
Abstract
Endoscopic ultrasonography (EUS) is a technique with 
an established role in the diagnosis and staging of 
gastro-intestinal tumors. In recent years, the spread of 
new devices dedicated to tissue sampling has improved 
the diagnostic accuracy of EUS fine-needle aspiration. 
The development of EUS-guided drainage of the bilio-
pancreatic region and abdominal fluid collections 
has allowed EUS to evolve into an interventional tool 
that can replace more invasive procedures. Emerging 
techniques applying EUS in pancreatic cancer treatment 
and in celiac neurolysis have been described. Recently, 
confocal laser endomicroscopy has been applied to EUS 
as a promising technique for the in vivo  histological 
diagnosis of gastro-intestinal, bilio-pancreatic and 
lymph node lesions. In this state-of-the-art review, 
we report the most recent data from the literature 
regarding EUS devices, interventional EUS, EUS-guided 
confocal laser endomicroscopy and EUS pancreatic 
cancer treatment, and we also provide an overview of 
their principles, clinical applications and limitations.
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Core tip: The aim of this review is to report the most 
up-to-date advances and cutting-edge technologies in 
the field of interventional endoscopic ultrasonography 
(EUS) and EUS-guided confocal laser endomicroscopy.
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INTRODUCTION
Data published in the literature regarding endoscopic 
ultrasonography (EUS) has described the high accuracy 
of the detection and staging of malignancies of the 
gastro-intestinal tract. In the setting of pancreatic 
lesions, pancreatic cancer exhibits high mortality due 
to its late diagnosis. EUS has been identified as the 
most sensitive technique for the early detection of 
pancreatic cancer compared with traditional imaging 
methods such as magnetic resonance imaging and 
computed tomography[1]. 

The possibility of performing tissue sampling has 
improved the diagnostic capability of EUS, former 
known as cytological diagnosis. In recent years, new 
needles have been developed to enable histological 
diagnosis. More recently, EUS-elastography and EUS 
contrast enhancement have emerged; these techniques 
provide a real-time evaluation of tissue stiffness and 
enhancement patterns to enable differential diagnoses 
between benign and malignant lesions, thus improving 
the targeting of tissue sampling. A recent review 
discussed their role in the diagnosis of gastro-intestinal 
lesions[2], although this report is beyond the scope of 
the present paper.

The role of EUS has progressively changed from a 
purely diagnostic technique to an interventional tool, 
especially in the setting of bilio-pancreatic drainage 
after failure of standard endoscopic retrograde 
cholangiopancreatography (ERCP), where EUS-guided 
biliary drainage represents a viable alternative to 
surgical or radiological procedures. 

Confocal endomicroscopy offers the possibility 
of making in vivo histological diagnoses, and its 
application in EUS enhances the performance of the 
technique mainly in the setting of pancreatic and 
lymph node lesions.

The aim of this review is to report the most up-to-
date innovations in the setting of interventional EUS, 
EUS-guided confocal laser endomicroscopy (CLE) and 
EUS-pancreatic cancer treatment. We performed a 
computerized bibliographic search on MEDLINE for 
studies published between January 2013 and April 
2015. The primary search terms were as follows: 
“EUS”, “EUS AND confocal microscopy”, “EUS AND fine 
needle aspiration”, “EUS-guided biliary drainage”, and 
“pancreatic cancer treatment”. Because the purpose 
of our study is to describe the latest innovations 
and cutting-edge technologies, all relevant articles 
were included regardless of their design or sample 
size. Additionally, pertinent abstracts from major 
gastroenterology meetings were included.

EUS-GUIDED CONFOCAL LASER 
ENDOMICROSCOPY
EUS-guided confocal laser endomicroscopy (CLE) is 
a promising novel technique that allows for real-time 
optical biopsy during EUS examination. A confocal 
miniprobe (Cellvizio AQ Flex™ 19 nCLE probe-Mauna 
Kea Techn., Paris, France) compatible with 19-G 
needles has been combined with EUS-FNA for the 
evaluation of cystic and solid lesions in a technique 
termed “needle-based CLE” (nCLE). 

