
Introduction
Pancreatic cystic lesions (PCLs) have become increasingly re-
cognized with rising incidence due in part to significant im-
provements in high-resolution cross-sectional imaging [1, 2].

While identification and frequency of PCLs has increased over
the last decade, the decision to perform endoscopic ultrasound
(EUS)-guided sampling for accurate diagnosis remains challen-
ging. These cystic lesions can be classified as benign epithelial
lesions, pre-malignant lesions, and malignant lesions as well as
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ABSTRACT

Background and study aims Given variable diagnostic

yield of endoscopic ultrasound (EUS)-guided fine-needle

aspiration (FNA) for pancreatic cystic lesions (PCLs), a

through-the-needle (TTN) microforceps biopsy device

passed through a 19-gauge FNA needle has been devised

to improve tissue sampling. This was a systematic review

and meta-analysis to evaluate the feasibility, diagnostic

yield, and safety of EUS-guided TTN microforceps biopsy

for diagnosis of PCLs.

Methods Individualized searches were developed in

accordance with PRISMA and MOOSE guidelines. This was a

cumulative meta-analysis performed by calculating pooled

proportions with rates estimated using random effects

models. Measured outcomes included pooled technical

success, diagnostic yield, accuracy, and procedure-asso-

ciated adverse events (AEs) as well as comparison to con-

ventional FNA.

Results Eleven studies (n =518 patients; mean age 64.13

±5.83 years; 58.19% female) were included. Mean PCL size

was 33.39±3.72mm with the pancreatic head/uncinate

(35.50%) being the most common location. A mean of

2.47±0.92 forceps passes were performed with a mean of

2.79±0.81 microbiopsies obtained per lesion. Pooled

technical success was 97.12% (95% CI, 93.73–98.71; I2 =

34.49) with a diagnostic yield of 79.60% (95% CI, 72.62–

85.16; I2 = 56.00), and accuracy of 82.76% [(95% CI,

77.80–86.80; I2 = 0.00). The pooled serious adverse event

rate was 1.08% (95% CI, 0.43–2.69; I2 = 0.00). Compared

to conventional FNA, TTN microforceps biopsy resulted in

significant improvement in diagnostic yield [OR 4.79 (95%

CI: 1.52–15.06; P=0.007)] and diagnostic accuracy [OR

8.69 (95% CI, 1.12–67.12; P=0.038)], respectively.

Conclusions EUS-guided TTN microforceps biopsy ap-

pears to be safe and effective for diagnosis of PCLs with

improvement in diagnostic yield and accuracy when com-

pared to FNA alone.

Supplementary material is available under
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neuroendocrine neoplasms, or mesenchymal tumors according
to the World Health Organization classification [3]. Cystic le-
sions in general may be even more broadly classified with a
large differential diagnosis [4]. Diagnostic accuracy remains
dependent on a number of factors, including lesion, location,
inter-operator technique, skill, and experience, as well as the
size or type of needle selected for tissue acquisition [5].

The need for accurate diagnosis is pivotal as some PCLs have
pre-malignant or malignant potential. A key component of clin-
ical management of pancreatic cysts is a reliable strategy to
identify the small minority of cysts with early invasive cancer
or high-grade dysplasia and to predict those cystic lesions that
may develop into malignancy in the future [6]. Currently, EUS-
guided fine-needle aspiration (FNA) is a preferred sampling
modality for PCLs; however, highly variable sensitivity and sen-
sitivity as well as diagnostic yield exist given differing tech-
nique, lesion characteristic, and needle type utilized in clinical
practice [6–8]. While FNA of the cyst wall may provide addi-
tional cytology material and increase the diagnostic yield for
mucinous lesions, results remain highly variable [9]. Fur-
thermore, distinguishing cystic wall nodules that are neoplastic
(i. e., epithelial) from those that are non-neoplastic (i. e., muci-
nous) is critically important to properly risk stratify PCLs [10].

