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Abstract
Pancreatic cystic lesions (PCLs) are increasingly being 
identified because of the widespread use of high-
resolution abdominal imaging. These cysts encompass a 
spectrum from malignant disease to benign lesions, and 
therefore, accurate diagnosis is crucial to determine the 
best management strategy, either surgical resection or 
surveillance. However, the current standard of diagnosis 
is not accurate enough due to limitations of imaging 
and tissue sampling techniques, which entail the risk of 
unnecessary burdensome surgery for benign lesions or 
missed opportunities of prophylactic surgery for poten-
tially malignant PCLs. In the last decade, endoscopic 
innovations based on endoscopic ultrasonography (EUS) 
imaging have emerged, aiming to overcome the pre-
sent limitations. These new EUS-based technologies 
are contrast harmonic EUS, needle-based confocal 
endomicroscopy, through-the-needle cystoscopy and 
through-the needle intracystic biopsy. Here, we present 
a comprehensive and critical review of these emerging 
endoscopic tools for the diagnosis of PCLs, with a special 
emphasis on feasibility, safety and diagnostic performance.
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Core tip: This paper provides a focused update on 
emerging endoscopic technologies for improving the 
diagnosis and prediction of the malignant potential of 
pancreatic cystic lesions. Basic principles, diagnostic 
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performance, safety and limitations are critically reviewed.
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INTRODUCTION
Pancreatic cystic lesions (PCLs), initially thought to be 
rare, have become an incidental finding increasingly 
identified because of technological advances and the 
widespread use of high-resolution abdominal imaging. It 
is estimated that approximately 3% and 20% of patients 
undergoing abdominal computed tomography (CT) and 
magnetic resonance imaging (MRI), respectively, present 
a PCL[1-2]. Among neoplastic cysts, certain subtypes, 
basically mucinous cysts, entail a risk of present or 
future malignancy. Other neoplastic cysts, such as 
serous cystadenomas (SCAs), are considered benign 
cysts without potential of malignancy. These two types 
of neoplastic cysts are sometimes indistinguishable, 
and therefore, the awareness of possible malignant 
potential may lead physicians to refer these patients to 
surgical resection. Despite improvements in pancreatic 
surgery, considerable morbidity and mortality still occur 
in 18%-38% and 0.2%-2% of patients who undergo 
surgery because of PCLs[3-6]. Accurate assessment of 
malignant potential is therefore of the utmost importance 
to avoid unnecessary surgery for benign cysts while 
considering appropriate surveillance for low-risk lesions 
and surgical treatment for malignant and high-risk cysts.

The initial step of the diagnostic approach to PCLs 
usually relies on radiological imaging focusing on size and 
morphological features. Once a PCL has been identified, 
most commonly by CT, an MRI is recommended due 
to its higher ability to evaluate nodules and to depict 
a communication between the cyst and the main pan-
creatic duct. Owing to the frequent lack of specific 
radiological features of many PCLs, the overall accuracy 
of CT and MRI remains low, ranging from 23% to 
93%[7-16]. Endoscopic ultrasonography (EUS) further 
characterizes PCLs and performs better than CT or 
MRI in assessing the morphology of small cysts and in 
depicting nodules in mucinous cysts, but EUS imaging 
alone also shows inadequate accuracy in the range of 
40%-94%[17-23]. A major advantage of EUS is the ability 
to safely obtain cyst fluid for biochemical and cytological 
analysis. However, the scant cellularity of the cyst fluid 
accounts for the low diagnostic yield of cytology. Although 
the cyst fluid carcinoembryonic antigen (CEA) level has 
been proven to be more accurate than cytology or EUS 
morphology alone, the reported sensitivity of CEA and 
cytology for mucinous lesions in a recent meta-analysis 

do not exceed 63% and 54%, respectively[24]. 
All the above limitations have led to the recent 

updated International, AGA and European guidelines 
based on predictors of malignancy, which have been 
shown to be far from providing reliable differentiation 
between the various PCLs, and recommendations 
provided in these guidelines are based on low-grade 
evidence[25-27]. Moreover, the Fukuoka International 
Consensus Guideline, restricted their recommendations 
to branch-duct IPMNs that are diagnosed easily in a vast 
majority of cases (multiple cysts, communication with the 
main pancreatic duct)[28]. The Fukuoka guidelines were 
evaluated in a prospective study yielding a high negative 
predictive value (NPV) of 94% for malignancy but a low 
positive predictive value (PPV) of approximately 38%, 
frequently prompting unnecessary surgery[29]. Efforts to 
overcome current limitations have boosted the research 
in this area. Molecular analysis of DNA-based biomarkers 
in cyst fluid has been described with promising results[30]. 
Genomics, miRNA, proteomics and metabolomics in cyst 
fluid seem to be promising, but validation studies are 
pending. In addition to molecular testing, endoscopic 
innovations based on EUS imaging have emerged in 
the last decade and they are more easily available than 
the omics technologies though with a longer learning 
curve. Although not all of these EUS-based innovations 
have been validated, they warrant a thorough analysis 
to evaluate their diagnostic performance and potential 
impact as a part of the diagnostic workflow of PCLs.

In this article, we aim to review the evolving role of 
emergent EUS-based technologies-contrast harmonic 
enhanced imaging, needle-based confocal endomicro-
scopy, through-the-needle cystoscopy, and through-the-
needle intracystic biopsy-in the clinical diagnosis of PCLs, 
with a critical focus on feasibility, safety and diagnostic 
performance. Novel approaches to cystic fluid analysis, 
such as omics technologies and other biomarkers, are 
beyond of the scope of this review.

