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Abstract

Endoscopic therapy has been increasingly recognized as an effective method of
treatment in selected patients with pancreatic diseases. Various endoscopic proce‐
dures, classical and modified, are used for the complex treatment of acute and chronic
pancreatitis, as well as their complications. In pancreatic carcinoma, some endoscopic
methods are applied mainly as palliative measures. There are still open questions
regarding the placing and timing of various endoscopic procedures in the multidis‐
ciplinary management approach of pancreatic diseases.
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1. Introduction

Acute pancreatitis (AP) is a disease with multiple etiologies and an increasing incidence,
showing a wide spectrum of outcomes – from a mild, self-limited to severe, life-threatening
illness [1]. According to the revised Atlanta classification of 2012, AP can be either edematous
interstitial pancreatitis or necrotizing pancreatitis, involving necrosis of the peripancreatic
tissues and/or pancreatic parenchyma [2]. In AP, there are 3 degrees of severity: mild, mod‐
erate, and severe – mild AP lacks both organ failure and local complications; moderately severe
AP has transient organ failure (<2 days), local complications, and/or exacerbation of a coexis‐
tent disease; and severe AP is defined by the presence of persistent organ failure (≥2 days).
Local complications are classified according to the presence of fluid or solid (necrosis)
component as acute peripancreatic fluid collections, pseudocysts, acute (pancreatic/peri‐
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pancreatic) necrotic collection, and walled‑off necrosis. Acute peripancreatic fluid collection
is a true fluid collection that develops in the early phase of interstitial edematous AP, lacks a
wall, and usually resolves without intervention. Pancreatic pseudocysts (PPC) are encapsu‐
lated collections of fluid with a well-defined inflammatory wall and with minimal or no
necrosis, which usually occurs more than 4 weeks after onset of AP. Acute necrotic collections
(ANCs) are present in the first 4 weeks of the necrotizing AP and contain variable amounts of
solid (necrotic) and fluid material secondary to pancreatic and/or peripancreatic necrosis.
Walled‑off pancreatic necrosis (WOPN) represents the mature phase of an ANC, confined by
a wall of reactive tissue which develops usually 4 or more weeks after the onset of necrotizing
disease. Both ANCs or WOPN can be sterile or infected. Severe AP is estimated to occur in up
to 20% of patients and is associated with high morbidity and mortality (approximately 15%)
due to the development of sterile or infected necrosis, sepsis, and progressive multisystem
organ failure [3, 4]. Development of infected necrosis is observed in 25%–70% of patients with
necrotizing disease and usually requires an intervention to control the sepsis [5, 6]. Currently,
endoscopic therapy, including various endoscopic procedures, is a part of multidisciplinary
management of AP. It is indicated as a minimal invasive method of therapy in selected cases
with acute biliary pancreatitis and local complications of AP. In addition, pancreatic endo‐
therapy has been demonstrated to be effective in selected cases of idiopathic AP.

1.1. Endoscopic management in acute biliary pancreatitis

The most common cause of AP is gallstones. In most of the patients presenting with acute
biliary pancreatitis the gallstones pass spontaneously to the duodenum but in minority of
patients (about 20%) the persistent biliary obstruction can lead to cholangitis and severe AP
[1]. The duration of bile duct obstruction is an important contributing factor for the severity
of AP. It was reported that pancreatic necrosis develops more often when the biliary obstruc‐
tion exceeds 48 h [7]. In the past, urgent surgery to decompress the bile duct soon after the
diagnosis of pancreatitis was associated with increased mortality [8, 9]. Endoscopic retrograde
cholangiopancreatography (ERCP) is a less invasive method to clear the bile duct and it could
favorably affect the clinical outcome of AP if utilized properly [10, 11]. It is generally accepted
that early ERCP and endoscopic sphincterotomy (ES) are indicated in cases with acute
cholangitis and obstructive jaundice [12, 13]. In such patients, early ERCP and ES, preferably
within 72 h from the onset of AP, ameliorate the symptoms and the progression of AP [14].
There is no clear consensus on the benefit from the endoscopic approach in patients with ERCP
in patients with elevated liver function tests and obstructive jaundice with a septic-appearing
picture and severe disease graded by an accepted scoring system. The role and timing of ERCP
in patients with acute biliary pancreatitis have been evaluated in a number of clinical trials
and meta-analysis (Figure 1) [12, 13, 15-23]. The authors of the first study found that patients
with predicted severe biliary pancreatitis (using modified Glasgow criteria) had fewer
complications if they underwent ERCP within 72 h (24% vs 61%) compared to the control group
on conservative management [15]. After excluding the patients with concomitant acute
cholangitis (the most probable to benefit from early ERCP), the difference remained (15% vs
60%). Similar results were reported in another randomized study, in which the ERCP was
performed within 24 h after admission [12]. The early ERCP group with predicted severe
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pancreatitis had fewer complications (13% vs 54%) compared to the patients group on
conservative treatment. One multicenter study evaluated the benefit of early ERCP in pre‐
venting severe AP in patients without acute cholangitis and/or biliary obstruction (serum
bilirubin levels < 5 mg / dl) [13]. Their results showed no superiority of early ERCP regarding
morbidity and/or mortality in the study group, but also an unusually high mortality (8%)
among the patients with predicted mild pancreatitis. The most recent meta-analysis, including
7 randomized trials (n=757), found no evidence that early routine ERCP significantly affects
mortality or local/systemic complications, regardless of the predicted severity of biliary
pancreatitis, but it should be considered in patients with coexisting cholangitis or biliary
obstruction [23]. Among the trials that included patients with cholangitis, the early routine
ERCP strategy significantly reduced mortality, local and systemic complications as defined by
the Atlanta Classification. Among trials that included patients with biliary obstruction, the
early routine ERCP strategy was associated with a significant reduction in local complications
as defined by authors of the primary study, but a nonsignificant trend toward reduction of
local and systemic complications as defined by the Atlanta Classification. Although accurate
prediction of common bile duct stones in acute biliary pancreatitis is warranted to select
patients for early therapeutic ERCP, it should be noted that predicting their presence in the
early stages of disease with complete liver biochemistry, transabdominal ultrasonography, or
CT is unreliable [24]. In cases with severe biliary pancreatitis, the differential diagnosis
between acute cholangitis and severe AP with systemic inflammatory response syndrome may
be also difficult [10, 11]. In cases with suspected biliary obstruction, magnetic resonance
cholangio-pancreatography (MRCP) or endoscopic ultrasound (EUS) when accessible are the
preferred diagnostic modalities to identify it [25-28]. In patients with AP, the sensitivity and
specificity of EUS and ERCP were the same (96% vs 96% and 85% vs 92%, respectively) for
detecting choledocholithiasis [27]. By their use, ERCP would be reserved for patients with
strong evidence of obstruction. In 2012, the IAP/APA (International Association of Pancrea‐
tology/American Pancreatic Association) evidence-based guidelines for the management of
AP has been published [29]. It provides recommendations concerning the key topic on
multidisciplinary management of AP. The following recommendations for the management
of acute biliary pancreatitis, classified to their GRADE strength (1-strong, 2-weak) and quality
of evidence (A - high, B - moderate, C- low) have been given: “ERCP is not indicated in
predicted mild biliary pancreatitis without cholangitis. ERCP is probably not indicated in
predicted severe biliary pancreatitis without cholangitis. ERCP is probably indicated in biliary
pancreatitis with common bile duct (CBD) obstruction. ERCP is indicated in patients with
biliary pancreatitis and cholangitis. Urgent ERCP (<24 h) is required in patients with acute
cholangitis. Currently, there is no evidence regarding the optimal timing of ERCP in patients
with biliary pancreatitis without cholangitis. MRCP and EUS may prevent a proportion of
ERCPs that would otherwise be performed for suspected common bile duct stones in patients
with biliary pancreatitis who do not have cholangitis, without influencing the clinical course.
EUS is superior to MRCP in excluding the presence of small (<5mm) gallstones. MRCP is less
invasive, less operator-dependent and probably more widely available than EUS. Therefore,
in clinical practice there is no clear superiority for either MRCP or EUS.
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Figure 1. Endoscopic management of acute biliary pancreatitis. a) A view of compression of duodenal wall by enlarged
gall bladder. b) Papillary sphincterotomy with extraction of impacted gall stone. c) A periampullary diverticulum
neighboring on sphincterotomy.

