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Management of biliopancreatic diseases has seen great prog-
ress in recent years. Innovations in endoscopy have allowed
gastroenterologists to assist in the care of many conditions
of the biliary tree and pancreas, which were previously only
managed surgically. Outcomes for many of these endoscopic
interventions are comparable to their surgical counterpart.
However, endoscopists taking care of these patients should
be well aware of the limitations of their procedures and the
advantages of surgery for certain patients.

This special issue will address some of the main chal-
lenges faced today by physicians taking care of patients with
pancreatic and biliary diseases. Endosonography, or endo-
scopic ultrasound (EUS), which previously was only consid-
ered a diagnostic tool, has now emerged as a useful thera-
peutic technique. In contrast, endoscopic retrograde cholan-
giopancreatography, or ERCP, has now become mainly a
therapeutic tool. Some ERCP techniques have been adopted
by endosonographers and allowed interventions for draining
bile ducts and peripancreatic fluid collections, previously
considered outside the realm of endoscopy. Despite the
advances in outcomes and minimal invasiveness of EUS and
ERCP-guided interventions, several risks and complications
still remain. Pancreatitis is a well-recognized complication
of ERCP with a significant incidence that has not been
reduced greatly throughout recent years. Numerous studies
have looked at ways of decreasing the risk of this dreadful
complication. This special issue will discuss and review the
problem of post-ERCP pancreatitis, a topic that raises a high
level of concern for many who do this procedure, and ways to

reduce its risk, especially in patients considered at high risk
for developing this complication.

Incidental pancreatic cysts continue to pose a diagnostic
dilemma for gastroenterologists and surgeons alike. Despite
the ability of safely obtaining a tissue sample during EUS
examination, the utility of cytopathology in determining the
exact nature of these lesions remains limited. More recently,
DNA analysis of fluid obtained during aspiration has shown
promise in improving the diagnostic accuracy of EUS-FNA.
However, the effect of these newer tests in terms of deciding
when to observe versus surgically resect in many of these
incidental cysts remains to be proven. Pancreatologists
agree that a reliable method for determining the nature
and prognosis of pancreatic cystic neoplasms is required
for improving the management strategy in asymptomatic
patients.

Abdominal pain is a cardinal symptom of chronic pan-
creatitis. The effectiveness of medical therapy, in the form of
pancreatic enzyme supplementation or octreotide injections,
is dismal. Pain relief can certainly be obtained with the use
of narcotic medications, but at the cost of significant side
effects, such as constipation, sedation, and drug dependence.
Endoscopic alternatives for improving pain in chronic pan-
creatitis include those guided by ERCP, such as intraductal
stone removal, stricture dilation, or drainage procedures, and
EUS-guided celiac plexus block. This special issue will review
the ERCP-guided interventions and discuss the efficacy of
EUS-guided celiac plexus neurolysis for the treatment of pain
in patients with pancreatic cancer.



As advances in endoscopy and surgical innovations are
introduced into the field of biliary and pancreatic diseases,
many diseases previously requiring complicated surgeries
with prolonged recovery are now being managed by mini-
mally invasive techniques. Many of these procedures have a
reduced risk when compared to their surgical alternative.
However, long-term efficacy and patient risk factors need
close consideration when deciding between different man-
agement alternatives. Many, if not all, biliary and pancreatic
disorders require a close interaction between gastroenterol-
ogist and surgeon. The phrase “No man is an island” by
John Donne (1572-1631) emphasizes the importance of
consensus between specialists and should always be in
the minds of those managing patients with biliopancreatic
diseases.

Fauze Maluf-Filho
Jose G. de la Mora Levy
Carlos G. Micames
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Pain resulting from chronic pancreatitis is often debilitating and difficult to manage. Many approaches have been used to treat
these patients, including narcotic analgesia, antidepressants, pancreatic enzymes, octreotide, denervation procedures, such as celiac
plexus block, and various palliative, decompression, or drainage procedures. Many of these procedures can be performed endo-
scopically, while others require a more invasive, surgical approach. The effectiveness of these therapies is not only highly variable
but also often controversial. This review will discuss the endoscopic options for pain management in patients with chronic pan-

creatitis and their utility in treating this difficult disease.

1. Introduction

Pain resulting from chronic pancreatitis is often difficult to
manage. Many approaches have been used to treat these pa-
tients, including narcotic analgesia, antidepressants, pan-
creatic enzymes, octreotide, denervation procedures (most
commonly CPB), and various palliative, decompression,
or drainage procedures [1-13]. The effectiveness of these
therapies is not only highly variable but also often contro-
versial. Opioid analgesics are probably used most often and
can treat pain effectively, but they are associated with num-
erous side effects, including constipation, delirium, nausea,
and the potential for addiction in patients with chronic pan-
creatitis [14, 15]. Nonpharmacologic methods of pain con-
trol may improve quality of life and minimize drug-relat-
ed side effects [14]. Endoscopic management of pain in chro-
nic pancreatitis consists of procedures aimed at reducing
neurogenic sensation, such as celiac plexus block, or drainage
procedures aimed at alleviating outflow obstruction of the
pancreatic duct.

2. Celiac Plexus Block

The celiac plexus lies anterior to the aorta at the level of the
celiac artery. Most of the sensory nerves returning from the
pancreas and other intraabdominal viscera pass through the
celiac ganglion and splanchnic nerves. Interruption of these

fibers may lessen pain in patients with chronic pancreat-
itis [16]. Celiac plexus block (CPB), a temporizing treatment,
most commonly refers to injection of a steroid and long-
acting local anesthetic into the celiac plexus to control
pain associated with chronic pancreatitis. In contrast, celiac
plexus neurolysis (CPN) generally refers to injection of alco-
hol or phenol, a more permanent agent, into the celiac axis
area [16]. This technique induces a chemical splanchnicec-
tomy that ablates the nerve fibers that transmit pain and is
used in patients with pancreatic cancer; however, it is not
usually employed in patients with pain mediated by chronic
pancreatitis.

CPB has traditionally been performed via various per-
cutaneous and surgical approaches [17]. Recently, the EUS-
guided approach has gained acceptance since it offers the
most direct access to the celiac plexus. Wiersema and co-
workers [14, 16, 18] recognized the anatomic advantage
that EUS provides in visualizing the celiac region and
were successful in performing transgastric EUS-guided celiac
plexus blocks with results similar to the more traditional ap-
proaches. The timing of the block relative to pain onset
may predict response. One study which aimed to look at
CPN showed that it was more effective when the block was
performed early after pain onset [19]. This result was post-
ulated to be related to contribution of visceral and somatic
nerves late in the disease and pain apparently deriving mainly



from the celiac plexus early on; however, it is unclear if this
translates into patients with chronic pancreatitis and the use
of CBP for pain relief [16, 19]. More recently, it has been
proposed that direct injection into the celiac ganglia, multi-
ple injections in the area of the ganglia, or bilateral injections
around the celiac ganglia are safe and may be more beneficial
in providing sustained pain relief [20-22]. These studies
are contradictory, however, and better prospective trials are
needed to determine if these approaches make an improve-
ment over the standard technique of EUS-guided CPB.

Several studies have shown that EUS-guided CPB has a
beneficial role in the treatment of pain induced by chronic
pancreatitis [23, 24]. An initial study of 18 patients with
chronic pancreatitis showed a reduction in pain in 50% (5
of 10) of EUS-guided CPB compared with 25% (2 of 8)
of CT-guided blocks [23]. This improvement in pain per-
sisted for up to 24 weeks in 30% of responders. A cost
comparison showed a $200 saving for EUS-guided CPB com-
pared with CT-guided CPB. Another report of 90 patients
by the same investigators found a significant improvement
in overall pain scores in 55% at 4 weeks and 8 weeks of
follow-up [24]. However, a persistent benefit beyond 24
weeks was observed in only 10% of patients. Pain relief was
more likely in older patients (>45 years old) and patients
who had not had previous surgery for chronic pancreatitis. A
recent meta-analysis aimed to look at the efficacy of CPB for
improving pain in patients with chronic pancreatitis showed
that the overall percentage who obtained pain relief with
this procedure was 32.7% (Table 1) and that very few good
quality studies exist [25]. A major issue with all of these
studies is the lack of long-term follow-up. Further, prospec-
tive studies with long-term follow-up are needed to clarify
what role EUS-guided CBP will play in the management of
painful chronic pancreatitis.

CPB is a generally effective, safe, and well-tolerated pro-
cedure. The three most common complications are transient
hypotension (20% to 40%), transient diarrhea (4% to 38%),
and transient increase in pain (9%), which are expected in
CPB performed via any route [16, 26, 27]. Interruption of
the plexus can result in a sympathetic blockade [28]. Clinical
manifestations of sympathetic blockade can include diarrhea
and hypotension resulting from a relative unopposed visceral
parasympathetic activity. Mesenteric vasodilation accounts
for the hypotension, which resolves in approximately 2 days.
Diarrhea and increase in baseline pain are also usually lim-
ited to 2 days. Less common complications include unilateral
paresis or paraplegia, pneumothorax, loss of sphincter func-
tion, retroperitoneal bleeding, renal puncture, and pro-
longed gastroparesis [14, 16, 27, 29]. In addition, cephalic
spread of the neurolytic agent may result in involvement of
the cardiac nerves and plexus affecting the heart and sur-
rounding thoracic structures [30]. Compared to alternative
approaches, EUS guidance may decrease the incidence of
complications because the needle does not traverse the
paraspinal region or somatic nerves or traverse the dia-
phragm and pleural space [1, 14, 16]. Infectious compli-
cations are uncommon but potentially serious. In a series
of 90 patients, only 1 patient developed an infectious com-
plication (peripancreatic abscess), which resolved with

Gastroenterology Research and Practice

TABLE 1: Meta-analysis of EUS-guided celiac plexus block for
chronic pancreatitis. The lower end of the confidence interval was
used as the overall percentage of pain relief (adapted from Kaufman
etal. [25]).

Pain relief reported out of

Study total patient (average) LRSS

Gress et al. [23] 5/10 (50%) (0.2836-1)
Gress et al. [24] 50/90 (56%) (0.4689-1)
Levy et al. [20] 5/13 (38%) (0.2217-1)
O’Toole et al. [31] 20/31 (65%) (0.4912-1)
LeBlanc et al. [21] 27/51 (53%) (0.4215-1)
Stevens et al. [32] 16/26 (62%) (0.3272-1)
Over all Studies 123/221 (56%) (0.3272-1)

a 2-week course of antibiotics [24]. The authors reasoned
that there might have been a predisposition to infection ow-
ing to gastroduodenal colonization with bacteria because the
patient was taking a proton pump inhibitor. They suggested
that prophylactic antibiotics should be considered in patients
who are receiving acid suppression.

3. ERCP-Guided Therapies

Patients with chronic pancreatitis associated with dilation of
the main pancreatic duct, stone disease, or strictures may
develop symptoms of severe abdominal pain. In addition to
celiac plexus block, this pain can be treated endoscopically
with procedures aimed at draining the main pancreatic
duct, removing stones, and dilating strictures. ERCP with
pancreatic sphincterotomy, dilation of strictures, placement
of stents, and stone extraction has become a mainstay of
therapy in patients with painful chronic pancreatitis as recent
studies have shown that on average, over 65% of patients
with strictures or stones treated with endoscopic therapy
have shown improvement in their pain [33]. Many studies
over the last 20 years have attempted to address the question
as to whether endoscopic therapy for the control of pain
in chronic pancreatitis is effective. The results of selected
published studies on pain relief after endotherapy for chronic
pancreatitis are summarized in Table 2.

Experienced practitioners with advanced ERCP skills
should only perform endoscopic therapies for chronic pan-
creatitis. In experienced hands, endoscopic pancreatic sphin-
cterotomy is safe and effective and allows the therapeutic
endoscopist access to the main pancreatic duct. This is
usually performed under direct visualization with a pull-
type sphincterotome after deep cannulation and guidewire
insertion. The major risks of the procedure include pancre-
atitis, bleeding, and perforation. In addition, there is a risk
of pancreatic sphincter stenosis that is considered a late com-
plication after pancreatic sphincterotomy [34]. Once access
to the main pancreatic duct is achieved, small stones can be
removed endoscopically with success [35]. However, large,
impacted stones usually require extracorporeal shock wave
lithotripsy (ESWL) prior to attempted endoscopic removal.
ESWL is a low-risk procedure where calcific pancreatic duct
stones are usually identified by X-ray prior to the procedure.
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TaBLE 2: Selected studies on pain relief with pancreatic endother-
apy.

Number of  Procedure Pain relief
Author Year
cases performed (%)
McCarthy etal. ) gqq 33 PS, stent 80
(44]
Sauerbruch et al. PS, stent,
[45] 1992 24 ESWL 50
Delhaye et al. [46] 1992 123 PS, stent, 37
elhaye et al. ESWL
Binmoeller et al. PS, stent,
[47] 1995 93 ESWL 64
Adamek et al. [48] 1999 70 PS, stent, 54
amek et al. ESWL
N PS, stent,
Rosch et al. [33] 2002 1018 ESWL 85
, PS, stent,
Dite et al. [49] 2003 36 ESWL 65
PS, stent,
Delhaye et al. [41] 2004 56 ESWL 78
Gabbrielli et al. PS, stent,
[50] 2005 22 ESWL 100
Costamagna et al. 2006 19 PS, stent 84

[43] (multiple)

PS; pancreatic sphincterotomy, ESWL: extracorporeal shock-wave litho-
tripsy.