To improve the diagnostic yield of EUS-guided sampling for
PCLs, a microforceps biopsy device has been recently designed
with ability to pass through a standard 19-gauge FNA needle to
perform through-the-needle (TTN) biopsy sampling of the cyst
wall. As such, the primary aim of this study was to perform a
structured systematic review and meta-analysis to evaluate
the feasibility, effectiveness, and safety of EUS-guided TTN mi-
croforceps biopsy for diagnosis of PCLs. Secondary aims of this
study were to compare diagnostic yield and accuracy of TTN
microforceps biopsy to conventional FNA.

Methods
Literature search

Individualized literature search strategies were performed to in
effort to identify full-text manuscripts that evaluated the safety
and effectiveness of the TTN microforceps biopsy device for the
diagnosis of PCLs. Systematic searches of PubMed, EMBASE,
Web of Science, and the Cochrane Library databases were per-
formed from available literature from inception through
December 31, 2019. The following medical subject heading
(MESH) terms included: microforceps biopsy. For articles relat-
ed to microforceps biopsy, subject heading search terms and ti-
tle and abstract were reviewed for: pancreatic cystic lesions
(PCLs) and though-the-needle (TTN) biopsy.

All relevant English language full-text articles regardless of
year of publication were included in this systematic review and
meta-analysis. From the initial search results, duplicate articles
were extracted, and then the titles and abstracts of all poten-
tially relevant studies were screened for eligibility. The refer-
ence lists of studies of interest were then manually reviewed
for additional articles by cross checking bibliographies as
shown in the flow diagram. Two reviewers (TRM and TR) inde-
pendently screened the titles and abstracts of all the articles ac-

cording to predefined inclusion and exclusion criteria. In the
case of studies with incomplete information, contact was at-
tempted with the principal authors to obtain additional data.

Study selection criteria
This study was prospectively submitted in PROSPERO, an inter-
national database of prospectively registered systematic re-
views in health and social care. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement
outline and Meta-Analysis of Observational Studies in Epide-
miology (MOOSE) reporting guidelines for reporting systematic
reviews and meta-analyses was used to report findings – Ap-
pendix 1 and Appendix 2 [11, 12]. Full-text manuscripts and
published abstracts were included in this analysis. Only human
studies investigating the use of TTN microforceps biopsy device
for the diagnosis of PCLs. All studies were required to report ef-
fectiveness or safety of the TTN microforceps biopsy device as
this was the objective of this meta-analysis. A study was also ex-
cluded if deemed to have insufficient data, as were review arti-
cles, editorials, and correspondence letters that did not report
independent data. Case series and reported studies with fewer
than 10 patients were excluded to minimize selection bias. Mul-
tiple published work from similar authors was evaluated for
overlapping enrollment times to preserve independence of ob-
servations.

Outcome measures

The primary outcome measurement in this study was the effec-
tiveness and safety of the TTN microforceps biopsy device for
the diagnosis of PCLs. Effectiveness and safety the microfor-
ceps biopsy device were measured by pooled technical success
(i. e., the ability to perform successful TTN microforceps biopsy)
and procedure-associated adverse events. All adverse events
(AEs) were assessed based upon previously established criteria
by the American Society of Gastrointestinal Endoscopy (ASGE)
[13]. Additional testing characteristics of interest included di-
agnostic yield and diagnostic accuracy of the TTN microforceps
device. Secondary outcomes, when possible, were to compare
diagnostic yield and accuracy to traditional FNA. Other meas-
ured outcomes included baseline patient and lesion character-
istics such as cyst location, size and presence of septations as
well as procedural characteristics including number of biopsies
and numbers of passes performed.

Statistical analysis

This systematic review and meta-analysis was performed by
calculating pooled proportions. After appropriate studies were
identified through systematic review, the individual study pro-
portion was transformed into a quantity using the Freeman–Tu-
key variant of the arcsine square root transformed proportion.
Then the pooled proportion was calculated as the back trans-
form of the weighted mean of the transformed proportions,
DerSimonian–Laird weights for the random effects model [14,
15]. The pooled rates were estimated using random effects
models and presented as point estimates (rates) with 95% con-
fidence intervals [16–18]. In contrast to fixed effect models,
which are used to estimate a common effect, random effect
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models estimate an average effect, and the variability of the ef-
fects represented by their average may have clinical implica-
tions. All calculated P values were 2-sided, and P<0.05 was con-
sidered statistically significant. Tabular and graphical analyses
were performing using Comprehensive Meta-Analysis software,
version 3 (BioStat, Englewood, New Jersey, United States).
Combined weighted proportions were determined by use of
the Stata 15.0 software package (Stata Corp LP, College Station,
Texas, United States).

