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ABSTRACT

Background and study aims Pancreatic cystic lesions
(PCL), are a heterogeneous group of cystic lesions. Some
patients with PCLs have a significantly higher overall risk of
pancreatic cancer and the only test that can differentiate
benign and malignnat PCL is fine-needle aspiration plus cy-
tological analysis, but its sensitivity is very low. Through-
the-needle direct intracystic biopsy is a technique that al-
lows acquisition of targeted tissue from PCLs and it may im-

prove the diagnostic yield for them. The aim of this study
was to review articles about endoscopic ultrasound (EUS)-
guided through-the-needle intracystic biopsy for targeted
tissue acquisition and diagnosis of PCLs.

Methods A systematic review of computerized biblio-
graphic databases was carried out for studies of EUS-quided
through-the-needle forceps biopsy (EUS-TTNB) of PCLs. The
percentages and their 95% confidence intervals (Cls) were
calculated for all the considered endpoints (technical suc-
cess, adequate specimens, adverse events (AEs), and over-
all diagnosis).

Results Overall, eight studies with a total of 423 patients
were identified. Pooled technical success was 95.6% of the
cases (399/423), (95% Cl, 93.2%-97.3%). Technical failure
rate was 5.1% (24 cases). Frequency of adequate specimens
was 82.2%, (95% Cl, 78.5%-85.8%). Adverse events were
reported in seven of the eight studies. Forty-two total ad-
verse events were reported (10.1%) (95% Cl, 7.3%-13.6%).
The overall ability to provide a specific diagnosis with EUS-
TTNB for diagnosis of pancreatic cystic lesions was 74.6%
(313 cases), (95% Cl: 70.2%-78.7%). The most frequent
diagnoses found with EUS-TTNB were mucinous cystic
neoplasms (MCN) in 96 cases (30.6%), IPMN in 80 cases
(25.5%), and serous cystoadenoma neoplasm (SCN) in 48
cases (15.3%).

Conclusions Through-the-needle forceps biopsy appears
to be effective and safe, with few AE for diagnosis of pan-
creatic cystic lesions. This technique had acceptable rates
of technical and clinical success and an excellent safety
profile. TTNB is associated with a high tissue acquisition
yield and provided additional diagnostic yield for mucinous
pancreatic lesions. TTNB may be a useful adjunctive tool
for EUS-guided assessment of PCLs.

Introduction

Pancreatic cystic lesions (PCL), are a heterogeneous group of
cystic lesions which are divided into two groups: first, muci-
nous lesions, that include intraductal papillary mucinous neo-
plasms (IPMN) and mucinous cystic neoplasms (MCN); and

non-mucinous lesions (NMN), that include: serous cystic neo-
plasms (SCN), pseudocysts, cystic neuroendocrine tumors, so-
lid pseudopapillary tumors, and cystic pancreatic ductal adeno-
carcinomas [1-3]. All these lesions have diverse clinical, radio-
logical and pathological features. IPMN is the most common
[4].
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Frequent use of high-quality cross-sectional imaging has led
to a significant increase in the diagnosis of PCLs, however, clin-
ical decision-making remains limited. Magnetic resonance ima-
ging and magnetic resonance cholangiopancreatography are
superior to computed tomography in identifying communica-
tion between a PCL and the pancreatic duct, the number of
PCLs, and presence of a mural nodule [5]. In Spain, a prospec-
tive study performed in 298 patients showed that prevalence
of unexpected PCLs on endoscopic ultrasound (EUS) is 21.5%,
higher than the prevalence estimates in cross-sectional ima-
ging studies [6]. Currently, the management of PCLs relies on
the combination of clinical features, cross-sectional imaging
and endoscopic ultrasound with or without fine-needle aspira-
tion (FNA) and fluid analysis. Limitations of these tests are low
sensitivity (42 %) [7]; carcinoembryonic antigen in the cyst fluid
has a sensitivity of 52% to 79% [5]. FNA plus cytological analysis
is a test that can differentiate benign and malign PCLs, but sen-
sitivity is very low. Most importantly, due to the limited accura-
cy, new diagnostic tools have been introduced to differentiate
benign from precancerous and/or malignant PCLs, including
EUS-guided through-the-needle forceps biopsy (EUS-TTNB),
cyst fluid molecular studies and EUS-quided needle-based con-
focal laser endomicroscopy (nCLE). The INDEX study showed
that EUS with nCLE identified mucinous PCLs with 98 % sensitiv-
ity, 94 % specificity, and 97 % accuracy. nCLE was more accurate
in classifying mucinous vs nonmucinous cysts than the stand-
ard method [8].