1.2. Endoscopic management of local complications in AP (pancreatic necrosis/WOPN, PPC,
disrupted pancreatic duct)

In the last years, the minimally invasive interventions for management of necrotizing pan‐
creatitis have replaced the traditional open necrosectomy. Laparotomy and immediate surgical
debridement of the infected necrotic tissue have been the gold standard treatment for a long
time [5, 30]. This concept has been changed by multiple reports showing that early surgical
intervention for pancreatic necrosis could result in a worse prognosis compared to cases where
surgery is delayed or avoided [31-35]. Besides percutaneous drainage and minimally invasive
surgery, endoscopic transmural drainage (ETD) and necrosectomy have an increasing role as
an alternative to open surgery. The results of different multicenter studies and randomized
trials, as well as systematic reviews, evidence-based guidelines and consensus statements have
supported the safety and efficacy of endoscopic and other minimally invasive techniques in
the management of severe AP and its complications [1, 29-32, 35-44]. In summary, intervention
is primarily indicated for infected necrosis and less often for symptomatic sterile necrosis. They
should be delayed 4 weeks or longer after the onset of disease, for better demarcation and
liquefaction of the necrosis. Both the step-up approach using percutaneous drainage followed
by minimally invasive video-assisted retroperitoneal debridement and endoscopic necrosec‐
tomy have been shown to have superior outcomes to traditional open necrosectomy with
respect to short-term and long-term morbidity. Applicability of these techniques depends on
the availability of specialized expertise and a multidisciplinary team dedicated to the man‐
agement of severe AP and its complications [38]. According to the guidelines of IAP/APA
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(2012), common indications for intervention (either radiological, endoscopical, or surgical) in
necrotizing pancreatitis are clinical suspicion or documented infected necrotizing pancreatitis
with clinical deterioration, preferably when the necrosis has become walled-off [29]. At
present, there are insufficient data to define subgroups of patients with suspected or confirmed
infected necrotizing pancreatitis who would benefit from a different treatment strategy, but
percutaneous catheter or ETD should be the first step in the treatment of these patients,
followed by endoscopic or surgical necrosectomy if needed. In the multicenter randomized
trial, including 88 patients with infected necrotizing pancreatitis, the Dutch Pancreatitis Study
group showed that the step-up approach of percutaneous (retroperitoneal) catheter drainage
and followed, if needed, by minimally invasive necrosectomy, decreased major short-term
complications (40% vs 70%) and costs as compared to primary open necrosectomy [36]. The
rates of late complications as diabetes and exocrine pancreatic insufficiency were also lower
in the step-up cohort of patients. Lately published trial by the same group, in which the patients
were randomized to endoscopic transgastric versus open necrosectomy, demonstrated a lower
rate of proinflammatory response, organ failure, and major complications in patients under‐
going EUS-guided necrosectomy as compared to surgical necrosectomy [41]. The results from
a currently performed multicenter randomized controlled trial (TENSION trial) comparing
endoscopic transluminal to minimally invasive surgical step-up approach are awaited [45]. A
small proportion of patients with documented infected necrosis who remain clinically stable
can be managed with antibiotics alone, without the need for percutaneous catheter drainage
or necrosectomy. Future studies should compare (initial) antibiotic treatment of infected
necrosis with other, more invasive, strategies [29]. The vast majority of patients with sterile
necrotizing pancreatitis can be managed without intervention. Indications for intervention
(either radiological, endoscopical, or surgical) in this group of patients are: ongoing gastric
outlet, intestinal, or biliary obstruction due to mass effect of WOPN; persistent symptoms
(“persistent unwellness”) in patients with WOPN without signs of infection; disconnected duct
syndrome in the presence of persisting symptomatic collection with necrosis. Rare complica‐
tions requiring (nonsurgical) intervention in the follow-up after sterile necrotizing pancreatitis
are pancreaticopleural fistula, pancreatic ascites, and a “true” (no necrosis found in the
collection on MR or ultrasonography) symptomatic pseudocyst.

Several comprehensive reviews discussing indications, timing, standard and novel ap‐
proaches, outcomes, and complications regarding ETD and necrosectomy in infected necrot‐
izing pancreatitis have been published recently [2, 3, 38, 39, 42-47]. The technique of endoscopic
transluminal necrosectomy (ETN) involves a transmural (transgastric or transduodenal) access
to the WOPN, followed by large-caliber balloon dilation of the tract between the collection and
the gastrointestinal wall, allowing the insertion of an endoscope into the collection to visualize
the necrotic material, mechanical debridement, and lavage. A variety of tools, such as baskets,
snares, and nets have been used to remove the necrotic tissue. A stent (plastic/metal) is left in
place at the end of the procedure to keep the fistula patent and to allow access into the necrotic
cavity at a later session. Most patients with severe AP complicated by WOPN require multiple
sessions to achieve radiographic and clinical success. One recent systematic review on the ETN
of pancreatic necrosis found that a median of 4 (1-35) sessions are needed to achieve resolution
of the necrotic collection [42]. EUS-guided necrosectomy is increasingly used due to the ability
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of EUS to visualize and determine the optimal access into the collection, to avoid intervening
blood vessels, to assess the contents of the cavity, and to visualize bleeding into the collection
and other complications during and immediately after the procedure [46]. One recent system‐
atic review reported that EUS-guided necrosectomy has been performed in 283 published cases
so far [48]. Currently used endoscopic accessories during ETN are designed for other purposes
and are not optimal in achieving adequate necrotic debridement in a limited time. The authors
of one study showed that drainage of necrotic collections with multiple instead of a single
transmural access, placing multiple stents and a nasocystic drainage in each tract (multiple
transluminal gateway technique), led to better long-term clinical outcomes [49]. Other authors
reported that the use of hydrogen peroxide in their small case series facilitates the removal of
necrotic debris, but the benefit and potential complications need to be further investigated [50,
51]. The use of metal stents specially designed for drainage of pancreatic fluid collections was
also reported in small case studies and the results regarding their efficacy are awaited [52-54].

The summary results of various studies show that ETN is an effective minimally invasive
treatment in infected necrotizing pancreatitis. It was reported that the success rate of peroral
endoscopic drainage/debridement of WOPN was 81% of 53 studied patients [55]. Results from
a multicenter US series demonstrated a resolution rate of 91% (95/104 patients with WOPN)
as the mean time to resolution was 4.1 mo from the initial procedure [56]. A recent systematic
review, including 15 studies (455 patients), reported that with ETN definitive successful
treatment was achieved in 81% of patients, mortality was 6%, and complications occurred in
36% of patients [44]. Bleeding was the most common complication (18%), following perfora‐
tions to the peritoneum. Other reported complications included infection, aspiration, stent
migration, occlusion, pancreatic duct damage, complications of sedation, and gas embolism.
In the systematic review on EUS-guided necrosectomy, it was found that the mean technical
and clinical success rates were 100% and 88%, respectively; mean overall complication rate
was 28%, and mean overall recurrence rate was 7% [48]. The results of one recently published
systematic review and meta-analysis of ETN for WOPN (8 studies) showed that the mean time
of ETN after onset of AP was 7 weeks; the mean size of the necrotic cavity was 12.87 cm and
the weighted mean number of endoscopic procedures needed to resolve the necrotic cavity
was 4.09 [43]. The pooled proportion of successful resolution of pancreatic necrosis using ETN
was 81.84% and that of recurrence after ETN was 10.88%. Complications were noted in 21.33%
of patients, including bleeding, sepsis, and perforation. For pancreatic necrosis that did not
resolve, surgery was performed in 12.98% of patients. The authors of this meta-analysis
conclude that ETN is safe and effective at treating patients with symptomatic WOPN and offers
the advantage of minimally invasive endoscopic treatment without transabdominal surgery
but better techniques and equipment are still needed to improve procedural efficiency. The
decisions to perform ETN should be made by advanced endoscopists in collaboration with a
multidisciplinary team with the facilities and personnel to manage these complex patients.

Symptomatic pancreatic pseudocysts (abdominal pain, gastric outlet, obstructive jaundice)
and  disrupted  pancreatic  duct  in  AP  are  also  indicated  for  endoscopic  therapy.  The
literature data show that the incidence of APFC in acute edematous pancreatitis is around
40% and development of PPC is approximately 10% of these cases [57]. Earlier it had been
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reported that pseudocysts result from pancreatic duct disruption in up to 10%–25% of cases
with AP and in 20%–40% of chronic pancreatitis (CP) cases [58]. Endoscopic drainage of
PPC (transpapillary,  transmural,  or  combination of  the  both)  has  been demonstrated as
effective minimally invasive method for their treatment in a number of studies. The results
regarding technical success, recurrence, and complications rates will be discussed below,
in endoscopic therapy of PPC in CP.

Disruption of the pancreatic duct (PD) secondary to pancreatic necrosis occurs in attacks of
AP and leads to leakage of the pancreatic secretion and its accumulation inside the abdomen
in the neighborhood of the pancreas and pseudocyst formation [4]. It may also result in
pancreatic ascites or pancreatic fistulae. Endoscopic treatment of the disrupted PD includes
transpapillary stent bridging of the pancreatic leak or diverting pancreatic duct flow [59]. The
efficacy of these techniques has been demonstrated in several studies [60-62]. Complete duct
disruptions are refractory to transpapillary stenting because the upstream disconnected
segment maintains secretion. Therefore, ETD has arisen as the procedure of choice for cases
with complete duct disruptions [62].

1.3. Endoscopic therapy in idiopathic acute pancreatitis

Idiopathic AP is defined as pancreatitis with no etiology established after initial laboratory
and imaging tests (transabdominal ultrasound and CT in the appropriate patient) [63]. Patients
with idiopathic AP should be evaluated at specialized centers on pancreatic diseases, applying
combined multidisciplinary approach, including advanced endoscopy [1]. Various anatomic
(pancreas divisum, anomalous anomalous pancreatobiliary duct junction, choledochal cysts/
choledochocele, periampullarry diverticulae, ampullary tumors) and physiologic anomalies
(sphincter of Oddi dysfunction/SOD) can contribute to recurrent episodes of AP and many of
them can often be diagnosed and treated endoscopically [3, 64, 65]. The diagnostic role of ERCP
can help define specific causative factors in patients with idiopathic AP, but its major limitation
is the risk of post-ERCP pancreatitis, which varies from 5% to 10% and reaches 30% in cases
with SOD. For this reason, diagnostic and therapeutic endoscopy in these cases should be
performed in specialized units.