Then a fluid cushion is applied to the front and back of the
patient, and shock waves are passed through the identified
stones. This results in fragmentation of stones in chronic cal-
cific pancreatitis allowing the endoscopist to then attempt to
obtain complete clearance of the main pancreatic duct [35].
Multiple sessions of ESWL may be required in attempt to
clear the pancreatic duct, and the success rate for complete
clearance of the main pancreatic duct and resolution of
pain has been at best approximately 75% [36]. There are
some studies to suggest that ESWL alone, without combined
endoscopic therapy, may be enough in the treatment of
chronic calcific pancreatitis. A randomized controlled trial
by Dumonceau and colleagues in 2007 aimed to answer this
question [37]. There were 55 patients in the study, and the
follow-up was 2 years. They were able to show that ESWL
is a safe and effective treatment alone, without combined
endoscopic therapy. Most studies looking at the role of ESWL
performed to date have shown mixed efficacy due to the small
sample sizes in the studies. A recent meta-analysis performed
by Guda et al. aimed to overcome this problem and included
17 studies from 1989 to 2002 with a total of 588 subjects.
Their data showed that ESWL is both effective in clearance
of stones from the pancreatic duct and in relief of pain from
chronic pancreatitis [38]. In addition, there is newer liter-
ature to suggest that the timing of ERCP after ESWL may in-
crease the success rate of this procedure [39]. This study
suggests waiting at least 2 days after ESWL before attempting
ERCP and ductal clearance possibly due to ESWL-induced
edema of the pancreatic duct. Long-term success of these

procedures is variable, and many patients will have recurrent
pain attacks after short-term successful clearance of the main
pancreatic duct. This is thought, at least partially, to be due
to stone migration or recurrence and responds to repeated
attempts at endoscopic clearance of the main pancreatic duct
[40]. Other studies have suggested that endotherapy with
ESWL and pancreatic duct drainage will provide long-term
pain relief for up to two-thirds of patients [41]. The authors’
practice is to perform ESWL on patients with chronic, calcific
pancreatitis, associated with large pancreatic duct stones that
are not amenable to endoscopic removal at the time of initial
ERCP. After ESWL is completed, ERCP and repeat attempt at
ductal decompression are then performed.

Pancreatic duct strictures are usually caused by fibrosis
around the main pancreatic duct as a result of the chronic
inflammation seen in the disease process. Strictures that are
focal and located towards the head and neck region of the
pancreas are more amenable to endoscopic therapy. A recent
prospective study was able to show a decrease in pain after
ERCP with dilation and stent placement in 89% of patients;
however after 2 years of follow-up 30% of patients had
relapsed and required further therapy [42]. In attempt to per-
form more definitive therapy for pancreatic duct stric-
tures, some investigators have attempted placing multiple
stents into the main pancreatic duct in order to dilate refrac-
tory strictures and improve PD drainage. Costamagna and
colleagues were able to show that during a mean follow-
up of 38 months, 84% of patients remained asymptomatic.
Only 5.5% of patients had a persistent stricture after multiple
stenting, and only 10.5% of patients had symptomatic stric-
ture recurrence [43].

4. Surgical Treatment Options

It is the prevailing belief by most endoscopists, including the
authors, that endoscopic therapy should be attempted prior
to surgical intervention. Endoscopic therapy is less invasive
and shows similar results in the short term compared with
surgical alternatives. Dite and colleagues presented data on
the first randomized controlled trial comparing endoscopic
versus surgical therapy, the latter consisting of resection and
drainage procedures [49]. A total of 72 patients were rando-
mized, and the initial success rate was similar in both groups.
However, long-term follow-up favored complete absence of
pain in the surgical group. This study was limited by the fact
that ESWL was not performed, and repeat endoscopic ther-
apy was not allowed for pain recurrence. A more recent ran-
domized controlled trial comparing surgical drainage (pan-
creaticojejunostomy) versus endoscopic therapy showed that
the surgical alternative was superior in improving pain in
patients with chronic pancreatitis and a dilated pancreatic
duct [51]. Although this study has been criticized for its small
numbers, possible selection bias, and lack of rigorous endo-
scopic therapy, Cahen and colleagues were able to show com-
plete or partial pain relief in 75% of surgically treated pa-
tients versus a 32% success rate in endoscopically treated
patients. In addition, these investigators have recently pub-
lished their 5-year follow-up results showing that 68% of the
endoscopically treated patients required additional drainage



procedures, compared with 5% in the surgery group (P =
0.001) [52]. They also report that 47% of the patients in
the endoscopy group eventually received surgery. In the long
term, despite comparable levels of quality of life and pancre-
atic function between the surgical and endoscopic manage-
ment group, surgery was still superior, in terms of pain relief
(80% versus 38%, P = 0.042). Although endoscopic therapy
is still considered first-line treatment, these randomized
trials comparing surgical and endoscopic therapy should give
the endoscopist pause to think about the procedures being
offered to a patient for the treatment of pain in chronic
pancreatitis.

In conclusion, endoscopic therapy aimed at treating
pain in patients with chronic pancreatitis consists of EUS-
guided celiac plexus block and therapeutic ERCP procedures
combined with ESWL that are all aimed at draining an
obstructed pancreatic duct. As a result they have the potential
to work well in patients with large duct disease, but they do
not work well in patients with small duct chronic pancreati-
tis. Endoscopic management is safe and effective for many
patients, but pain relief is often short lived requiring multiple
repeat procedures. Endoscopic technologies as well as thera-
peutic techniques continue to evolve, and as such, improve-
ments will likely be seen in the endoscopic management of
chronic pancreatitis in the future.
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Objectives. The aim of our study was to evaluate and compare the results of pancreaticogastrostomy (PG) and pancreaticoje-
junostomy (PJ) after pancreaticoduodenectomy (PD). Methods. Published data of randomized clinical trials (RCTs) comparing
the clinically relevant outcomes of PG versus PJ after PD were analyzed. Two reviewers assessed the quality of each trial and
collected data independently. The Cochrane Collaboration’s RevMan 5.0 software was used for statistical analysis. Proportions
were combined, and the odds ratio (OR) with its 95% CI was used as the effect size estimate. Results. Four RCTs published in
1995 or later were included in this meta-analysis, in which 276 patients underwent PG and 277 patients underwent PJ followed
PD. In the combined results of PG versus PJ, a significant difference in the morbidity of intra-abdominal complications (OR, 0.34;
95% CI, 0.23-0.49; P < 0.00001) was found, but no significant difference could be found for pancreatic fistula (OR, 0.69; 95%
CI, 0.42-1.12 , P = 0.13) mortality (OR, 1.09; 95% ClI, 0.42-2.83; P = 0.87), recovery with no complications (OR, 1.26; 95% CI,
0.90-1.78; P = 0.18), biliary fistula (OR, 0.55; 95% CI, 0.22-1.35; P = 0.19), or in delayed gastric emptying (OR, 0.55; 95% CI,
0.33-1.01; P = 0.06). Conclusions. Current RCTs suggest that PG is better than PJ for pancreatic reconstruction after PD.

1. Introduction

With dramatic improvement in operative mortality, pancre-
aticoduodenectomy (PD) has become increasingly accepted
as a safe and appropriate operation for selected patients
with periampullary tumors, pancreatic head cancer, benign
neoplasms, and other non-neoplastic conditions such as
chronic pancreatitis [1]. With advances in treatment tech-
niques, the mortality rate of PD has decreased to below
5% in many institutions around the world in recent years
[1-5]. However, even with these advancements in operative
technique and postoperative management, postoperative
morbidity of intra-abdominal complications remains high
even in large series [4]. The most common complications
after PD are pancreatic fistula, delayed gastric emptying,
biliary fistula, and wound infection [6-8]. They often
contribute significantly to prolonged hospitalization and
mortality [6]. Leakage from the pancreatic anastomosis
remains the single most important cause of morbidity and
sometimes mortality [1].

Recently, considerable attention has been focused on
refinements in operative technique for PD, especially on the
management of the pancreatic remnant, with the intent to
decrease the incidence of pancreatic fistula. These efforts
include technical modifications such as the pancreatojejunal
anastomosis technique, the pancreatogastric anastomosis,
and external drainage of the pancreatic duct [5]. Pan-
creaticogastrostomy (PG) and pancreaticojejunostomy (PJ)
have been the most commonly used method of restoring
pancreatioenteric continuity after PD. Some retrospective
studies [9-11] and one RCT [12] have reported lower pan-
creatic fistula rate with PG instead of PJ, and a recent meta-
analysis [13] suggested that the safer means of pancreatic
reconstruction after PD was PG. However, 3 RCTs [14-16]
showed PG and PJ to be similar in regards to pancreatic
fistula rates, and a recent meta-analysis concluded [17] that
PG and PJ were not different in terms of pancreatic fistula
rate or overall morbidity rate.

Thus, in order to establish which is the best technique
for pancreatoenteric anastomosis, it is important to identify



the definition of pancreatic fistula used, before any series
of patients can be compared [1]. To evaluate and compare
the results of PG and PJ after PD, we performed an up-to-
date meta-analysis to PG versus PJ including all RCTs, and
when appropriate and possible, to establish the sources of
heterogeneity in the results.

2. Materials and Methods

2.1. Data Sources. We performed a systematic review of the
literature published between 1990 and July 2011. To identify
studies published from 1990 to July 2011, we performed
a comprehensive search of abstracts in the MEDLINE
database, OVID database, Springer database, the Science
Citation Index, and the Cochrane Library database with
use of the following search terms: “pancreaticoduodenec-
tomy,” “pancreaticogastrostomy,” “pancreaticojejunostomy,’
with limitations to Randomized Controlled Trial, Humans.
Reports in any language were eligible for inclusion. To
avoid double counting, two data extractors compared the
articles for participating institutions and inclusion criteria.
Unpublished research was not included.

2.2. Inclusion and Exclusion Criteria. Only RCTs were
included. Any etiology for PD was eligible, and there was
no limitation because of race, gender, or age. Comparator
intervention was considered PG, while control intervention
was considered PJ.

2.3.  Statistical Analysis. Two independent reviewers
extracted data by using a specially developed form and
entered it into the freeware program Review Manager
(Version 5.0 for Windows, Cochrane Collaboration, Oxford,
UK, 2008), respectively. The odds ratio (OR) for each trial
was calculated from the number of evaluable patients,
and ORs with their two-sided 95% CIs were used for
dichotomous outcomes as the confirmatory effect size
estimate and test criterion. For continuous variables,
weighted mean difference (WMD) was calculated with 95%
confidence intervals. In the course of data combination,
heterogeneity was evaluated with the Cochran Q test. The
fixed-effects model and random-effects model were applied.
The hypothesis tests were based on the 95% Cls, and P
values were used for illustration. All P values were two-sided,
and P < 0.05 was considered statistically significant. To
determine the potential risk bias in the overall results from
the inclusion of studies that violated some of the eligibility
criteria, sensitivity analysis and publication bias analysis
were performed.

3. Results

3.1. Trial and Patient Characteristics. A total of 398 studies
were retrieved, and the process of identifying relevant trials
is shown in Figure 1. Among these 398 studies, 369 were
excluded because of trial design, 29 studies were potentially
appropriate clinical trials to be included in the meta-analysis,
15 were excluded because of absence of randomization, and
9 were excluded RCTs for other reasons. Finally, five RCTs
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TasLE 1: Characteristics of RCTs Included in the study.

Author Year Total No.  Setting AC  Operation

Bassi et al. . PPPD or
2005 151 Ad t

(15] Single center Adequate PD

Dulffas et al. . PPPD or
200 14 Ad

[16] 5 9 Multicenter equate PD or ER

Fernandez-

Cruzetal. 2008 108  Single center Adequate ~ PPPD

[12]

Yeo et al. [14] 1995 145 Single center Adequate Png or

Abbreviation: AC = allocation concealment; PPPD = pylorus-preserving
pancreaticoduodenectomy; PD =pancreaticoduodenectomy; ER = extended
resection. *PPPD or PD plus resections extended to other organs (colon,
small intestines, mesenteric portal confluence, liver, biliary tree).

were included [12, 14-16], which were all published as full
articles; clinically relevant outcomes for our study could not
be extracted from one of these five, thus leaving four RCTs
for meta-analysis. Among these 4 studies, there were a total
of 276 patients that underwent PJ and 277 patients that
underwent PJ. The main characteristics of the four included
studies are reported in Table 1.

3.2. Results of Meta-Analysis

3.2.1. Morbidity of IACs. The intra-abdominal complications
(IACs) included pancreatic, biliary, or digestive tract fistula,
intra-abdominal collections (either infected [abscess] or
not), acute pancreatitis, cholangitis; intra-abdominal or
digestive tract hemorrhage, delayed gastric emptying, and
wound disruption (either infected or not). The four included
RCTs involved 553 patients reported IACs. The morbidity
of TACs in PG group and PJ group was 43.1% (119/276)
and 66.1% (183/277), respectively. Meta-analysis showed a
significant difference in morbidity of IACs between PG group
and PJ group (OR, 0.34; 95% CI, 0.23-0.49; P < 0.00001)
(Figure 2).