Risk of bias and quality assessment

Risk of bias and quality of observational studies was evaluated
using the Newcastle-Ottawa Quality Assessment Scale and JA-
DAD score for quality of randomized trials [19, 20]. In this study,
high quality was defined as a Newcastle-Ottawa Quality Assess-
ment Scale score of ≥4 or a JADADscore of ≥3. Two authors
(TRM and TR) independently extracted data and assessed the
risk of bias and study quality for each of the articles. Any dis-
agreements were resolved by discussion and consensus be-
tween the two authors.

Investigations of heterogeneity and prediction
interval

Heterogeneity was assessed for the individual meta-analyses
using the chi squared test and the I2 statistic [17]. Significant
heterogeneity was defined as P<0.05 using the Cochran Q test
or I2 > 50%, with values > 50% indicating substantial heteroge-
neity. Further quantification of heterogeneity was categorized
based upon I2 with values of 25%, 50%, and 75% indicating
low, moderate, and high amounts of heterogeneity, respective-
ly. Given the use of random effects model to estimate average
effect, a 95% prediction interval was calculated to determine
the dispersion of effects and clearly illustrate heterogeneity in
the calculated effect size [16, 21, 22].

Publication bias

A funnel plot was created and visually inspected for asymmetry
and quantitatively using Egger regression testing to assess for
publication bias [23, 24]. If evidence of publication bias, then
the trim and fill method was used to correct for funnel plot
asymmetry and provide an adjusted effect [25]. The classic
fail-safe test was also applied to assess risk of bias across stud-
ies.

Results
Baseline study and patient characteristics

This meta-analysis included a total of 11 studies (n =518) [26–
36]. A PRISMA flow chart of search results is shown in ▶Fig. 1.
All studies were from 2018 to 2019, with 10 retrospective stud-
ies and one prospective study included. Three studies were
multi-center in design with the remaining studies being single-
center. Two published abstracts were included, and additional
studies were full-text manuscripts. Baseline study, patient, and
lesion characteristics are summarized in ▶Table 1 and Supple-
ment Table 1. Fifty-eight percent of patients were female.
Mean age of patients that underwent tissue sampling with TTN

microforceps was 64.13±5.83 years. Mean size of patients’ PCL
was 33.39±3.72mm with a variety of locations within the pan-
creas reported. Location in the head/uncinate process of the
pancreas was the most common location of PCL (35.50%), fol-
lowed by body (32.47%), tail (25.54%), then neck (6.49%). Of

Electronic database 
search:
▪ PubMed (n = 59)
▪ EMBASE (n = 39)
▪ Web of Science 
 (n = 114)
▪ Cochrane Library 
 (n = 4)

Additional records 
identified through 
other sources (manual 
abstract search)
(n = 2)

Abstracts and 
full-text reviewed 
(n = 81)

Excluded based on 
title and abstract 
review (n = 54)
▪ basic science 
 articles, review 
 articles, editorials
▪ observational 
 studies
▪ reported  
 non-effective 
 interventions or 
 interventions not 
 used in clinical 
 practice

Full-text articles 
reviewed (n = 33)

Full-text articles 
excluded (n = 22)
▪ review/
 commentaries
▪ insufficient data
▪ follow-up of initial 
 study

Records after duplicates removed (n = 81)

Studies included in 
quantitative 

synthesis 
(meta-analysis) 

(n = 11)

Id
en

tif
ic

at
io

n
El

ig
ib

ili
ty

In
cl

ud
ed

Sc
re

en
in

g

▶ Fig. 1 Preferred Reporting Items for Systematic Reviews and
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the three studies reporting EUS lesion characteristics, 38.36%
of lesions had a septated appearance.