TTNB was first performed by Aparicio et al. in 2010 [9], in an
attempt to improve the diagnostic yield of PCLs. In this report,
biopsy forceps and a SpyGlass fiber optic probe were passed
through the 19-gauge EUS needle in two patients with a PCL in
the head of the pancreas and successfully yielded histology for
two PCLs. Currently, novel devices like TTTN Moray microfor-
ceps have been developed, and some authors have confirmed
in different report cases that it can be useful in determination
of histology of PCLs [10-12]. However, experience with EUS-
TTNB for PCLs is still limited, and accordingly, we carried out a
systematic review to evaluate the safety and efficacy of this
new technique.

Patients and methods
Literature search

We performed a systematic review on PubMed, OVID Medline,
and Cochrane Databases, by searching for studies published up
to October 2019.The search was limited to English-language
and human studies, and it was carried out using the following
entries: “endoscopic ultrasound,” “through-the-needle micro-
forceps biopsy,” “Moray microforceps,” “pancreatic cystic le-
sions,” “pancreatic cystic neoplasms,” and “EUS-guided micro-
biopsy. Boolean operators (NOT, AND, OR) were also used in
succession to narrow and widen the search. Only publications
on EUS-TTNB in PCLs were considered, whereas studies with
only other cystic evaluations without microforceps biopsy, indi-
vidual or multiple report cases, duplicates and those with re-
dundant data, review articles or book chapters, commentaries
or editorials, non-relevant publications, and alternative tech-
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(pancreas OR pancreatic) AND (cysts OR cyst) AND
(EUS guided OR endoscopic ultrasound guided) AND

(microforceps biopsy OR Moray forceps OR
through-th-needle biopsy)

102 hits
Review/Book chapters

Case reports
Non relevant/
alternatives techniques
Commentaries/
editorials

94 studies excluded

8 studies included

» Fig.1 Studies identified in the literature.

niques of fluid cystic analyses, were excluded and not consid-
ered for the present pooled-data analysis (» Fig.1). There was
100% concordance between reviewers for study selection and
data abstraction.

Endpoints

Rates of technical success, adequate specimens, adverse
events (AEs), and overall diagnosis were computed. We defined
technical success as successful puncture of the pancreatic cyst,
subsequent successful mounting of the microbiopsy forceps,
and extraction of at least one microbiopsy. The reference
standard for overall diagnosis was surgical histopathology in
most cases. Adequate specimens were defined as procurement
of useful histological results and if the microforceps could be
passed through the needle inside the cyst where the jaws of
the microforceps were opened and closed to perform the biop-
sy. Procedure-related AEs were recorded: abdominal pain, fe-
ver, acute pancreatitis, extracystic bleeding, and infection. AEs
were stratified based in ASGE classification based mainly on
need for hospitalization: Mild, events requiring hospitalization
of 1 to 3 days; moderate, 4 to 9 days in hospital; severe, more
than 10 days in the hospital or needing surgery or intensive
care; fatal, death attributable to the procedure [13].

Data extraction

Full texts of all selected articles were reviewed to confirm study
eligibility. A data extraction form was developed in advance to
extract the following information from each study: first author,
year of publication, study design, number of patients enrolled,
age, gender, PCLs characteristics (site of the lesion, type of the
lesion, mean size, multifocality, wall of the lesions), technical
success, adequate specimens, adverse events and overall histo-
logical diagnosis of pancreatic cysts.

Data analysis

The percentages and their 95% confidence intervals (Cls) were
calculated for all the considered endpoints. (technical success
rate, adverse events rate and overall diagnosis rate). The Green-
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wood method was used. The Statistical Package for Social Sci-
ences for Windows version 22 (SPSS Inc. Chicago, lllinois, Uni-
ted States) was used to analyze the data.