3.2.2. Pancreatic Fistula. The included RCTs reported on
pancreatic fistula. The rate of pancreatic fistula in the PG
group and PJ group was 12.0% (33/276) and 16.3% (45/277),
respectively. Meta-analysis showed no significant difference
in pancreatic fistula between PG and PJ group (OR, 0.69;
95% CI, 0.42-1.12; P = 0.13) (Figure 3).

3.2.3. Mortality. Three included RCTs involving 408 patients
reported the mortality. The mortality of PG group and PJ
group was 4.9% (10/203) and 3.9% (8/205), respectively.
Meta-analysis showed no significant difference in mortality
between PG and PJ group (OR, 1.09; 95% CI, 0.42-2.83;
P = 0.87) (Figure 4).

3.2.4. Recovery with No Complications. Four included RCTs
including 553 patients reported recovery with no compli-
cations. The rate of recovery with no complications in
PG group and PJ group was 62.0% (171/276) and 57.0%
(158/277) respectively. Meta-analysis showed no significant



Gastroenterology Research and Practice

screened for retrieval
N =398

Potentially relevant trials identified and
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clinical trials

design (N = 369)

J

Potentially appropriate clinical trials to
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N =29 nonrandomized
(N =15)
JI/ Excluded RCTs for
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RCTs included in the meta-analysis
N=5
RCTs withdrawn, by
outcome, N =1
RCTs with usable
information, by outcome
N=4

FiGUure 1: QUOROM flow diagram of included and excluded studies.

PG PJ QOdds ratio QOdds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Bassi (2005) 26 69 69 82 39.8% 0.11 [0.05, 0.25] B
Duffas (2005) 57 81 58 68 18.9% 0.41 [0.18, 0.93] "
Fernandez-Cruz (2008) 10 53 30 55 24.2% 0.19 [0.08, 0.46] &
Yeo (1995) 26 73 26 72 17.1% 0.98 [0.50, 1.93] I
Total (95% CI) 276 277 100% 0.34 [0.23, 0.49] ’
Total events 119 183
e v — — — L72 = 0 i T T i
Heterogeneity: y* = 18.93, df = 3 (P = 0.0003); I* = 84% 001 01 1 10 100
Test for overall effect: Z = 5.75 (P < 0.00001) PG PJ
F1GURE 2: Forest plot of morbidity of IACs between PG and PJ.
PG PJ QOdds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Bassi (2005) 9 69 13 82 26.1% 0.80[0.32,1.99] =
Duffas (2005) 13 81 14 68 32.3% 0.74 [0.32, 1.70] LI
Fernandez-Cruz (2008) 2 53 10 55 23.8% 0.18 [0.04, 0.85] &
Yeo (1995) 9 73 8 72 17.8% 1.13 [0.41, 3.10] I
Total (95% CI) 276 277 100%  0.69 [0.42,1.12] <&
Total events 33 45
Heterogeneity: y* = 3.91,df = 3 (P = 0.27); I? = 23% 00l 01 1 10 100
Test for overall effect: Z = 1.51 (P = 0.13) PG PJ

F1Gure 3: Forest plot of pancreatic fistula between PG and P]J.

difference in pancreatic fistula between PG and PJ group
(OR, 1.265 95% CI, 0.90-1.78; P = 0.18) (Figure 5).

3.2.5. Biliary Fistula. Biliary fistula was defined as bile in
the drain fluid from the subhepatic drain (or an operatively
placed drain or a subsequently placed percutaneous drain)
with the level of total bilirubin exceeding the upper limit
of normal. 4 included RCTs including 553 patients reported
biliary fistula. The rate of biliary fistula in PG group and

PJ group was 2.5% (7/276) and 4.7% (13/277), respectively.
Meta-analysis showed no significant difference in biliary
fistula between PG and PJ group (OR, 0.55; 95% CI, 0.22—
1.35; P = 0.19) (Figure 6).

3.2.6. Delayed Gastric Emptying. Delayed gastric emptying
(DGE) was defined when the nasogastric tube was main-
tained for ten or more days, combined with one or more
of the following: vomiting after removal of nasogastric tube,
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Duffas (2005) 10 81 7 68 83% 1.23 [0.44, 3.42]
Fernandez-Cruz (2008) 0 53 0 55 Not estimable
Total (95% CI) 203 205  100% 1.09 [0.42, 2.83]
Total events 10 8
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FIGURE 4: Forest plot of mortality between PG and PJ.
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FIGURE 5: Forest plot of recovery with no complications between PG and PJ.
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FIGURE 6: Forest plot of biliary fistula between PG and PJ.

reinsertion of nasogastric tube, or failure to progress with
oral feeding. Three included RCTs involving 404 patients
reported delayed gastric emptying. The rate of delayed gastric
emptying in PG group and PJ group was 10.3% (20/195)
and 16.3% (34/209), respectively. Meta-analysis showed no
significant difference in delayed gastric emptying between
PG and PJ group (OR, 0.55; 95% CI, 0.33-1.01; P = 0.06)
(Figure 7).

3.3. Sensitivity Analysis and Publication Bias. Sensitivity
analysis and publication bias estimates were performed
to determine statistically significant results. For intra-
abdominal complications (IACs) between PG group and PJ
group, combined ORs were calculated with a fixed-effects
model and a random-effects model, and the results were
compared. The OR with a fixed-effects model was 0.34 (95%

CI, 0.23-0.49; P < 0.00001); moreover, because statistically
significant data are more likely to be published and the
findings of the present review were mostly positive, our
meta-analysis was likely influenced very little by publication
bias. However, because of the small numbers of randomized
controlled trials available, more detailed stratification com-
parisons could not make, which could have influenced the
validity of our study to some extent.

4. Discussion

To reduce the incidence of postoperative complications, a
variety of techniques [18] as well as pharmacologic prophy-
lactic approaches [19, 20] have been used and evaluated over
the years in the management of the pancreatic remnant fol-
lowing PD. Pancreatic anastomosis leakage remains a major
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FIGURE 7: Forest plot of delayed gastric emptying between PG and PJ.

cause of postoperative morbidity after PD, and it contributes
significantly to operative mortality. Pancreatoenteric anasto-
motic failure is one of the major causes of morbidity because
of delayed gastric emptying, pancreatic fistula, and wound
infection; pancreatic fistula can also lead to hemorrhage
(intra-abdominal and/or into the digestive tract), leakage
(biliary and/or digestive tract), intra-abdominal infection,
wound disruption (infected or no), and even death. The
most common techniques for reconstruction of pancreatic
gastrointestinal continuity after PD involve a pancreatico-
enteric anastomosis, usually either PJ or PG. The best
technique for pancreatic anastomosis is still a challenge for
the pancreatic surgeon. The pancreatojejunal anastomosis
is carried out either as an end-to-end anastomosis with
invagination of the pancreatic stump into the jejunum or
as an end-to-side anastomosis with or without duct-to-
mucosa suturing [21]. The pancreatogastric anastomosis is
performed to the gastric lumen through either the gastric
stump or through an anterior wall gastrostomy (in the case
of pylorus-preserving PD).

The present meta-analysis showed that PG is better than
PJ for pancreatic reconstruction after PD, because PG has
lower morbidity of intra-abdominal complications than PJ
(P < 0.00001), while the two techniques of anastomosis were
not different in terms of pancreatic fistula rate (P = 0.13),
mortality (P = 0.87), recovery with no complications rate
(P = 0.18), biliary fistula rate (P = 0.19), and delayed gastric
emptying rate (P = 0.06).

The technique of PG has several potential advantages
over PJ. First, the PG anastomosis can be performed easily,
because the posterior wall of the stomach lies immedi-
ately anterior to the mobilized pancreatic remnant and is
usually wider than the transected pancreas. Second, with
PG, the pancreatic exocrine secretions enter the potentially
acidic gastric environment, precluding digestive damage of
the pancreatoenteric anastomosis by activated proteolytic
enzymes. In contrast with PJ, the activation of pancreatic
exocrine secretions can occur more easily in the presence of
intestinal enterokinase and bile. Third, PG avoids the long
jejunal loop where pancreatobiliary secretions accumulate
during the early postoperative period. Fourth, postoperative
gastric decompression can provide constant removal of
pancreatic and gastric secretions avoiding accumulation and
thus tension on the anastomosis. Fifth, PG anastomosis
reduces the number of anastomoses in a single loop of

retained jejunum, which potentially decreases the likelihood
of loop kinking. The decreased morbidity of intra-abdominal
complications for PG may be the result of the aforemen-
tioned theoretical advantages. Published studies have favored
PG over PJ[12,22] although these studies are limited by
their small patient populations.

It is generally accepted that compared to a fibrotic
pancreatic remnant, a soft and fragile pancreatic remnant
frequently results in a high pancreatic anastomosis leakage
rate [23]. There are many factors which can lead to pancreatic
anastomosis leakage (pancreatic fistula), including pancre-
atic factors (pancreatic texture, original pathology, blood
supply to the pancreas remnant, pancreatic juice output,
pancreatic duct size), patient factors (age, gender, level
of preoperative jaundice, comorbid illness), and operative
factors (operation time, blood loss, type of anastomosis,
stenting of pancreatic duct) [1, 24-27]. Among these factors,
the main factors include pancreatic texture [1, 27-29],
pancreatic stump blood supply, pancreatic duct size [1, 29],
and pancreatic juice output [27, 30]. All RCTs which were
included in our study reported diverse factors (pancreatic
factors, patient factors, and operation factors) which were
different between the PG group and the PJ group. For
pancreatic fistula, the present study showed no significant
difference in two groups (P = 0.13). Although there is
heterogeneity between the analyzed RCTs, all RCTs were
conducted in specialized centers by highly experienced
surgeons, and the surgical care is likely to be similar among
studies. Regarding methodological quality, we consider our
analyses to be relevant [31].

The results of this meta-analysis are in line with research
from McKay et al. [13] and are partly similar with Wente et
al. [17]. However, our meta-analysis has some limitations.
First, due to the lack of specific information in the original
papers, we cannot perform a subgroup analysis according
to patient age and the etiology of PD; thus, it is unclear
whether the advantage of PG is potentially applicable to all
subgroups of patients. Second, the reported technique for
PD in each RCT was variable with conventional PD, PPPD,
or PD plus extended resection (Figure 1). Different operative
procedures could lead to different complications. Third,
other factors, such as presenting symptoms, preoperative
blood parameters, the presence of comorbid illness, and
preoperative biliary drainage, could influence the frequency
or type of morbidity. Fourth, the definition for pancreatic



fistula also varied between RCT, with only one [14], utilizing
the ISGPF criteria [24], which could influence our study.
Fifth, this meta-analysis included only 553 patients and 4
RCTs, and a type II error may be possible.

In conclusion, the evidence from this formal meta-
analysis suggests that PG is better than PJ for pancreatic
reconstruction after PD. PG can provide an adequate recon-
struction for pancreaticoenteric continuity following PD.
Future large-scale, high-quality, multicenter trials are still
required to clarify the issues of PG reconstruction following
PD. For future experiment on PD, the question for the
management of the pancreatic remnant must be addressed
in the future.
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Endotherapy of peripancreatic fluid collections is an increasing utilized procedure in interventional endoscopy. The aim of this
paper is to provide a general overview of the topic, highlighting the indications, technique, and important management issues
relating to endoscopic management of the various forms of peri-pancreatic fluid collections.

1. Introduction

Acute pancreatitis is a common clinical problem, with an
incidence of 210,000 per year in the USA [1], and is most
commonly a consequence of biliary tract stones and alco-
hol. There is a wide spectrum of disease severity ranging
from mild self-limiting disease to severe acute pancreatitis
(SAP), an entity characterized by the presence of systemic
and local complications. Local complications include peri-
pancreatic collections, which can result in significant mor-
bidity and mortality. Chronic pancreatitis is also a common
problem causing peri-pancreatic collections, in particular
pseudocysts. For many years, surgery was the major modal-
ity used to treat these entities. Endoscopic trans-gastric
treatment of pseudocysts evolved in the late 1970’s [2].
Percutaneous radiologically assisted procedures were also
employed [3, 4] and, with the advent and development of
cross-sectional imaging, were used more frequently. Endo-
scopic trans-gastric or trans-duodenal drainage established a
role for endotherapy in the management of these problems
following the publication of success in a large series [5].
The use of endosonography in the management of peri-
pancreatic collections is a more recent development, but
one that has rapidly evolved since its first reported use in
drainage of pancreatic pseudocysts in 1992 [6]. With EUS
assistance, indications for the use of endoscopic therapy
were extended to include pancreatic necrosectomy in 1996

[7].

2. Classification of Peri-Pancreatic Collections

A consensus conference in 1992 established the currently
accepted definitions of the local complications of pancreatitis
in what is known as the Atlanta Classification [8]. Five major
morphological entities were defined—pancreatic necrosis,
acute fluid collections, pancreatic abscess, acute pseudocyst,
and chronic pseudocyst. Pancreatic necrosis features diffuse
or focal areas of non-viable pancreatic parenchyma, usual-
ly with associated peri-pancreatic fat necrosis. Acute fluid
collections are peri-pancreatic collections of fluid, located in
or near the pancreas, lacking a wall of surrounding granu-
lation or fibrous tissue, arising more than 4 weeks after an
episode of acute pancreatitis. Pancreatic abscess is a circum-
scribed intra-abdominal area of pus, usually in proximity
to the pancreas, containing little or no pancreatic necrosis.
Acute pseudocyst is a collection of pancreatic juice enclosed
by a wall of fibrous or granulation tissue. An additional en-
tity of organised pancreatic necrosis (OPN), or walled-off
pancreatic necrosis (WOPN), is frequently referred to in the
literature, although it is not a specific entity in the Atlanta
Classification. This refers to a collection with good sepa-
ration of devitalised (necrotic) tissue within a fluid-filled
cavity, and an associated fibrous wall lined by granulation
tissue [9], as distinct from pancreatic necrosis that is not well
defined and lacks a wall (Table 1).