Procedural characteristics

All included studies reported procedures using the Moray mi-
croforceps device [US Endoscopy, Ohio, United States]. The
primary outcome of technical success of the TTN microforceps

biopsy was reported in nine of 11 studies. The pooled techni-
cal success of the TTN microforceps biopsy device was 97.12%
(95% CI, 93.73 to 98.71; I2 = 34.49; prediction interval 36.86 to
99.91) (▶Fig. 2a). Diagnostic yield was also documented in all
studies, with a pooled diagnostic yield of 79.60% (95% CI,
72.62 to 85.16; I2 = 56.00; prediction interval 4.07 to 97.24).
A mean of 2.47±0.92 forceps passes were performed TTN

Study name Statistics for each study Event rate and 95 % CI

 Event rate Lower limit Upper limit Z-value P-value

Kovacevic et al. 2018 0.8571 0.6755 0.9453 3.3177 0.0009
Mittal et al. 2018 0.9821 0.7704 0.9989 2.8082 0.0050
Yang et al. 2018 0.9787 0.8638 0.9970 3.7877 0.0002
Zhang et al. 2018 0.9898 0.8568 0.9994 3.2183 0.0013
Cheesman et al. 2019 0.9889 0.8457 0.9993 3.1563 0.0016
Crino et al. 2019 0.9919 0.8838 0.9995 3.3890 0.0007
Hashimoto et al. 2019 0.9912 0.8747 0.9995 3.3281 0.0009
Wilen et al. 2019 0.9667 0.7980 0.9953 3.3107 0.0009
Yang et al. 2019 0.9737 0.9216 0.9915 6.1715 0.0000
 
 0.9623 0.9335 0.9789 10.6281 0.0000

Technical success of Through-the-Needle Microforceps Biopsies

Diagnostic yield of Through-the-Needle Microforceps Biopsies

Diagnostic accuracy of Through-the-Needle Microforceps Biopsies

Study name Statistics for each study Event rate and 95 % CI

 Event rate Lower limit Upper limit Z-value P-value

Kovacevic et al. 2018 0.6786 0.4885 0.8235 1.8466 0.0648
Mittal et al. 2018 0.8889 0.7067 0.9637 3.3957 0.0007
Yang et al. 2018 0.8511 0.7191 0.9273 4.2542 0.0000
Zhang et al. 2018 0.7500 0.6095 0.8522 3.2958 0.0010
Cheesman et al. 2019 0.7500 0.6026 0.8558 3.1555 0.0016
Crino et al. 2019 0.9919 0.8838 0.9995 3.3890 0.0007
Hashimoto et al. 2019 0.8036 0.6791 0.8878 4.1884 0.0000
Vestrup Rift et al. 2019 0.8889 0.7067 0.9637 3.3957 0.0007
Wilen et al. 2019 0.6000 0.4195 0.7569 1.0880 0.2766
Yang et al. 2019 0.8333 0.7534 0.8911 6.4041 0.0000
 
 0.7960 0.7262 0.8516 6.9162 0.0000

Study name Statistics for each study Event rate and 95 % CI

 Event rate Lower limit Upper limit Z-value P-value

Mittal et al. 2018 0.8148 0.6249 0.9208 2.9905 0.0028
Yang et al. 2018 0.8511 0.7191 0.9273 4.2542 0.0000
Crino et al. 2019 0.7869 0.6667 0.8720 4.1779 0.0000
Vestrup Rift et al. 2019 0.8889 0.7067 0.9637 3.3957 0.0007
Yang et al. 2019 0.8333 0.7534 0.8911 6.4041 0.0000
 
