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ABSTRACT

Background and study aims There are rare data on the
usefulness of endosonography-quided tissue acquisition
(EUS-TA) in patients with pancreatic cystic lesions (PCLs).
This study aimed to determine the accuracy of EUS-TA with
ProCore 20G (PC20) for differentiating between mucinous
neoplasia (MN) and non-MNs (n-MN) and identifying malig-
nant PCLs, as well as its adverse events (AEs) in patients
with PCLs without a classificatory diagnosis by imaging ex-
ams.

Patients and methods In this observational, retrospec-
tive, single-center study, all patients with PCL who under-
went EUS-TA due to diagnostic doubts in imaging studies
were consecutively recruited from June 2017 to December
2021.The outcomes were to determine the diagnostic ac-
curacy of EUS-TA with PC20 for differentiating between
MN and n-MN, identifying malignant PCLs, and the AEs.
Results Herein, 145 patients underwent EUS-TA, with 83
women (57.2%) and a mean age of 62.2 years. The mean
size was 2.3cm, with 81 patients (77.9%) having a PCL
< 3.0cm. The final diagnosis was made by EUS-TA (n =81),
surgery (n =58), and follow-up (n =6). The sensitivity, spe-
cificity, positive and negative predictive values, and accura-
cy for differentiating between MNs and n-MNs and identify-
ing malignant PCLs were 92.6%, 98.4%, 98.7%, 91.3%, and
95.2% (kappa=0.9), and 92%, 99.2%, 95.8%, 98.3%, and
97.9% (kappa =0.93), respectively. The AE rate was 2.7%,
with no deaths in this cohort.

Conclusions EUS-TA with PC20 has high accuracy and
technical success with a low AE rate for PCL diagnosis.
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Introduction

Pancreatic cystic lesions (PCLs) are becoming more commonly
detected as imaging techniques advance [1,2]. Incidental PCL
findings on computed tomography (CT) or magnetic resonance
cholangiopancreatography imaging (MRI/MRCP) reduce quality
of life in patients over 65 years of age, increase risk of pancreat-
ic ductal adenocarcinoma (PDA), and increase depressive states
in patients when a certainty diagnosis is not obtained [3]. The
benign PCLs are pancreatic pseudocysts (PP) and serous cystic
neoplasms (SCNs). However, there are two types of potentially
malignant PCLs (intraductal papillary mucinous neoplasia
[IPMN] and mucinous cystic neoplasm [MCN]) as well as two
types of malignant PCLs (cystic pancreatic-neuroendocrine tu-
mor [cp-NET] and cystic-PDA [cp-DA]) [4]. Therefore, defining
the nature of cysts is important for determining the best thera-
peutic strategy [5].

Endoscopic ultrasound (EUS) is useful in classifying PCLs
when conventional imaging methods such as CT and MRI/
MRCP are inconclusive [6]. EUS provides morphological detail,
facilitates aspiration of cystic fluid, and in some cases, can be
used to obtain PCL wall cells [7]. Although biochemical and/or
cytological analysis of the fluid is not always possible, when it is,
it aids in differential diagnosis between mucinous neoplasms
(MNs) and non-mucinous neoplasm (n-MNs) with low sensitiv-
ity and specificity without defining the nature of the cysts [6].

New devices for obtaining MicroCore (MC) such as the Pro-
Core 20G (PC20) were designed to overcome the limitations of
conventional needles and the rigidity of the 19G needle to per-
form EUS-quided fine-needle aspiration (FNA). The PC20 (Echo-
Tip Ultra Endoscopic Ultrasound, Cook Medical, Bloomington,
Indiana, United States) is thicker than the 22G and thinner
than the 19G, with a tissue-cutting bevel located on the shank,
just above the tip of the needle. Another new device is the Mor-
ay microforceps that allow for obtaining histological specimens
from the cyst wall, but its limitation is an increased risk of ad-
verse events (AEs) in IPMN, and the possible advantage of using
the PC20 for its design instead of the Moray [8]. The PC20 has
not yet been tested in a large PCL cohort. However, in solid pan-
creatic lesions, its contribution has been made famous because
of the increase in size and quality of samples with a smaller
number of punctures and without the need to use the rapid
on-site evaluation (ROSE) technique [9,10, 11]. Theoretically,
this needle could be used to obtain MC and aspirate cystic fluids
due to its 20G caliber. This study aimed to determine the accu-
racy and safety of EUS-guided tissue acquisition (EUS-TA) in dif-
ferentiating between MNs and n-MNs, as well as accurately clas-
sifying PCL histologically.