A literature search was performed for all available 
studies concerning the EUS diagnosis of PCLs in 
PubMed and Embase databases. The following search 
domains (including closely related words) were used: 
“pancreatic cysts” in combination with “contrast har-
monic EUS” or “contrast enhanced EUS” or “needle 
confocal endomicroscopy” or “cystoscopy” or “intracystic 
biopsy”. The search was limited to papers published 
in English until December 2017. Titles were then 
screened for suitability, and the full-text papers were 
retrieved. A hand-search of the references listed in 
the articles accessed was also performed to identify 
other relevant original studies. Both retrospective and 
prospective studies reporting data on the feasibility, diag-
nostic performance and safety of the above referred 
procedures in patients with PCLs were considered for 
inclusion. Indications, technical details, performance 
outcomes, impact on final diagnosis and management, 
complications and mortality were extracted and further 
discussed.
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CONTRAST-HARMONIC ENHANCED 
ENDOSCOPIC ULTRASOUND
Because perfusion patterns on CT or MRI explorations 
allow the characterization of focal lesions, EUS has 
recently incorporated the use of ultrasound contrast 
agents (UCAs) to depict blood flow in small vessels. 
Available UCAs consist of microbubbles composed 
of an inert gas encapsulated by a shell[31]. Gases are 
compressible, and when exposed to an ultrasound 
wave, microbubbles alternatively compress under posi-
tive pressure and expand under negative pressure, 
producing a backscattered acoustic signal with harmonic 
components[31-32]. These harmonic components are 
higher than those obtained from tissue and may be 
selectively detected and reproduced on the ultrasound 
image for displaying the microvascularity pattern[31]. Not 
until recently, when new UCAs, broadband EUS trans-
ducers and contrast-specific software programs became 
available, was contrast harmonic EUS (CH-EUS) feasible 
for the first time, allowing the discrimination between 
tissue and contrast signals. Second-generation UCAs, 
which contain a soluble gas, unlike air-filled first-gene-
ration agents, are commonly used for CH-EUS. They 
have a resistant but more flexible and longer lasting 
shell, making possible the use of low acoustic power (a 
low mechanical index) and continuous real-time assess-
ment[31-35]. 

Several steps must be followed to perform CH-
EUS[31]. After fundamental B-mode exploration of the 
target area, a dual screen is displayed, simultaneously 
showing the CH-EUS image and the conventional B-mode 
image. Next, optimal parameters, notably, a low MI, 
should be selected on the ultrasound platform. The UCA 
is then injected intravenously slowly through a large-
gauge intravenous catheter of 16G-18G in order to avoid 
breaking microbubbles. Finally, the venous catheter 
must be flushed with saline to clear out persistent 
microbubbles in the vein. After intravenous injection of 
microbubbles, it takes 10-20 s to observe the arrival 
of the contrast agent. The arterial phase lasts 30-45 s, 
during which the enhancement increases progressively. 
After the arterial phase, there is a progressive washout of 
the contrast, and the venous phase persists from 30 s to 
120 s. 

Clinical outcomes: Review of the literature
Among the 71 articles retrieved from PubMed and 
Embase databases using the terms “pancreatic cysts” 
and “contrast harmonic EUS”, only seven were suitable 
for further review[36-42]. All of the studies but one 
were retrospective, and the majority was devoted to 
the diagnosis of mural nodules and/or malignancy in 
intraductal pancreatic mucinous neoplasms (IPMNs). 
Only three articles addressed the issue of the differential 
diagnosis of PCLs. Selected articles are summarized in 
Table 1.

Hocke et al[36] performed CH-EUS in 125 patients 
with PCLs. Contrast enhancement of cyst walls, septa 

and nodules was observed in all PCNs, including muci-
nous cysts, cystic adenocarcinomas, SCAs and cystic 
neuroendocrine neoplasms (NENs), but in only 6% 
of nonneoplastic cystic lesions (PCs and dysontogenic 
cysts). Further supporting these results, in another 
study by Fusaroli et al[37], of 76 patients with PCLs, most 
SCAs were hyper-enhanced during CH-EUS, without a 
significant difference (86% vs 89%, P = NS), when in 
fact, 90% of pseudocysts showed hypoenhancement 
(P = 0.000004 vs serous cysts and P = 0.000005 vs 
mucinous cysts). In addition, Kamata et al[38] reported 
that CH-EUS did not add any advantage to EUS for 
differentiating mucinous and nonmucinous cysts when 
the presence of mural nodules was considered a sign 
of mucinous cysts (sensitivity, 79% vs 85%; specificity, 
96% vs 46%; accuracy, 73% vs 84%, respectively, P = 
0.057).

Yamashita et al[39] used CT, color Doppler EUS and 
CH-EUS to prospectively study 17 patients with mural 
nodules in branch duct type IPMN (BD-IPMN) detected by 
EUS before being referred for surgery. After pathological 
analysis, 75% of mural nodules corresponded to adeno-
carcinomas, and 25% corresponded to adenomas. 
Compared with surgical specimens, CH-EUS depicted 
vascularity in all pathologically confirmed nodules and 
in one case with mucous clots (sensitivity, 100%; speci-
ficity, 80%; PPV, 92%; NPV, 100%; and accuracy, 94%). 
Moreover, the sensitivity of CT and color Doppler-EUS 
was only 41% and 0%, respectively. Comparable results 
were found in later studies. Fujita et al[40] observed that 
CT, MRI, and EUS detected mural nodules histologically 
confirmed in 86%, 71% and 100% of cases. Although 
EUS was highly sensitive, it was not able to distinguish 
mucous clots from mural nodules that were correctly 
classified in all cases after assessing the vascular pattern 
by CH-EUS (Figure 1). CH-EUS was also shown to be 
more accurate than CT or EUS in diagnosing mural 
nodules in the study by Harima et al[41] (accuracy of 
98%, 72% and 92%, respectively). 