 0.8276 0.7780 0.8680 9.7674 0.0000
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▶ Fig. 2 a Pooled technical success of through-the-needle microforceps biopsies of pancreatic cystic lesions. b Pooled diagnostic yield of
through-the-needle microforceps biopsies of pancreatic cystic lesions. c Pooled diagnostic accuracy of through-the-needle microforceps
biopsies of pancreatic cystic lesions.
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with a mean of 2.79±0.81 microbiopsies obtained per lesion
(▶Fig. 2b). Diagnostic accuracy was reported in 6 studies and
found to be 82.76% [(95% CI, 77.80 to 86.80; I2 < 0.01; predic-
tion interval 73.79 to 88.86) (▶Fig. 2c). Only one included
study reported mean procedure duration with a mean proce-
dure time of 31.9 ±12.7min. The total pooled procedure-asso-
ciated adverse event rate was 8.26% (95% CI, 4.39 to 15.02, I2

= 62.85; prediction interval–0.93 to 3.09) (▶Fig. 3a). The most
common procedural associated adverse events were mild
post-procedure pancreatitis and mild intracystic bleeding or
hematoma managed conservatively in all patients [pooled
rate of 3.94% (95% CI, 2.36 to 6.48; I2 < 0.01) and 3.61% (95%
CI, 1.38 to 9.09; I2 = 64.60), respectively] (▶Fig. 3b) and
(▶Fig. 3c). Among 425 procedures performed, only one serious
adverse event of moderate-severe pancreatitis with pseudocyst
requiring endoscopic drainage was reported: pooled rate of
1.08% (95% CI: 0.43 to 2.69; I2 < 0.01) (▶Fig. 3d).

Subgroup analyses

All studies reported diagnostic yield of FNA alone compared to
microforceps biopsy. When compared to sampling by conven-
tional FNA, TTN microforceps biopsy resulted in significantly
improved diagnostic yield [OR 4.79 (95% CI: 1.52 to 15.06);
I2 = 87.42; P=0.007] (▶Fig. 4a). However, only two included
studies documented diagnostic accuracy of TTN microforceps
compared to FNA alone.[27, 33,36] Based upon these two in-
cluded studies, there was no significant difference in diagnos-
tic accuracy noted between TTN microforceps biopsy versus
FNA alone [OR 8.69 (95% CI, 1.12 to 67.12); I2 = 82.79; P=
0.038] (▶Fig. 4b).

Risk of bias assessment

As only observational studies were included in this systematic
review and meta-analysis, all studies were evaluated using the
Newcastle-Ottawa Quality Assessment Scale. Quality assess-
ment for each study demonstrated in ▶Table1. All included
studies were considered to be of high quality defined by New-
castle-Ottawa Quality Assessment Scale scores≥4. Visual in-
spection of the funnel plot demonstrated that smaller and sta-
tistically insignificant studies appeared to be missing likely due
to publication bias – ▶Fig. 5a. With the Duval and Tweedie’s
trim and fill method, overall technical success was slightly de-
creased from 97% (95% CI, 93.73 to 98.71) to 95.39% (95% CI,
90.58 to 97.80) – ▶Fig. 5b. Using the classic fail-safe test to as-
sess for publication bias, it was determined it would take 266
non-significant studies to nullify the results of this analysis.

Discussion
Based upon the results of this systematic review and meta-anal-
ysis, EUS-guided TTN microforceps biopsy appear to be safe
and effective for diagnosis of PCLs. Pooled technical success
was 97.12% with a low serious adverse event rate of 1.08%. Fur-
thermore, the pooled diagnostic yield with the TTN device was
79.60% with a diagnostic accuracy of 82.76% – significantly
better than EUS-guided FNA sampling alone.

Prevalence of PCLs has rapidly increased within the last few
decades – with a prevalence of 8% among asymptomatic indi-
viduals [37]. Additional data has revealed that this incidence in-
creases with age as well with need to differentiate non-neoplas-
tic from neoplastic lesions [38]. While this has sparked an in-
creased awareness of these lesions, the natural history of PCLs
remains less clear, with optimal management still under debate
[39]. It is important to emphasize that patients who are not sur-
gical candidates should not undergo further evaluation of inci-
dentally found pancreatic cysts, regardless of cyst size [4]. The
same approach should generally be undertaken for lesions with
low-risk of malignant transformation. However, when the diag-
nosis is unclear for indeterminant lesions or for lesions with
high-risk characteristics, EUS-guided FNA with cyst fluid analy-
sis should be considered [4, 10]. Given the variable diagnostic
accuracy of FNA, there remains a delicate balance between
need to ensure appropriate treatment with surgical resection
for neoplastic lesions, while safeguarding against over-treat-
ment and undue procedures as well as proper surveillance
[10, 40].