Results

A flow diagram depicting the search and selection process is
provided in »Fig.1. The initial search yielded 102 articles of
which eight studies were finally analyzed [14-21].

Characteristics of included studies

Characteristics of the eight included studies are listed in » Ta-
ble1 [14-21]. These studies, comprising 423 patients, were
published between 2018 and 2019. Six studies were retrospec-
tive and of them, fou rwere multicenter; one was prospective
and one was cohort study in design. There were no randomized
controlled trials. Mean age of patients ranged from 50.2 to 69.6
years. Of the 423 patients, 172 were male (40.6%) and 251
were female (59.4%).

PCL characteristics

PCL characteristics are shown in »Table 1. Cysts were located
in the head of the pancreas (neck and uncinate were included)
in 163 patients (38.5%), in the body in 142 (33.5%), and in the
tail in 101 (23.8%). Thirteen cysts (3,.%), were located in the
body and/or tail in the study by Mittal et al [18], without speci-
fying the exact location and no location was specified for four
cysts (0.9 %) in the study by Yang et al [20].

Mean size of cysts was 34.0 mm (mean size ranging of 28.2-
40.7mm). Only five studies specified whether the lesion was
uniloculart [13-15,18,19]. In 167 cases (39.4%), cysts were
uniloculated whereas in 147 cases (34.7 %), they were reported
as multiloculated or septated; the remainder were not de-
scribed. A mural nodule was reported in five studies [14-16,
19,20], in total 28 cases (6.6 %) of mural nodules were reported
in the different studies.

Technical successful rates

Mean technical success rate in the different studies ranged
from 85.7 % to 100 %. In all eight studies, pooled technical suc-
cess was reported in 95.6 % of cases (399/423), with a 95 % con-
fidence interval (Cl) 93.2% to 97.3% (» Fig.2). The technical
failure rate was reported in 24 cases (5.1%). Frequency of ade-
quate specimens was 82.2%, (95% Cl, 78.5%-85.8 %) reported
in seven of eight studies, (mean rate 71.4%-91.6 %).

Adverse events

AEs were reported in seven of eight studies. Forty-two total AEs
occurred in 375 patients (10.1% of total cases) (95% Cl, 7.3 %-
13.6%) (» Fig.3). In two studies [18, 19], there were no AEs. No
comment was made about AEs in one study [21]. In 39 patients,
AEs were recorded as mild and in three as moderate. No severe
or fatal AEs were observed (» Table 2).

Overall, of 39 mild adverse events occurred: 20 cases (51.2 %)
of intracystic bleeding, 8 cases (20.5%) of abdominal pain, 7
cases (17.9%) of mild acute pancreatitis, 1 case (2.5%) of
abdominal pain plus intracystic bleeding, 1 case (2.5 %) of tran-
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sitory fever, 1 case (2.5%) of peripancreatic bleeding, 1 case
(2.5%) of sinus bradycardia. All 3 cases of moderate adverse
events were mild acute pancreatitis. In the study of Yang et al.
[20], one patient developed a pseudocyst several weeks later
that required endoscopic drainage, the patient recovered after
stent removal without recurrence.

Overall diagnoses

The overall ability to provide a specific diagnosis with EUS-TTNB
for diagnosis of pancreatic cystic lesions in all studies was 74.6 %
(313 of the 423 cases), 95% Cl: 70.2%-78.7 %. Mean accuracy
among studies ranged from 35.7 % to 88.9% (» Fig.4).

The most frequent diagnoses found with EUS-TTNB were:
MCN in 96 cases (30.6%), intraductal papillary mucinous neo-
plasmin 80 cases (25.5%), and SCN in 48 cases (15.3%). In » Ta-
ble3 and » Table4, detailed diagnoses obtained by EUS-TTNB
in all the studies are reported.