Fusaroli et al[37] observed that all hyper-enhanced 
solid components during CH-EUS turned out to be mali-
gnant, whereas nonenhanced ones were either mucous 
clots or internal debris. Nevertheless, other authors 
found it difficult to discriminate between adenomas or 
adenocarcinomas in BD-IPMN based on the vascular 
pattern. Only one study evaluated the accuracy of 
quantitative CH-EUS for differentiating between low-
grade dysplasia (LGD) or intermediate-grade dysplasia 
and high-grade dysplasia (HGD) or invasive carcinoma. 
In this study, Yamamoto et al[42] retrospectively ana-
lyzed the time-intensity curve in 30 patients with 
resected IPMNs who underwent CH-EUS. The analyzed 
parameters were the echo intensity change and the 
echo intensity reduction rate of the mural nodule and the 
nodule/parenchyma contrast ratio. All of the parameters 
were significantly higher in the HGD/invasive group (P < 
0.05), with the nodule/parenchyma contrast ratio being 
the most accurate parameter (accuracy, 93%). Moreover, 
a positive linear correlation was observed between the 
echo intensity change in the mural nodule and the micro-
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of a target tissue at a subcellular level of resolution, 
providing real-time in vivo optical biopsy. For CLE im-
aging, a low-power laser is used to illuminate the tissue. 
The laser beam is focused on a plane of interest, and the 
reflected light from the tissue is filtered and transformed 
into an electrical signal by a detection system and finally 
translated into grayscale images by a computer sys-
tem[43,44]. The final result consists of images with very 
high spatial resolution and magnification of the focal 
plane examined within the tissue. Because confocal 
imaging relies on reflected fluorescent light, intravenous 
injection of a fluorescent dye, most commonly sodium 
fluorescein, is required. Fluorescein acts as a contrast 
agent highlighting blood vessels and tissue architec-
ture[43-46]. 

Recent advances have allowed the incorporation of 
CLE technology into a miniprobe of 0.85 mm (AQ-Flex) 
that can be passed through a 19-gauge (19G) EUS 
needle. This probe is provided with 10.000 optical fibers 
and has a field of view of 325 μm, 3.5 μm of lateral 
resolution and 40-70 μm of confocal depth[46].

Before starting the procedure, a 19G EUS needle is 
preloaded with the AQ-Flex probe that should be inserted 
until 2 mm of the probe is positioned beyond the needle 
tip (Figure 2). At this moment, the probe is fixed to the 
inlet of the needle channel by a locking system. After 
identifying the cyst, a single pass with the preloaded 19G 

vessel density in pathologic specimens (r = 0.803, P < 
0.001).

No mortality or CH-EUS-related adverse events were 
reported in any study.

NEEDLE-BASED CONFOCAL LASER 
ENDOMICROSCOPY
Needle-based confocal laser endomicroscopy (nCLE) is 
an emergent endoscopic modality that enables imaging 

Authors Study n Main outcomes Complications

Yamashita 
et al[39], 2013

P 17 Differential diagnosis between mural nodules and mucus clots:
CH-EUS: Sen 100%, Spe 80%, PPV 92%, NPV 100%, A 94%

CT and Doppler-EUS: Sen 41% and 0% respectively

0

Hocke 
et al[36], 2014

R 125 Differential diagnosis between non-neoplastic cysts and PCNs.
Hyperenhancement: 100% PCNs

Hypoenhancement: 94% non-neoplastic cysts (PCs and dysontogenic cysts)
CH-EUS superior to EUS in differential diagnosis between PCNs and non-neoplastic cysts (aP < 0.001)

0

Harima 
et al[41], 2015

R 30 Performance for diagnosing mural nodules
CT: Sen 71%, Spe 100%, PPV 100%, NPV 90%, A 92%
EUS: Sen 72%, Spe 61%, PPV 50%, NPV 100%, A 72%

CH-EUS: Sen 100%, Spe 97%, PPV 93%, NPV 100%, A 98%

0

Fujita 
et al[40], 2016 

R 50 Sensitivity for diagnosing mural nodules:
CT: 86% vs MRI 71% vs EUS 100%

EUS was not able to distinguish mural nodules from mucus clots
CH-EUS correctly differentiated mural nodules from mucus clots in all cases

0

Fusaroli 
et al[37], 2016

R 76 Differential diagnosis between non-neoplastic cysts and PCNs and between benign and malignant cysts.
Hyperenhancement: 86% SCAs and 89% mucinous cysts (P = ns)

Hypoenhancement: 90% PCs (bP < 0.000004 vs SCAs and cP < 0.000005 vs mucinous cysts)
Hyperenhanced solid components : 100% malignant cysts

Non- hype-enhanced solid components: 100% benign cysts

0

Kamata 
et al[38], 2016

R 70 Mural nodule as a sign of mucinous cyst
EUS vs CH-EUS: Sen 85% vs 79%, Spe 46% vs 96%, A 73% vs 84% (P = 0.057)

Mural nodule as a sign of malignancy
EUS vs CH-EUS: Sen 97% vs 97%, Spe 40% vs 75%, A 64% vs 84% (dP = 0.0001)

0

Yamamoto 
et al[42], 2016

R 30 Quantitative CH-EUS in IPMNs
Echo intensity change and echo intensity reduction rate, and nodule/parenchyma contrast ratio

significantly higher in HGD/invasive carcinoma (eP < 0.05)
Microvessel density in mural nodule

Significantly higher in HGD/invasive carcinoma (fP < 0.002)
Significant correlation between echo intensity change and microvessel density (gP < 0.001)

0

Table 1  Contrast harmonic enhanced endoscopic ultrasound in pancreatic cystic lesions

P: Prospective; R: Retrospective; CT: Computed tomography; MRI: Magnetic resonance imaging; EUS: Endoscopic ultrasonography; CH-EUS: Contrast 
harmonic endoscopic ultrasonography; Sen: Sensitivity; Spe: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; A: Accuracy; 
PCNs: Pancreatic cystic neoplasms; IPMN: Intraductal papillary mucinous neoplasm; HGD: High grade dysplasia.

Figure 1  Mural nodule and mucus in branch duct type intraductal 
pancreatic mucinous neoplasms. A: EUS B mode image. B: Contrast 
harmonic EUS image. Microbubbles in a mural nodule (green arrow). No 
bubbles in a mucus clot (orange arrow). EUS: Endoscopic ultrasonography.

A B
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EUS needle is performed, and the needle is advanced 
under EUS guidance until the needle tip contacts the cyst 
wall. Immediately after, 2.5-5 mL of 10% fluorescein 

is injected; nCLE imaging begins, during which gentle 
apposition of the probe to the cyst wall is pursued. The 
elevator, endoscope dials and torquing are useful for 
imaging in a fanning technique[43]. Because images 
are obtained at a rate of 12 frames/s, video-recording 
is always performed for 2-5 min and further reviewed 
with a dedicated software program. At the end of the 
procedure, the probe is withdrawn, and the cyst fluid is 
aspirated as per standard practice. Antibiotic prophylaxis 
is systematically administered[47].