Patients and methods
Study characteristics and population

This was an observational, retrospective study with prospective
data collection from patients consecutively treated in the
Endoscopy Sector of Moriah Hospital. This study was approved
by the Research Ethics Committee of the Federal University of
Sdo Paulo (no.0471/2020). All patients signed an informed
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» Fig.1 Schematic diagram of the endosonography-guided tissue
acquisition (EUS-TA). Technique for aspirating cystic fluid and
obtaining material from the pancreatic cystic lesions (PCL) wall.

a Insertion of the PC20G. b Moment when the forward-bevel cuts
the cyst wall. c Back-and-forth movement of the needle to remove
various fragments from the wall. d Collecting the MicroCore (MC)
inside the needle.

consent form before participating in the study. Data were col-
lected from electronic medical records of patients with PCL un-
dergoing EUS-TA from June 2017 to December 2021. Patients
of any age with undiagnosed PCL identified by US, CT and MRI/
MRCP, with growth = 5mm, elevated CA 19-9, history of pan-
creatic cancer in a first-degree relative, and pancreatitis during
the follow-up were included. The presence or absence of PCL-
related symptoms was recorded. Patients with known coagula-
tion disorders who would be at risk of bleeding during the pro-
cedure were excluded.

EUS-TA

All procedures were performed using a Fujinon EG 580-UT line-
ar echoendoscope (FUJIFILM Medical Systems, Wayne, New Jer-
sey, United States). The ProCore 20G needle was used. All pro-
cedures were performed by experienced physicians. PCL in the
head and/or the uncinate process were accessed through the
duodenum, whereas cysts in the body and tail were approached
through the stomach.

The PCL was preferably punctured in a single pass to mini-
mize the risk of infection and perforation from repeated punc-
tures. Once the needle was in the lesion, a 10-cc syringe with a
vacuum was used to aspirate the cyst contents. If solid compo-
nents were repaired inside the cyst, they were specifically punc-
tured with the needle to obtain the material. The cyst wall
(»Fig. 1), vegetation, or nodulation was perforated by the nee-
dle to obtain tissue [12]. During the procedure, an intravenous

Castro JulianaSilveira Lima de et al. Clinical usefulness of ... Endosc Int Open 2024; 12: E155-E163 | © 2024. The Author(s).



» Fig.2 Ultrasound-guided biopsies appearance of serous cystic neoplasia a ProCore 20-gauge caliber of the specimen (black arrow with two
heads). b Simple cubic epithelium with vacuoles containing glycogen (red arrows). c Dense cicatricial stroma with hemosiderin (yellow arrow).
d Loose myxoid stroma. e Mucinous cystic neoplasm. Flat epithelium with mucoproducing gastric foveolar pattern (red arrow) and dense

ovarian pattern stroma (blue arrow).

dose of quinolone-derived broad-spectrum antibiotics was ad-
ministered and maintained orally for 5 days.

When PCL was identified, the following morphological char-
acteristics were recorded: location, size, presence, and meas-
urement of septa and/or nodules, calcifications, and communi-
cation and dilation of the main pancreatic duct (MD). EUS-TA
with diagnostic intent was not performed in cases of interposed
vessels in the needle path, suspicion of PP or "walled-off necro-
sis,” as these could be referred to as interventional-EUS, or
when the PCL identified by imaging examinations did not corre-
spond to a cyst but to another anatomical structure.