At present, conventional sampling with FNA is associated
with suboptimal and highly variable diagnostic yield of PCLs
[41]. FNA cytology of cyst fluid and routine cyst fluid analysis
with CEA and amylase are non-diagnostic in substantial propor-
tion of these lesions which continue to pose diagnostic dilem-
ma [42–44]. To combat this, multiple alternative or compli-
mentary sampling modalities have been proposed including
the use of rapid on-site cytopathology examination (ROSE), ad-
dition of molecular analysis including GRAS and KRAS muta-
tions, use of EUS-guided confocal laser endomicroscopy
(nCLE), and TTN microforceps biopsy [45–49]. This wealth of di-
agnostic sampling options further underscores the challenge
endoscopists face when evaluating PCLs. Prior to 2018, evi-
dence-based guidelines on the management of PCLs were lack-
ing [7, 8]. In a joint initiative, European evidence-based guides
on the management of pancreatic cystic neoplasms were es-
tablished with aim to improve diagnosis and management
[50]. Yet despite these guidelines, use of microforceps biopsies
are not mentioned given limited evidence. In recent American
College of Gastroenterology (ACG) guidelines, use of TTN mi-
crobiopsy forceps are noted but no current recommendation is
provided–instead commenting that preliminary literature is
promising, but larger, prospective, multi-center studies are re-
quired [4].

The first use of TTN direct intracystic biopsy was reported by
Aparicio in 2010, during a pancreatic cystoscopy with a fiber
optic probe passed through a 19 gauge EUS needle for two pa-
tients with cystic lesions in the head of the pancreas [51]. In this
early study, mucinous lesions were accurately diagnosed
though one patient was noted to develop a delayed adverse
event of severe post-procedure pancreatitis. Later, Barresi and
colleagues performed microforceps biopsies of one patient
prior to development of a newer generation microforceps de-
vice (Moray microforceps) [52]. This device is comprised of mi-
croforceps which are 230 cm in length with a jaw opening width
of 4.3 mm and a sheath of 0.8 mm in diameter that easily pas-
ses through a 19-gauge EUS-FNA needle [53]. A benefit to the

McCarty Thomas et al. Endoscopic ultrasound-guided through-the-needle… Endoscopy International Open 2020; 08: E1280–E1290 | © 2020. The Author(s). E1285



Study name Statistics for each study Event rate and 95 % CI

 Event rate Lower limit Upper limit Z-value P-value

Kovacevic et al. 2018 0.1071 0.0350 0.2844 – 3.4701 0.0005
Mittal et al. 2018 0.0179 0.0011 0.2296 – 2.8082 0.0050
Yang et al. 2018 0.0213 0.0030 0.1362 – 3.7877 0.0002
Zhang et al. 2018 0.0102 0.0006 0.1432 – 3.2183 0.0013
Cheesman et al. 2019 0.0909 0.0345 0.2184 – 4.3909 0.0000
Crino et al. 2019 0.2295 0.1409 0.3511 – 3.9776 0.0001
Hashimoto et al. 2019 0.0357 0.0089 0.1319 – 4.5770 0.0000
Yang et al. 2019 0.1228 0.0741 0.1967 – 6.8900 0.0000