The principles and techniques of CLE and nCLE 
have been well described elsewhere[3-6]. Because 
confocal images depend on fluorescence, a fluorescent 
dye is required to make objects visible. For nCLE, 
intravenous fluorescein sodium (10%) is primarily used. 
In the setting of pancreatic cystic neoplasms (PCNs), 
nCLE provides real-time microscopic images of 
the cyst wall. In a multicenter study, the INSPECT 
trial, a preliminary unblinded consensus review for 
the definition of nCLE images and case revision 
with a gastrointestinal pathologist were performed. 
Subsequently, a blinded consensus review assessed 
whether the criteria for nCLE images could identify 
PCNs or adenocarcinoma[7]. nCLE was performed in 
65 patients and exhibited a diagnostic yield of 41.9%, 
which is greater than either a carcinoembryonic antigen 
(CEA) level > 192 ng/mL (28.6%) or cytology results 
consistent with PCN (29.6%). The presence of epithelial 
villous structures was significantly associated with PCN 
with a specificity of 100%, although sensitivity was low 
(59%), and the negative predictive value was 50%[7]. 
In the recent prospective DETECT study, nCLE was 
combined with cystoscopy using the SpyGlass fiberoptic 
probe (Boston Scientific, Natick, Mass) for the diagnosis 
of PCNs[8]. 

In a sub-group of 18 patients with high probability 
of PCNs (“high-certainty patients”), cystoscopy 
and nCLE reported sensitivities of 90% and 80%, 
respectively; the combination of the two methods 
reached a sensitivity of 100% in the clinical diagnosis 
of mucinous cysts. In all 30 patients enrolled in the 
study, the sensitivities of cystoscopy (71%) and nCLE 
(77%) were not as high as in high-certainty patients, 
whereas the accuracy of their combination was 93%. 
However, both cystoscopy and nCLE exhibited higher 
sensitivity and accuracy than CEA levels of 33% and 
61%, respectively, in the entire study population. 

The detection of papillary, finger-like projections 
and, when imaged in cross section, dark rings with a 
central core on nCLE, both represent the villous pattern 
suggestive for gastric and intestinal-type intraductal 
papillary mucinous neoplasm (IPMN), as previously 
reported[9] (Figure 1).

The final diagnosis was established by pathology, 
but only two patients underwent surgery in this 
cohort, limiting the diagnostic value of the study. 
In the remaining patients, a final clinical diagnosis 
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was established by blinded review between two 
independent endosonographers. nCLE was associated 
with a higher complication rate (7%-9%)[7,8] than that 
reported for EUS-FNA of pancreatic cysts[10,11]. 

The larger caliber of the needle employed (19 
G vs 22 G), the longer duration of examination and 
the greater number of needle movements within the 
cysts compared with standard EUS-FNA can explain 
these findings. Limiting both the needle dwelling time 
and the number of needle movements can reduce 
the risk of pancreatitis and intracystic bleeding. An 
nCLE diagnostic criterion for the diagnosis of serous 
cystadenoma (SCA) was recently proposed in a 
multicenter prospective study of 31 patients with a 
single pancreatic cyst[12].

The criterion standard for the final diagnosis 

was based on either a surgical specimen and/or 
positive cytopathology or consensus among blinded 
investigators. A typical finding of nCLE in the clinical 
diagnosis of SCA was a superficial vascular network 
(Figure 2) that corresponded to subepithelial capillary 
vascularization on a pathological specimen that was 
only observed in SCA.

This feature exhibited a sensitivity of 69%, whereas 
the specificity and the positive predictive value reached 
100 % for the diagnosis of SCA. Good inter-observer 
agreement (κ  =  0.77) was reported.

From a procedural standpoint, no technical failures 
were reported, even for SCA located in the pancreatic 
head, which exhibited a mean nCLE procedure 
duration of 7 min (range 3-10 min). 

If confirmed in a larger setting, this nCLE criterion 
could improve the EUS diagnosis of SCA in a rapid 
real-time manner that avoids the burden and costs 
of unnecessary follow-up and surgery, which was 
required in 60% of the 2622 patients with serous 
cystic neoplasm in a large multicenter study due to 
doubtful preoperative diagnosis[13]. Available data 
regarding nCLE of solid pancreatic lesions revealed 
irregular vessels with vascular leakage of fluores
cein into the tumor and large dark clumps, which 
correspond to lumps of malignant cells in pancreatic 
adenocarcinomas[6,7] (Figure 3).