Microhistology (McH) technique and biochemical
analysis of cystic fluid

The MCs obtained by EUS-TA were fixed in 10% formalin for 6 to
24 hours and analyzed by a pathologist with experience in FNA
following the pathology department's standard protocol. The
residual fixative liquid in the biopsy flasks was sent for proces-
sing to collect tissues and make blocks with inclusion in agar-
ose. The samples were centrifuged at 1500 RPM for 10 minutes.
The tissue sediment was distributed in Eppendorf tubes and
centrifuged again with 1.5mL of 3% agarose. The resulting
cone was cooled to 0.7°C and sent for standard and paraffin
embedding processing by McH. Paraffin-embedded blocks and
biopsies were cut into 3-pm-thick semi-serial histological sec-
tions at three different levels of depth and stained with hema-
toxylin and eosin [12]. Immunohistochemistry (IHC) was per-
formed as an ancillary method in complex cases for a diagnostic
definition or assessing the sample’s epithelial component.
When possible, the cystic fluid was sent for biochemical a-
nalysis, including measurements of amylase, carcinoeymbryo-
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nic antigen, and glucose levels using commercially available im-
munoassays.

McH characteristics of PCL classificatory diagnosis
cp-DA

There was marked nuclear pleomorphism, an inconspicuous
nucleolus with frequent mitoses, and stromal desmoplasia and
necrosis. Perineural and angiolymphatic invasions were fre-
quent [13].

Pancreatic lymphangioma

These are benign and composed of lymphatic tissue that ap-
pear in children and are most likely congenital. They are un-
common in the abdomen and rare in the pancreas. The diagno-
sis is made by observing dilated cysts with capillary walls [14].

Mucinous cyst neoplasia

This manifests as a solitary cyst, either unilocular or multilocu-
lar and unlike IPMN, does not communicate with the MD. The
lining epithelium is mucus-secreting, flat or papillary, and has
an ovarian mural stroma (» Fig.2) [14].

Serous cyst neoplasia

This is covered by a delicate flat or cuboidal simple epithelium
with clear cytoplasm rich in glycogen (periodic acid-Schiff +).
Mitoses are absent and the nuclei are round and dense. The
stroma usually exhibits a fibroblastic radial scar, but it can also
be loose, myxoid, or have calcified foci. The trabeculae between
the cysts show calcifications that form a radiating pattern
(» Fig.2) [15].
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» Fig.3 Ultrasound-guided biopsies of intraductal papillary mucinous neoplasia (IPMN) with their respective epithelia (gastric, biliopancreatic,
intestinal and oncocytic). An invasive IPMN. Note the diffuse p53 positivity and the high rate of cell cluster proliferation (Ki-67). Invasion is best
identified in the distribution and infiltration of desmoplastic area by carcinoembryonic antigen (CEA) and MUC5AC.

Intraductal papillary mucinous neoplasia

Noninvasive IPMNs of MD and/or branch duct origin are usually
> 5mm in size and thus clinically detectable and are classified
according to cell of origin into gastric/foveolar, intestinal, pan-
creaticobiliary, and oncocytic. Histologically, they are classified
into low-grade and high-grade dysplasia, and invasive carcino-
ma (ICA). IHC associated with morphology increases subtyping,
contributing to the indication of benign biological behavior
when there is negativity for p53 protein expression (» Fig.3)
[16].

Solid pseudopapillary neoplasia

In ultrasound-quided biopsies, the approach was to create a
concise panel that would allow for an accurate diagnosis. This
panel includes beta-catenin, CD10, CD99, progesterone recep-
tor, chromogranin A, and Ki-67. Tumor cell nuclei show strong
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beta-catenin (+), CD10 (+) in the cytoplasm, and CD99 (+) in
the cytoplasm in the form of perinuclear dots. Progesterone re-
ceptor expression is strong and diffuse. Proliferative activity, as
expressed by Ki-67 expression, is low, accounting for less than
2% of tumor cells [17].