Pancreas divisum (PD) is reported in about 20% of patients with acute recurrent pancreatitis
[65]. Endoscopic therapy in PD includes minor papilla sphincterotomy, papillary dilation, stent
placement, or a combination of these techniques. Endoscopic and surgical therapy are
comparably effective in 70%-90% of patients with PD but endoscopic therapy as minimally
invasive method is preferred in most cases [66]. In patients with dilated dorsal duct or
abnormal function test, and no ductal strictures upstream of the minor papilla, sphincterotomy
is the procedure of choice. A short-term dorsal pancreatic duct stent placement is recommend‐
ed to avoid postprocedure complications. Although endoscopic therapy has been proved
effective in a large percentage of cases with PD, there is only one small randomized controlled
trial [67]. The authors reported that in the treatment group, 9 out of 10 patients (90%) had no
further episodes of AP during a 3-year follow-up, while 6 of 9 patients (67%) who were
randomized to no treatment had at least one episode.
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Endoscopic management, including biliary sphincterotomy alone, is also the method of choice
for patients with uncomplicated type 3 choledochal cyst/choledochoceles. Treatment of most
other choledochal cysts is mostly surgical because for their potential of malignant degeneration
[3]. The presence of periampullary diverticulum, although rarely, can also be a cause for acute
relapsing pancreatitis. Endoscopic sphincterotomy in a small series of patients was found to
be effective with no further episodes of AP during the follow-up period [68]. It has been
estimated that 5%–14% of patients with benign or malignant pancreatobiliary tumors present
with idiopathic AP [69-72]. Pancreatic cancer should be suspected in any patient >40 years of
age with idiopathic pancreatitis, especially those with a prolonged or recurrent course [72].
Ampullary tumors can be resected either surgically or endoscopically [3]. It was reported that
endoscopic treatment (snare polypectomy with sphincterotomy) was successful in the removal
of ampullary tumors with no ductal invasion in up to 90% of cases [73, 74]. Procedure-related
pancreatitis could be reduced by prophylactic stent placement and a long-term surveillance
with endoscopic biopsies was recommended.

Sphincter of Oddi dysfunction is a nonmalignant condition resulting in impairment in
sphincteric physiology, leading to outflow obstruction. SOD is reported in about one-third of
cases with recurrent pancreatitis [65]. The diagnosis is confirmed by endoscopic SO manom‐
etry. In documented SOD, endoscopic therapy includes biliary and/or pancreatic sphincterot‐
omy. Prophylactic pancreatic stenting for two weeks after sphincterotomy has shown to reduce
the incidence of post-ERCP pancreatitis [75]. Clinical improvement after sphincterotomy has
been reported in 55%–95% of patients, depending on the type of SOD, and manometric
recordings [76, 77]. The analyses of published studies (237 patients with follow-up ranging
from a mean of 3 months to 5 years) showed that favorable outcomes are the highest in type I
SOD cases (83%–100%) while in type II SOD patients long-term symptom relief was reported
in up to 79%, depending on whether manometry was abnormal. One recent study, including
69 patients with recurrent AP and pancreatic SOD randomized to biliary sphincterotomy with
and without pancreatic sphincterotomy showed that the recurrence of pancreatitis was similar
in both groups (48.5% vs 47.2%) [78].

2. Endoscopic therapy in chronic pancreatitis

In recent years with advances in technology, endoscopic therapy is one effective management
option in CP along with medical and surgical treatments. Endoscopy became preferable
management in selected patients with CP because of high success rate and low morbidity and
mortality. The results are comparable to surgery [79-82]. In addition, the procedure may be
repeated with no extra risk [83]. Endoscopic therapy may reduce or eliminate the need for
surgical procedures, may serve as a bridge to surgery in poor operative candidates, and can
predict the response to surgical therapy [84-85]. If endoscopic therapy is unsuccessful, surgical
therapy is still a potential option for most patients.

Today endoscopic therapy is performed in patients with CP who are unlikely to respond or
have failed medical therapy, or when it is necessary to resort to long-term opioid administra‐
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tion [83, 86-89]. The aims of endoscopic therapy in CP are to relieve outflow obstruction of
main pancreatic duct (MPD) to control of pain, as well as to manage complications such as
ductal strictures, calculi, pseudocysts, and biliary strictures [83, 86-90]. Endoscopic therapy is
based on different techniques and procedures, such as ERCP, pancreatic sphincterotomy,
pancreatic stones extraction, pancreatic and biliary stenting, and drainage of pseudocysts.
Extracorporeal shockwave lithotripsy (ESWL) for MPD stones may be combined with endo‐
scopic procedures. Advances in EUS have improved PPC drainage and cannulation of
inaccessible MPD, as well as celiac plexus block [83, 86, 87, 89].

We evaluated the endoscopic methods of therapy in patients with CP (n=114, group ), and
compared the results to those of control group of patients, treated by conventional conservative
methods (n=100, group ) [91]. All cases were followed-up for a period of 3 years. The early and
late results showed that endoscopic treatment led to clearance of common pancreatic duct by
stone extraction (82% and 71%), control of strictures/fistulae by stenting (76% and 68%), (Figure
2), and pseudocyst decompression by cystogastrostomy under EUS plus dilation and stenting
(73% and 30%), (Figure 3). Symptoms improvement, especially pain, was observed in 86%
versus 17% (6th month) and 70% versus 14% (3rd year) in group and group , respectively
(p<0.001). Endoscopic treatment significantly reduced the incidence of new pancreatic attack
(p<0.01). New formation of pancreatic duct stones occurred in 2/17 patients. Replacement of
pancreatic prostheses was needed in 41%. New ductal or parenchymal changes were observed
in 25%. According to these data we suggest that endoscopic procedures are one alternative
strategy in chronic pancreatitis with impaired drainage, leading to pancreatic duct or pseu‐
docysts drainage, reductions of pain and incidence of pancreatic attack, but recurrent and
complications rates are higher.

Figure 2. a, b) Endoscopic therapy in CP- insertion of endoprosthesis in a case with pancreatic ductal stricture.
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Figure 3. a, b, c, d, e) EUS-guided transgastric drainage of pancreatic pseudocyst in a case with CP.

In the last 10 years, there are accumulating data for the utility of endoscopic therapy and its
efficacy and limitations in various painful conditions and complications associated with CP.

2.1. Painful uncomplicated CP

In the last version of the European Society of Gastrointestinal Endoscopy (ESGE) Guideline
[86] on endoscopic treatment of painful uncomplicated CP, the following recommendations
are given:

“Endoscopic therapy is the first-line therapy for painful uncomplicated CP. The clinical
response should be evaluated at 6–8 weeks. If it appears unsatisfactory, the patient’s case
should be discussed again in a multidisciplinary team with endoscopists, surgeons, and
radiologists and surgical options should be considered, in particular in patients with a
predicted poor outcome following endoscopic therapy” (Recommendation grade B).

Randomized controlled clinical trials comparing endoscopic and surgical pain treatment in CP
showed better results for surgery [92-94]. In [92], it was reported that pain relief was 15% for
endoscopic therapy versus 34% for surgery after 5 years of follow-up. It has been discussed
that these results showed that neither of these options is satisfactory, and also that endoscopic
therapy was not optimal [86]. ESWL and cumulative stenting were not used, and endoscopic
therapy was not repeated in the case of recurring symptoms. In the trials of [93, 94], the initial
stenting period was relatively short as stents were removed when the stricture had disap‐
peared on the pancreatogram, but recurrence was observed when pain and stricture persisted.
This is in contrast to most other studies, in which stenting is continued for 1–2 years. In
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addition, included were patients with advanced disease with strictures and stones, as well as
opioid-dependence. For these reasons, the results cannot be extrapolated to all patients with
CP [86]. The long-term follow-up after endoscopic therapy in a total of 1890 patients with CP
showed that 83% of them had no need of pancreatic surgery [82, 95-99]. In addition, surgery
was associated with higher morbidity (18%–53%) and mortality (0%–5%) in comparison with
endoscopic therapy of CP (3%–9% morbidity and 0%–4% mortality) [82, 100-103]. Pain relief
was observed in 70%–94% of patients in the short-term followed-up, and in 52%–82% of
patients in the long-term followed-up endoscopic treatment [104-108]. Similar results of
endoscopic decompression therapy were found in patients with all types of obstruction,
including calculi alone, stenosis alone, or a combination of both [87, 104]. After endotherapy,
the number of pain-related hospitalizations and the need for analgesics decreased, but patients’
quality of life was not improved significantly [89, 96, 109]. According to the Spanish Pancreatic
Club’s recommendations for the diagnosis and treatment of CP, endoscopic decompression
treatment is less effective and has shorter-term effects compared to surgery [88]. Endoscopic
pain treatment has been shown to be effective for patients with a dilated MPD, particularly
when various endoscopic techniques are combined [88, 89]. Reference [88] shows also some
limitations of endoscopic treatment. Better pain control following surgery compared to
endoscopic therapy was observed in randomized clinical trials, but both endoscopic and
surgical therapy had been tested in a randomized trial versus medical therapy. It is difficult
to assess pain control of endoscopic therapy in long-term studies without a control group,
given the tendency of its decreasing effects over time. Finally, endotherapy is a technically
difficult and an operator-dependent procedure. ESGE experts [86] have shown some factors
independently associated with long-term (≥2 years) successful endoscopic pain relief. These
factors include: the obstructive calcifications in the head of the pancreas; short disease duration
and low frequency of pain attacks before endoscopic therapy; complete MPD stone clearance;
absence of MPD stricture at initial endoscopic therapy; and discontinuation of alcohol and
tobacco during follow-up [96, 97, 99, 110-111].