Conversely, the visualization of normal pancreatic 
parenchyma by nCLE demonstrated a “coffee bean” 
pattern with regular vessels[6] (Figure 4). nCLE 
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Figure 1  Needle-based confocal laser endomicroscopy of an intraductal 
papillary mucinous neoplasm: papillary projections (A) and, imaged in 
cross section, dark rings with a central core (B).
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B

Figure 2  Needle-based confocal laser endomicroscopy of a serous 
cystadenoma showing the typical vascular network. 

Figure 3  Needle-based confocal laser endomicroscopy of pancreatic adeno
carcinoma: dark cells aggregates with pseudo-glandular aspects, irregular 
vessels with leakage of fluorescein (A) and histological correlations (B).
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autoimmune pancreatitis). To overcome this limitation, 
an EUS Tru-Cut biopsy 19-gauge needle has been 
developed, although its expected results have not 
been achieved due to its stiffness, which precludes 
trans-duodenal sampling[17].

In recent years, new reverse-bevel biopsy needles 
for core tissue have been made available in multiple 
gauges (ProCore; Cook Medical, Winston-Salem, 
NC) with diagnostic accuracy > 85% reported in two 
multicenter prospective studies[18,19]; moreover, EUS-
FNB was demonstrated to be technically feasible in 
98% of patients with a solid pancreatic mass, thus 
demonstrating the good performance of this needle 
when using a trans-duodenal approach[19].

In the setting of pancreatic cystic lesions, a new 
EUS-guided fine-needle biopsy equipped with a 
side fenestration (EchoTip ProCore High Definition 
Ultrasound Biopsy Needle, Cook Endoscopy Inc., 
Limerick, Ireland) was employed in a recent study. The 
results described a safe technique with high diagnostic 
yield (over 90%), even if the lack of a control group 
affected these findings[20]. 

A novel method for EUS-guided tissue acquisition 
has been recently reported. As in standard endoscopy, 
a biopsy forceps, fit for passing through a standard 
19-gauge FNA needle, has been developed. The 
preliminary reports indicate that this new device is 
able to safely acquire adequate tissue samples for 
histologic assessment in both the animal and human 
settings[21,22].

A similar technique for histopathological diagnosis 
of submucosal lesions has been reported in an abstract 
by Wang et al[23]. A definite histological diagnosis 
was reached using an EUS-guided “deep tunneling” 
forceps biopsy technique in all 11 cases and with no 
complications. 

In the setting of pancreatic solid lesions, Mohammad 
Alizadeh et al[24] compared EUS-FNA performed with 
negative pressure, applied with a 10 mL syringe, to 
EUS-FNA without suctioning and stylet in a total of 100 
patients. Although no statistically significant differences 
were found between the two methods, EUS-FNA 
without negative pressure and stylet technique was 
related with less blood contamination (20% vs 50%) 
and higher diagnostic yield (14% vs 6%) than FNA 
performed with suction[24]. 

To improve the quality of the EUS-FNA of solid 
lesions, Attam et al[25] recently proposed the wet 
suction technique (WEST) as follows: a 22-gauge 
needle was filled with small amount of saline before 
puncturing the lesion with high suction. In their 
randomized controlled trial, the WEST technique 
yielded significantly higher cellularity and specimen 
adequacy in cell blocks compared with the conventional 
FNA technique with no difference in the amount of 
blood contamination.

The refinements in EUS-assisted devices, in 
conjunction with the emerging techniques in tissue 
acquisition, have improved EUS diagnostic capabilities.

imaging of inflammatory lymph nodes revealed 
diffuse small cells in a homogeneous stroma with 
normal vascularization in the lymph node; conversely, 
malignant lymph nodes were characterized by glandular 
structures with dark cells, large dark clumps and 
considerable neo-vascularization with huge leakage of 
fluorescein[6,9] (Figure 5).

Although the results reported regarding solid lesions 
are based on case series, they are encouraging, and 
it is expected that these studies will be confirmed by 
an ongoing international multicenter study (CONTACT 
study) on nCLE of cystic and solid pancreatic lesions 
and lymph nodes. 