Discussion

It has been acknowledged that some patients with PCLs have a
significantly higher overall risk of pancreatic cancer [22], and
actually, the frequent use of high-quality cross-sectional ima-
ging has led to a significant rise in diagnosis of PCLs. In the
meta-analysis of Zerboni G, et al in 2019, prevalence of PCLs in
asymptomatic individuals was 8 % [23], while incidence of these
lesions increases with age and reaches 37% in patients older
than 80 [24]. In Spain, a prospective study performed in 298
patients, the authors recorded that incidental prevalence of
pancreatic cysts on EUS (21.5 %) was higher than prevalence es-
timates in cross-sectional imaging studies [6]. Surgery is cur-
rently considered the standard of care for malignant and high-
risk premalignant PCLs. At present, the great problem is optimi-
zation of diagnostic tools, and given their accuracy, patients
may be overtreated with surgery, or to the contrary, may not
be kept under surveillance when they should be. Actually, EUS-
TTNB is a technique that allows targeted tissue acquisition of
the PCLs. We performed a systematic review literature with
pooled data analysis of available studies to evaluate perform-
ance of EUS-TTNB for diagnosis of pancreatic cystic lesions.

All authors used a standard technique. An oblique/forward-
viewing therapeutic linear array echoendoscope was used to
visualize the PCLs. The cyst was then punctured by using a 19-
gauge EUS-FNA needle, with a stylet. A transgastric or trasduo-
denal approach was used for PCLs, the stylet was removed, and
a biopsy of the wall of the cyst was done by using the microfor-
ceps passed through the 19-gauge needle under direct EUS vi-
sualization. The open jaws of the forceps were pushed onto the
cyst wall, closed and pulled back to cause visible tenting. The
forceps were then “plucked” and removed from the patient,
leaving the 19-gauge needle in the cyst. Crino et al. [16], found
that a mean number of 3.25 passes per patient was necessary
to obtain 3 visible histologic specimens, which were judged to
be adequate for histologic evaluation in approximately 92 % and
performed one “bite” per pass from observing the “tent sign”
of the cystic wall, which theoretically demonstrates an effective
grip of the microforceps on the wall. With the protocol of Crino
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Studies Estimate 95% Cl EV[TOT Technical success

Barresi L. (2018) 100 93.625 to 100.000 56/56 —a
Basar O. (2018) 90.476 77.378 to 97.344 38/42 i

Crino S. (2019) 100 94.132 to 100.000 61/61 —a
Kovacevic (2018) 85.714 67.335 to 95.966 24/28 =

Mittal C. (2018) 100 87.230 to 100.000 27(27 —_—
Yang D. (2018) 97.872 88.706 to 99.946 46/47 -
Yang D. (2019) 97.368 92.502 to 99.454 111/114 —
Zhang C. (2018) 75 60.404 to 86.363 36/48 O

Total (fixed effects) 95.633 93.251 to 97.358 399/423 @
Total (random effects) 94.945 88.791 to 98.748 399/423 el
12=82.10% 0.6 0.7 0.8 0.9 1.0
P<0.001 Proportion

» Fig.2 Pooled analysis assessing rates of technical success of microforceps biopsy in targeting pancreatic cyst lesions. Technical success in

targeting pancreatic cysts was 95.6 % (93.2 %-97.3%; 12=82.1%).

Studies Estimate 95% Cl EV|TOT Overall diagnosis

Barresi L. (2018) 83.929 71.672t092.378 47/56 —a—
Basar O. (2018) 35.714 21.551 to 51.974 15/42 —

Crino S. (2019) 81.967 70.021 to 90.639 0/61 —u—
Kovacevic (2018) 67.857 47.648 to 84.122 9/28 _—

Mittal C. (2018) 88.889 70.841 to 97.647 4/27 e e
Yang D. (2018) 82.979 69.191 to 92.353 9/47 ——
Yang D. (2019) 83.333 75.203 to 89.657 5/114 — -
Zhang C. (2018) 50 35.225 to 64.775 4/48 —_—

Total (fixed effects) 74.670 70.287 to 78.710 313/423 L 2

Total (random effects) 72.726 59.935 to 83.848 313/423 —~ll——
12=87.32% 0.2 0.4 0.6 0.8 1.0
P<0.001 Proportion

> Fig.3 Pooled analysis assessing rates of overall diagnosis of microforceps biopsy in targeting pancreatic cyst lesions. Overall diagnosis in

targeting pancreatic cysts was 74.6 % (70.2%-78.7%; 12=87.3 %).

et al, they reached 100% histologic adequacy after two biopsy
samples. Yang et al [19], performed three bites per pass for a to-
tal of three passes, obtaining a histologic sample in only 83 % of
the cases.