Pancreatic pseudocyst

The cyst wall may contain histiocytes, fibroblasts, giant cells,
granulation tissue, and rarely eosinophils. The macrophage
exudate in the fluid contains hemosiderin and blackened pig-
mented material from steatonecrosis in ultrasound-guided
biopsies.
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cp-NET

cp-NETs are typically solid, but in rare cases, they can present as
cysts. Some cp-NETs have a unilocular cyst filled with serous
fluid and surrounded by neoplastic tissue in the wall. They are
differentiated by low mitotic activity and the absence of necro-
sis, perineural and lymph vascular invasion, or metastases.
Based on a new World Health Organization classification
(2019) of morphological characteristics, cp-NETs with Ki67 >
20% are classified as Grade 3 well-differentiated cp-NET and un-
differentiated neuroendocrine carcinoma. The histological
grading of cp-NETS is based on proliferative activity [18].

Definitions

Diagnostic accuracy

Is the probability of EUS-TA with PC20 obtaining the PCL classi-
ficatory diagnosis described in the subchapter “McH character-
istics for PCL classificatory diagnosis” for the differential diag-
nosis between MN vs. n-MN and benign vs malignant PCL.

Malignant PCL

Malignant PCLs were adenocarcinomas derived from IPMN, cp-
DA, cp-NET, second primary neoplasms (SPNs), and a cystic
pancreatic non-Hodgkin lymphoma.

AEs and follow-up

AEs were all unexpected events that occurred during or after
the procedure and caused morbidity or mortality. AEs were re-
corded and graded (1, II, Ill, IV, and V) by the AGREE classifica-
tion [19]. All patients were followed up by the attending physi-
cians for at least 1 year, and in cases of malignant PCL, until the
final outcome of the evolution.

Gold standard of comparison

In surgical cases, the pathology of the resected samples was the
gold standard. For patients who did not have surgery, the final
diagnosis was obtained considering clinical deterioration,
death, and/or imaging studies consistent with metastatic dis-
ease after 12 months of follow-up.Likewise, in the case of a
negative McH diagnosis, the negative gold standard was consis-
tent clinical results and imaging studies after 12 months of fol-
low-up.In addition to cp-DA, cp-NETs were considered positive
for malignancy.

Statistical analysis

Descriptive analyses of the variables were performed, showing
the absolute (n) and relative (%) frequency distributions for the
qualitative variables and the main summary measures, such as
the mean, standard deviation, median, minimum, and maxi-
mum values, for the quantitative variables. The association be-
tween qualitative variables was analyzed using the chi-squared
test or Fisher's exact test, when appropriate. The qualitative
variables were compared in relation to the distribution of quan-
titative variables using the student’s t-test for independent
groups or the nonparametric Mann-Whitney test.

The diagnostic test was evaluated by calculating sensitivity,
specificity, positive predictive value (PPV) and negative predic-
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tive value (NPV), and accuracy, as well as the kappa concor-
dance index (k) in relation to the gold standard. The signifi-
cance level was set at 5%. Statistical analyses were performed
using IBM Statistical Package for the Social Sciences software,
Version 25, and the free software R, Version 3.6.2.

Results
Population characteristics

Herein, 145 patients underwent EUS-TA with the PC20. Their
mean age was 62.2 years (21-91 years), with 83 women
(57.2%). There were 52 symptomatic patients (35.8%), with 45
(31.0%) having abdominal pain, 17 (11.7%) having acute pan-
creatitis (AP), six (4.1%) having diarrhea, and six (4.1%) having
jaundice.

EUS-TA findings in pancreatic cystic lesions

None of the patients referred for EUS-TA were excluded. EUS
findings revealed PCLs with a mean size of 2.3cm (0.6-10cm),
with 81 patients (77.9%) having PCLs < 3.0cm and 21 (20.2%)
having PCLs > 3.0cm. The most frequent site of cysts was the
head in 81 (56%), the body in 41 (28%), the tail in 13 (9%), and
more than one segment in 10 cases (7%). The MD had an aver-
age diameter of 0.39 (0.3-3.1cm), and 76 (52.4%) of the PCLs
communicated with it (» Table1).