Clinical outcomes: Review of the literature
A literature search in PubMed and Embase databases 
identified 24 articles reporting on nCLE in PCLs. Only 11 
of these articles were deemed eligible and consisted of 
7 prospective and 4 retrospective studies (Table 2)[48-58]. 
Most of them were focused on feasibility, safety and 
performance in differentiating mucinous from nonmu-
cinous cysts or in the differential diagnosis among the 

Figure 2  Needle-based confocal laser endomicroscopy probe in a 19G 
needle.

Authors Study n Main outcomes Complications

Konda 
et al[48], 2011

P 16 94% Technical success (feasibility study) 12% post-procedure pancreatitis

Konda 
et al[49], 2013

P 66 Stage 1: Description of visualized structures (n = 26) with histological correlation
Stage 2: Performance assessment of defined criteria (n = 31):

Villous pattern: Sen 59%, Spe 100%, PPV 100%, NPV 50%, A 71% for PCNs
Significant association with PCNs (aP = 0.004)

3% post-procedure pancreatitis
4.5% intracystic self-limited bleeding

Nakai 
et al[50], 2015

P 30 Villous pattern in 18 patients with highly certain diagnosis:
Sen 80%, Spe 100%, PPV 100%, NPV 80%, A 89% for mucinous cysts

Significant association with mucinous cysts (bP = 0.001)

7% post-procedure (cystoscopy 
followed by nCLE) pancreatitis

Napoléon 
et al[51], 2015

P 31 Superficial vascular network:
Sen 69%, Spe 100%, PPV 100%, NPV 82%, A 87% for SCAs

3% post-procedure pancreatitis

Napoléon 
et al[52], 2016

R 31 Step 1: Description of nCLE patterns for mucinous cysts, PCs and cystic NENs with 
histological correlation

Step 2: Retrospective external validation of nCLE criteria
Accuracy 94% for mucinous cysts (90% IPMN - 90% MCA) - 87% SCA - 87% PCs

Substantial global IOA: Perfect PC, almost perfect SCA, moderate IPMN, fair MCA
Kadayifci 
et al[53], 2017

P 20 nCLE performance for mucinous cysts: Sen 66% -Spe 100% -A 80% 0 complications

Krishna 
et al[54], 2017 

P 10 Reproducibility of the in vivo nCLE criteria in ex vivo specimens

Napoléon 
et al[55], in press

P 209 Diagnostic yield 91% in 78 patients with non-communicating cysts and pathological 
diagnosis:

Sen 95%, Spe 100% - PPV 100% - NPV 98% - A 99% for SCAs
Sen 95%, Spe 100% - PPV 100% - NPV 94% - A 97% for mucinous cysts

Sen 100%, Spe 95% - PPV 70% - NPV 100% - A 96% for NENs
Sen 96%, Spe 95% - PPV 98% - NPV 91% - A R96% for premalignant cysts

1.3% post-procedure pancreatitis

Karia 
et al[56], 2016

R 15 IOA poor to fair for all nCLE variables

Krishna 
et al[57], 2016

R 49 nCLE performance on 26 patients with definitive diagnosis (23 with pathological 
diagnosis):

Sen 94%, Spe 82% - PPV 88% - NPV 92% - A 89% for mucinous cysts
IOA and IOR: Substantial for all nCLE criteria

6.1% post-procedure pancreatitis

Krishna 
et al[58], 2017

R 29 nCLE performance on 29 patients with definitive diagnosis (23 with pathological 
diagnosis):

Sen 95%, Spe 94% - A 95% for mucinous cysts
Sen 99%, Spe 98% - A 98% for SCAs
Sen 99%, Spe 98% - A 98% for NENs

IOA and IOR: Almost perfect for mucinous cysts and SCAs

Table 2  Needle-based confocal laser endomicroscopy in pancreatic cystic lesions

P: Prospective; R: Retrospective; Sen: Sensitivity; Spe: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; A: Accuracy; PCNs: 
Pancreatic cystic neoplasms; PC: Pseudocyst; MCA: Mucinous cystadenoma; SCA: Serous cystadenoma; IPMN: Intraductal papillary mucinous neoplasm; 
NENs: Neuroendocrine neoplasm; IOA: Interobserver agreement; IOR: Intraobserver reliability.
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several types of PCLs. Three studies aimed to externally 
validate the nCLE criteria, and one study performed an 
ex vivo validation of the in vivo nCLE criteria. 

The first series was reported in 2011 by Konda et al[48] 
and was a feasibility study of 16 cysts and 2 solid masses 
of the pancreas. The nCLE procedure was feasible in 15 
of 16 cysts, although the technical challenges described 

in 6 of them were related to the transduodenal approach, 
the post loading technique (the insertion of the CLE probe 
after positioning the EUS needle inside the lesion) and 
the longer length of the metallic tip at the distal end of 
the probe. Complications occurred in two patients, both 
of whom developed pancreatitis requiring hospitalization. 
This study was followed by a larger multicenter study (in 
vivo nCLE Study in the Pancreas with Endosonography of 
Cystic Tumors, INSPECT) that was reported by the same 
group and that aimed to evaluate the diagnostic potential 
and safety of nCLE in the differential diagnosis of PCLs 
in 66 patients[49]. A consensus description of visualized 
structures on 26 patients was achieved, and the cor-
relation between histology and nCLE was investigated 
during the first stage of the study. Then, the performance 
of nCLE criteria to identify PCNs, including mucinous 
cystadenoma (MCA), IPMN or adenocarcinoma, was as-
sessed in 31 additional patients. The presence of villous 
structures was highly specific (100%) but provided low 
sensitivity, at 59%, and it was the only specific finding 
having a significant association with PCNs (P = 0.004). 
Post procedure pancreatitis occurred in 3% of cases: 
one patient experienced transient abdominal pain, and 
three cases of intracystic bleeding were observed and 
spontaneously solved. 