These morphological manifestations result from the un-
derlying inflammation associated with acute pancreatitis. In



TasLE 1: Atlanta Classification of SAP—pathomorphological enti-
ties.

Entity Features

Diffuse or focal areas of non-viable

Pancreatic necrosis .
pancreatic parenchyma

Circumscribed intra-abdominal
collection of pus containing little or no
pancreatic necrosis

Pancreatic abscess

Fluid collections located in or near the
pancreas, lacking a surrounding wall of
granulation/fibrous tissue

Acute fluid collection

Collection of pancreatic juice surrounded

Acute pseudocyst by wall of granulation/fibrous tissue

the case of acute fluid collections, serous or exudative reac-
tions develop in response to inflammation early in the course
of disease and are not in communication with the pancreatic
ductal system [10]. Acute pseudocysts are a consequence
of inflammation-induced pancreatic ductal disruption, with
extravasation of pancreatic juice inducing the formation of a
fibrous wall in an attempt to contain the fluid [8].

3. Clinical Manifestations/Indications
for Intervention

3.1. Mass Effect. All peri-pancreatic collections can cause
symptoms by virtue of their mass effect and potential to
enlarge. Pain and abdominal fullness are common symp-
toms. Compression of adjacent organs like the stomach, du-
odenum, and bile duct can result in early satiety, vomiting,
weight loss, and jaundice [11]. Symptoms resulting from the
mass effect of fluid collections, in particular pseudocysts, are
frequently the precipitant for endoscopic treatment.

3.2. Infection. All peri-pancreatic collections have the poten-
tial to become infected, spontaneously through translocation
of normal gut flora, and via iatrogenic means in the setting
of instrumentation of a previously sterile collection of tissue
or fluid. As expected, enteric gram-negative organisms, in
particular Enterococcus, Pseudomonas, and Klebsiella, tend to
be the most commonly implicated [12], although Candida
species are not uncommonly associated [13].

Infected pseudocysts, pancreatic abscesses, and infected
necrosis are all potentially amenable to endoscopic manage-
ment with the aim of removing the infected focus.

3.3. Hemorrhage/Perforation. Hemorrhage is an uncommon
but serious complication of pancreatic fluid collections.
Compression of an adjacent vessel and subsequent erosion
can result in pseudoaneurysm formation, with potential for
rupture and hemorrhage. The most common site for pseu-
doaneurysm formation is the splenic artery. Rupture of an
aneurysm into a pseudocyst or WOPN can result in hem-
osuccus pancreaticus [14]. Perforations of pseudocysts into
the peritoneum and bowel are well described although un-
common potential complications [15, 16].
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3.4. Size. Non-randomized data from published series have
identified pseudocyst size as a significant predictor of need
for intervention, with pseudocysts of greater than 6 cm in size
requiring intervention in more than 2/3 of cases [17]. On the
basis of this, some advocate treatment of cysts greater than
6 cm in size, even in the absence of other clinical symptoms.
However, series with long-term follow-up suggest that as-
ymptomatic cysts can usually be managed conservatively,
regardless of size.

4. Therapeutic Modalities

4.1. Surgery. Surgical management has long been considered
the gold-standard for management of peri-pancreatic collec-
tions, and was the main treatment modality for many years,
prior to the availability of less invasive options. In general,
surgical management provides direct access to the peri-
pancreatic collection with multiple means of drainage, at the
cost of being more invasive and universally requiring general
anesthesia. For surgical management of pseudocysts, open
external drainage is now generally not deemed appropriate,
and internal drainage via formation of a cystgastrostomy or
cystenterostomy is the preferred option [18]. Success rates
with resolution of cysts using surgical methods is high,
but with relatively high complication rates in the range of
24-40% [19-22] and mortality of 5.8% [19]. Laparoscopic
approaches have been used more recently, although there
is little data comparing outcomes with the open approach.
These procedures are associated with around a 10% conver-
sion rate, but a much lower complication and mortality rate
of around 12% and 1% respectively [23-27].

4.2. Percutaneous Radiological Drainage. Percutaneous drain-
age of pseudocysts and abscesses is most commonly per-
formed under CT guidance, with either external (direct
puncture of the cyst through the anterior abdominal wall) or
internal drainage (direct puncture with placement of double-
pigtail stents to form a cystgastrostomy under fluoroscopic or
endoscopic guidance).

External drainage has a significant failure rate, particu-
larly in the setting of abnormal pancreatic ductal anatomy,
and rates of cutaneous fistula formation have been reported
to be as high as 50% in certain settings [28].

With the internal technique, success in catheter place-
ment is usually achievable more than 90% of the time, with
an immediate complication rate of around 6% and a mortal-
ity rate of 1%. Secondary infection with abscess formation is
not uncommon, occurring in around 11% [29]. Complete
resolution of the pseudocyst with this method has been
reported as 88% or more in several small series [30, 31].

4.3. Endoscopic Therapy

4.3.1. Pseudocysts. Reported success rates for endoscopic
treatment of pseudocysts are very high, ranging from 91
to 100% in the published literature [32-34]. Better tech-
nical success rates are achieved with EUS-guided proce-
dures.
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4.3.2. Abscess. By the Atlanta Classification, a pancreatic ab-
scess contains no solid necrotic material. Whilst this situation
results in high clinical success rates with endoscopic manage-
ment, such a situation is actually quite uncommon, as the
majority of infected peri-pancreatic fluid collections tend to
be associated with some degree of necrosis [10]. Because of
this, data on outcomes for abscess drainage is limited. What
does appear apparent is that, compared with pseudocyst
drainage, endoscopic management has a lower success rate
and a higher rate of complications. Older retrospective data
suggested no difference in outcome with pseudocyst and
abscess drainage [35]. In a recent prospective study, the suc-
cess rate for abscess drainage was 80%, with a complication
rate of 30%, mainly in the form of perforation [36]. This data
supports a more cautious approach to abscesses compared
with pseudocysts.

4.3.3. Pancreatic Necrosis. The technique of endoscopic ne-
crosectomy for pancreatic necrosis has evolved over the last
10 year. With increased experience, outcomes have signifi-
cantly improved, to the point that this technique has super-
seded other forms of intervention as the first-line manage-
ment where technically feasible. Reported rates of successful
resolution of walled-off pancreatic necrosis exceed 75%, with
a relatively low mortality rate. In up to 20% or more of cases,
walled-off necrosis persists despite endoscopic management,
and surgical or radiological intervention may still be required
[12, 13]. The most recent data comes from a large multicen-
ter retrospective series of 104 patients examining endoscopic
necrosectomy for symptomatic necrosis [37]. This study re-
ported successful resolution of pancreatic necrosis in 91%,
with a complication rate of 14%.

Certain disease and patient-related factors have been
shown to impart a higher failure rate in endoscopic necro-
sectomy and should influence decisions regarding the man-
agement modality used. Extension of the collection into the
paracolic gutters, a collection size greater than 15cm, and
patients with comorbid diabetes mellitus have all been asso-
ciated with lower success rates with endoscopic therapy [12].

4.4. Comparison of Therapeutic Modalities. Few studies have
set out to directly compare the therapeutic modalities avail-
able for management of peri-pancreatic fluid collections.
Most of those that have were small in size, and there are no
randomized studies comparing the various techniques.

A large population-based analysis comparing surgical
with percutaneous management of pancreatic pseudocysts
[20] demonstrated significant differences in favor of surgical
management in relation to complications, length of stay (15
days versus 21 days), and inpatient mortality (2.8% versus
5.9%).

Generally, the choice of therapeutic modality employed
depends on the characteristics of the collection, patient
factors, local expertise, and physician preference.

5. Assessment Prior to Endoscopic Therapy

An adequate assessment of the nature and anatomical rela-
tions of peri-pancreatic fluid collections is necessary prior to

endoscopic therapy, in order to maximize success and mini-
mize complication rates.

5.1. Cross-Sectional Imaging. Imaging with CT or MRI pro-
vides important information about the nature of peri-pan-
creatic fluid collections in a non-invasive fashion. Contrast-
enhanced CT scanning is the most commonly employed
technique and is able to provide information on size of the
collection, presence and thickness of a wall, presence of
internal debris, and contrast-enhancement characteristics
that suggest tissue necrosis. Contrast-enhanced, multidetec-
tor row CT scan is the best imaging modality to exclude
alternative diagnoses, assess severity, and identify complica-
tions [38]. Pancreatic MRI is an alternative imaging modal-
ity, with evidence to suggest a greater ability to detect solid
components within a fluid collection and therefore better
distinguish pseudocysts from walled-off necrosis [39]. This
advantage means that MRI assessment should be strongly
considered as part of the workup of pancreatic fluid collec-
tions prior to endotherapy. The presence of a mature wall is
a prerequisite for endoscopic intervention, and so pre-inter-
vention imaging guides decision-making on the timing and
appropriateness of potential management strategies. MRCP
can provide important details on the relationship of peri-
pancreatic fluid collections to the pancreatic duct and iden-
tify pathology associated with a disconnected pancreatic tail.
If a collection can be demonstrated to communicate with the
PD, endoscopic management may need to address the pan-
creatic fistula, in addition to the cyst itself (see Section 6.3).

5.2. Use of Endosonography. Although utilization of EUS to
assess peri-pancreatic fluid collections is not essential, it has
been demonstrated to provide multiple advantages.

The use of EUS is indicated to visualize and avoid vessels
or varices that may exist along the path of the needle or fistula
to be created. It is also indicated when a cyst does not have a
bulge into the GI lumen. It has traditionally been considered
that 1 cm is the maximum recommended distance between
the GI lumen and the cyst cavity when considering endoscop-
ic therapy.

The addition of an EUS assessment of peri-pancreatic
fluid collections prior to endoscopic intervention can result
in a change in management in up to 1/3 of patients. Changes
can result from alternative diagnoses other than peri-pancre-
atic fluids collections, and identification of anatomical and
vascular factors preventing endoscopic management [40].
This is particularly important in patients with portal hy-
pertension, where vessels are more likely to be interposed
between the GI tract and the peri-pancreatic collection [41].
The presence of significant solid debris within a collection
can often be seen on EUS, even in settings where radiological
imaging had failed to identify such elements. Such a finding
suggesting pancreatic necrosis may well change a decision to
intervene in what was previously thought to be a pseudocyst,
due the risk of converting sterile necrosis into infected necro-
sis.

For these reasons and others, studies have consistently
demonstrated an increased success rate with utilization of



EUS. In a randomized trial, EUS use resulted in as much
as a 66% increase in success [42]. The largest randomized
trial comparing the techniques demonstrated a 91% success
rate with employment of EUS, compared with 72% when not
used. Most failures without EUS use were due to the non-
bulging nature of the collection. When EUS was used in these
cases, drainage was successful [43].

6. Technique

6.1. Pseudocyst Drainage. Pseudocyst drainage is usually
fairly straightforward technically when done on a cyst with
no solid component. The aim is to create a permanent fistula
between the cyst and the adjacent GI tract, typically the
stomach or the duodenum. The location of the fistula should
not matter since the fluid will empty into the GI tract by
pressure effect. We try to avoid the very high stomach as
stents may interfere with the GE junction, although many
times this is an area that is very well visualized with the
endosonoscope and appealing, given that the endoscope is
straight and short.

The technique involves advancing a wire into the cyst.
The cyst cavity can be pierced either with a 19-gauge EUS
needle under EUS guidance or with a needle-knife if not
using EUS. A wire can then be advanced under fluoroscopy
into the cyst, and typically it is seen coiling inside the cyst.
We feel that injection of contrast into the cyst is not always
necessary. We prefer the Boston Scientific 450 cm, 0.035
Superstiff Jagwire, which may counteract the early coiling of
the double-pigtail stent as it is being deployed later in the
procedure. If using the EUS needle, it is important not to
pull the wire back into the needle since there is concern for
shearing a piece of the wire by the sharp needle tip.

The next step after the wire is in place is to dilate the
tract. We prefer to see whether a dilation balloon will be
able to pierce the gastric wall into the cyst and favor the
Hurricane 8—10 mm biliary dilation balloon, given its flexible
tip, and stiff shaft due to the presence of a stylet. If we are
unsuccessful, we then use either the needle-knife with 1-
2 mm of the needle out, with ERBE sphincterotomy settings,
or a cystotome (Cystotome, Wilson Cook). The tract is
pierced with the thin sheath and immediately dilated with
the thicker sheath, using 80-100 watts of pure-cut current.

The tract is then balloon-dilated under fluoroscopy to
10 mm for 1 minute. Typically after deflating the balloon, a
large amount of turbid, yellowish fluid emanates from the
tract.

In our practice, a minimum of three double-pigtail stents
are then placed if possible. It is typically difficult to advance
a 10 Fr stent through the endosonoscope lumen, especially if
there are 2 wires in the cyst. In these cases, we either place
7 Fr stents or switch the endoscope for a therapeutic, larger-
channel endoscope.