 0.0826 0.0439 0.1502 – 6.9971 0.0000

Study name Statistics for each study Event rate and 95 % CI

 Event rate Lower limit Upper limit Z-value P-value

Kovacevic et al. 2018 0.0714 0.0179 0.2448 – 3.4954 0.0005
Mittal et al. 2018 0.0179 0.0011 0.2296 – 2.8082 0.0050
Yang et al. 2018 0.0213 0.0030 0.1362 – 3.7877 0.0002
Zhang et al. 2018 0.0102 0.0006 0.1432 – 3.2183 0.0013
Cheesman et al. 2019 0.0111 0.0007 0.1543 – 3.1563 0.0016
Crino et al. 2019 0.0328 0.0082 0.1218 – 4.7071 0.0000
Hashimoto et al. 2019 0.0357 0.0089 0.1319 – 4.5770 0.0000
Yang et al. 2019 0.0526 0.0238 0.1122 – 6.8911 0.0000

 0.0394 0.0236 0.0648 – 11.8964 0.0000

Study name Statistics for each study Event rate and 95 % CI

 Event rate Lower limit Upper limit Z-value P-value

Kovacevic et al. 2018 0.0172 0.0011 0.2232 – 2.8341 0.0046
Mittal et al. 2018 0.0179 0.0011 0.2296 – 2.8082 0.0050
Yang et al. 2018 0.0104 0.0006 0.1459 – 3.2033 0.0014
Zhang et al. 2018 0.0102 0.0006 0.1432 – 3.2183 0.0013
Cheesman et al. 2019 0.0111 0.0007 0.1543 – 3.1563 0.0016
Crino et al. 2019 0.0081 0.0005 0.1162 – 3.3890 0.0007
Hashimoto et al. 2019 0.0088 0.0005 0.1253 – 3.3281 0.0009
Yang et al. 2019 0.0088 0.0012 0.0596 – 4.7066 0.0000

 0.0108 0.0043 0.0269 – 9.5322 0.0000

Study name Statistics for each study Event rate and 95 % CI

 Event rate Lower limit Upper limit Z-value P-value

Kovacevic et al. 2018 0.0172 0.0011 0.2232 – 2.8341 0.0046
Mittal et al. 2018 0.0179 0.0011 0.2296 – 2.8082 0.0050
Zhang et al. 2018 0.0102 0.0006 0.1432 – 3.2183 0.0013
Crino et al. 2019 0.1803 0.1028 0.2970 – 4.5465 0.0000
Hashimoto et al. 2019 0.0088 0.0005 0.1253 – 3.3281 0.0009
Yang et al. 2019 0.0526 0.0238 0.1122 – 6.8911 0.0000

 0.0414 0.0134 0.1209 – 5.3147 0.0000

Total adverse events of Through-the-Needle Microforceps Biopsies

Post-procedure pancreatitis events of Through-the-Needle Microforceps Biopsies

Serious adverse events of Through-the-Needle Microforceps Biopsies

Post-procedure bleeding events of Through-the-Needle Microforceps Biopsies
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▶ Fig. 3 a Pooled adverse events of through-the-needle microforceps biopsies of pancreatic cystic lesions. b Post-procedure pancreatitis events
of through-the-needle microforceps biopsies of pancreatic cystic lesions. c Post-procedure bleeding events of through-the-needle microfor-
ceps biopsies of pancreatic cystic lesions. d Serious adverse events of through-the-needle microforceps biopsies of pancreatic cystic lesions.
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microforceps device is that this method of PCL sampling pro-
vides a tissue fragment of the cyst wall and has been proposed
to improve the diagnostic yield. In addition to cytologic evalua-
tion of cyst fluid obtained through FNA, TTN microforceps
biopsy provide tissue specimens for better histopathologic
evaluation through greater tissue specimen size and visualiza-
tion of the histologic milieu, thereby increasing the diagnostic
yield. This is similar to improved yield reported with histopa-
thological evaluation of core biopsies obtained with EUS-guid-
ed fine needle biopsy (FNB) compared to FNA cytology alone for
solid pancreatic lesions [54]. In our study, diagnostic yield and
accuracy were significantly improved when compared to tradi-
tional FNA sampling with an OR 4.79 (95% CI: 1.52 to 15.06; P=
0.007) and OR 8.69 (95% CI, 1.12 to 67.12; P=0.038), respec-
tively.