In a painful CP with minimal or no ductal change with absence of ductal strictures or stones
(mild CP according to Cambridge classification), endoscopic pancreatic sphincterotomy (EPS)
is a method of therapy and it offers symptomatic relief in some of these patients. Both the
standard pull type and the needle knife sphincterotomy over a stent can be performed [83,
87]. A total of 64% pain relief on follow-up of 6.5 years was reported following EPS in patients
with idiopathic CP [112]. Other authors observed high success rates of 98% and low compli‐
cation rates of around 4% in retrospective analysis [113].

Risks of pancreatic sphincterotomy include early complications of pancreatitis (2%–12%),
bleeding (0%–3%) and perforations (<1%), and late complications of sphincter stenosis (up to
10%) [83, 87, 114]. Placement of a nasopancreatic tube or pancreatic stent can reduce their
incidence [87, 102]. In reference [87], a 3 Fr single-pigtail plastic stent, 4–6 cm in length had
been used to prevent postprocedure pancreatitis. The small-diameter single-pigtail stent
generally passes into the gastrointestinal tract within 7–14 days without the need for a second
endoscopic procedure for stent retrieval. A randomized study showed a higher incidence of
pancreatitis in high-risk patients following pull-type sphincterotomy as compared to the
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needle knife technique [115]. Restenosis is reported in around 14% of patients on long-term
follow-up [116]. It is less common after the pull-type EPS with longer incision than the needle
knife technique [117]. On the other hand, the use of EPS as a single therapeutic manipulation
in patients with mild CP has not been studied well [86-89]. Therefore, endoscopic therapy is
recommended as the first-line therapy for painful uncomplicated CP only in patients with
moderate or marked changes at pancreatography according to the Cambridge classification.

2.2. Pancreatic duct stones

Nonsurgical clearance of stones obstruction of MPD can be achieved by ESWL or endoscopy
alone, and by both of these techniques [83, 86-90]. In most patients, EPS with or without a
biliary sphincterotomy via the major or minor papilla is performed to facilitate removal of
pancreatic stones. The MPD stones are often impacted and difficult to extract, but up to 50%
of MPD stones can be removed effectively by standard techniques, including endoscopic
sphincterotomy or stone retrieval with a balloon, basket, and/or forceps alone [90, 101,
118-120]. Endoscopic stent placement, mechanical lithotripsy, intracorporeal lithotripsy with
a pulse-dye laser, or electrohydraulic lithotripsy, are other possibilities [90, 121-125]. Adding
ESWL increases clearance rates to 60%–90% [90]. The best candidates for endoscopic removal
are MPD stones of the head or body with upstream MPD dilation [87, 90]. These devices are
used to sweep or capture pancreatic duct stones to deliver stones, sludge, and debris out of
the duct system and into the small-bowel lumen. Extraction balloons are very safe to use during
ERCP [126]. Smaller pancreatic stone baskets are more effective if the duct lumen is less than
5 mm. In a case series, it was reported that endoscopic balloon dilation (12–15 mm) of the
pancreatic orifice after sphincterotomy is a safe technique that facilitates the removal of large
radiolucent stones from the MPD [127]. Further studies are needed before routine use of such
large balloons can be recommended. On the other hand, in [86], the low success rate in a
retrospective series of endoscopic stone extraction using Dormia baskets is discussed. In
addition, mechanical lithotripsies are associated with relatively high morbidity rates in
retrospective multicenter series [125].

ESWL has been usually used to facilitate the removal of PD stones during therapeutic endos‐
copy, especially in larger stones more than 5 mm in size [83, 86-90]. ESWL is now accepted as
the standard of care in treatment of MPD stones. ESWL is highly effective at fragmenting
radiopaque and radiolucent stones with high level of spontaneous elimination of stone
fragments and pain relief [83, 86, 88, 90, 101]. In ESGE Guideline [86], successful stone
fragmentation following ESWL has been defined as stones broken into fragments ≤2 or 3 mm,
or by the demonstration of a decreased stone density at X-ray, an increased stone surface, and
a heterogeneity of the stone which may fill the MPD and adjacent side branches. The ESGE
Guideline group prefers the latter definition [86]. Performance of ESWL prior to endoscopy
was associated with the success of MPD stone clearance in a retrospective study [111]. A meta-
analysis of 17 studies with a total of 491 patients revealed a clearance rate between 37% and
100% and decreasing pain [128]. A review of 11 studies with over 1100 patients showed
successful stone fragmentation in 89% [129]. Other authors reported complete clearance in 76%
of 1000 patients and partial clearance in another 17% patients following ESWL and endother‐
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apy for large stones [101]. According to their opinion, patients with pain and large MPD stones
in the head or body can be treated by ESWL. Patients with isolated calculi in the tail; multiple
MPD strictures; extensive calculi in head, body, and tail; associated head mass; pseudocysts;
and pregnancy are excluded from ESWL [83]. In [86], it has been discussed that in the majority
of series, stones targeted by ESWL were mostly obstructive radiopaque MPD stones with a
minimal diameter in the range of 2–5 mm. It has been also confirmed that factors significantly
associated with success of MPD stone clearance after ESWL included the presence of a single
stone, and confinement of calculi to the head of the pancreas.

A few studies have advocated the use of ESWL alone followed by spontaneous expulsion of
fragments [83]. Patients frequently require several ESWL sessions to achieve stone clearance
from the duct [130]. The results of uncontrolled series, including 350 patients followed-up for
44 months, showed spontaneous MPD stone clearance in 70%–88% of patients and long-term
pain relief in 78% of patients [98, 131], whereas other investigators have had less impressive
results [109, 132]. It has been discussed that complete removal rates differ among institutions
[90]. These differences may be due to the type of lithotriptor used, the power setting, the
number of shocks delivered, the number of treatment sessions, and differences regarding the
definition of complete removal of pancreatic stones among institutions. A randomized
controlled trial of 55 patients compared the performance of ESWL plus ERCP or ESWL alone
[111]. The only significant differences between the groups were the longer hospital stay and a
higher treatment cost in the ESWL plus ERCP group. ESWL is a relatively safe technique. The
minor complications from ESWL include skin or duodenal lesions, exacerbation of pancreatitis,
mild abdominal discomfort, and asymptomatic hyperamylasemia. Acute pancreatitis attrib‐
uted to ESWL has been reported in 6.0%–12.5% of patients after ESWL “alone” for treating
calcified CP [97, 98, 111, 131]. Serious complications after ESWL have been reported in less
than 1% of patients [133]. The reported morbidity and mortality rates are 5.8% and 0.05%,
respectively [97, 98, 101, 124]. Contraindications to ESWL include coagulation disorders,
pregnancy, and presence in the shockwave path of bone, calcified aneurysms, or lung tissue
[86]. Implanted cardiac pacemakers are not universally contraindicated to ESWL [134].

Finally, ESWL combined or not with ERCP is recommended as the first-line therapy for painful
uncomplicated CP. The last ESGE Guideline [86] recommended: “For treating patients with
radiopaque stones ≥ 5mm obstructing the MPD, ESWL as a first step, immediately followed
by endoscopic extraction of stone fragments. In centers with considerable experience with
ESWL, ESWL alone should be preferred over ESWL systematically combined with ERCP
(Recommendation grade B). Endoscopic attempts to extract radiopaque MPD stones without
prior stone fragmentation should be considered only for stones <5mm, preferably low in
number, and located in the head or body of the pancreas. Intraductal lithotripsy should be
attempted only after failure of ESWL (Recommendation grade D)”. Intraductal laser or electro‐
hydraulic lithotripsy are second-line interventions after failed ESWL, with success rates for
stone fragmentation of 47%–83% [135, 136]. Stone dissolution therapy may have a role only in
patients in whom all other methods have failed and who are not surgical candidates [86].

Several studies reported that pain relapse occurs more frequently with incomplete stone
removal [97, 137, 138]. In contrast, other series reported no difference in pain relapse rates
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between complete and incomplete removal groups [132, 139]. In one study, all patients with
relapse had intraductal pancreatic stones, suggesting that the main cause of pain relapse is
recurrent (or remnant) pancreatic stones [97]. Failure to achieve pain relief despite adequate
clearance of the pancreatic duct stones indicates other mechanisms of pain in patients with CP.