Since the first case reported by Aparicio et al, [9] in 2010,
many case reports have been published [11,25-30]. We collec-
ted data from eight studies, with the first published in 2018,
overall including 423 patients. In this systematic review, we
have observed a predominance of PCLs in women, in seven of
eight studies, (ratio F:M of 1.5:1) whereas the mean age of pa-
tients was 63.3 years and was similar in different series (ranging
from 50.2 to 69.6 years). The site of the PCLs was distributed
differently and heterogeneously in the different studies, how-
ever, pooled analysis data show that the most frequent location
was in the head of the pancreas (38.5%). In our analysis, pan-
creatic neck and uncinated process were included in this group,
because some authors do not discriminate or differentiate be-
tween these locations individually. Only Barresi L et al [14] no-
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ted distribution of lesions in five regions (head, neck, body, tail
and uncinated).

Lesion type was reported in five of eight studies [14-16, 19,
20], with unilocular being the most frequently reported (39.4 %).
In three studies, [15,16,19], no statistically significant rela-
tionship was found between cyst features or biopsy sampling
route and the diagnostic yield of two TTNB-EUS specimens, ex-
cept for a lower capability to retrieve the cyst epithelial lining
in lesions located in the pancreatic tail. Mean size of PCLs was
34.0mm and was similar in different series (ranging from 28.2
to 40.7mm). Only Barresi L et al [14] reported 12 cases (21.4%)
of multifocality of cysts in their study.

According to the recent European guidelines [5], presence of
an enhancing mural nodule (25mm) is an absolute indication
for surgery; patients with mucinous cystic neoplasm 240 mm
should undergo surgical resection if a mural nodule exists irre-
spective of their size [5,30]. In this systematic review, we found
that five of eight studies recorded presence of the mural nodule

E1127



& Thieme

> Table2 Results of and adverse events from endoscopic ultrasound-guided through-the-needle forceps biopsy.

Study Technical success rate

BarresiLetal [14] 56 (100 %)

BasarOetal [15] 38(90.4 %)

CrinoSetal [16] 61(100%)

KovacevicBetal [17] 24 (85.7%)

Mittal Cetal [18] 27 (100%)

YangDetal [19] 46 (97.9%)

Yang D et al [20] 111(97.4%)

ZhangMetal [21] 36 (75%)

[14-16,19,20], in total, 28 cases of mural nodule were report-
ed.

Timing of the procedures was assessed only in the study by
Kovacevic et al [17], they reported a mean procedural time of
32 minutes, with a mean of three biopsy samplings performed.

In all eight studies, encouraging results were reported in
terms of both technical success and diagnostic yield. The tech-
nical success rate was 95.6% (399 of 423 cases), with a mean
technical success rate ranging from 85.7% to 100% in the dif-
ferent studies, whereas the technical failure rate was reported
in 24 cases (5.1%). The overall ability to provide a specific diag-
nosis with EUS-TTNB for diagnosis of pancreatic cystic lesions in
all studies was 74.6 % (313 of 423 cases). The mean rate ranged
from 35.7% to 88.9%. However, the arguments to explain the

E1128

Specimen adequacy Adverse events

47 (83.9%) Total 9 (16 %)

Grade:

Mild: 9

Type of adverse event
Abdominal pain: 7

Intracystic hemorrage: 3

30(71.4%) Total 2 (4,7 %)

Grade:

Mild: 2

Type of adverse event
Abdominal pain: 1

Intracystic hemorrage: 1

91.6%" Total 14 (22.9 %)

Grade:

Mild: 14

Type of adverse event
Transitory fever: 1
Intracystic hemorrage: 10
Mild acute pancreatitis: 2
Peripancreatic bleeding: 1

20(71.4%) Total 3(10.7 %)

Grade:

Mild: 1

Moderate: 2

Type of adverse event
Abdominal pain: 1
Intracystic hemorrage: 0
Mild acute pancreatitis: 2

24 (88.9%) Total: 0 (0%)

40(85.1%) Total: 0 (0%)

95 (83.3%) Total 14 (12.3%)

Grade:

Mild: 13

Moderate: 1

Type of adverse event
Intracystic hemorrage: 7
Mild acute pancreatitis: 6
Sinus bradycardia: 1
Pseudocyst: 1