EUS-DEDICATED NEEDLES AND TISSUE 
ACQUISITION
EUS fine-needle aspiration (EUS-FNA) is a safe 
technique for the tissue acquisition of gastro-intestinal 
lesions and exhibits diagnostic accuracy exceeding 
80%[14-16]. The primary limitation of EUS-FNA is the 
provision of cytologic samples, which can affect its 
accuracy, especially for the diagnosis of pancreatic 
cancer or the differential diagnosis of benign 
lesions that mimic other conditions (e.g., chronic or 

Figure 4  Needle-based confocal laser endomicroscopy of normal pancreatic 
tissue: coffee bean aspect.
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Figure 5  Needle-based confocal laser endomicroscopy of a malignant 
lymph node: glandular structures with dark cells and neo-vascularization 
with leakage of fluorescein.
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EUS-GUIDED DRAINAGE
Since the first report of EUS-guided biliary drainage 
(EUS-BD) for biliary decompression after the failure of 
conventional drainage[26], the technique has evolved 
rapidly. The consensus guidelines for the management 
of biliary obstruction using the various technical 
approaches of EUS-BD have recently been published 
following a consortium meeting held in 2012[27].

In a large multicenter retrospective cohort, EUS-
guided extrahepatic (EH) and intrahepatic (IH) ap
proaches were compared in benign and malignant 
disease[28].

No significant differences in the success rates of the 
EH and IH methods were found (84.3% vs 90.4%, P = 
0.15), whereas superior performance was described for 
malignant diseases than for benign indications (90.2% 
vs 77.3%, P = 0.02). The complication rate remained 
high, although there were no differences between the 
IH and the EH approaches (32.6% vs 35.6%, P = 
0.64). Overall complications were: pneumoperitoneum 
(5%), bleeding (11%), bile leak/peritonitis (10%), and 
cholangitis (5%). Similar rates of adverse events were 
observed in benign and malignant diseases (26.7% vs 
37.1%, P = 0.19).

Dhir et al[29] retrospectively compared the outcomes 
of ERCP and EUS-BD in the stenting of 208 patients with 
malignant distal biliary obstruction. The main outcome 
measurement was composite success, defined by the 
combination of technical success (stent placement) and 
functional success (a > 50% decrease in serum bilirubin 
levels at 2 wk post-procedure). Although the overall 
results of ERCP and EUS-BD were similar, EUS-BD 
exhibited significantly higher composite success than 
the standard approach in a group of patients without 
duodenal stenosis who failed ERCP due to difficult biliary 
access (93.9% vs 78.3%, P = 0.002). As expected, the 
difference was dramatically higher in the sub-group of 
patients with duodenal stenosis (90.5% vs 57.1%, P = 
0.0003).

All adverse events recorded in this study were 
managed conservatively. No pancreatitis was observed 
in patients who underwent EUS-BD, whereas 15.7% 
of patients in the ERCP group with difficult biliary 
access developed this complication (P = 0.024), 
scored as mild in four patients and as moderate in 
one patients. No statistically significant differences 
were observed for the other adverse events between 
the two treatment methods. Bleeding occurred in 
three patients (2 in the EUS-BD group; 1 in the ERCP 
group). Cholangitis was recorded in four patients (1 
in the in the EUS-BD group; 3 in the ERCP group). A 
minor bile leak was observed in three patients in the 
EUS-BD group. In 2 patients with duodenal stenosis 
in the EUS-BD group, a perforation occurred after the 
dilation of choledochoduodenostomy tract by using a 
precut papillotome[29]. 

EUS-guided hepaticojejunostomy combined with 
EUS-guided antegrade stent placement using a fine-

gauge delivery system has been recently described in a 
patient who developed obstruction of the proximal bile 
duct after gastrectomy with a Roux-en-Y anastomosis. 
After puncturing the intrahepatic bile duct using a 
19-gauge needle from the jejunum, a 7F tapered ERCP 
catheter was inserted and advanced a guide wire into 
the intestine across the site of bile duct stenosis. A 
fine-gauge delivery system (6F) was inserted, followed 
by antegrade placement of the metal stent (Zilver 635, 
Cook Medical, Bloomington, IN, USA). Finally, EUS-
guided hepaticojejunostomy (Niti-S biliary covered 
stent) was performed without adverse events. This 
technique reduces the risk of bile leakage because the 
small caliber of the delivery system does not require 
dilation of the fistula, and cases of reintervention for 
dysfunctional stents can be performed easily through 
the hepaticojejunostomy stent[30]. 