The transduodenal route for puncture was used in 81 pa-
tients (56%), while the gastric route was used in 64 (44%). In
about 73% of patients, a single puncture was performed, with
an average of 1.2 punctures (1-2), and the material was suffi-
cient to perform the IHC in 81 patients (55.8%).

Cystic fluid analysis as a final diagnosis

Cystic fluids could be obtained for biochemical analysis in 57
patients who underwent puncture (39.3%). The mean fluid vol-
ume was 14.17mL (2-150 mL). CEA levels > 192 ng/mL were sus-
picious for presence of MNs in 22 patients (40.7%), which was
confirmed in 11 (50%). CEA levels < 5ng/mL were suspicious
for presence of n-MNs in 13 patients (24%), which was con-
firmed in 12 (92.3%). However, CEA levels ranging from 5 to
192 ng/mL were inconclusive in 19 patients (35.3%).

Amylase levels were < 250U/Lin 15 (28.3%) and > 250U/L in
38 patients (71.7%) with suspected PP, which was not con-
firmed in any of them. Amylase also showed no significance
with EUS-TA (P =0.371). Glucose levels were suspicious for MN
in 10 patients (50%), which was confirmed in 30% of cases, and
for n-MN in 10 cases (50%), which was confirmed in 60% of
cases (» Table 2).

Final diagnosis and results of EUS-TA microhistology

The final diagnosis obtained by EUS-TA (n =81), surgery (n =
58), and follow-up (n =6) revealed benign MNs in 67 patients
(54 IPMNs and 13 MNs), malignant MNs in 14 (all of them
IPMNs), benign n-MNs in 53 (37 serous cystadenoma, 6 PPs, 4
retention cysts, 2 cystic lymphangiomas, and 4 walled-off ne-
crosis), and malignant n-MN in 11 (5 cp-DAs, 3 cp-NETs, and 2
SPNs). Eight (5.5%) of the patients who underwent EUS-TA with
PC20 were not classified (6 negatives, 1 scar, and 1 macrophage
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» Table1 Demographic characteristics and EUS findings in the study
patients.

Clinical characteristics N (median) %
Gender

= Female 83 57.2

= Male 62 42.8
Age, median (range, SD) 62.2 (21-91, 15.9)
Indications for EUS-TA (PC)

Asymptomatic 93 64.1
Symptoms 52 35.8

= Abdominal pain 45 31

= Acute pancreatitis 17 11.7

= Diarrhea 6 4.1

= Jaundice 6 4.1

EUS PCL features (n =145) N, median Range
Cyst location number (%)

= Head/uncinate process 81 56

« Body 41 28

= Tail 13 9

= More than one site 10 7

Cyst size, median (range) cm 2.24 (0.4-10)
= Cystsize<3.0cm 115 79

= Cystsize>23.0cm 30 21

MD comunication

= Yes 76 52.4

= No 69 47.6

MD size, median (range) cm 0.39 (0.3-3.10)
= MD<0.3cm 105 72.4

= MD>0.3cm 40 27.6

EUS, endoscopic ultrasound; EUS-TA, endosonography-quided tissue acqui-
sition; PCL, pancreatic cystic lesions; MD, main pancreatic duct.

exudate). The diagnosis obtained by EUS-TA was MN in 64 of 67
patients (95.5%), malignant MN in 11 of 14 (78.5%), and SPN in
36 of 37 (97.2%).

» Table3 shows the number of true positives, true nega-
tives, false positives, and false negatives for each diagnosis ob-
tained, measuring the performance and concordance for each
of the PCLs identified by McH. All classificatory diagnoses were
found to have high-performance values, with sensitivities of
78.5% (k =0.642) and 95.5% (k =0.639) for malignant IPMN
and MN, respectively. The type of epithelium detected was sig-
nificantly associated with both communications with the MD (P
=0.004) and MN diagnosis by EUS-TA (P < 0.001). For statistical
purposes, IPMNs and MNs were considered MN, and all others
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» Table2 EUS-TA resultsin relation to biochemical analysis and McH
results.

