is a measure of how
well the diagnosis identified the malignant pancreatic mass,
whereas theNLR assesses howwell the same diagnosis excludes
diagnostic accuracy for solid pancreatic mass fine-needle aspiration guided by
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pancreatic masses, using a 22-gauge or 25-gauge needle system: a
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the disease. Likelihood ratios >10 and <0.1 provide strong
evidence to include or exclude a diagnosis, respectively.
According to our analysis, the PLR and NLR were 12.61
(5.65–28.14) and 0.16 (0.1–0.21) for the 22-G needle and 8.44
(3.87–18.42), and 0.13 (0.09–0.18) for the 25-G needle,
respectively. SROC curves were drawn to see any heterogeneity
between studies and an AUC of 1 for any test indicates that the
test is excellent. The AUC value was 0.97 for the 22-G and 25-G
needles. Compared to the study of 22-G EUS-FNA needles, our
study showed that 25-G needles have superior sensitivity for
solid pancreatic mass EUS-FNA. The pooled results from this
analysis are consistent with the trend from previous studies,
which lack the statistical power to make a clear statement
regarding selection of the most adequate needles for EUS-FNA.
The reason for the observed superior diagnostic accuracy of the
25-G needle in this analysis is uncertain. One possible reason is
that the smaller 25-G needle might provide less bloody and
contaminated specimens andmore easily penetrate a calcified or
hard mass. Needle size selection is, in practice, a complex
process. For instance, whether the lesion is solid or cystic may
influence the endosonographer’s decision to use a particular
needle size.
The present study has several limitations. First, it had a small

sample size. However, we contacted each author to supplement
the missing data. Second, only English-language studies were
included from this analysis. If the search had been extended to
include literature published in other languages, it is possible that
additional relevant trials may have been identified. Additionally,
any other factor would influence the result of the meta-analysis
such as the baseline characteristics of the patients (including age,
sex, pathologic stage, lesion location).

4. Conclusion

In conclusion, the present meta-analysis showed that EUS-guided
FNA using the 25-G needle system reliably provides overall
diagnostic accuracy in patients with solid pancreatic masses.
However, it should be interpreted in combination with clinical
data and other conventional tests because the negative predictive
value of this test was insufficient.
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