The same author reported a similar technique for 
endoscopic ultrasound-guided hepaticogastrostomy 
(EUS-HGS). In a pilot study enrolling 12 patients, 
EUS-HGS was performed with EUS-guided antegrade 
stenting using a novel uncovered metallic stent with 
a fine-gauge delivery system. The procedure was 
feasible in all patients without dilation of the fistula 
between the stomach and the intrahepatic bile duct, 
which prevented adverse events. Indeed, no bile 
peritonitis or stent dysfunction occurred during the 
follow-up (mean 122 d, range 62 - 210 d)[31].

A novel method of EUS-HGS was proposed in 
a retrospective series of 20 consecutive patients 
with obstructive jaundice who underwent EUS-BD 
after failed ERCP. Thirteen patients underwent EUS-
HGS with the locking stent method using end-bare 
covered metallic stents (EBCMS). No difference was 
reported in technical and functional success rates 
(100% in both groups). In two of the seven patients 
treated with conventional EUS-HGS, stent migration 
occurred, whereas no stent dysfunction was observed 
in patients who underwent the procedure with the 
locking stent method[32]. The locking stent method was 
recently reported to be feasible and safe in four cases 
of patients with hepatic hilar obstruction and isolated 
right intrahepatic bile ducts[33].

The technical success of EUS-BD exceeded 90% 
in all reported studies, with negligible adverse events. 
However, the retrospective design, small sample size, 
patient selection bias and the use of a single operator 
within tertiary centers all affect the external validity of 
these new techniques. Prospective, multicenter, well-
designed, randomized trials with long-term follow-
up are required to validate these techniques for the 
treatment of intrahepatic and distal biliary obstruction.

EUS-guided drainage of pancreatic fluid collections 
(PFC) and pseudocysts has been widely described[34,35], 
demonstrating the technique is effective for surgical 
drainage while resulting in shorter hospital stays and 
lower costs in a randomized trial of 40 patients[36]. 

In the setting of PFC, a prospective, multicenter 
study employing a novel self-expanding metal stent 
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(SEMS) designed specifically for transmural drainage 
has recently been published[37]. Sixty-one patients 
with symptomatic PFCs were enrolled; 46 patients had 
walled-off necrosis (WON), and 15 had a pancreatic 
pseudocyst. A large-diameter (10 mm) SEMS with 
bilateral flanges, the AXIOS stent (Xlumena Inc., 
Mountain View, California, USA), was placed with 
technical success in 60 patients (98%). The second 
study endpoint was clinical success, which was defined 
as the resolution of clinical symptoms in combination 
with a decrease in the PFC size to ≤ 2 cm on imaging, 
without the need for placement of an additional 
endoscopic or percutaneous stent or drain or surgery. 
In this study, 81% of patients with WON and 93% 
of patients with a pancreatic pseudocyst achieved 
clinical success. Treatment failure occurred in nine 
patients (16%), including four patients who required 
surgical intervention. Endoscopic stent removal was 
easily performed in 47 of 57 patients (82%) after a 
median of 32 d using a snare or rat-tooth forceps. In 10 
patients, stent removal was not performed because of 
migration of the stent (n = 3), stent dislodgement during 
necrosectomy (n = 3), removal during surgery (n = 2), 
and refusal by the patient (n = 2). Stent migration was 
observed during the follow-up without symptoms. Severe 
adverse events occurred in five patients (9%); these 
consisted of PFC infection (n = 4) and perforation (n = 1). 

This prospective study represents the largest 
available study of EUS-guided SEMS placement for 
the transmural drainage of PFCs, which confirms the 
feasibility and efficacy of the technique. However, to 
the study is limited by the lack of a control group, 
selection bias and no planned long-term follow-up. 
Finally, improvements in stent design are desirable to 
improve its anchoring capacity to reduce the risk of 
stent migration.

EUS PANCREATIC CANCER TREATMENT
The role of EUS in the local treatment of pancreatic 
cancer and for pain control through the celiac plexus 
neurolysis (CPN) has been extensively reviewed[38,39].

The available data regarding the topic are pro
mising, although most studies rely on case series and 
therapeutic procedures that remain experimental. 