Selection of stent size depends on the size of the pseu-
docyst. For smaller cysts (10cm in diameter), we prefer
10 Fr, 4 cm stents. For larger cysts, we prefer placing 10 Fr,
7 cm stents, although there is no data to guide this practice.
Placing a 10 Fr double-pigtail stent can be challenging given
the tendency of the stent to recover its shape as soon as it
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comes out of the endoscope channel, hence the use of the
Superstift Jagwire from initial cyst puncture. Care should be
taken to ensure the stent is deployed correctly and does not
migrate into the pseudocyst lumen.

Follow-up at our institution is typically with a CT scan at
4 weeks and a clinic visit for review, with an endoscopic stent
removal procedure shortly thereafter, assuming the cyst has
resolved. There has been a recent study that supports keeping
stents in-situ for a longer period of time, with superior results
obtained with stent durations of up to 2 years [44]. The
pancreatic ductal anatomy also influences stent duration. If
a disconnected tail is seen, it is likely that the disconnected
pancreas will continue draining into the cyst cavity. To pro-
mote a more mature fistula and prevent early closure, we tend
to leave the stents for a longer time, about three months, in
these cases.

6.2. Necrosectomy. In the first session of necrosectomy, our
technique is similar to the one described for pseudocyst
management. The goal at this point is to drain the liquid
component of the cyst. Stents are placed as previously de-
scribed. The second session typically takes place a few days
later. These procedures can be time-consuming, so they are
performed under general anesthesia.

At subsequent sessions, the stents are removed and a
wire is placed in the cyst cavity under fluoroscopy. The
tract is dilated to 16—18 mm, and a therapeutic endoscope is
advanced into the cavity guided by the wire. Care is needed
not to over-insufflate the cyst cavity with air. The instru-
ments selected to remove non-viable material will depend
on whether the necrotic debris is semi-solid or solid. For
liquefied or semi-solid debris, irrigation via the jet port is
usually helpful, although suctioning may only clog the chan-
nel if there are large particles. In order to gain the greatest
efficiency of solid tissue removal, instruments we use (in
order of preference) are nets, (Nakao-Spider, ConMed; Roth,
US Endoscopy), baskets (Twister, Boston Scientific), snares,
or biopsy forceps to break large blocks of necrosis. This
choice of instruments is subjective and depends entirely on
physician preference and the nature of the material to be
removed. The scope is advanced into the cavity as many times
as needed to remove as much debris as possible. The stents
are replaced at the end of the procedure.

The procedure is typically repeated 3-4 times, at weekly
intervals, in order to obtain complete clearance of necrotic
tissue. The patient is typically covered with antibiotics.
Although the number of sessions required is highly variable
and dependent on the nature of the cavity and extent of
necrosis, studies examining the issue have found the median
number of session required to be 3, with up to 12 sessions
being required in some cases [12].

6.3. Adjunctive Therapy

6.3.1. Management of the Pancreatic Duct. The etiologies of
pancreatic fluid collections, particularly those that occur in
the setting of acute pancreatitis, are related to disruption to
the pancreatic ductal system. As a sequelae of this, pancreatic
fistulas are commonly seen. Any direct communication of
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the pancreatic ductal system with the fluid collection means
that pancreatic glandular secretions have a passage through
which to enter and propagate the collection. If endoscopic
drainage of a collection is performed, pancreatic fistulae are
a cause of potential recurrence. As such, integrity of the
pancreatic duct is a prerequisite for successful endoscopic
therapy in the long term. For this reason, the importance
of appropriate assessment of the anatomical relationship of
the pancreatic duct to the peri-pancreatic collection pri-
or to endoscopic treatment with MRCP or ERCP cannot be
understated. Should a pancreatic fistula be identified, con-
sideration should be given to performing trans-papillary
drainage. This procedure involves passage of a hydrophilic
guidewire through the pancreatic duct and either into the
collection through the fistula or upstream of the fistulous
tract in the pancreatic duct. A pancreatic sphincterotomy and
placement of a pancreatic stent are then performed. Such
intervention has been shown to improve treatment outcomes
in patients undergoing endoscopic transmural drainage of a
pancreatic fluid collection [45]. The duration of pancreatic
stent placement depends upon the time taken for resolution
of the collection and the presence of duct strictures or stones,
which may require a prolonged course of stent placement.
Sealing of persistent pancreatic fistula with cyanoacrylate
glue has been described and is a part of the treatment pro-
tocol for managing pancreatic fistulae in certain centers [46].

6.3.2. Nasocystic Drainage. Placement of a nasocystic drain
following initial access into a peri-pancreatic fluid collection
allows for interval access to the collection for interventions
such as lavage and administration of antibiotics. This is of
particular benefit in walled-off pancreatic necrosis, where
multiple sessions are required to adequately clear necrotic
tissue. Use of the nasocystic catheter to perform lavage with
normal saline in between endoscopic sessions has been
shown to reduce rates of super-infection in this setting [47].

7. Complications of Endotherapy

General complications include severe bleeding and perfora-
tion. Prevention of this requires adequate pre-intervention
assessment of the presence of a mature wall, ensuring close
proximity of the GI wall to the collection, and addressing any
coagulation abnormalities.

Secondary infection prevention requires use of prophy-
lactic antibiotics. We tend to use ciprofloxacin for a period of
up to 7 days.

7.1. Pseudocysts. Endoscopic pseudocyst drainage is gener-
ally a safely performed procedure. With current techniques,
experienced operators have perforation rates as low as 1.2%,
with bleeding rates of less than 1%. Perforation appears to
be more common with pseudocysts in the uncinate region of
the pancreas. Migration of stents occurs in less than 1% of
cases. Infection rates are in the region of 5% [48].

7.2. Pancreatic Necrosis. Endoscopic necrosectomy of walled-
off pancreatic necrosis is a more involved undertaking and

occurs in a patient population that is usually sicker than
those with pseudocysts. As such, complication rates are
higher, being as high as 26% in the largest studies. The most
common complications are bleeding and perforation, occur-
ring in 54% and 21%, respectively, in the GEPARD study,
with a mortality rate of 7.5% [13]. Given that endoscopic
necrosectomy by definition involves operation outside the
confines of the GI tract, air embolism is a potential compli-
cation not seen with other peri-pancreatic fluid collections,
with a rate of 8% [13]. This complication can potentially be
overcome by use of CO; instead of air for insufflation.

8. Recent Advances and Future Developments

8.1. Forward-Viewing EUS Biopsy Capability. The standard
EUS imaging platform currently available on the market for
therapeutic interventions is the curvilinear echoendoscope,
which provides an oblique view of the imaged tissue region.
This results in practical disadvantages in the management
of peri-pancreatic fluid collections as the accessories are
advanced out of the scope tip at an acute angle. The mechan-
ical force of the accessory onto the structure to be targeted
tends to push the scope away from the area of interest, cre-
ating problems with adequate visualization and maintenance
of direction. In addition, the angle of the scope tip that needs
to be maintained for appropriate positioning is often prob-
lematic from an anatomical perspective. A forward-viewing
echoendoscope with a working channel in line with the
scope shaft has been developed to overcome these problems
(Olympus). Although not yet commercially available, the
limited data available on its usefulness in a variety of inter-
ventional procedures is encouraging [49]. It has proven
effective in allowing drainage of pancreatic pseudocysts when
use of the oblique-viewing echoendoscope has failed for
technical reasons [50].

8.2. Use of SEMS. One drawback of using plastic stents
to maintain the tract between a fluid collection and the
enteric lumen is the tendency of these stents to migrate or
become blocked. Self-expanding metal stents have been used
in an attempt to overcome these problems [51], although
migration may still be an issue. New stent designs with a
larger diameter (20-25 mm) have been developed for use in
pancreatic necrosectomy, with the advantage of maintaining
a tract through which an endoscope can pass over multiple
sessions, without having to change the stent on each occasion
[52].

9. Conclusion

Management of the complications of severe acute pancre-
atitis, and peri-pancreatic fluid collections in general, has
come a long way over the last 20 years. The employment
of endoscopic management for these conditions is becoming
more widespread as technologies and techniques continue to
evolve. The available evidence highlights the first-line role
for endoscopic management is certain situations, such as
pseudocyst drainage, with increasing support for its utility in
treatment of conditions such as infected pancreatic necrosis,



in the appropriate clinical setting. The role of endoscop-
ic management will continue to be refined as more long-
term data becomes available, and management algorithms
are more solidly established. The need to better define ev-
idence-based optimal practice, and to develop appropriate
device technology, provides fertile ground for clinical re-
searchers and equipment manufacturers alike in advancing
this cutting-edge area of endoscopy.
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Introduction. Celiac plexus neurolysis is used in pain management of patients with advanced and unresectable pancreatic cancer.
We retrospectively analyzed efficacy and safety of endoscopic ultrasound- (EUS-) guided celiac plexus neurolysis in patients treated
in our unit. Methods. Twenty nine subjects with unresectable pancreatic cancer and severe pain despite pharmacological treatment
underwent EUS-guided celiac plexus neurolysis with 98% ethanol. Patients scored their pain according to a 0-10 point scale and
were interviewed 1-2 weeks and 2-3 months after the procedure. Results. Twenty five (86%) patients reported improvement in their
pain at 1-2 weeks following the procedure. Of these, 7 (24%) reported substantial improvement (decrease in pain by more than
50%) and 4 (14%) complete disappearance of pain. Pain relief was still present in 76% of patients after 2-3 months. Treatment-
related side effects included hypotonia in 1 patient, severe pain immediately postprocedure in 2 patients, and short episodes of
diarrhea in 3 patients. Conclusion. Endoscopic ultrasound- (EUS-) guided celiac plexus neurolysis is a safe and effective treatment

of severe pain from advanced pancreatic cancer.

1. Introduction

Treatment of pain in patients with advanced pancreatic can-
cer is one of the most important goals of palliative care.
It is estimated that pain occurs in 80-85% of patients
with unresectable pancreatic tumors [1, 2]. Despite the im-
proved effectiveness of pharmacotherapy, treatment of severe
pain from inoperable pancreatic cancer remains an impor-
tant clinical issue. Conventional drugs do not provide ade-
quate analgesia and many adverse effects are also seen with
opioids. Therefore, interventional or surgical methods of
pain treatment are attractive alternatives in such patients [3,
4]. For example, celiac plexus neurolysis destroys the plexus
that plays a crucial role in transmitting pain of pancreatic ori-
gin. The procedure involves direct injection of a chemical
agent, a solution of alcohol or glycol, into the celiac plexus
ganglia [1-5].

Percutaneous celiac plexus neurolysis was first performed
by Kapisa in 1914. Since then, it has been performed by
many techniques for access, and with a variety of chemicals
[6]. Percutaneous neurolysis under radiologic guidance is the
most commonly applied. The needle is first introduced into
the region of the celiac plexus under fluoroscopic guidance.
A mixture of alcohol or phenol with the addition of contrast
medium is administered. A limitation of this method is the
lack of direct visualization of the celiac trunk, resulting in
only an approximation of location of the puncture site. As
a result, the risk of vascular or neurologic complications is
higher when accessed from the lumbar region. CT-guided
neurolysis is a modification with similar limitations as flu-
oroscopy [4].

Intraoperative celiac plexus neurolysis during surgery is
seldomly used because in most cases, the diagnosis of unre-
sectable pancreatic cancer is established without the need for



laparotomy. Such patients usually require endoscopic stent-
ing of the biliary tree and adequate pain control [3].

Endoscopic ultrasound- (EUS-) guided celiac plexus
neurolysis was first described by Wiersema in 1996 [7]. The
authors visualized the celiac plexus with EUS and then per-
formed neurolysis via the transgastric route, achieving results
comparable to percutaneous neurolysis. In the following 10
years, the endoscopic technique has been accepted as an alter-
native method of celiac plexus neurolysis, and is now applied
in many centers [8-21].

We aimed to assess the safety and efficacy of EUS-guided
celiac plexus neurolysis for pain management in patients
with advanced and unresectable pancreatic cancer. This is the
first reported experience with this technique in Poland.

2. Methods

Thirty two patients diagnosed with advanced and unresec-
table pancreatic adenocarcinoma were selected as candidates
for EUS-guided celiac plexus neurolysis. The indication in
all cases was severe abdominal pain requiring the use of opi-
oids. Neurolysis was not performed in 3 patients because of
the inability to visualize the celiac plexus with EUS due to
atypical anatomy. Thus, between May 2008 and May 2009, 29
patients ultimately underwent EUS-guided celiac plexus neu-
rolysis. All procedures were performed by 2 gastroenterol-
ogists (A. Wiechowska-Kozlowska and P. Milkiewicz) with
extensive experience in EUS (both performed more than
1000 examinations). The linear type EUS endoscope (Olym-
pus GF-UCT 160-OL5) with “spray” needles (ECHO 20
CPN, Cook Ireland) was used in all cases.

Fourteen (48%) men and 15 (52%) women, mean age 62
(range 33-81) years, underwent the procedure. The diagnosis
of advanced and unresectable cancer of the pancreatic head
(n = 13; 45%), the head and body (n = 3, 10%), the body
(n = 9; 31%), and the tail of the pancreas (n = 4; 14%)
was made based on abdominal computed tomography and
EUS. Tumors were considered unresectable when distant me-
tastases and/or locally advanced tumors were present (i.e.,
tumor infiltration of the celiac trunk, superior mesenteric
artery or vein, and the retroperitoneum and periaortic area).
Eighteen (56%) patients had advanced local disease and 14
(44%) were diagnosed with metastasis disease. Adenocarci-
noma of the pancreas was confirmed in all patients with fine-
needle aspiration biopsy under percutaneous (n = 11) or en-
doscopic (n = 18) ultrasound guidance. 11 (38%) patients
underwent palliative chemotherapy with gemcitabine.