The DETECT trial (Diagnosis of Pancreatic Cysts: 
Endoscopic Ultrasound, Through-the-Needle Confocal 
Laser Endomicroscopy and Cystoscopy Trial) was de-
signed to evaluate the diagnostic yield of cystoscopy 
followed by nCLE in 30 patients[50]. A highly certain diag-
nosis was possible in 18 of these patients based on the 
clinical presentation, other image findings, fluid analysis 
and cytology. In these patients, a papillary projection 
(Figure 3) and/or a dark ring on nCLE, corresponding to 
the villous pattern previously reported by Konda, was 
associated with mucinous cysts (P = 0.001) with 80% 
sensitivity, 100% specificity, 100% PPV, 80% NPV and 
89% accuracy. Two patients (7%) developed post proce-
dure pancreatitis.

After the above initial experiences, Napoléon and 
colleagues described new nCLE criteria based on histo-
logical correlation in two consecutive studies[51-52]. In 
the first one, a criterion for in vivo diagnosis of SCA 
was defined and consensually identified as a superficial 
vascular network (Figure 4). The presence of small 
and regular structures circulating inside the opacified 
channels during nCLE suggested the vascular nature 
of these channels, which was confirmed by histological 
assessment of surgical specimens (Figure 5). This 
vascular network was demonstrated to be at a superficial 
depth of 50-70 μm and, therefore, at the reach of the 
nCLE probe. Moreover, SCA was the only PCL that 
featured this pattern among 31 patients with PCLs of 
unknown diagnosis. The sensitivity, specificity, PPV, NPV 
and accuracy of this criterion for diagnosing SCA were 
69%, 100%, 100%, 82% and 87%, respectively. Only 
one patient suffered mild acute pancreatitis (3%). In a 
second study (CONTACT 1), the same authors identified 
three other nCLE criteria that included a thick gray line 

Figure 3  Needle-based confocal laser endomicroscopy image of an 
intraductal pancreatic mucinous neoplasms displaying multiple papillary 
projections.

20 μm

20 μm

Figure 4  Needle-based confocal laser endomicroscopy image of the 
superficial vascular network pattern of a serous cystadenoma. Multiple 
interconnected vessels (green arrows). Red cells inside displayed as black 
structures (orange arrow).

Figure 5  Staining with a vascular marker of serous cystadenomas 
histological specimen. Capillary necklace with subepithelial vessels showed 
in brown.
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for mucinous neoplasms (Figure 6), a field of bright 
particles for PCs (Figure 7) and black neoplastic clusters 
with white fibrous areas for NENs. In this case, the 
histological correlation was the epithelial border, a mix of 
inflammatory cells and neoplastic cell proliferation with 
several forms of architectural organization respectively. 
In the retrospective validation, four external and blinded 
reviewers evaluated the diagnostic performance of these 
criteria. A conclusive diagnosis was achieved in 23 of 31 
patients (74%). Overall, the accuracy of nCLE criteria was 
94% for mucinous cysts, 87% for SCA and 87% for PC. 
Trends toward high specificity were also shown (> 90% 
for mucinous cysts and 100% for nonmucinous cysts). 
NENs were excluded from the external validation due to 
the small number in this series (n = 2). More recently, 
Krishna et al[54] have further confirmed the reproducibility 
of the in vivo nCLE criteria in ex vivo specimens of 10 
patients with surgically resected PCLs.

To overcome the limitations of the reduced number 
of patients and the lack of pathological confirmation 
in previous series, Napoléon et al[55] designed a larger 
multicenter and prospective study (CONTACT 2) whose 
results are now available (submitted). Among 209 
enrolled patients with a noncommunicating solitary cyst, 
78 patients with a final diagnosis proven by surgical 
histopathology or cytopathological analysis of cyst fluid 
by EUS fine needle aspiration (EUS-FNA) were included 

in the final results. The overall diagnostic yield of nCLE 
was 91%, and the sensitivity and specificity for the 
main types of PCLs were higher than 95%. Perfect 
specificity (100%) was observed for diagnosing SCA 
and premalignant mucinous cysts. Furthermore, the 
nCLE area under the curve was significantly higher than 
that of CEA dosage for differentiating mucinous from 
nonmucinous cysts (P < 0.01) and higher than that of 
EUS morphology in differentiating between premalignant 
and benign PCLs (P < 0.05). However, nCLE criteria 
were not highly specific for NENs and PCs. NEN criteria 
were also observed in one cystic solid pseudopapillary 
neoplasia (CSPPN), one cystic lymphoma and 1 PC. 
Additionally, one mucinous lesion and one SCA exhibited 
PC criteria. Acute pancreatitis occurred only in 1.3% 
of patients. Although the impact of nCLE on patient 
management was not evaluated, it is noteworthy that 
in 29% of patients with a previous inconclusive EUS-
FNA, nCLE was conclusive in 91% of cases and 100% 
accurate.

The first reports on interobserver agreement (IOA) 
yielded diverging results[51,56]. In the first one (CONTACT 
1), four external reviewers assessed the IOA of the 
nCLE criteria in 31 cases[51]. The diagnostic accuracy 
for mucinous cysts was 94%, and the global IOA was 
rated as substantial (k = 0.72, 95%CI: 0.52-0.87). A 
later validation study reported low diagnostic accuracy 
for the type of PCL (46%), with an IOA ranging from 
poor to fair for all nCLE variables[56]. However, careful 
interpretation of these results is advised due to limi-
tations such as poor image quality and short duration 
of video capture, which may have accounted for the 
poor results, and other methodological issues such as 
the lack of intraobserver reliability and few patients with 
a histological gold-standard diagnosis. More recently, 
two other studies aimed to validate nCLE criteria. One 
investigation consisted of a retrospective analysis at a 
single center[57,58]. nCLE videos from 26 patients (23 
with pathological diagnosis) were reviewed by 6 blinded 
nCLE-naïve observers[57]. Substantial IOA and IOR were 
achieved for differentiating mucinous from nonmucinous 
cysts (k = 0.67, 95%CI: 0.57-0.77 and k = 0.78 ± 0.13, 
respectively) and for detecting all nCLE criteria. These 
results were further corroborated by an international 
external interobserver and intraobserver study[58]. In 29 
patients, the overall accuracy of nCLE for the diagnosis 
of mucinous cysts was 95%, with an almost perfect 
IOA and IOR among six expert endosonographers with 
nCLE experience (k = 0.81, 95%CI: 0.71-0.90 and k 
= 0.86 ± 0.11, respectively). Furthermore, nCLE was 
98% accurate in diagnosing SCA and the IOA and IOR 
for recognizing the fern pattern (previously defined as 
superficial vascular network) were also almost perfect 
(k = 0.83, 95%CI: 0.73-0.92 and k = 0.85 ± 0.11, 
respectively).