No reported

advantage of TTNB on cytology are also problems for TTNB
(heterogeneity of presence of epithelium in mucinous cystic
neoplasm, IPMN or neuroendocrine neoplasm) and one limit of
TTNB is inability to check a large part of the wall. That is may
explain why diagnosis with TTNB, overall, is imperfect.
Technical failure seems to be caused by loss of flexibility of
the echoendoscope when both forceps and the FNA needle are
inserted. Other technical difficulties described did not hinder
procurement of specimens. Failures were seen in locations
where EUS-quided puncture is known to be challenging, i.e.,
when the echoendoscope was placed in the duodenum [16]. In
the study by Barresi et al [14], specimens were considered
adequate for histological diagnosis in 47 of 56 (83.9%; 95% Cl,
72%-92%). In two of these patients, despite histological ade-
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Studies

Barresi L. (2018)
Basar O. (2018)
Crino S. (2019)
Kovacevic (2018)
Mittal C. (2018)
Yang D. (2018)
Yang D. (2019)

Total (fixed effects)
Total (random effects)

12=80.13%
P<0.001

Estimate

16.071
4.762
22.951
10.714
0
0
12.281

10.144
8.710

95% Cl

7.622 to 28.328
0.582 to 16.164
13.153 to 35.498
2.267 to 28.226
0to 12.770

0to 7.549

6.879 to 19.746

7.304t0 13.618
3.320 to 16.326

EV[TOT Adverse events
9/56 O
2[42 )
14/61 L
3/28 e
0/27 —
0/47 —
14/114 —.—
42/375 o
42375 e ———
0.2 0.4 0.6
Proportion

» Fig.4 Pooled analysis assessing rates of adverse events of microforceps biopsy in targeting pancreatic cyst lesions. Overall diagnosis in tar-

geting pancreatic cysts was 10.1% (7.3 %-13.6%; 12=80.13 %)

> Table3 EUS-TTNB diagnosis in different studies.

Study

Barresi L etal [14]

Basar O. etal [15]

CrinoSetal[16]

Overall diagnosis

47 (83.9%)

15(35.7%)

50 (81.9%)

EUS TTNB diagnosis
Serous cystoadenoma
BD-IPMN

Cystic mucinous neoplasm
Pseudocyst

No definite mucinous cyst
Malignant cystic neoplasm
Other

Serous cystoadenoma
BD-IPMN

Cystic mucinous neoplasm
Adenocarcinoma

cPNET

Acinar cystoadenoma
Serous cystoadenoma
BD-IPMN

Cystic mucinous neoplasm
Pseudocyst
Neuroendocrine tumors
Squamoid cyst
Lymphangioma

Mucinous non-neoplastic cyst
Lymphoepithelial cyst
Solid pseudopapillary neoplasm

No definite
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14(29.7%)
10 (21.2%)
8(17%)
7(14.8%)
4(8.5%)
3(6.3%)
1(2.1%)
3(20%)
6 (40%)
2(13.3%)
2(13.3%)
1(6.6%)
1(6.6%)
13(21.3%)
7(11.5%)
14(22.9%)
2(3.3%)
5(8.2%)
3(4.9%)
2(3.3%)
2(3.3%)
1(1.6%)
1(1.6%)

11(18%)
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» Table3 (Continuation)

Study

KovacevicBetal [17]

Mittal C et al [18]

Yang D etal [19]

Yang D et al [20]

ZhangMetal [21]

Overall diagnosis EUS TTNB diagnosis

19 of 24 (79.1 %) Serous Cystoadenoma
BD-IPMN
Cystic mucinous neoplasm
Pseudocyst
Neuroendocrine tumors
MCN associated carcinoma
Insufficient material
Inconclusive
24 (88.9%) Serous cystoadenoma
BD-IPMN
Cystic mucinous neoplasm
Benign /[ Inflammatory
Neuroendocrine tumors
39(82.9%) Serous cystoadenoma
Cystic mucinous neoplasm
Benign fibrous tissue
Inflammatory cells
95 (88.9%) Serous cystoadenoma
Mucinous cyst
Mucinous cyst with adenocarcinoma
Inflammatory
Benign glandular cells
Solid pseudopapillary tumor
Cystic neuroendocrine tumor
24 (50%) Serous cstoadenoma
BD-IPMN
Mucinous cystic neoplasm
Adenocarcinoma

Acinar cystoadenoma

EUS-TTNB, endoscopic ultrasound-guided through-the-needle forceps biopsy; BD-IPMN, bile

duct papillary mucinous neoplasm.