Contraindications to the procedure included coagulation
disorders (INR > 1.5), platelet count <50,000, or previous
disease and treatment of the upper gastrointestinal tract
that would make endoscopic access impossible. These con-
traindications were not present in included patients. After
discussing the principles of the procedure, its consequences,
the possibility of partial or no reduction of pain, and compli-
cations, informed consent was obtained in all patients.

The procedure was performed in the left lateral position
after intravenous administration of 2.5 mg of midazolam.
Clinical parameters such as heart rate, blood pressure,
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oxygen saturation, and ECG were routinely monitored dur-
ing the procedure. The antibiotics prophylactic was not used.
The first stage was assessment of tumor location, confirming
its advanced and unresectable stage (Figure 1). Anatomic
landmarks (celiac trunk and aorta visible from the lesser cur-
vature of the stomach) were visualized first. The needle was
introduced directly into the celiac plexus and surrounding
area under direct visualization of the vessels with the Dop-
pler mode. The aspiration test was routinely performed
(2mL of saline followed by aspiration), in order to exclude
intravascular puncture. A small amount of analgesic (2 mL
of 2% lidocaine) was administered, followed by injection
of 98% alcohol solution (Figure 2). This was performed
three times: twice on either side of the aorta and 1 directy
to the celiac plexus. Altogether, 3 punctures of the celiac
plexus were performed with the total application of 6 mL of
lidocaine and 20 mL of 98% alcohol. During alcohol injec-
tion, a typical hyperechogenic shadow was observed and
patients experienced exacerbation of pain in this region de-
spite administration of analgesia.

After the procedure, patients were observed for 24 hours,
with clinical evaluation and measurement of vital signs. 27
patients were discharged on the next day while 2 patients re-
mained in the hospital for 2 days due to exacerbating pain.
All the patients were instructed to attempt to gradually dis-
continue the use of pain medication. The assessment of
efficacy and related morbidity was based upon a survey
carried out prior to the procedure; on day 1, 1-2 weeks,
and 2-3 months following the procedure. The effectiveness
of treatment was assessed based on the 11-point pain scale
(0 points, no pain; 10 points, maximal pain). The reduction
or discontinuation of pain medication was also considered.
The incidence and types of complications were evaluated by
clinical evaluation during and after the procedure, and by
surveying all patients on the degree of pain, changes in bowel
movements, neurological disturbances, and other clinical
symptoms. Analysis was retrospective and was based on the
hospital and endoscopy suit charts.

3. Results

An average pain score of 7.9 (range 6—10) was observed
in all patients prior to the procedure, requiring the use of
nonsteroid anti-inflammatory drugs and narcotic analgesics.
One-two weeks following treatment, full pain resolution (0-
1 points) was observed in 4 (14%) patients, who completely
stopped taking pain medications. Seven (24%) patients had a
reduction in pain by more than 50% while 9 (31%) patients
had a reduction in pain by 30-50%. In 5 (17%) patients,
a small improvement (reduction of pain by <30%) was
found. In 4 (14%) patients, pain remained unchanged. Two-
three months following the procedure, 4 patients died due
to disease progression. These included 1 patient in whom
neurolysis was fully effective, 1 patient with pain reduction
by 30-50%, 1 patient with pain reduction of <30%, and 1 in
whom the procedure was ineffective. Subsequent assessment
(2-3 months postprocedure) was performed in 25 patients.
Two (8%) patients were pain free and 5 (20%) patients
maintained pain relief of more than 50%. Seven (28%)
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(b)

FiGure 1: Images of endoscopic ultrasound in advanced pancreatic cancer: (a) tumor invading the vasculature, (b) portal vein thrombosis
in advanced pancreatic cancer, (c) fine-needle aspiration biopsy of the pancreatic tumor.

(a)

(®)

FiGure 2: Endoscopic ultrasound-guided celiac plexus neurolysis: (a) typical location of the plexus with the celiac trunk (arrow) at the aorta,
(b) puncture of the celiac plexus with administration of alcohol under endoscopic ultrasound guidance.

patients reported a 30-50% pain reduction while 5 (20%)
and 6 (24%) patients had slight (<30%) or no improvement,
respectively (Figure 3).

A short but significant episode of hypotension requiring
intervention occurred in 1 patient immediately after pro-
cedure. This normalized after treatment with an i.v. saline.
Two patients reported a temporary but significant increase
in pain immediately after procedure, requiring analgesics in
increasing doses during the hospital stay. Both patients were
discharged home after two days. One patient was pain free at
discharge and 1 had a significant (>50%) reduction in pain.
Three patients reported an increased frequency of bowel
movements (4-5 stools daily) although no chronic diarrhea
was observed in any patient.

4. Discussion

Celiac plexus neurolysis for pain management has been used
for almost 100 years in patients with advanced abdominal
malignancy [6]. The procedure is performed either or

intraoperatively, with varying efficacy. According to the
metaanalysis of 24 studies, including 1145 patients who
underwent the percutaneous technique (mostly from the
posterior approach), pain reduction was observed in 90%
and 70-90% of patients at 2 weeks and 3 months follow-
ing the procedure, respectively [4]. Patients who underwent
percutaneous neurolysis experienced significant pain relief,
enabling reduction of analgesic doses and improved quality
of life [2, 14-16, 20]. However, serious neurological compli-
cations were observed in 2% of patients (paralysis, paresis,
paresthesia of the lower extremities, pneumothorax, pleural
empyema) [2, 4, 14, 16, 21]. Intraoperative abdominal or
thoracoscopic celiac plexus destruction by direct alcohol
injection or surgical transection of ganglia have been applied
with an efficacy comparable to the percutaneous technique

[3].

The ideal procedure should preferably be highly effica-
cious, with low complication rates, and the least invasive.
Proper visualization of the celiac plexus followed by precise
administration of proper pharmacological agents all appear
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FiGure 3: Efficacy of endoscopic ultrasound-guided celiac plexus
neurolysis: (i) early outcome (1-2 weeks after treatment), (ii) late
outcome (2-3 months after treatment).

to be fundamental prerequisites for successful and safe
neurolysis. Alcohol ablation is approximately twice as effec-
tive, compared with ablation using phenol [19]. Moreover,
alcohol ablation is not associated with mutagenesis [19].
The introduction of EUS in the 1980s for imaging ab-
dominal organs, including the pancreas, made it possible
to precisely visualize the celiac plexus. The application of
interventional endoscopy in the 1990s permitted the perfor-
mance of controlled biopsies, drainage, or injection of drugs
into tissues surrounding the stomach or duodenum under
ultrasonographic guidance. Such procedures were previously
performed surgically or percutaneously only.

Wiersema was pioneered celiac plexus neurolysis under
EUS guidance in 1996, demonstrating high efficacy in pa-
tients with advanced abdominal malignancy (significant pain
reduction in 79-88%) with low morbidity [7]. Subsequent
studies confirmed these findings, showing a short-term suc-
cess rate of 78%, which decreased to 30% after 12 weeks of
follow-up, in particular, when no chemotherapy was applied
[11].

In our study, the effectiveness observed early following
treatment appeared lower, since significant pain reduction
was reported in 69% of patients, while 31% had slight or
no improvement. Late response to treatment, assessed 2-3
months following the procedure, was significant in a rela-
tively large (56%) number of patients.

The inability to completely control the pain in all patients
as well as reduction of pain relief over time was observed
in several studies [5, 8-10, 13, 20]. The reason why alcohol
injection into the plexus did not completely eliminate pain
may be explained by pathologic studies of the plexus follow-
ing treatment [19]. Alcohol injection resulted in only partial
destruction, and degeneration and fibrosis of nerve fibers
and ganglia [19]. As a result, continued transmission of pain
stimuli is still possible, although reduced in most patients
[19]. The site of injection is also important and should
preferably be performed at the most complex, ganglia-rich
location within the celiac plexus. Bilateral injection (on both
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sides of the plexus) is more effective compared with single
injection in the center of the plexus [17]. In order to destroy
as many nerves and ganglia as possible, we routinely applied
the triple injection method to the center of the plexus and
bilaterally. This is different, compared with other reports that
describe a single injection of a standard dose (20 mL) of the
drug [11, 12, 16]. The prospective studies comparing dif-
ferent injection methods and applying different types of
needles have a potential to explain differences in effectiveness
of this procedure. In view of its limited efficacy, any ef-
forts towards its improvement appear justified, including
increasing the dosage and changing the mode of injection.
Repeated procedures may also be of value in some cases, as is
injection of steroids into the plexus in patients with chronic
pancreatitis.

Optimal timing for EUS-guided celiac plexus neurolysis
is controversial. As in our study, it may be applied in a very
advanced stage in patients requiring narcotic analgesia. Some
authors, however, recommend the performance of neurolysis
early in the course of disease, before pharmacotherapy with
opioids has even been started [1, 16, 17]. In such cases,
efficacy and safety may be increased.

Our study shows that EUS-guided celiac plexus neuroly-
sis is associated with a very low risk of complications. There
was no significant treatment-related morbidity observed in
any patients.

5. Conclusion

EUS-guided celiac plexus neurolysis is a safe and effective
treatment of severe pain in patients with advanced pancreatic
cancer. It provides significant short-term pain relief in
the majority of patients. However, its efficacy is limited,
indicating the need for further studies aimed at improving
the method.
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Purpose. Endoscopic ultrasound (EUS) permits the detailed visualization of clinically significant features of portal hypertension;
however, it is an invasive procedure that is not widely available. The aim of this cross-sectional study was to determine whether
a correlation exists between the features of portal hypertension detected using both Doppler ultrasound and EUS in subjects
with liver cirrhosis. Materials and Methods. Analyzed cohort included 42 patients who underwent a detailed Doppler ultrasound
focusing on the parameters of blood flow in the portal/splenic vein as well as an endoscopic/EUS procedure that included the
assessment of the size and localization of “deep” varices. Results. The size of “deep” oesophageal varices detected with EUS exhibited
no correlation with the parameters assessed by Doppler ultrasound. However, the size of the “deep” gastric varices detected using
EUS correlated with the time averaged maximum velocity (Tpax as well as Viin, Vinax) for the portal vein using Doppler ultrasound
and exhibited a correlation with the Vi, and T for the splenic vein. No significant correlation was determined between the
diameter of the azygous vein and the thickness of the gastric wall when seen on EUS versus the parameters measured with Doppler
ultrasound. Conclusion. EUS provides important information regarding the features of portal hypertension, and in the case of
“deep” oesophageal varices exhibits a limited correlation with the parameters detected by Doppler ultrasound. Thus, despite its
invasiveness, EUS is a method that provides a reliable and unique assessment of the features of portal hypertension in patients with
liver cirrhosis.

1. Background

Endosonography (EUS), a combination of both endoscopy
and ultrasound, is a helpful tool for the assessment of portal
hypertension in patients with cirrhosis [1-3]. However, gas-
troduodenoscopy remains the method of choice in the diag-
nosis of varices even though it only allows for the detection of
varices of extrinsic (superficial) circulation of the oesophagus
and stomach. EUS has a significantly higher sensitivity re-
garding the diagnosis of portal hypertension in comparison
to gastroduodenoscopy and permits visualization of collater-
als belonging to intrinsic (deep) venous circulation, which, if
large, can significantly increase the risk of variceal bleeding

[4-6]. Unfortunately EUS is an invasive procedure and re-
mains not widely available [7-11]. On the other hand, Dop-
pler ultrasound is a noninvasive method that provides precise
information regarding blood flow in major vessels of the ab-
domen [12]. Doppler ultrasound is frequently used for the
assessment of this aspect of portal hypertension. However,
the potential relationship between the EUS and Doppler ul-
trasound results concerning portal hypertension have yet to
be studied. The aim of this cross-sectional study was to estab-
lish whether the features of increased portal pressure detected
with EUS show any correlation with the findings detected
using Doppler ultrasound.



TaBLE 1: Demographic and clinical data of examined patients with
liver cirrhosis (n = 42).

Age years (mean + SD) 54 + 12
Gender (M/F) 23/19
Etiology:

(1) Viral and alcohol (n, %) 29 (69)

(ii) Autoimmune (1, %) 9(21)

(iii) Cryptogenic (n, %) 4 (10)
Child A (n, %) 15 (36)
Child B (n, %) 23 (55)
Child C (n, %) 4(9)

2. Materials and Methods

Forty-two patients with cirrhosis referred to a tertiary liver
centre were included in this study. The diagnosis was estab-
lished on the grounds of liver biopsy and/or typical clinical
features and imaging studies. At the time of EUS the follow-
ing demographic and laboratory data were collected: age,
gender, etiology of liver disease, liver biochemistry, platelet
count, and Child-Turcotte-Pugh score (CTP score).