THROUGH-THE-NEEDLE CYSTOSCOPY
Through-the-needle cystoscopy is a procedure that allows 

20 μm

Figure 6  Epithelial border image in a mucinous cystadenoma at needle-
based confocal laser endomicroscopy.

20 μm

Figure 7  Heterogeneous sized grey and white particles in a pseudocyst at 
needle-based confocal laser endomicroscopy.
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direct assessment of the cyst content as well as the inner 
cyst wall by means of single-operator cholangioscopy 
fiberoptic probe (Spyglass®, Boston Scientific, Natick, 
Mass, United States). The probe has 6000-pixel optic 
bundles, a 300 cm working length and a diameter of 0.77 
mm. It provides a 70-degree field of view and has a 2-7 
mm focal length[43,50]. The cystic cavity is accessed under 
EUS guidance with a 19G EUS needle. Before starting 
the procedure, the needle stylet is removed, and the 
fiberoptic probe is preloaded through the 19G needle 
and prefitted with the advancement of the probe 2 mm 
beyond the needle tip. Then, the probe is withdrawn 
2-3 mm inside the needle, and once inside the cyst, 
the probe is advanced again to the prefitted position. 
Prophylactic antibiotics are always given, and cystoscopy 
images may be recorded for further review[50].

Clinical outcomes: Review of the literature
Of the 8 references retrieved, only 3 suitable articles were 
identified[50,59-60]. The first one reported on two patients 
who underwent through-the-needle cystoscopy followed 
by biliary forceps biopsy[59]. In both cases, it was possible 
to rule out a pseudocyst because a flat normal mucosa 
was visualized lining the inner cyst wall. In addition, cys-
toscopy enabled a better delineation of mural nodules 
and targeted biopsies of the selected suspicious areas. 
Severe acute pancreatitis occurred in one patient one 
month after the procedure. It is not possible to rule out 
a delayed procedure-related complication, although very 
unlikely.

In the prospective DETECT study, Nakai et al[50] per-
formed through-the needle-cystoscopy followed by nCLE 
in 30 patients. The cyst content was evaluated for clarity, 
the presence of mucin or debris, and the smoothness, 
nodularity and vascularity of the cyst walls were as-
sessed. The median image time of cystoscopy was 4 
min, and 33% of the images were rated as fair or poor. 
The mucinous content was described as viscous and 
cloudy fluid. Typical findings and their clinical correlations 
were finger-like projections and a mucin cloud in IPMNs, 
smooth cyst walls with cloudy fluid in MCNs, and smooth 
cyst walls with prominent regular vessels in SCAs. 
However, the only significant association in 18 high-
certainty diagnoses was observed between mucin on 
cystoscopy and mucinous cysts (P = 0.0004), with 90% 
sensitivity, 100% specificity, 100% PPV, 100% NPV and 
94% accuracy. However, finger-like projections were 
identified in only two of the ten high-certainty mucinous 
lesions. When cystoscopy and nCLE were combined, the 
sensitivity increased from 90% to 100%. Post procedure 
pancreatitis was reported twice.

In a retrospective study published last year, Chai et 
al[60] performed through-the-needle cystoscopy in 43 
patients. Based on the blood vessel distribution, the 
presence of partitions or ridge-like structures and the 
presence of papilla-like structures, the characteristic 
findings of different PCLs were defined and then vali-
dated by surgical pathology, FNA or fluid cytology. The 
authors concluded that a tree-like branching pattern 
of blood vessels may suggest the diagnosis of SCA 
(specificity, 91%; sensitivity, 69%) and that intracystic 
papilla-like structures may be characteristic of mucinous 
cysts (specificity, 92%; sensitivity, 22%). No pancreatitis 
was observed, and only two patients presented mild 
abdominal post procedure pain. 

THROUGH-THE-NEEDLE FORCEPS 
BIOPSY
The low sensitivity of EUS-FNA cytology because of 
relatively acellular samples makes appealing the pos-
sibility to obtain biopsies. The design of minibiopsy 
forceps has led to the development of a new EUS-FNA 
tissue acquisition technique. Moray® micro forceps (US 
Endoscopy, Ohio, United States) were designed for use 
in EUS procedures to enhance sampling from lesions that 
can occur within and outside the gastrointestinal tract, 
leading to a more definitive diagnosis (Figure 8). These 
forceps are 230 cm in length and have serrated jaws 
(jaw opening of 4.3 mm) and a spring sheath 0.8 mm in 
diameter, allowing use through a 19G EUS needle[43,61].

Clinical outcomes: Review of the literature
No formal study was retrieved after searching PubMed 
and Embase for “pancreatic cyst” and “intracystic biopsy”. 
Only two pilot studies reporting on 2 cases each and four 
additional case reports were identified[59,61-65].

Through-the-needle intracystic biopsy was first 
described by Aparicio et al[59] in two patients. They used 
0.8 mm endoscopic retrograde cholangiopancreatography 
biopsy forces followed by a 3-4 min observation with 
a fiberoptic probe to rule out immediate bleeding. In 
both cases, a mucinous-like cylindric epithelium without 
cellular atypia was observed. As stated above, one 
patient presented severe acute pancreatitis one month 
later. After this preliminary experience, six more cases 
were reported to undergo intracystic biopsy, enabling the 
correct diagnosis of 5 mucinous cysts (one of them with 
mild dysplasia) and one benign lymphoepithelial cyst 
without any complication[61-65].