EUS-TA N %
Cystic fluid number (%) 57 39.3
Cystic fluid, median (range) mL 14.1 (2-150)
CEA (ng/mL), n 54 94.7
> 192 (MN detected) 22 40.7
5-192 (Inconclusive) 19 35,3
<5 (n-MN detected) 13 24
CA19.9 (U[mL), n 52 91.2
>140.000 (MN detected) 7 13.4
<140.000 (inconclusive) 45 86.5
Amylase (U[L) 53 93
<250 (no PP) 15 28.3
>250 (PP? or MN) 38 71.7
Glucose (mg/dL) 20 35
<50 (MN detected) 10 50
>50 (n-MN detected) 10 50

EUS-TA, endosonography-guided tissue acquisition; McH, microhistology;
CEA, carcinoembryonic antigen; MN, mucinous cystic neoplasia; n-MN, non-
mucinous cystic neoplasia; PP, pancreatic pseudocyst; CA,cancer antigen.

found were considered n-MNs, whereas malignant IPMNs, cp-
DAs, cp-NETs, and SPNs were considered malignant.

The sensitivity, specificity, PPV, and NPV, and accuracy with
95% confidence intervals (Cls) for differentiating between MN
and n-MN were 92.6% (95% Cl: 86.9%-98.3%), 98.4% (95% Cl:
95.4%-101.5%), 98.7% (95% Cl: 96.1%-101.2%), 91.3% (95% Cl:
84.7%-98%), and 95.2% (95% Cl: 91.7%-98.7%), respectively,
with a k value of 0.90 (very good). For the diagnosis of malig-
nancy, the results were 92% (95% Cl: 81.4%-102.6%), 99.2%
(95% Cl: 97.5-100.8%), 95.8% (95% Cl: 87.8%-103.8%), 98.3%
(95% Cl: 96.1%-100.6%), and 97.9% (95% Cl: 95.6%-100.2%),
respectively, with a k value of 0.93 (very good).

Accuracy of EUS-TA

A total of 58 patients underwent surgery after EUS and patho-
logical diagnosis was regarded as the gold standard. There were
24 malignant cysts by pathology and four were misdiagnosed
by EUS-TA. The sensitivity, specificity, positive predictive value,
negative predictive value and accuracy of EUS-TA in differen-
tiating benign and malignant lesions were 88% (21/24), 91%
(31/34), 88% (21/24), 91% (31/34) and 90% (52/58), respec-
tively. When evaluating the capacity of classificatory diagnosis
of PCLs, the accuracy of EUS-TA was 90% (52/58).

AE frequency

The overall rate of AEs in this sample was 2.7%. Three patients
had bleeding and one had AP. All bleeding episodes occurred
immediately after the procedure, with two episodes occurring
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» Table3 Pathology results compared with the final diagnosis obtain-
ed by surgery or patient follow-up.

EUS-TA diagnosis McH Final di-
agnosis
Mucinous cystic neoplasia (MN)
IPMN 52 54
Mucinous cystadenoma 12 13
Ductal ectasia 2 0
Malignant MN
IPMN 11 14
Non-mucinous neoplasia (n-MN)
Serous cystic neoplasia 36 37
Pancreatic pseudocyst 5 6
Chronic pancreatitis (retention cyst) 4 4
Lymphangioma cystic 2 2
Walled off necrosis 3 4
Malignant n-MN
Cystic pancreatic ductal adenocarcinoma 5 5
Cystic pancreatic-neuroendocrine tumor 3 3
Pancreatic non-Hodgkin Lymphoma 1 1
Solid pseudopapillary neoplasia 1 2
Non-diagnostic
Negative 6 0
Cicatricial scar 1 0
Macrophagic exudate 1 0
Total 145 145

EUS-TA, endosonography-qguided tissue acquisition; McH, microhistology;
MN, mucinous cystic neoplasia; IPMN, intraductal papillary mucinous neo-
plasia; n-MN, non-mucinous cystic neoplasia.

at the puncture site and one intracystic (SCN) documented dur-
ing EUS and all resolved uneventfully. The AP episode occurred
24 hours after the EUS-TA in a branch duct-IPMN. All were
treated conservatively, and there were no fatalities in this co-
hort.