All patients signed an informed consent form for the pro-
cedure. All examinations were done by two experienced en-
doscopists (AWK and PM), who had performed more than
a thousand EUS procedures each. Endoscopy and EUS were
performed as a single procedure using the GF-UMQ-130
echoendoscope (Olympus, Tokyo, Japan) at 7.5 and 12 MHz.
Endoscopic features of portal hypertension were assessed
first, followed by a detailed endosonographic examination
of the stomach and oesophagus. The following data as part
of the endoscopic examination were recorded: the presence
and grade of oesophageal varices and the presence and grade
of gastric varices. Oesophageal varices were graded as 0 =
absent, small (<5mm), and large (>5 mm) according to the
most recent American Association for the Study of Liver Di-
seases (AASLD) guidelines. Gastric varices were graded as 0
= absent, 1 = small (<5mm), or 2 = large (>5 mm).

The following data were collected during EUS examina-
tion: oesophageal and gastric varices and oesophageal and
gastric collateral veins (“deep varices”). A grade scale of three
proposed by us previously [3, 11] was used for the assessment
of “deep” varices depending on their size: grade 0: absent,
grade 1: small <5 mm, grade 2: large >5 mm. The diameter
of the azygos vein was measured within 2 cm above the level
of the Z line, and the thickness of the gastric wall was assessed
in the gastric cardia region as already described [3].

Doppler ultrasound analysis was performed using the
Acuson XP unit (Acuson Mountain view, Calif., US) with a
curved array 3.5-5 MHz transducer, and gray scale and color
Doppler images were obtained. During the color Doppler
examinations a low-volume flow filter with a high degree of
motion discrimination was applied. Diameter, patency, and
flow direction in the portal and splenic vein were assessed.
This analysis included minimal (Viin) and maximal (Vimax)
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FIGURE 1: “Deep” oesophageal varices (red arrows) on endosono-
graphic examination.

flow in both analyzed vessels as well as Trax (time averaged
maximum velocity).

Statistical analysis was performed with ANOVA, chi-
square, Yates, Fisher, and correlation coefficients using the
StatView Program. P values < 0.05 were considered to be sta-
tistically significant.

3. Results

Basic demographic and clinical data on study subjects are
summarized in Table 1.

The size of the oesophageal varices exhibited a correlation
with the diameter of the portal vein. In patients with grade
2 varices, this diameter was 13.6 + 2.6 mm as compared to
11.1 + 2.5mm (P = 0.008) in subjects who had no varices,
and 11.4+2.4 mm (P = 0.04) in subjects with grade 1 varices.
No statistically significant correlation was seen between the
size of oesophageal varices and Vmin, Vmax, Tamx of both
portal and splenic veins. Regarding the gastric varices seen
on endoscopy, upon comparison of patients with grade 2
and grade 0 varices, the size showed a correlation with Vpin
(17.0 = 8.7 mm versus 11.8 + 4.4 mm, P = 0.004).

Data collected regarding the relationship between the
grade of “deep” varices and the parameters of Doppler ultra-
sound are shown in Table 2. No statistically significant corre-
lation between the size of “deep” oesophageal varices and the
parameters recorded on Doppler ultrasound was seen. How-
ever, the size of “deep” gastric varices showed a correlation
with Vinin, Vinax, and Tamx for the portal vein.

The correlation-coefficient analysis between the diameter
of the azygous vein and the flow parameters in the portal and
splenic veins showed no statistically significant correlation.
Similarly, no significant correlation was seen between the
thickness of the gastric wall and these parameters. These data
are summarized in Table 3. A typical endosonographic image
of large “deep” gastric varices is shown in Figure 1.
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TaBLE 2: Summary of Doppler ultrasound findings in relation to the size of “deep” oesophageal and gastric varices in the liver cirrhosis
patients (n = 42). Data presented as mean + SD. *P = 0.05; *P < 0.05; **P < 0.01 versus grade 0 varices.

“Deep” oesophageal varices size

“Deep” gastric varices size

Doppler US 0 ) 0 ) 5

Vimin portal 12.7 £ 5.4 13 +6.3 141x7.1 10.0 = 3.0 *16.1 + 7.2 14.1 £ 6.8

Vimax portal 18.3 £5.3 20.6 = 9.4 21.2 £10.2 14.8 = 4.3 *%#25.0 £ 9.7 *21.3 + 8.8
Tmax portal 14.8 = 5.1 17.1 £9.0 17.7 9.0 11.8 = 3.2 *%20.6 +7.9 *17.9 £ 9.0
Vinin splenic 14.6 £ 5.4 17.6 £ 9.6 16.9 £9.7 13.2 £5.7 17.7 £ 9.3 17.9 £ 9.5

Vinax splenic 21.8 £ 6.4 26.2 = 14.4 25.1 £10.4 19.4 5.8 227.6 £10.4 226.1 £12.3
Tmax splenic 173 £ 4.7 223+ 11.0 20.1 = 10.1 154 £ 5.0 222.2 + 8.9 221.6 £ 10.7

TasBLE 3: Correlation coefficient between the diameter of azygous vein/thickness of gastric wall and flow parameters examined in the patients

with liver cirrhosis (n = 42).

feature Coefficient for correlation P value
Azygous vein diameter versus Vy,, portal 0.085 0.62
Azygous vein diameter versus Vi, portal 0.170 0.32
Azygous vein diameter versus Ty, portal 0.162 0.34
Azygous vein diameter versus Vyy,, splenic -0.026 0.88
Azygous vein diameter versus V. splenic 0.009 0.95
Azygous vein diameter versus Ty splenic 0.022 0.89
Gastric wall thickness versus Vi, portal 0.030 0.85
Gastric wall thickness versus V ,,.x portal -0.86 0.59
Gastric wall thickness versus Ty, portal -0.49 0.76
Gastric wall thickness versus Vi splenic -0.202 0.20
Gastric wall thickness versus V. splenic —0.163 0.31
Gastric wall thickness versus Tp,x splenic -0.129 0.43

4. Discussion

Invasive angiographic technique such as HVPG (hepatic ve-
nous pressure gradient) measurement is frequently consid-
ered a gold standard in the study of the anatomy and pres-
sures in patients with liver cirrhosis. Several groups have
shown that patients with varices have a significantly higher
HVPG than those without, but no clear correlation between
HVPG and variceal size or bleeding risk has been firmly es-
tablished [8]. Magnetic resonance (MR) imaging by means of
time-of-flight or phase contrast angiography can both doc-
ument the size and direction of the flow in studied vessels.
Although this is a relatively easy method for the detection of
spontaneous portosystemic collaterals, the pronounced vari-
ation within subjects raised reservation whether this tech-
nique will significantly contributes to the prediction of bleed-
ing [8].

The advantage of EUS over upper gastrointestinal tract
endoscopy in detection of features related to portal hyper-
tension has been unequivocally shown in previous studies,
demonstrating 92% sensitivity of EUS in the diagnosis of
portal hypertension as compared to only 58% for upper GI
endoscopy [1]. Despite this, EUS has not become a part of
routine assessment for patients with liver cirrhosis, per-
haps due to its limited availability and lack of properly de-
signed prospective studies that utilize this modality for the

assessment of patients with liver cirrhosis. EUS allows for
visualisation of abnormal vessels belonging to intrinsic circu-
lation, such as perioesophageal varices that are attached to
the muscularis externa of the oesophagus and the paraoeso-
phageal varices that are localized to the surrounding tissue
[13]. Similarly, it allows for the detection of perigastric and
paragastric varices [14]. They are often called “deep” varices
and their presence is of prognostic value.

It has been previously demonstrated that patients with
“deep” varices, a diameter exceeding 5 mm, are at higher risk
of variceal recurrence after banding (93% versus 46%) and
bleeding (43% versus 12%) [1, 15, 16]. In our previous study
we have noted the presence of “deep” and potentially danger-
ous varices, which were undetected with routine endoscopy
in a significant proportion of patients [3]. Thirty-three per-
cent of subjects with large “deep” gastric varices showed no
varices on endoscopy and 25% had only small ones [3]. Thus,
identification of patients with large “deep” varices is of clini-
cal importance. Also, an advanced hemodynamic study util-
izing endoscopic color Doppler ultrasonography showed its
potential usefulness in predicting recurrent variceal bleeding
[17].

Abdominal Doppler ultrasound is a widely available,
noninvasive tool that is a backbone in the assessment of pa-
tients with liver cirrhosis. The role of Doppler ultrasound in



the assessment of clinically relevant features of portal hyper-
tension remains controversial. Plestina et al. suggested that
Doppler ultrasound may be of use in the prediction of the
risk for oesophageal variceal bleeding [18]. However, these
findings are inconsistent with the results of other studies. For
example, Berzigotti et al. found that color Doppler ultra-
sound played no role in predicting clinically significant por-
tal hypertension and oesophageal varices [19]. Also, Cioni
et al. demonstrated the lack of a relationship between the
parameters of portal flow and the risk of bleeding [20], while
Li et al. demonstrated that Doppler ultrasound parameters
of the portal vein exhibited no correlation with the advance-
ment of endoscopic abnormalities in patients with cirrhosis
[12].

We have a long-lasting interest in applying endoscopic
ultrasound for the study of features of portal hypertension
in patients with liver cirrhosis [2, 3, 11, 21]. In this study we
aimed to determine whether simple measurements routinely
assessed during Doppler ultrasound and which include flow
parameters in the portal and splenic vein show any correla-
tion with the features of portal hypertension detected with
endoscopy and EUS. To our best knowledge, this is the first
study that searched for a potential relationship between Dop-
pler and EUS findings in these patients.

We found that on endoscopy, the size of oesophageal va-
rices correlated with the diameter but not with the flow pa-
rameters in the portal vein.

We observed no correlation between the Doppler ultra-
sound findings and EUS regarding “deep” oesophageal vari-
ces. Thus, Doppler ultrasound does not seem to be an alter-
native, noninvasive tool in this respect. However, we also
found that there was a significant correlation between the size
of “deep” gastric varices and the flow parameters in the por-
tal vein and a correlation with the flow in splenic vein. Thus,
atleast in the context of “deep” gastric varices, Doppler ultra-
sound findings could be of importance. Lack of a universal
correlation between portal flow and the presence/size of
“deep” varices should be interpreted in the context of an im-
portant role of hyperdynamic circulation in liver cirrhosis.
Structural changes in cirrhotic liver leading to increased por-
tal pressure are no longer considered a sole underlying cause
of portal hypertension. Indeed, hyperdynamic circulation
with increased cardiac output and decreased peripheral resis-
tance leading to increased vascular flow may be responsible
for the limited correlation between Doppler ultrasound and
EUS findings. Additionally, hyperkinetic circulation may ex-
ert a negative effect on the decrease of portal pressure related
to the development of collaterals.

In summary, this study demonstrated that EUS provides
important information on portal hypertension in patients
with liver cirrhosis that show limited correlation with basic
flow parameters detected by Doppler ultrasound.
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Although little is known on the true prevalence of pancreatic cysts, physicians are currently more frequently confronted with
pancreatic cysts because of the increasing use of sophisticated cross-sectional abdominal imaging. Cystic lesions of the pancreas
comprise of a heterogeneous group of diagnostic entities, some of which are benign such as inflammatory pseudocysts or
serous cystadenomas and do not require resection when asymptomatic. Others like mucinous cysts or intraductal papillary
mucinous neoplasms (IPMN) have a malignant potential and in these cases surgical resection is often indicated. For this reason
an adequate distinction between the various cysts is crucial to optimize management strategy. Different diagnostic methods that
could be of value in the differentiation include radiologic imaging techniques such as CT, MR, and endosonography. In addition,
fluid aspiration for cytopathology, tumormarkers or molecular analysis is widely used. Different guidelines are available but so
far no optimal diagnostic algorithm exists. We summarize the epidemiology, classification, clinical presentation, diagnostics,

management, and future perspectives.

1. Introduction

As a result of the widespread use of cross-sectional imag-
ing, clinicians are confronted with pancreatic cysts with
increasing frequency [1]. The majority of these cysts are
asymptomatic, and the decision whether or not to operate is
not always straightforward. Although our knowledge of the
pathophysiology and pathobiology of pancreatic cysts is in-
creasing, relatively little is known about their natural history.

The apparent question is how to proceed after the
detection of an asymptomatic pancreatic cyst choosing one
of the following options: no further investigations, additional
imaging =+ fine needle aspiration (FNA), surveillance, or sur-
gical/endoscopic treatment. Despite a spectacular improve-
ment in diagnostic modalities in the past decades, differential
diagnosis and hence management of pancreatic cysts remain
controversial. Most centers have adopted a differential ap-
proach with follow up in case of absence of secondary
features of malignancy and surgical resection in case of a high
suspicion of malignancy. Multiple guidelines have appeared.

In this paper we will attempt to provide a comprehensive
overview of the epidemiology, diagnostic options, and man-
agement of pancreatic cysts.

2. Epidemiology

To date only a few studies have been performed investigating
the true prevalence of pancreatic cysts. We have recently
published a study in which 2803 magnetic resonance imaging
(MRI) examinations were retrospectively reviewed in a group
of mostly asymptomatic patients who decided to undergo a
preventive screening abdominal MRI at their own initiative
and costs without referral of a physician. Prevalence was
2.4% and increased with age [1]. A study by Laffan et al.
reported a prevalence of 2.6% [2]. In retrospect, 2832 con-
secutive computed tomography (CT) scans were reviewed.
Patients with known pancreatic disease or symptoms related
to the pancreas were excluded. A prevalence of 13.5% was
found in another recent retrospective study in 616 patients
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FIGURE 1: Prevalence of pancreatic cysts in relation to increasing
age.

using MRI [3]. Patients were excluded from this study if
they had a known or suspected history of pancreatic disease.
In all these studies increasing age correlated with a higher
prevalence of pancreatic cysts (Figure 1).