2.3. Pancreatic ductal strictures

Endoscopic therapy is indicated for single strictures in the head while isolated strictures in the
tail or multiple strictures are not amenable to endotherapy [85, 87]. Prior to MPD stenting, EPS
of the major or minor papilla has been performed [83, 86, 87, 140]. Stricture dilation with Teflon
bougies, Sohendra stent retriever, or a balloon dilator is also performed prior to stenting in
most cases. High-grade strictures require dilation prior to insertion of the endoprosthesis [86,
87]. Because chronic pancreatitis-related MPD strictures may be very tight and resilient,
dilation alone of the pancreatic duct stenosis is not a useful treatment [87, 88]. Large bore plastic
stents should be deployed as they have longer patency [140]. Stents measuring 8.5 Fr or 10 Fr
in diameter are used in most studies. A retrospective study of 163 patients showed that thinner
MPD stents (≤8.5 Fr) are associated with 3 times more frequent hospitalizations for abdominal
pain than 10-Fr stents [141]. In addition, stents should be kept in place for a long time (1–2
years) and require replacement in cases of obstruction and recurring symptoms [142]. MPD
stenting for a short duration (6 months) has been shown to be poorly effective. The recurrence
rate of pain after the stent removal was 30%–48%; as such pain often improves when a new
stent is placed [86, 95, 105, 106]. In [140], a protocol was followed where a single stent was
placed across a stricture and exchanged every 6 months or when the patient was symptomatic.
Stents were placed for 24 months. Patients were restented if symptoms recurred. Surgery was
considered if patients responded to stent placement but needed frequent or repeated stenting.
Placement of a single pancreatic plastic stent achieves MPD stricture resolution in nearly 60%
of cases [86]. Cumulative data from several trials showed that pancreatic stenting is technically
successful in 85%–98% of cases, revealed pain relief in 65%–95%. Sustained pain relief was
observed between 32% and 90% of patients on follow-up of 14–69 months [85, 105-108, 143,
144]. Recurrence of strictures was reported in 38% of patients after 2-year follow-up [96].
Restenting was reported in 22%–30% of patients, and 4%–26% of patients had pancreatic
surgery. A pancreas divisum anatomy might require longer/multiple stenting because it is
associated with more frequent relapse of MPD stricture and of pain after stent removal
compared with MPD stenting in patients without pancreas divisum. Simultaneous placement
of multiple pancreatic stents was reported to be of additional benefit. Other authors reported
that after removal of a single stent, the stricture was dilated and multiple (mean of 3) plastic
stents 8.5–11.5 Fr diameter were placed [145]. The stents were removed 12 months later.
Stricture resolution was observed in 95% and pain relief in 84% on a 38-month follow-up.

Complications related to pancreatic stenting are reported between 6% and 39% [80, 105, 106,
143, 144]. They are usually mild and managed conservatively [83]. Mild pancreatitis is the most
frequent complication of MPD stenting. Occlusion of stents requires stent exchange. Usually
stent exchange was performed every 3 months or when symptoms developed [105-107]. The
aim of an “on-demand” stent exchange schedule is to reduce the number of ERCP sessions
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because occlusion usually occurs within 2–3 months, but symptoms of CP recur between 6 and
12 months [104]. Using of “on-demand” stent exchange schedule associate rare occurrence of
pancreatic abscesses and sepsis [80, 95], and failure to decrease the number of ERCP sessions
[95, 105]. MPD stent migration was present in 10% of patients [121]. Distal migration and
impaction on the duodenal wall can cause perforation while proximal migration into the
pancreas is a technical challenge for the endoscopist [83]. Proximal or distal stent migrations
as well as pancreatic abscesses requiring surgery have rarely been reported. Because of
elevated risk for pancreatic cancer, tissue samples are needed before endotherapy [146]. In
addition, MPD stents may produce ductal changes, including strictures or focal areas of chronic
pancreatitis [147, 148]. However, these changes may improve with time.

The ESGE recommended “treating dominant MPD stricture by inserting a single 10-Fr plastic
stent, with stent exchange planned within 1 year even in asymptomatic patients to prevent
complications related to long-standing pancreatic stent occlusion (Recommendation grade C)”
[86]. Simultaneous placement of multiple, side-by-side, pancreatic stents could be applied
more extensively, particularly in patients with MPD strictures persisting after 12 months of
single plastic stenting. From this point of vew, the ESGE Guideline recommended that
available options (e.g., endoscopic placement of multiple simultaneous MPD stents, surgery)
be discussed by a multidisciplinary team (Recommendation grade D) [86]. In Spanish Pancre‐
atic Club’s guideline is pointed that pancreatic stenting is effective for treating short-term pain
in patients with pancreatic duct stenosis, but it requires multiple ERCPs during follow-up, as
well as pancreatic stents must be maintained for at least 12 months [88].

The search for an ideal pancreatic stent continues and a new “wing stent” to prevent clogging
as well as an “S” shaped stent to prevent migration are undergoing evaluation [107, 149]. In
one study in 20 patients, inserted self-expandable, uncovered Wallstents and partially or
totally covered Wallstents in 18 patients with CP associated with dominant stricture of the
MPD [150]. The results using uncovered Wall stents were unsatisfactory because of frequent
stent dysfunction caused by tissue ingrowth (65%) through the wire mesh. In cases using
partially or totally covered stents, epithelial hyperplasia and stent migration were the major
late complications. The authors concluded that self-expandable stents provided disappointing
results. The use of covered self-expandable metal stents (CSEMS) for pancreatic strictures now
is also under evaluation. Preliminary data show that CSEMS is safe. They also allow pain relief
and resolution of MPD strictures in a majority of patients, but no follow-up longer than 1 year
is available [86]. The initially used CSEMS had the disadvantage of stent migration. A new
“bumpy stent” has antimigratory properties and its contours adapted to the MPD. The stents
were extracted at 3 months and were effective in resolving the MPD strictures [151, 152].
However, they were associated with the formation of de novo focal MPD strictures (16% of 32
patients). Further trials are needed to evaluate their long-term efficacy and safety. According
to the ESGE Guideline [86], uncovered SEMS should not be inserted in MPD strictures
(Recommendation grade D); temporary placement of fully CSEMS holds promise but it should
be performed only in the setting of trials with approval of the institutional review board
(Recommendation grade C).
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Endosonography-guided access and drainage (ESGAD) of the MPD in CP-related MPD
stricture includes puncturing the MPD through the gastric or duodenal wall, obtaining a
pancreatogram and advancing a guide wire into the MPD to proceed with transpapillary
(rendezvous technique) or transmural drainage [129]. The duodenal route is preferred [85].
ESGAD was effective in obtaining MPD drainage and pain relief (between 50% and100%) in
selected patients with painful obstructive CP with mild morbidity. Some data have shown
pain relief dropped with time from 69% to 20% after 450 days [153, 154]. In addition, some
patients had a diagnosis of cancer within a year of the procedure. Reported complications
related to ESGAD of the MPD are between 0% and 55% [91-94]. Most of them include relatively
mild postprocedure pain, but severe pancreatitis, perforation, bleeding, and hematoma have
been also observed [153-158]. No procedure-related mortality has been reported. Migration
and occlusion of stents occur in 20%–55% of patients, necessitating endoscopic reintervention.
No mortality was observed. On the basis of these data, ESGE [86] recommended: “ESGAD of
the MPD is indicated in carefully selected patients; patients considered for ESGAD should be
referred to tertiary centers with appropriate equipment and expertise (Evidence level 3,
Recommendation grade D).” Potential indications for ESGAD of the MPD include patients
with a symptomatic MPD obstruction and failed conventional transpapillary MPD drainage.
In a randomized trial comparing endoscopic transampullary drainage of the MPD and
operative pancreaticojejunostomy, complete or partial pain relief was achieved in 32% of the
patients receiving endoscopic drainage and in 75% of the patients receiving surgery [93]. The
rate of complications, length of hospital stay, and changes in pancreatic function were similar
between the two treatment groups, but patients receiving endoscopic treatment required more
procedures than those in the surgery group (median of 8 vs 3). These data show that surgical
drainage of the MPD was more effective than endoscopic treatment in patients with obstruc‐
tion of the MPD related to CP.

2.4. Endoscopic Ultrasound-guided Celiac Plexus Block (EUS-guided CPB)

Patients who have failed to respond to intensive medical or endoscopic therapy and are not
candidates suitable for surgery can be provided relief from pain by EUS-guided CPB. EUS-
guided CPB is one option for life-quality improvement for patients with CP, and it can be used
in patients with nondilated MPD [159]. A combination of corticosteroids (triamcinolone) and
local anesthetic agents (bupivacaine) is injected into celiac plexus nerves and around the celiac
plexus under EUS guidance [83, 86-88]. Celiac plexus neurolysis (CPN) involves injection of a
neurolytic agent (absolute alcohol) into the celiac plexus to ablate or destroy the ganglia,
thereby interrupting pain transmission [87]. There is no difference between central versus
bilateral injections in EUS-guided CPB [160]. No benefit of adding triamcinolone to bupiva‐
caine was observed [161]. Some investigators prefer to reserve alcohol to patients with cancer-
related pain [162]. In [48] it has been discussed that alcohol-based EUS-guided CPN provided
pain relief in 59%. Therefore, this procedure is effective in pain control due to CP, but with a
relatively lower efficacy compared to oncologic disease. The development of techniques or
new injected drugs seems to be needed.

Meta-analyses have reported that EUS-guided CPB provides pain relief in 51%–59% of patients
with painful CP for a period of 3–6 months [87, 163, 164]. In a prospective series of 90 patients,
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the proportion of patients with pain relief decreased from 55% immediately after EUS-guided
CPB to 10% at 24 weeks [165]. However, the efficacy of this therapy remains unclear. Patients
who are younger than 45 years or have previous pancreatic surgery are less likely to benefit.
In two randomized controlled trials, EUS-guided CPB appears to be associated with better
outcomes and low incidence of side effects, and patient preference, as well as is more cost-
effective than CT-guided route [166, 167]. In addition, EUS-guided route is not associated with
severe complications such as paraplegia and aortic pseudoaneurysms [168, 169]. EUS-guided
nerve block can produce diarrhea, hypertension due to sympathetic blockade because of the
relatively unopposed visceral parasympathetic activity [87, 164, 170].