Discussion

The risk of an incidental PCL turning malignant is 0.01% per
year, and the risk of progression to ICA is 0.24% per year.
When compared with the general population with no PCLs, the
risk of malignancy is 22.5 times higher [20]. PCLs with malig-
nant potential account for 15% to 45% of all resected lesions,
with MNs having moderate potential, high-grade dysplasia and
ICA found in 10% to -40% of resected lesions, and IPMN in up to
42% [21]. EUS is ideal for evaluating PCL detected by CT and/or
MRI/MRCP. However, determining whether it is malignant or
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benign based only on the images obtained is unlikely. SCNs
can be observed and/or no longer followed, whereas MCNs
and IPMNs warrant follow-up or surgery as they have the poten-
tial for malignancy [21,22]. Two retrospective studies have
suggested that approximately one-third of patients with inci-
dental PCLs treated surgically were misdiagnosed prior to the
procedure [23,24]. The wrong diagnosis increases the econom-
ic and medical burden, lowers quality of life, and harms a pa-
tient's physical and mental health by requiring unnecessary sur-
gery [3].

Rigid criteria for performing EUS-FNA for PCLs in various
guidelines remain controversial, particularly regarding cyst
size, a fact that has increasingly been neglected [4]. In our
study, the average size of punctured PCLs was 2.24cm (0.4-
10cm), with 79% of them being < 3.0cm, indicating that size
was not the primary indication for performing EUS-TA, but
rather, diagnostic doubt based on the imaging. Another criteri-
on for EUS-TA was the growth of PCLs, elevation of CA 19-9, fa-
milial PDA or appearance of worrisome features in patients
being followed up due to a diagnosis of BD-IPMN based on the
morphological characteristics of MRI/CT. EUS-FNA should be
performed if the results alter the therapeutic strategy to be
adopted [25], especially for PCLs with described high-risk fac-
tors or those with no defined diagnosis, which occurred
throughout our series [4]. The average age of our cohort was
62.2 years, and most PCLs were found in the head (56%), with
normal MD (72.4%) and communication with the MD (52.4%).
A PCL diagnosis is challenging. Obtaining adequate cytological
samples with current methods, such as FNA, suffers from low
sensitivity for malignant cytology and pooled specificity, due
to high false-negative rates or inadequate samples [26]. An-
other meta-analysis of 1,438 patients undergoing EUS-FNA
with cytological analysis showed sensitivity and specificity of
54% and 93%, respectively. This study showed that for EUS-
FNA to be effective it needs to be analyzed in conjunction with
imaging tests, thus becoming a useful diagnostic tool for the
correct identification of MNs [27].

Tissue acquisition needles are excellent and safe for obtain-
ing histological samples from PCLs, as evidenced in our study.
In that series, a single-pass biopsy was satisfactory in 80% of
cases, whereas a second pass was required in the remaining
cases. The technical success rate was 100%. This result was
probably due to the large lumen and flexibility of the needle,
which facilitated its introduction even when the endoscope
was at an angle. This was achieved by coating the needle with
polytetrafluorethylene, a smooth and flexible material. In addi-
tion, to reduce resistance when crossing the tissue, the cutting
edges of the needle have a forward-facing bevel and a Menghi-
ni-type tip design, facilitating its introduction into the cyst wall
[28].