2(8.3%)
13 (54.1%)
1(4.2%)
1(4.2%)
2(8.3%)
1(4.2%)
1(4.2%)
3(12.5%)
4(14.8%)

0(0%)
9(33.3%)
10 (37.1%)
1(3.7%)
4(8.5%)
26 (55.3%)
7(14.9%)
2(4.2%)
5(4.3%)
61(53.5%)
2(1.7%)
14(12.2%)
6 (5.2%)
1(0.8%)
6(5.2%)
3(6.3%)
18(37.5%)
1(2.1%)
1(2.1%)

1(2.1%)

quacy, a diagnosis could not be reached. In the other two cases,
a specimen sufficient for cytological diagnosis was obtained.
Basar et al [15] reported that pinch biopsy specimen was insuf-
ficient for histology processing in four of 42 patients (9.6%),
two from a cyst wall and two from a septum. Crino et al [16],
reported that inadequacy was because of clots in 10 cases and
amorphous material in five cases. Mittal et al [18] no reported
procedural difficulty, but microforceps biopsies did not provide
a pathologic diagnosis in three cases because tissue obtained
with the microforceps biopsy was not adequate for pathologic

diagnosis. Kovacevic et al [17] reported technical failure in
four patients, due to inability to access the cyst while the
echoendoscope was maximally flexed, and observation of le-
sions located in the head (3 cases) and the tail (1 case) of the
pancreas, the latter with failed transgastric puncture.

The most frequent diagnoses found with EUS-TTNB were:
mucinous cystic neoplasms in 96 cases (30.6%), IPMN in 80
cases (25.5%), and serous cystoadenoma neoplasm in 48 cases
(15.3%). Distinguishing between a serous and mucinous cystic
neoplasm is important because all mucinous cystic neoplasms
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> Table4 Overall diagnosis of PCLs in studies of EUS-TTNB.

Diagnosis Barresi Basar Crino
L, etal 0, et S, etal
[13] al[14] [15]

Serous cystoadenoma neoplasm 14 3 13

IPMN 10 6 7

Mucinous cystic neoplasm 8 2 14

Pseudocyst 7 2

Malignant cystic neoplasm 3

Adenocarcinoma 2

Neuroendocrine pancreatic tumor 1 5

Acinar cystoadenoma 1

Squamoid cyst 3

Lymphangioma 2

Mucinous non-neoplastic cyst 2

Lymphoephitelial cyst 1

Solid pseudopapillary Neoplasm 1

No definite mucinous cyst 4

Benign/inflammatory

Other 1

No definite diagnosis 11

Total 47 15 50

Kovace-  Mittal Yang Yang Zhang Total %
vicB.et C,etal D, et D, et M, et al
al [16] [17] al[18] al[19] [20]
2 4 4 5 3 48 15.34
13 26 18 80 25.56
1 9 61 1 96 30.67
1 9 2.88
1 2 6 1.92
1 2 1 3 0.96
2 1 6 15 4.79
1 2 0.64
3 0.96
2 0.64
2 0.64
1 0.32
1 2 0.64
4 1.28
10 9 20 39 12.46
1 0.32
3 14 4.47
19 24 39 95 24 313 100

PCL, pancreatic cystic lesion; EUS-TTNB, endoscopic ultrasound-guided through-through-needle forceps biopsy; IPMN, intraductal papillary mucinous neoplasm.