Specific limitations to this study include low-to-moderate
heterogeneity of included studies. Despite this, studies includ-
ed differences in patient population, varied definition EUS-
guided sampling techniques (i. e., suction vs slow-pull FNA, to-
and-fro movements, number or biopsies, number of passes,
varied location of lesions and histopathology, as well as inter-
operator procedural capability and familiarity). Furthermore,
this study included only one prospective observational study
with no randomized trials included in this analysis. This lack of

randomized trials may introduce a confounding bias as the
main methodological problem in observational studies is the
internal validity with lack of adjusted estimates in the systema-
tic review and meta-analysis [55]. Publication bias was also as-
sessed and present in this meta-analysis; however, correction of
such did not significantly alter our findings given overlapping
confidence intervals. Additionally, this microforceps device is
not readily available at all centers with results likely reflecting
centers with expertise. A concern with many innovative endo-
scopic procedures or techniques is the learning curve or clinical
expertise needed to perform an effective procedure; however,
given the design allowing for passage through a traditional 19-
gauge needle, this device may be easily adopted at centers with
expertise in FNA of pancreatic lesions.

Despite these limitations, this study has several strengths.
Most importantly, this systematic review and meta-analysis
summarizes all available data to date to evaluate the feasibility,
effectiveness, and rate of adverse events of TTN microforceps.
Several studies were excluded upon in-depth evaluation of the
literature due to overlapping enrollment periods or concern for
duplication of patient data given certain multi-center studies
[56–59]. Although low-to-moderate-heterogeneity was noted
for some variables in our meta-analysis which is not surprising
given the cumulative nature of reporting results, this is not sur-

Study name Statistics for each study Odds ratio and 95 % CI

 Odds ratio Lower limit Upper limit Z-Value P-value

Kovacevic et al. 2018 0.3519 0.0937 1.3206 – 1.5478 0.1217
Mittal et al. 2018 1.8182 0.3883 8.5137 0.7590 0.4479
Yang et al. 2018 5.9627 2.2248 15.9806 3.5498 0.0004
Zhang et al. 2018 1.1143 0.4475 2.7743 0.2325 0.8161
Crino et al. 2019 1263.5455 68.3181 23369.3098 4.7977 0.0000
Hashimoto et al. 2019 12.2727 5.0164 30.0257 5.4929 0.0000
Yang et al. 2019 8.2558 4.4352 15.3675 6.6587 0.0073
 
 4.7912 1.5243 15.0599 2.6813 0.0073

Study name Statistics for each study Odds ratio and 95 % CI

 Odds ratio Lower limit Upper limit Z-Value P-value

Mittal et al. 2018 3.0250 0.8773 10.4306 1.7527 0.0797
Robles-Mranda et al. 2019 24.3750 7.6367 77.8006 5.3932 0.0000
 
 8.6867 1.1242 67.1239 2.0721 0.0383

Diagnostic yield of Through-the-Needle Microforceps Biopsies vs. Fine Needle Aspiration

Diagnostic accuracy of Through-the-Needle Microforceps Biopsies vs. Fine Needle Aspiration
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▶ Fig. 4 a Diagnostic yield of through-the-needle microforceps biopsies vs conventional fine needle aspiration for pancreatic cystic lesions.
b Diagnostic accuracy of through-the-needle microforceps biopsies vs conventional fine-needle aspiration for pancreatic cystic lesions.
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prising given a novel technique. Use of microceps biopsy may
help to overcome limited cellularity of the EUS-guided cyst
fluid aspiration and traditional cytology [60].

Conclusion
Overall, the TTN microceps biopsy device was demonstrated to
be an effective modality for sampling of PCLs, with increased
diagnostic yield compared to traditional FNA. To these authors’
knowledge, this is the first systematic review and meta-analysis
to summarize TTN microforceps biopsies for the diagnosis of
PCLs. With future research, use of TTN may be incorporated
into future guidelines though their exact role and indication re-
main less established at this time. While further prospective
studies are needed prior to routine clinical implementation,

we hope these findings provide an important step forward in
future research and impact clinical decision making among ad-
vanced endoscopists.
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