The most common (30%–40% of patients) complications of EUS-guided CPB include transient
diarrhea, abdominal pain/pain exacerbation, and hypotension. However, they are usually mild
and self-limiting [48, 164, 171-172]. There are also infrequent reports of retroperitoneal
bleeding, peripancreatic abscess, abdominal ischemia, permanent paralysis, and also death
[48, 87]. It has been proposed that the risk of serious morbidity and mortality should be
weighed against expected benefits particularly in patients with a long life-expectancy (i.e.,
patients with CP).

ESGE experts [86] recommended considering CPB only as a second-line treatment for pain
in  CP.  EUS-guided CPB should  be  preferred  over  percutaneous  CPB (Recommendation
grade C).

2.5. Pancreatic Pseudocyst (PPC) in CP

Endoscopic  treatment  is  indicated  for  symptomatic  PPC (abdominal  pain,  gastric  outlet
obstruction, early satiety, weight loss, or jaundice) and infected or enlarging PPC [86, 88,
89,  173].  In most series,  spontaneous resolution of PPC in CP is rare (0%–9%) [174-176].
Only a single series reported a higher (26%–39%) resolution rate after a long follow-up [87,
177].The duration and size of the pseudocyst do not accurately predict the probability of
spontaneous  resolution  or  the  development  of  complications,  but  larger  (>4  cm)  and/or
longer-lasting (>6 weeks) pseudocysts are generally the ones that require active treatment
[178]. Therefore, prophylactic treatment can be performed in selected asymptomatic patients
with aim to prevent complications as pancreatic-pleural fistula, cysts >5 mm lasting for over
6 weeks, compression of major vessels, intracystic hemorrhage, cyst wall >5 mm, and PPC
with advanced MPD changes or pancreaticolithiasis (presence of large pancreatic stones in
MPD) [178, 179].

Many factors such as the size of the pseudocyst, bulging on the gut lumen, ductal communi‐
cation, coagulopathy/portal hypertension, tolerance to multiple procedures, and symptoms
can affect PPS management. Endoscopic therapy of PPC includes insertion of a drain from the
digestive lumen into the PPC, through the digestive wall (“transmural drainage”), through
the papilla (“transpapillary drainage”), or a combination of these routes. Transpapillary PPC
drainage is reserved for the case of direct communication between the PPC and the MPD, as
well as for small cysts (<6 cm size) [83, 180-183]. Transmural drainage is used for PPC which
bulge into the lumen of stomach or duodenum, and the distance between the gut wall and the
pseudocyst is less than 1 cm, with no intervening major vascular structures [83, 86, 89].
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Transduodenal drainage offers the best success when compared to transgastric drainage. This
is because cystoduodenal fistulas tend to remain patent

longer than cystogastric fistulas. A chronic cyst with clear liquid contents can be drained with
one or more stents. On the other hand, an infected cyst may be aided by irrigation with a
nasocystic catheter [87]. Placement of pigtailed stents is better when compared to straight
stents. Straight stents are associated with a higher rate of bleed (around 7%) as well as
migration [184]. Stents should be left in place for a longer duration as their removal within 2
months is associated with a higher incidence of PPC recurrence [86, 185]. Pseudoaneurysm
can complicate management of PPC because of the associated hemorrhage and consequent
high mortality [186]. Prophylactic embolization of pseudoaneurysms prior to drainage of an
adjacent PPC has been recommended [140]. EUS is ideal for drainage of nonbulging PPC and
cysts up to 4 cm from the stomach or duodenal wall [187], as well as in patients with portal
hypertension [87]. In the presence of collaterals, the site of drainage is better identified with
EUS, thus making the procedure safer. Technical success of endoscopic treatment is usually
defined as the ability to insert at least one stent from the PPC to the digestive lumen, or
resolution of the fluid collection but not necessarily of symptoms [184, 188-189]. Short-term
clinical success is usually defined as complete relief of the initial symptoms with a decrease in
PPC diameter of at least 30%–50% at 1 month [190]. In a summary of clinical trials, stent
placement was technically successful in 89% of the cases, with a success rate of 80%–95% at
most centers, a recurrence rate of 10%–20%. Complications as bleeding, infection, perforation
and leak were observed in 3%–34% and death in 0.3%-1% [86, 87, 184]. An infection is more
likely with transpapillary drainage and a leak is more likely with transmural drainage. Routine
antibiotic administration is needed for drainage of PPC [191]. These results are comparative
or better than surgery. In addition, compared with surgery, endoscopic drainage of uncom‐
plicated PPC provides similar long-term results at a lower cost, with shorter hospital stay, and
better quality of life during the first 3 months following treatment. Procedure-related mortality
is slightly lower with the endoscopic method [86]. Randomized controlled trials and large
reviews of noncomparative historical series of endoscopic and surgical treatments have also
showed that drainage via EUS is better or similar than surgery [189, 192-194]. In [189],
transmural and transpapillary drainage in 116 patients with PPC was compared. Successful
resolution of symptoms and collection occurred in 88% of the cases. No significant differences
were observed related to drainage technique or drainage site. In three nonrandomized studies,
transpapillary drainage was used for smaller PPCs than transmural drainage [182, 190, 195].
Transpapillary drainage was associated with lower morbidity (1.8% vs 15.4%) and similar
long-term success (94.6% vs 89.7%) than transmural drainage.

Technical success was higher with EUS-transmural PPC drainage compared to conventional
guidance in randomized controlled trials [188, 193]. All patients with failed conventional
drainage had a successful EUS-guided drainage. The complication rate was similar when PPCs
are drained with or without EUS guidance [188, 190]. Cystoduodenostomy is associated with
more long-term success than cystogastrostomy (83.1% vs 64.0%, respectively) but identical
morbidity (10%) [196]. PPC drainage with a single stent and a stenting duration ≤6 weeks were
independently associated with failure of endoscopic treatment [184].
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On the base of these data, the ESGE Guideline [86] recommended endoscopic therapy as the
first-line therapy for uncomplicated chronic PPC for which treatment is indicated and that are
within endoscopic reach (Recommendation grade A). “If transmural pseudocyst drainage is
indicated in the absence of luminal bulging, it should be performed under EUS guidance
(Recommendation grade A). For small collections communicating with the MPD in the head
or body of the pancreas, use transpapillary drainage first. Cystoduodenostomy should be
preferred over cystogastrostomy if both routes are deemed equally feasible. For transmural
PPC drainage, insert at least two double-pigtail plastic stents (Recommendation grade D);
these should not be retrieved before cyst resolution as determined by cross-sectional imaging
and not before at least 2 months of stenting (Recommendation grade B). In the case of portal
hypertension, transmural drainage should be performed under EUS guidance. If arterial
pseudoaneurysms are detected in the vicinity of the PPC, arterial embolization should be
considered prior to PPC drainage (Recommendation grade D), and antibiotic prophylaxis for
endoscopic PPC drainage (Recommendation grade D).” In addition, the ESGE also recom‐
mended “besides transmural PPC drainage, attempting transpapillary bridging of MPD
ruptures with a plastic stent. If the MPD rupture cannot be bridged, transmural stents should
be left in place for as long as the disconnected pancreatic tail secretes pancreatic juice (typically,
for years) (Recommendation grade D).”

2.6. CP-related biliary strictures

Generally accepted indications for treatment of CP-related biliary strictures are secondary
biliary cirrhosis, biliary stones, progression of biliary stricture, cases with symptoms or
asymptomatic elevation of serum alkaline phosphatase (>2 or 3 times the upper limit of normal
values), and/or raised serum bilirubin for longer than 1 month [83, 86, 87, 197]. Biliary brushing
as well as EUS-guided fine-needle aspiration is required to exclude the possibility of cancer
[86, 87]. Endoscopic treatment for biliary strictures includes stricture dilation using single or
multiple side-by-side plastic stents, as well as covered SEMS. Biliary strictures secondary to
CP respond less well to stenting than all other benign biliary strictures because of less frequent
resolve at the time of stent removal and are associated with more frequent relapses [198-200].
The presence of pancreatic head calcification is an important factor for failure of endoscopic
therapy with single plastic biliary stent, but this factor may be less relevant if simultaneous
multiple plastic stents are used [201, 202]. Some studies have shown that cholestasis can be
effectively resolved in the short-term setting by plastic biliary stenting [203, 204]. Patients
without restenosis showed improvement of hepatic fibrosis after long-term stenting [205].
Single plastic biliary stents are associated with poor resolution and higher relapse rate [83,
86]. Sustained benefit is seen in around 25% of patients on follow-up of 46 months [206].
Placement of simultaneous multiple plastic stents in CP-related biliary strictures is technically
successful in over 95% of patients and offers the best results [83, 86]. Complete therapy requires
approximately four ERCP procedures and stents exchanges performed every 3 months for
minimum 1 year [83, 207]. On the other hand, in the latter series, stents were exchanged at
ERCP only if they were clogged [86]. Single stents provided relief in 31% of 350 patients as
compared to 62% in 50 patients who received multiple stents [83]. One nonrandomized study
compared single and multiple biliary plastic stents in CP [202]. Clinically, success was reported
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in 92% with multiple stents as compared to 24% with single stents. Plastic biliary stents
placement in patients with alcoholic CP has been reported to be associated with high incidence
of cholangitis, because of poor patient compliance with scheduled stent exchanges [208].
Treatment with uncovered SEMS is associated with a high long-term morbidity and not
recommended. Placement of covered SEMS is an investigational option for CP-related biliary
stenosis [86, 200, 209, 210]. Other authors reported that the use of SEMS for long-term stenting
of benign biliary strictures due to CP was safe and that it provided successful and prolonged
biliary drainage in a selected group of patients in whom surgical intervention was not possible
or desirable [211]. A multicenter trial using fully covered SEMS in 127 patients of CP concluded
that these prostheses are useful for treatment of biliary strictures in patients with CP [212]. In
one systematic review of studies published from 2000 to 2012, the success rate and complica‐
tions of covered SEMS versus multiple plastic stents in CP-related benign biliary strictures
were compared [200]. A total of 12 SEMS (376 patients) and 13 plastic stent studies (570
patients) met the final inclusion criteria. A tendency to successful use of SEMS in strictures
related to CP was shown. In SEMS use, the incidence of late adverse events was lower in CP-
related strictures and the median number of ERCP was lower – 1.5 versus 3.9. Larger, pro‐
spective, randomized long-term studies are required to confirm these results [87].