are resected regardless of grade because of the ease of the
usual distal pancreatectomy compared with the expense and
anxiety of life-long surveillance for progression to malignancy
in the typical middle-aged woman [31]. Conversely, branch
duct IPMNs without high-risk features behave in a benign fash-
ion and occur mostly in elderly patients, thereby supporting a
conservative management approach [21]. Therefore, deter-
mining cyst type as well as the malignant potential of a cyst dic-
tates the best treatment strategy while avoiding unnecessary
surgery. Furthermore, TTNB has advantages over cytology
alone, the latter is insufficient for diagnosis in up to 60 % of pa-
tients because of the absence of epithelial cells in cyst fluid,
presence of gastrointestinal contamination, heterogeneity of
mucinous cyst dysplasia, and lack of experience and expertise
in cytologic interpretation [32-35]. In addition, the fragile cells
of serous cystadenoma rarely survive processing for diagnosis,
and the subepithelial ovarian-type stroma required for diagno-
sis of MCN is not present in aspirated cyst fluid. Conversely,
TTNB provides tissue from the cyst wall, septations, and mural
nodules for histology, thus providing tissue for ancillary studies
such as immunohistochemistry, and the distinction between
these two types of mucinous cysts was only possible with the
addition of TTNB. It would be interesting to study whether
TTNB can be useful for diagnosing the histological type of
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IPMN, but none of the eight studies mention it. In conclusion,
our systematic review showed that the effectivenes of TTNB-
EUS was not affected by size, location, or septations in cysts
and provided a specific diagnosis for the subtype of pancreatic
cyst.

Forty-two total AEs in 375 patients (10.1 % of total cases), 39
patients were recorded as mild AEs and three as moderate AEs.
No severe or fatal AEs were observed. Barresi et al [14] reported
that intracystic bleeding from the sites of micro-biopsy in the
cystic wall was the most common AE observed, and was self-
limited in all cases. Basar et al [15], do not observed serious
AEs. Only one patient had mild abdominal pain, which lasted
for an hour after the procedure. Another patient had self-lim-
ited intracystic bleeding, which did not progress and did not re-
sultin any symptoms. Crino et al [16] observed a case of transi-
tory fever with possible cyst infection, which resolved with con-
servative treatment without the need for hospital admission. In
this cohort, they observed an overall AEs rate of 22.9%, with a
slight increase in intracystic bleeding (16.4%). In all cases,
bleeding was self-limiting and asymptomatic and did not re-
quire medical intervention. Three moderate AEs were recorded,
two by Kovacevic et al [17] and one by Yang et al [20]. All were
mild acute pancreatitis. Two patients were hospitalized for 4
and 6 days, respectively. They were treated with intravenous
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fluids and analgesics and recovered completely [17]. Yang et al
[20] reported six patients with postprocedural acute pancreati-
tis based on laboratories and imaging, and abdominal pain
within 12 to 24 hours after the EUS, nearly all of these episodes
were mild (5 of 6); three patients required hospitalization. Two
of these patients were discharged within 24 to 48 hours with
supportive care and subsequently followed up in the clinic with-
out any sequelae. One patient developed a pseudocyst several
weeks later that required endoscopic drainage. The patient re-
covered after stent removal without recurrence. Limitations of
our study, are mainly based on the fact that unfortunate issues
with study centers handing out data to multiple studies, hence,
a systemic review or meta-analysis is never accurate unless the
authors disclose the data and account for redundancy from
each of these study centers.

The current status of new technologies for evaluation of
PCLs includes confocal endomicroscopy and molecular mar-
kers. Both EUS-nCLE and cyst fluid molecular analysis of PCLs
represent promising new modalities to improve the diagnostic
evaluation of PCLs. EUS with nCLE identified mucinous PCLs
with 98 % sensitivity, 94 % specificity, and 97 % accuracy. nCLE
was more accurate in classifying mucinous vs nonmucinous
cysts than the standard method. In clinical practice, these tech-
nologies may be particularly useful in cases with diagnostic un-
certainty so as to improve accuracy and allow for appropriate
risk stratification [1].

Conclusion

In our systematic review, we observed that TTNB appears to be
effective and safe, with few AEs for diagnosis of pancreatic cys-
tic lesions. The technique had acceptable rates of technical and
clinical success and an excellent safety profile. TTNB is associat-
ed with a high tissue acquisition yield and provided additional
diagnostic yield for mucinous pancreatic lesions. We think that
TTNB may be a useful adjunctive tool for EUS-guided assess-
ment of PCLs, complementing existing EUS-FNA sampling pro-
tocols. Future prospective studies and randomized controlled
trials are needed to further validate our initial findings and the
type of cysts in which this procedure should be performed.
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