The first prospective study evaluating EUS-guided 
pancreatic fiducial placement with a 22-gauge needle 
was recently published[40]. EUS-guided gold fiducials 
were successfully inserted in all 23 patients before 
image-guided radiation therapy (IGRT), and this 
was possible in 95.2% of patients. Only one adverse 
event occurred; this consisted of transient bleeding at 
the site of needle insertion. Although these findings 
confirm the feasibility of fiducial placement even with 
a 22-G needle, no data about the patients follow-up 
and treatment outcomes were reported in this study; 
only two patients did not receive radiotherapy due to a 
rapid disease progression[40]. 

An interesting single center prospective study 
compared circulating tumor cells (CTCs) in the portal 
vein to CTCs in the peripheral blood of 18 patients 
with suspected pancreatico-biliary cancer[41]. The 
assessment of CTCs in the peripheral blood is limited 
in early-stage disease. 

Portal vein sampling was performed by aspiration of 
a small amount of blood (7.5 mL) with a 19-G EUS-FNA 
needle, peripheral blood samples were obtained prior to 
EUS.

All blood samples were subjected to identical 
processation to identify cells with morphological 
and immunocytochemical characteristics consistent 
with epithelial cells: epithelial cell adhesion molecule 
positive (EpCAM+), 4′,6-diamidino-2-phenylindole 
positive (DAPI+), cytokeratin 8/18 and or 19 positive 
and CD45 negative (CD45-). With flow cytometry 
CTC isolation, the identified cells were collected as 
CTCs and underwent genomic (KRAS sequencing) and 
proteomic (P16, SMAD4 and P53) analyses. 

 Detection of CTCs in the portal vein sampling was 
significantly higher than in the peripheral blood in all 
18 patients (mean CTCs 111.8 vs 0.7, P < 0.01). No 
adverse events from EUS-guided portal vein sampling 
were observed.

 This study can be considered to be the first EUS 
application to translational medicine; if confirmed, 
this approach can be helpful for the early diagnosis of 
pancreatic cancer[41]. 

In the setting of CPN, an evolution of the standard 
procedure is EUS-guided celiac ganglia neurolysis 
(EUS-CGN), in which a neurolytic agent is directly 
injected into an individual celiac ganglion[42].

In a randomized controlled trial, 68 patients with 
pancreatic cancer underwent EUS-CPN or EUS-CGN. 
The procedures were both technically successful in all 
patients. EUS-CGN achieved a postoperative reduction 
in pain score that was significantly greater (3.9 ± 2.4) 
than in the EUS–CPN group (2.7 ± 2.4, P = 0.044). 
Moreover, EUS-CGN was shown to be superior to EUS-
CPN in achieving a complete response (pain score ≤ 1): 
(50.0% vs 18.2%, P = 0.010). No differences between 
the two groups were observed with respect to adverse 
events or the duration of pain relief[43].

A recent retrospective case-control study evaluated 
the impact of celiac neurolysis on survival in patients 
with pancreatic cancer. EUS-CPN was associated with 
longer survival compared with non-EUS approaches, 
and those who underwent EUS-CPN had longer 
survival than those who underwent EUS-CGN[44]. Due 
to the retrospective design of the study, these findings 
should be confirmed by prospective studies. 

A mixture (7% phenol and 60% glycerol) was 
employed as a new neurolytic agent through a 22-G 
EUS-FNA needle for EUS-CPN. Because of its higher 
viscosity relative to ethanol, the author hypothesized 
that the agent would remain localized around the 
celiac plexus to provide better pain relief. In 8 of 
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the 9 prospectively enrolled patients, a positive 
response (89%) without severe adverse events was 
achieved. The median duration of pain relief was 
19.1 wk. Although this case series was limited by the 
small sample size and lacks a control group, these 
preliminary results are promising with respect to the 
improvement of the EUS-CPN technique[45].

CONCLUSION
Although the latest advances in interventional 
EUS require a high level of skills both in EUS and 
interventional endoscopy and although their execution 
remains limited to tertiary centers, these advances 
portend a future where EUS can replace current invasive 
techniques, especially in the setting of abdominal 
drainages. nCLE improves EUS diagnostic performance 
with the desirable aim of replacing histology in the 
discrimination of the nature of pancreatic lesions, 
thus avoiding unnecessary surgery for benign lesions.  
Finally, the role of EUS in the treatment and early 
biological diagnosis of pancreatic cancer could open 
new research opportunities and impact patient care in a 
meaningful manner.
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