DISCUSSION
PCLs remain a diagnostic and therapeutic challenge to 
clinicians. Several issues remain to be solved, notably, 
how to improve diagnosis and better predict malignant 
behavior. It has been reported that 36% of SCAs 
are treated with unnecessary surgery because of an 
uncertain diagnosis[66]. In the attempt to cover this need, 

Figure 8  Moray forceps.
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several EUS-based tools have emerged recently and 
some experience is now available using these techno-
logies in the diagnosis of PCLs.

On the grounds that CH-EUS has been proved to 
be accurate for the differential diagnosis of solid pan-
creatic masses, it was hypothesized that CH-EUS might 
also be helpful in PCLs, and some experience has been 
reported in the last five years[67-70]. Due to its high spatial 
resolution, CH-EUS may define the inner structure of 
cysts by depicting small septa or mural nodules that 
become echogenic during CH-EUS, whereas the intra-
cystic content remains invisible (Figure 9). This modality 
may assist not only in the differential diagnosis but also 
in identifying malignancy risk features. 

Current evidence suggests that CH-EUS is highly ac-
curate for distinguishing nonneoplastic cysts (PCs and 
dysontogenic cysts) from neoplastic cysts because the 
former do not exhibit cystic wall vascularization. This 
feature prevents pointless and onerous surgery in this 
benign setting. However, a different scenario is observed 
among different neoplastic cysts whose biological be-
havior may be significantly different and where mis-
interpretations are common in CH-EUS. Benign SCAs, 
the most common nonmucinous cystic neoplasms, and 
potentially malignant mucinous cysts show undistinctive 
features on CH-EUS. Consequently CH-EUS cannot be 
used for the differential diagnosis of neoplastic cysts.

The presence of mural nodules is considered in the 
international consensus guidelines on IPMN management 
as a high-risk stigma and strongly supports surgical 
resection. Mural nodules may sometimes be too small 
for detection by CT or MRI. The high spatial resolution of 
EUS enables better identification in these cases. However, 
the performance of EUS is not enough to discriminate 
between mural nodules or mucous clots. Hyperen-
hancement of solid components during CH-EUS may 
differentiate mural nodules from mucous clots or debris. 
This step is essential to avoid unnecessary surgery and 
is included in the last guidelines[25]. Nodules in BD-IPMNs 
include not only malignant nodules but also benign ade-
nomas that might be followed without surgery, but the 
preoperative differentiation between them does not 
seem possible with qualitative CH-EUS. Angiogenesis 
plays a key role in tumor growth and progression; in 

fact, neovascularization was reported to be crucial in 
the tumorigenesis of invasive IPMNs with a progressive 
increase in microvessel density from benign to malignant 
tissue[71]. According to this observation, preliminary 
experience with quantitative CH-EUS suggests that the 
analysis of echo intensity changes during CH-EUS may 
be an accurate method to discriminate between low/
intermediate-grade dysplasia and high-grade dysplasia/
invasive carcinoma. Further trials are necessary to con-
firm this interest.

When it comes to safety, CH-EUS exhibits an excel-
lent safety profile with no adverse events in series 
reporting on PCLs. UCAs are the sole factor adding risk 
to conventional EUS. Concerns were raised after a study 
reporting on UCAs used for stress echocardiography, 
where 4 deaths and 190 serious adverse events were 
observed and associated with the use of UCAs[72]. Conse-
quently, the Food and Drug Administration issued a 
black box warning regarding the use of UCAs in several 
pathologic cardiorespiratory states. Later experience in 
large cohorts of patients has shown that the rate of UCA-
related serious adverse events is lower than 0.01%, with 
anaphylactoid reactions occurring in 1/10.000 cases[73-74].

More recent evidence confirms that nCLE is feasible 
during EUS-FNA and allows in vivo diagnosis of PCLs 
with high accuracy; nCLE criteria have been defined 
for IPMN, MCA, SCA, PC and cystic NEN with a proven 
histopathological correlation. Unlike CH-EUS, a perfect 
specificity of 100% has been confirmed with nCLE for 
benign SCA and for mucinous lesions. The superficial 
vascular network is exclusive to SCAs, allowing SCA 
diagnosis with high confidence, therefore preventing 
unnecessary surgical resection. Sensitivity of this pattern, 
although high, is not perfect, and epithelium denudation 
may account for the lack of a vascular pattern in 
oligocystic SCA. Specificity is also perfect for the overall 
group of mucinous lesions, but when they are further 
classified as either IPMN or MCA, the specific findings of 
papillae or epithelial borders, respectively, may both be 
present. Other times, papillae or epithelial borders cannot 
be visualized, and the explanation is the nonuniform 
distribution of papillae throughout the epithelium of 
IPMNs or modifications induced by inflammation in some 
MCAs. These inflammatory changes are also the reason 
why a field of bright, gray and black particles is not 
specific for PCs and may be found in other cystic tumors 
following infection or bleeding. Finally, the presence of 
dark spots of cell aggregates surrounded by gray areas 
of fibrosis and vessels, initially attributed to NENs, is 
not specific and may be present in other premalignant 
lesions, such as CSPPNs. However, due to the similar 
premalignant nature, the impact on clinical management 
of misdiagnosis between NENs and CSPPNs or between 
IPMNs and MCAs is of little importance. 