EUS-FNA has a high specificity (88%-97%) in diagnosis of ma-
lignant PCLs by analyzing cystic fluid amylase, CEA, and glucose
levels, as well as genetic sequencing [26,27]. However, in clini-
cal practice, CEA is widely used to distinguish MNs from n-MNs,
and a value of 2 192 ng/mL is considered the best cutoff for ob-
taining the best yield. This was not confirmed in our study,
which found MNs in 50% of cases in which cystic fluid was col-
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lected (n =22). Cytology results to classify MN had sensitivity,
specificity, and accuracy of 35%, 83% and 59%, respectively.
The sensitivity of cytology for diagnosing a malignant PCL was
22% [6]. These results are much lower when compared with the
EUS-TA described in this study, thus making the latter a simple
option for classificatory diagnosis of PCLs.

Park et al. found that cystic fluid glucose levels were lower in
MNs than n-MNs (5 vs. 82 mg/dL, P=0.002) [29]. In our sample,
high glucose levels confirmed n-MNs in 60% of cases in which
cystic fluids could be collected. A combination of low glucose
and elevated CEA levels can predict MNs [30]. However, the
low concentration of tumor cells in the cystic fluid alters the ac-
curacy and sensitivity of EUS-FNA for cystic fluid acquisition
and cytological analysis. This was demonstrated in our case se-
ries, in which adequate amounts of liquid were obtained for
biochemical analysis in only 39.3% of cases. In another study,
the cyst fluid sent for cytology provided to have adequate cel-
lular material for an intention-to-diagnose yield of 31% (44/
143), and sufficient fluid for biochemical analysis was obtained
in 49% of cases, similar to our study [31].

Therefore, obtaining MC from the cystic wall for the McH ex-
amination is important for a classificatory diagnosis. A meta-a-
nalysis revealed that EUS-FNA has a 51% sensitivity and a 94%
specificity for malignant cytology [26]. Another randomized
controlled study of EUS-FNA in PCLs with ROSE and without
ROSE revealed that most cytology results from EUS-FNA of
PCLs are negative or nondiagnostic. There was no difference
using EUS-FNA without on-site cytology compared with ROSE
when measuring total diagnostic yield (22.2% vs 13%) and num-
ber of nondiagnostic specimens (50% vs 54%) [32]. Our study
demonstrated diagnostic efficacy for differentiating between
MNs and n-MNs and identifying malignant PCLs of 95.2% and
97.9%, respectively, which are higher than the results found in
the literature, and the number of nondiagnostic specimens was
eight of 145 (5%).

EUS-FNA is a safe method for diagnosing PCL [33]. Since the
advent of EUS-FNB for PCLs, AEs have been reported. Phan et al.
reported the first use of EUS-FNB in a PCL case [34]. The lateral
pore structure of the PC20 allows for more tissues to be obtain-
ed while also increasing the chance of cutting the MD, at least
theoretically. Luo et al. reported a case of PCL in which the pa-
tient developed severe pancreatitis with respiratory failure
after EUS-FNB [35]. In our study, AEs occurred in 2.7% of the pa-
tients, with three cases of mild bleeding after the puncture that
were all clinically treated and one case of mild AP that was also
clinically treated.

As technology evolves, EUS-TA and confocal laser endomi-
croscopy (EUS-nClLe) performed through a 19-gauge needle
[36], as well as the use of Moray forceps for ultrasound-guided
biopsy, have been applied to PCLs, but the enormous economic
cost increase that these techniques entail for diagnosis cannot
be ignored [37]. Furthermore, there is no evidence to support
their role in determining or excluding the presence of neo-
plasms before surgery.

Our study has some limitations. First, it was a single-center
study with a small population sample. Second, the results of
EUS specimen acquisition can be influenced by the significant
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experience of endoscopists and the pathology sector in analyz-
ing this type of material. Third, because not all patients under-
went surgery, the gold standard confirmation criterion for PCL
diagnosis was not based on postoperative pathology, which
would be ideal.

Conclusions

In conclusion, EUS-TA with PC20 has a high technical success
rate, high diagnostic accuracy, and low rate of AEs. Larger, mul-
ticenter, randomized, controlled, and prospective studies are
required to confirm these findings.
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