There has been no head-to-head study comparing single or multiple plastic stents and metal
stents in biliary strictures due to CP and surgery [83]. According to [88], surgery is the
treatment of choice for symptomatic biliary stenosis. Stents should be reserved for patients
with high surgical risk to temporarily stabilize or improve them for surgery or for patients
who refuse surgical treatment. In such cases, the best results are obtained with the placement
of multiple stents or metal-covered stents [202, 213].

The ESGE Guideline [86] recommends: “The choice between endoscopic and surgical treat‐
ment should rely on local expertise, local or systemic patient co-morbidities (e.g., portal
cavernoma, cirrhosis) and expected patient compliance with repeat endoscopic procedures
(Recommendation grade D). If endoscopic therapy is elected, the ESGE recommends tempo‐
rary (1-year) placement of multiple, side-by-side, plastic biliary stents (Recommendation grade
A). Because of the risk of fatal septic complications, a recall system should be set up to care for
patients who do not present for scheduled stent exchanges. In cases of relapsing stricture after
stent removal at 1 year, the options available, including surgical biliary drainage, should be
evaluated by a multidisciplinary team (Recommendation grade D)”.

Today, there are many effective new and standard endoscopic techniques for the treatment of
CP, especially in patients with pain and dilated main pancreatic duct because of intraductal
calculi and/or strictures, as well as symptomatic or complicated pseudocysts, and CP-related
biliary strictures. Today, there is also better patient selection for specific techniques, leading
to more effective treatment. Earlier endoscopic therapy is more effective, less invasive than
surgery, and is associated with low morbidity and mortality. In addition, it can be repeated
and does not interfere with subsequent surgical procedure. Endotherapy became the first-line
treatment in selected patients with CP.
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3. Endoscopic therapy in Pancreatic Cancer (PC)

In the last years, the role of endoscopy as a part of multidisciplinary management of PC has
increased. Endoscopy (ERCP) and mainly endoscopic ultrasound (EUS) with EUS-FNA
and/or core biopsy are one of the most sensitive methods for the diagnosis and staging of PC.
Therapeutic endoscopy has an important role in the palliation of patients with inoperable PC,
including endoprosthesis stent placement in cases with biliary or duodenal obstruction, and
EUS-guided CPN to control the pain. Various EUS-guided procedures, as tumor ablation,
injection of antitumor agents, fiducial placement, and brachytherapy have been used for
therapy of selected cases with PC.

3.1. Endoscopic therapy in biliary/duodenal obstruction

PC is among the tumors with the worst prognosis, with very high mortality rate. Most cases
with PC are diagnosed at an advanced stage when surgical resection is not possible. Patients
with unresectable PC often develop biliary and/or duodenal obstruction during the course of
their disease, which are related with various complications and negative impact on quality of
life, and not rarely are a cause for discontinuation of chemotherapy [214, 215]. In the past,
surgical bypasses (biliary–digestive and gastro–jejunal anastomoses) were used for palliative
treatment of biliary or duodenal obstruction, but currently endoscopic stenting is the preferred
method. In the literature, several studies have compared the endoscopic and surgical palliative
treatment of jaundice or duodenal obstruction in patients with unresectable PC [216-223]. The
summary results show an advantage to endoscopic treatment in terms of quality of life,
duration of hospitalization, and cost. The results of meta-analysis by the Cochrane Collabo‐
ration showed that rate of technical success and short-term efficacy in comparison of palliative
endoscopic biliary drainage and surgical drainage for obstructing pancreatic carcinoma were
similar, but the morbidity and duration of hospitalization are higher for surgical bypass [217,
218]. It was reported by various authors that endoscopic treatment of duodenal stenosis
compared to bypass surgery was related with fewer complications, shorter hospitalization,
and lower cost [219-223].

Endoscopic treatment of biliary obstruction includes placement of biliary stent (plastic or
SEMS) during ERCP. The procedure is often associated with sphincterotomy, which facilitates
the insertion of the prosthesis or its eventual replacement [214]. The results of randomized
clinical studies showed that the success rate of endoscopic biliary stenting is over 90% of
unselected patients with PC, with a morbidity of 5% [217]. The type of prosthesis does not
influence the success rate of stent insertion and short-term efficacy, defined as regression of
jaundice, pruritus, and a decrease of serum bilirubin more than 20%. If cholangitis develops
or if bilirubin fails to fall by 20% within the first week after stent insertion, the patency and
position of the stent must be verified [214]. Placement of SEMS is the cost-saving strategy, as
plastic stents are associated with higher risk of recurrent biliary obstruction and consequently
with need of additional procedures and hospitalizations [217, 224-229]. On the basis of cost-
effectiveness analyses, the insertion of a metal prosthesis (more expensive but with a longer
duration of patency) has been recommended if the patient’s life expectancy is longer than 4
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months [230]. Insertion of SEMS was advised in cases with biliary SEMS occlusion, as it
provided longer patency and survival and decreased the number of subsequent procedures
by 50% (compared to plastic stents) [229]. Technical failure during ERCP is encountered in up
to 10% of cases due to various factors (duodenal obstruction, anatomical variations, periam‐
pullary diverticulum, tightness of the stricture) [214, 215]. In these cases, percutaneous
transhepatic biliary drainage (PTBD), EUS-guided biliary drainage (BD), and surgical drainage
are possible alternatives. The technical success rate for PTBD placement is 90% if the intrahe‐
patic system is dilated and 70% in a nondilated system. The morbidity is 7% and the mortality
is 5%, and it is contraindicated in the presence of ascites and coagulopathy. The results of recent
systematic review on studies of EUS-guided biliary drainage (1127 published cases) showed
that the mean technical and clinical success rates were of 91% and 88%, respectively, with the
mean overall complication rate of 26% and mortality 0.4% [48].The authors of one recent study
of 25 patients with unresectable malignant biliary obstruction and a previous failed ERCP
attempt reported 100% technical and clinical success after the use of one of both procedures –
percutaneous transhepatic biliary drainage or EUS-guided BD – with no difference in incidence
of adverse events [231]. It is summarized that EUS-guided BD appears to be a valid alternative
to percutaneous BD, showing similar efficacy and safety [48]. EUS-guided BD can be per‐
formed by one of the following approaches: direct transluminal stenting via transgastric or
transduodenal route, by rendezvous technique passing a guidewire through an intrahepatic
or extrahepatic access to the papilla, and by antegrade stent placement. EUS-guided transhe‐
patic access was associated with a higher incidence of complications compared to the extra‐
hepatic route (30.5% vs 9.3%), although the both access routes showed similar success rates
[232]. In comparison the outcomes of rendezvous technique and transluminal approach of
EUS-guided BD it was found that the effectiveness and safety of the both techniques were the
same [233].

Endoscopic treatment of duodenal stenosis, due to invasion of PC, includes placement of an
SEMS through the duodenoscope (Figure 4) [214, 215, 234]. The reported success rate is 92%–
100% and rapid alimentary recovery (usually within 24 h) occurs in 75%–93% of cases [217].
Early complications have been reported in 2%–12% of cases, including perforation, gastroin‐
testinal hemorrhage, aspiration pneumonia, jaundice or cholangitis, acute pancreatitis. The
main cause of failure is downstream obstruction by unrecognized carcinomatosis, insufficient
length to bridge the stenosis, prosthetic obstruction (food impaction or tumor ingrowth), or
migration of the prosthesis [214]. Duodenal stenting should be reserved for symptomatic
stricture since the introduction of prostheses into noncritical strictures is associated with a
greater risk of stent migration. In appearance of prosthetic obstruction, a repeat procedure may
be necessary (approximately 15% of cases) with insertion of a new prosthesis through the
original stent [223]. If endoscopic insertion of a duodenal stent is impossible, a percutaneous
transgastric approach is alternative. In cases with associated jaundice, endoscopic manage‐
ment begins with the placement of a metal biliary stent and followed by placement of the
duodenal stent. The biliary drainage must always precede the duodenal stent placement [235].
If a biliary stent has previously been placed, its patency should be confirmed before placing
the duodenal stent and replaced if necessary. If jaundice develops after duodenal stenting, the
alternatives approaches to the biliary tract as PTBD or EUS-guided BD could be used.
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Figure 4. Palliative endoscopic management of PC. a) A view of pyloric infiltration and duodenal obstruction in a case
with PC. b) Insertion of SEMS.