The major concern related to nCLE is the risk of acute 
pancreatitis, which has ranged from 1.3% in the largest 
and most recent study to 12% in the first feasibility 
study. The use of Spyglass® (Boston Scientific, Natick, 
Mass, United States) for cystoscopy may also explain 

Figure 9  Moray forceps inside a cyst. Green arrow: The tip of the 19G 
needle. Orange arrow: The tip of the Moray forceps grasping the cyst wall.
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the second highest rate of pancreatitis in the DETECT 
study[50]. The average rate from the rest of the studies is 
2.7%, which is comparable with that of the conventional 
EUS-FNA procedure[75]. Only one series reported 
intracystic bleeding in 3 patients (4.5%); however, 
no intervention was required, and they were solved 
spontaneously. Several factors that add to the risk of 
complications have been suggested, such as needle size, 
duration of the procedure and abrasion of the cyst lining 
with the needle tip. Some tips have been suggested 
during nCLE to maximize the procedure safety. The 
interposition of the main pancreatic duct should be 
avoided when selecting the puncture site to lower the 
risk of acute pancreatitis. Once inside the cyst, limited 
brushing of the cyst wall is recommended to avoid cystic 
bleeding and pancreatitis; instead, it is preferred to 
perform consecutive apposition between the probe and 
the cyst wall. Finally, the exploration should be stopped 
as soon as nCLE criteria are met, or after 6 min if no 
specific criteria are found, to minimize the risk of adverse 
events[43]. No study reported adverse events related to 
the injection of fluorescein, but severe allergic reactions 
are possible, although very uncommon (1/222000)[76]. 
Minor side effects, such as nausea, vomiting, mild 
epigastric pain, transient hypotension, injection site 
erythema or diffuse rash, have been reported in 1.4% of 
cases[77]. The learning curve for nCLE seems to have an 
important effect on the pancreatitis rate since one study 
reported three acute-pancreatitis cases among the first 
25 patients and none in the successive 34 patients[58]. 
Technical challenges reported in initial feasibility studies 
are now overcome, and several tips have been suggested 
to avoid them (preloading of the nCLE probe, use of the 
most flexible needle). However, other limitations remain 
to be solved. The most important one is the limited 
surface of the cystic wall that is accessible to be scanned. 
Exploration is feasible over the area in front of the needle 
tip but less than 50% of the cystic surface is likely to 
be visualized. The second argued limitation is the high 
cost of the probe, which is considered a limiting step 
to implementing nCLE technology in routine practice. 
Nevertheless, a health economic evaluation carried out in 
France demonstrated that nCLE resulted in a reduction of 
23% of surgical interventions[78]. This finding translated 
into a reduction in clinical costs of 13% in the public 
sector and 14% in the private sector. The improved 
diagnostic accuracy of nCLE reduces the number of false 
positives and false negatives, avoiding unnecessary 
surgical interventions and lifelong surveillance for benign 
cysts.

The heterogeneous distribution of neoplastic tissue 
in PCLs makes it reasonable to attempt to directly 
explore the inner cyst walls. Limited experience with 
through-the-needle cystoscopy has demonstrated 
the feasibility for direct visualization of cyst walls and 
has suggested that it may help to target biopsies to 
suspicious areas. Patterns at cystoscopy have been 
proposed for SCAs, MCNs and IPMNs but have not been 
validated yet. Like for nCLE, the main complication is 

acute pancreatitis, and therefore, limiting the time inside 
the cyst is strongly recommended. The greatest interest 
seems to be the ability to detect mucin clots that have 
a typical appearance on cystoscopy. Nevertheless, the 
performance of cystoscopy was not higher than the 
string test that is more simple and free of cost[50]. Beside 
the cost of the fiberoptic system, other limitations of 
cystoscopy in reported studies are mainly related to the 
suboptimal quality of images. Therefore, the real place of 
cystoscopy need to be established.

Through-the-needle intracystic biopsy has been 
suggested to be a feasible technique for tissue acquisition 
in one series and several case reports. It allows histolo-
gical diagnosis including the grade of dysplasia, although 
the retrieved samples are small. However, the processing 
of the samples is not always easy. Because of the small-
sized specimens, they sometimes disintegrate during 
fixation in formalin. In addition, lesions such as mural 
nodules may not be targetable by the stiff 19G EUS-
FNA, especially those located in the uncinate process. 
Finally, concerns remain about the risk of bleeding 
following through-the-needle forceps biopsy, similarly to 
brush cytology, even if no cases of bleeding have been 
reported. Formal studies in larger series are required to 
validate the results of this new technique and to confirm 
its safety.

In summary, CH-EUS seems to be a safe and com-
plementary tool to EUS-FNA for the assessment of 
PCLs. CH-EUS is especially accurate in differentiating 
nonneoplastic cysts from PCNs and mural nodules from 
mucus clots. Moreover, the recent International Asso-
ciation of Pancreatology and the European guidelines 
have recommended CH-EUS for further evaluation of 
mural nodules in IPMN and PCN respectively. Larger and 
prospective studies are required to confirm the role of 
quantitative CH-EUS in the differential diagnosis between 
malignant and benign mucinous neoplasms. EUS nCLE 
is a minimally invasive tool with remarkable potential for 
diagnosing PCLS. Future research should also address 
new nCLE criteria associated with the grade of dysplasia 
or cancer, the additional clinical value of combining nCLE 
with the current standard of PCLs diagnosis and the 
cost-effectiveness of nCLE during the initial EUS-FNA or 
after inconclusive results of EUS-FNA. Meanwhile, and 
based on available evidence at present, excluding cost-
effectiveness, we propose an algorithm of diagnosis for 
PCLs (Figure 10). Through-the-needle cystoscopy and 
biopsy must be evaluated in formal studies in larger 
series to validate their results and to confirm their safety 
before integrating them in the diagnostic flowchart of 
PCLs.

CONCLUSION
PCLs are increasingly identified on imaging, but their 
characterization remains challenging due to limitations 
of the current endoscopic and imaging techniques. In 
this article, we presented a comprehensive review about 
emerging endoscopic tools for the diagnosis of PCLs. 
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Among them, through-the-needle cystoscopy and biopsy 
still have the lowest amounts of available evidence, with 
the most extensive experience reported for CH-EUS 
and nCLE. Both modalities have been demonstrated to 
provide valuable information for the decision-making 
process and to be supplementary techniques to EUS-FNA. 
Limitations for their widespread implementation are their 
elevated cost and learning curve. Future studies should 
address their clinical impact on patient management, 
the optimal timing for their application in the diagnostic 
work flow of PCLs and their cost-effectiveness. Through-
the-needle cystoscopy and intracystic biopsy must be 
further evaluated in formal and larger trials. Moreover, 
because a combination of these new techniques may 
further improve our ability to diagnose PCLs, multi-arm 
trials incorporating these new technologies and emergent 
molecular markers would be of most value to determine 
the best diagnostic approach.
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