3.2. Endoscopic therapy for pain relief

Pain is reported in the majority of patients with advanced pancreatic cancer (90%) and its
palliation is often difficult [215]. About 15% of patients with inoperable PC, having dilated
main pancreatic beyond the stricture and an “obstructive” pain related to meals, may poten‐
tially benefit from endoscopic pancreatic stenting [236]. It was reported that pancreatic stenting
may be obtained in more than 80% of these selected patients, with low morbidity (less than
10%), and no procedure-related mortality; approximately 60% of patients treated because of
“obstructive” pain become symptom-free, and another 20%–25% significantly reduce the
amount of analgesic drugs. In the last years, a number of studies have shown that effective
pain control can be achieved in 70%–90% of advanced PC with EUS-guided celiac plexus
neurolysis (CPN) [48, 163, 163, 237-244]. Significant reduction of pain scores 12 weeks after
CPN was observed in 30 patients with advanced intraabdominal malignancy, while 91% of
these patients required same or less pain medication and 88% of patients had persistent
improvement in their pain score [237]. In one retrospective analysis of response to CPN in a
cohort 64 patients with PC, it was found that visualization of the celiac ganglia was the best
predictor of response: patients with visible ganglia were >15 times more likely to respond [242].
The results of two meta-analyses (including 8 studies/283 patients and 5 studies/119 patients)
showed that the pooled proportion of patients that experienced pain relief was 80.1% and
72.5% after alcohol-based EUS-CPN [163, 164]. In a recent randomized clinical trial of 96
patients with advanced pancreatic cancer who were randomly assigned to early EUS-guided
CPN or to conventional pain management, greater pain relief and a tendency toward lower
morphine consumption was observed in the EUS-guided CPN group at 3 months [240]. It was
also demonstrated that EUS-guided CPN significantly reduced pain, at 4 and 8 weeks, and
opioid consumption in comparison with opiods intake alone [241]. It was summarized that
EUS-guided CPN is superior to analgesic therapy in reducing pain in patients with PC. The
results of one study, including 50 patients with PC, showed that there were no differences
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regarding the onset or duration of pain relief in comparison between central and bilateral
alcohol injections in EUS-guided CPN [243]. Some authors found that EUS-direct celiac ganglia
neurolysis is superior to conventional EUS-guided CPN in inducing pain relief, with a higher
treatment response rate (73.5% vs 45.5%) and complete response rate (50.0% vs 18.2%) [244].

3.3. EUS-guided antitumor therapies

For a short time, the use of various EUS-guided antitumor treatments has been reported in
patients with locally advanced PC. The efficacy of EUS-guided ethanol injection alone or in
combination with paclitaxel in pancreatic cystic lesions was reported in several studies
[245-250]. A pilot study reported the efficacy of EUS-guided ethanol lavage in 25 patients with
different cystic pancreatic lesions, with no side effects or complications during follow-up [245].
It was found that EUS-guided ethanol lavage led to a greater reduction in cyst size compared
to simple saline injection (43% vs 11%) and resulted in complete cyst ablation in 33% of cases
(12 out of 36) [246]. Follow-up by CT scan at 2 years of patients who had obtained complete
cyst ablation after treatment showed persistent resolution of pancreatic cystic lesions in 75%
of cases [247]. Addition of paclitaxel to ethanol injection showed a greater treatment rate of
pancreatic cystic lesions compared to ethanol alone, with observed complete resolution in 62%
of patients after 1-year follow-up [248, 249]. In addition, the use of EUS-guided ethanol
injection was reported also in a small number of patients with pancreatic insulinoma [251-253].
In 3/5 patients with insulinoma, EUS-guided ethanol injection was related with symptoms
resolution and no complications [251]. The main potential problem of EUS-guided ethanol
ablation is the risk of acute pancreatitis due to diffusion of alcohol outside the lesion into the
main pancreatic duct and/or the pancreatic parenchyma [254].

EUS-fine needle injection (FNI) is a simple technique to deliver chemotherapeutic agents into
tumoral tissue for the treatment of locally advanced pancreatic cancer [48]. The technical
success rate of all the studies about EUS-FNI reached 100%, paralleling the ability of perform‐
ing EUS-FNA for cytological diagnosis. The clinical outcome varied greatly according to the
different chemical or biological agents being tested [255]. In the literature, there are few small-
size studies reporting the safety and feasibility of direct injection of different agents in patients
with PC. One study tested the safety and efficacy of FNI of allogeneic mixed lymphocyte
culture in 8 patients with locally advanced PC [256]. The authors reported that the procedure
was safe and two partial responses and one minor response were reported (median survival
13.2 months). In other study (n=21 patients with PC), assessing the effect of EUS-FNI of
adenovirus ONYX-015 in combination with systemic gemcitabine reported 2 patients with
partial regression and 2 with minor response, but 4 serious adverse events (2 sepsis and 2
duodenal perforations) [257]. In the pilot study (n=7) with EUS-FNI of immature dendritic cells
(inductors of primary T-cell response against tumor antigens), there were 1 complete and 3
partial responses reported and no adverse events [258]. In a multicenter study (n=50), the effect
of EUS-FNI of TNFerade (a replication-deficient adenovirus vector carrying the TNF-α gene)
in combination with systemic fluorouracil was tested [259]. The investigators observed 1
complete response, 3 partial responses, and 12 patients with stable disease after treatment as
additionally 7 patients became suitable for surgery. The safety, tolerability, and preliminary
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efficacy of EUS-FNI of BC-819 (a DNA plasmid developed to target the expression of diph‐
theria-toxin gene under the control of H19 regulatory sequences) in combination with
chemoradiotherapy was tested in 6 patients with PC – 3 of them showed partial response and
the other 2 patients who were downstaged were able to undergo surgical resection [260]. It is
summarized that direct intratumoral of various agents through FNI in patients with advanced
PC is technically easy, safe and can induce tumor downstaging in some cases. The role of this
method for cancer therapy will increase with the refinement of echoendoscopes, delivery
systems, and novel local antitumor agents [261-263].

EUS-guided radiofrequency ablation (RFA) could be also used as an alternative procedure of
treatment in unoperable patients with PC, but its translation into clinical practice has been
restricted because of limited data and procedure-related risks [264]. The performance and
effectiveness of EUS-guided RFA has been tested in several experimental studies, using
porcine models [264-266]. In one study, the safety and efficacy of EUS-guided cryothermal
ablation was assessed in 22 patients with locally advanced PC [267]. Using a newly developed
cryotherm probe, combining radiofrequency with cryogenic cooling, the authors reported that
the procedure was technically successful in 16 patients (72%) with a reduction in tumor size
in 6 of them and well-tolerability [56]. It is summarized that EUS-guided cryothermal ablation
is feasible in a subset of patients with locally advanced pancreatic cancer, but their safety and
clinical outcome need to be investigated in future studies.

Brachytherapy is a useful method for local control of various malignant tumors, including
pancreas [48, 215]. The placement of radioactive seeds allows steady radiation, leading to
localized ablation and avoiding the radiation of normal tissues surrounding the malignant
lesion. The feasibility, safety, and efficacy of EUS-guided implantation of iodine radioactive
seeds in patients with locally advanced PC were assessed in a few studies [48, 268-270]. It was
reported around 80% rate of positive response (decrease in tumor size) or stable disease, as
well as improvements of pain scores and performance status scores. Adverse event rate was
0%–20%. Hematologic toxicity (neutropenia, thrombocytopenia, and anemia) was usually
mild. Other complications reported less frequently were pancreatitis and pseudocyst forma‐
tion. [268]. The studies demonstrated the technical feasibility of EUS-guided implantation of
radioactive seeds in PC but larger studies evaluating the clinical outcome in a multimodality
approach, combining chemotherapy and/or radiotherapy are needed [215, 238].

EUS-guided fiducial placement to facilitate stereotactic radiotherapy was assessed in several
studies and was shown that it is a safe and precise, less invasive procedure [48, 215, 238, 271].
The placement of radiopaque fiducials inside or near the tumor allows performance of targeted
radiotherapy with higher doses while sparing adjacent healthy tissue. Two studies of EUS-
guided fiducial placement in a total of 101 patients with locally advanced PC reported high
technical and clinical success rates (88%–90%) [272, 273]. Overall complication rate was low
with only few minor adverse events (1 patient – a minor bleeding from the site of EUS needle
entrance and 2 – mild pancreatitis). Migration of the gold fiducials was reported in 7% of cases.
Another study observed no differences in visibility, migration, number of fiducial placement,
technical difficulty, as well as in complication rate comparing two different types of fiducials
(traditional vs coiled) [274].
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In conclusion, today endoscopic therapy with or without EUS is an approved management
option in selected patients with acute or chronc pancreatitis, or pancreatic cancer, showing the
advantages of minimally invasive method of treatment. It should be performed in specialized
centers with availaible multidisciplinary team.
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