In an older Italian study reports of 24,039 MRI and
CT scans were retrospectively reviewed with a computerized
search. Pancreatic cysts were reported in 1.2% of which 58%
(0.7% of total study population) did not have a history of
pancreatitis [4]. The highest prevalence of pancreatic cysts
using a radiologic imaging technique was found in a study by
Zhang et al. [5]. Spin-echo MR images of 1444 patients were
reviewed for pancreatic cysts by two radiologists, and pancre-
atic cysts were described in 19.6% of patients. Patients with
known history of pancreatic disease were not excluded from
this study.

In an autopsy study of 300 cases a stunning 24.3% were
found to have pancreatic cysts [6]. It is of note that this study
was performed in elderly patients (more than 80% were older
than 65 years), and no information was provided of a possi-
ble history of pancreatic disease. The results of the described
studies are summarized in Table 1. The broad range of
prevalence values can be explained by the fact that studies
differed in the selection of the study population, in-hospital
or out-patient based and whether patients with potential
pancreatic disease were excluded from analysis. Impor-
tantly, studies also differed in which imaging modality was
employed with each technique having its distinct sensitivity
and specificity for detecting cysts.

3. Classification of Pancreatic Cystic Lesions

3.1. Nonneoplastic Pancreatic Cysts. The most common non-
neoplastic pancreatic cysts are serous cystadenomas and pan-
creatic pseudocysts, and these types are described in more
detail in this paper. Rare nonneoplastic pancreatic cysts in-
clude true cysts, retention cysts, and lymphoepithelial cysts.

3.1.1. Serous Cystadenoma. Patients with serous cystadeno-
mas (SCNs) are predominantly elderly women with a median
age of approximately 60 years, and the cysts can arise in any
region of the pancreas.

Classical features of a serous cystadenoma include micro-
cystic morphology, a central area of calcification, and a
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watery, nonviscous fluid content. However a macrocystic
variant of serous cystadenomas exists and can easily be con-
fused with a pseudocyst or a mucinous cystadenoma [7-9].
Serous cystadenomas are lined by a glycogen-rich cuboidal
epithelium which can be shown with cytopathological anal-
ysis [10]. Although a small number of cases of malignant
serous cystadenocarcinomas have been described, it is gen-
erally believed that serous cystadenomas have virtually no
malignant potential [11]. Serous cystadenomas can be treat-
ed conservatively if the patient is asymptomatic. Surgery is
treatment of choice when a patient has symptoms or the
distinction between a serous cystadenoma and a mucinous
cystic neoplasm is not possible.

3.1.2. Pseudocysts. Pancreatic pseudocysts are fluid collec-
tions arising from leakage of the pancreatic duct lacking an
epithelial lining. They usually occur following the course of
an acute pancreatitis, chronic pancreatitis or secondary to
an abdominal trauma [12]. The incidence of pseudocysts in
the phase of an acute pancreatitis is 5.1% to 16% [13—15]
whereas the incidence in chronic pancreatitis is higher with
percentages varying from 20% to 40% [16-18].

Radiologic imaging of pseudocysts frequently shows a
single cystic lesion, without septations or solid components.
Aspirated fluid often has a low viscosity, high amylase, and
cytology which is consistent with an inflammatory origin.
The cysts are often filled with protease-free serous fluid if
no connection to the pancreatic duct exists. Whereas size of
>6 cm and duration of more than 6 weeks used to be main
indicators for intervention, currently symptomatology is the
main indicator for intervention.

3.2. Neoplastic Pancreatic Cysts. The majority of neoplas-
tic cysts are represented by mucinous cystic neoplasms
(MCNs) (10-49%) and intraductal papillary mucinous neo-
plasm (IPMN) (21-33%) [19, 20]. Solid pseudopapillary
neoplasms are less common. Other rare neoplastic cystic
lesions include cystic neuroendocrine tumors and acinar cell
cystadenocarcinomas but these will not be discussed in this

paper.

3.2.1. Mucinous Cystic Neoplasm. Patients with MCNs are
almost exclusively middle-aged women [21, 22], and most of
the MCNs appear in the body or tail of the pancreas although
they occasionally may occur in the head. The average size
of the cysts is larger than 5cm at time of presentation [22—
24]. MCNss are generally macrocystic, thick-walled cysts that
typically lack communication with the ductal system [25,
26]. A microcystic MCN is rarely seen [27, 28]. They are
either unilocular or multilocular with a small number of
compartments [29]. Unique is the fact that MCNs contain a
mucinous, dense ovarian stroma surrounding the epithelial
cells, which is never seen in other cystic lesions. Therefore,
ovariantype stroma is considered a requisite to distinguish
MCN:ss from the other cystic neoplasms.

3.2.2. Intraductal Papillary Mucinous Neoplasms. IPMNs are
slightly more often seen in male patients and they are usually
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TasLE 1: Characteristics of studies on pancreatic cyst prevalence.

Patients with

Study Number of Prevalence (%) Technique known pancreatic
patients disease excluded
de Jongetal. [1], 2010 2803 2.4 MRI Yes
Laffan et al. [2], 2008 2832 2.6 CT Yes
Lee et al. [3], 2010 616 13.5 MRI Yes
Spinelli et al. [4], 2004 24039 1.2 MRI and CT No
Zhang et al. [5], 2002 1444 19.6 MRI No
Kimura et al. [6], 1995 300 24.3 autopsy No
TaBLE 2: Characteristics of different pancreatic cysts.
MCN IPMN SPN SCN Pseudocyst

Sex distribution F>M M=F F>M F>M F=M
Age 40-60 60-70 20-30 60-70 All ages
Average size of cyst >3cm <3cm >3cm >3cm >3cm
Morphologic characteristics thiS:lfetszﬁl\?vSall Dilatation of PD. Mix? dsolid and fluid Microcystic Unilocular thick

macrocystic micro/macrocystic with hemorrhage wall
Fluid Viscous, clear Viscous, clear Thin, bloody Thin, clear Thin, dark
Malignant potential Yes Yes Yes No No

MCN: mucinous cystic neoplasm, IPMN: intraductal papillary mucinous neoplasm, SPN: solid pseudopapillary neoplasm, SCN: serous cystic neoplasm, PD:

pancreatic duct.

older at presentation than patients with MCNs or serous
cystadenomas. Most of the IPMNs arise in the head and
uncinate process of the pancreas, and they are typically
connected to the ductal system of the pancreas. IPMNs
comprise lesions of the main pancreatic duct, side branches
or a combination of these two. They have mixed features
of microcystic and macrocystic lesions, and the main pan-
creatic duct is often dilated. IPMNs contain mucinous fluid
which is sometimes extruding from the ampulla of Vater.
An important difference in prevalence of malignancy exists
for main-duct and side-branch IPMNs. The prevalence of
malignancy for lesions of the main-duct IPMN is 57-92%
whereas it is 6—46% for lesions of side-branch IPMN [30].

3.2.3. Solid Pseudopapillary Neoplasms. Solid pseudopapil-
lary neoplasms (SPNs) are rare lesions which make up 1-2%
of all pancreatic cystic neoplasms [31, 32]. They are almost
exclusively found in young women with a median age of 30
years [33—35]. On the basis of the largest review [36], tumors
ranged in size from 0.5 to 34.5 cm with a mean diameter of
6.08 cm.

They are equally distributed throughout the pancreas
[36]. Solid pseudopapillary neoplasms often start as solid
tumors and undergo degeneration giving it a cystic appear-
ance on radiologic imaging [34]. On CT and MR, the tumor
is often well circumscribed, encapsulated, and heteroge-
neous with hemorrhagic and cystic degeneration [32]. Solid
pseudopapillary neoplasms are tumors with relatively low
malignant potential, with a reported incidence of malignant
transformation of 15% [34]. Surgical resection of distant

metastases is justified due to the excellent long-term progno-
sis in the presence of metastatic disease [37]. Characteristics
of different pancreatic cysts are summarized in Table 2.

4. Clinical Presentation

Many patients with cystic lesions of the pancreas present
without abdominal complaints [38]. Lesions are often de-
tected when a radiologic examination is performed for an-
other reason or when an individual decides to undergo pre-
ventive screening investigations. When the pancreatic cyst is
symptomatic, patients may present with epigastric pain,
postprandial fullness, palpable mass, gastric outlet obstruc-
tion, nausea, vomiting, diarrhoea, steatorrhea, and/or weight
loss. Patients with IPMNs sometimes present with recurrent
episodes of pancreatitis. Side-branch IPMNs are more often
asymptomatic than main-duct IPMNs. MCNs and pseu-
dopapillary neoplasms are frequently large at time of diagno-
sis and symptoms are more common in these patients. When
an advanced cystic neoplasm exists, patients often present
with complaints similar to pancreatic adenocarcinoma such
as pain, weight loss, and jaundice [39].

5. Diagnostics

Diagnostic methods that can be valuable in the differ-
entiation of pancreatic cysts include radiologic imaging
techniques such as abdominal ultrasound (US), computed
tomography (CT), and magnetic resonance imaging (MRI).
Endoscopic ultrasonography (EUS) and EUS-guided fine



F1GURE 2: Cystic lesion in the pancreatic head is punctured using a
linear array echo-endoscope.

needle aspiration (EUS-FNA) for cytopathologic examina-
tion, tumormarker determination, and molecular analysis
are also widely used (Figures 2, 3, and 4).

Transabdominal ultrasonography is a safe imaging tech-
nique without radiation exposure which is helpful in the dif-
ferentiation of solid and cystic lesions. It is currently widely
used in the evaluation of abdominal complaints. As a result,
cystic lesions are often initially detected with this modality. It
is however not the imaging of first choice since it is difficult
to visualize the complete pancreas due to overlying bowel or
fat, and it is rather operator dependent. CT is often used in
the diagnostic workup. It is a widely used imaging technique
to visualize and differentiate pancreatic cysts based on
morphologic features as size, microcystic/macrocystic aspect,
presence of septations, nodules, and calcifications [40, 41].
MRI has the additional advantage to show a possible connec-
tion with the pancreatic duct which on T2-weighted image
sequences is better visualized than with CT [42]. Another
advantage of MR, especially for follow up of the cysts, is the
lack of radiation exposure.

EUS has emerged as a useful diagnostic technique in
the evaluation of pancreatic cystic lesions, providing fine
detail on the characteristics of the cyst because of the very
high spatial resolution. It has therefore been suggested as
an ideal imaging technique for pancreatic cysts [27, 43—
45]. EUS can image characteristics of the cysts as well as
the parenchymal changes and has a role in determining
the resectability if malignancy is present [46]. Despite the
fact that EUS is presently widely used for the differential
diagnosis, a number of points of discussion still exist. Since
EUS is invasive, technically difficult, and expensive, it is not
available in all hospitals. Furthermore there is a substantial
interobserver agreement between endosonographers. In a
multicenter study 8 experienced endosonographers reviewed
videotapes of 31 EUS procedures of pancreatic cysts. In this
study there was only poor to moderate agreement for the
diagnosis of neoplastic versus nonneoplastic, specific type,
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(b)

FIGURE 3: (a) EUS image of a malignant IPMN in the head of the
pancreas. (b) MRI image of a malignant IPMN in the head of the
pancreas.

and EUS features [47]. An advantage of EUS is the possibility
to perform FNA for analysis of the cyst fluid. EUS-FNA is
considered a safe technique to obtain pancreatic cyst fluid
with rare, mostly mild complications, but infection, pan-
creatitis, and intracystic haemorrhage have been reported
(48, 49]. Infection of cysts after FNA is rare and, although
common practice in most centers, data are lacking to support
the use of prophylactic antibiotics. Furthermore, to minimize
the risks of subsequent infection one should keep the number
of punctures to a minimum and attempt to aspirate all fluid
from the cyst whenever possible. Intracystic hemorrhage is
a complication that occurred in 6% of all cases reported by
Varadarajulu et al. but most of the complications were mild
and did not need further medical intervention [50].
Cytological evaluation of pancreatic cyst fluid is widely
used, and several studies report a sensitivity of approximately
50% for the differentiation of mucinous and nonmucinous
pancreatic neoplasms [51-53]. However, other studies show
less positive results since cytopathology is often nondi-
agnostic due to the low cellularity of the obtained cyst
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FIGURE 4: (a) EUS image of a serous cystadenoma in the head of the
pancreas. (b) MRI image of a serous cystadenoma in the head of the
pancreas.

fluid [54, 55]. Biochemical analysis of cyst fluid and tumor
markers have been evaluated for several years with the
underlying thought that markers secreted into the cyst fluid
identify the epithelial lining. Amylase is usually elevated
in pseudocysts and IPMNs and low in MCNs and serous
cystadenomas. Of the tumor markers, CEA is considered
the best discriminant marker to differentiate between a
mucinous and a nonmucinous cyst [54, 56]. A low CEA level
(<5ng/mL) has been shown to have a sensitivity between
50% and 100% and a specificity of 77-95% to differentiate
between mucinous and nonmucinous cysts [51]. Pseudocysts
and serous cystadenomas generally have a low CEA value.
Currently, the most widely used cutoff for an elevated CEA
is 192 ng/mL, which was established in a study by Brugge
et al. as diagnostically sensitive in 75% and specific in 84%
to discriminate between mucinous and nonmucinous cysts
[54]. Altogether, the current yield of FNA is small, which
can be caused by the microcystic aspect of a cyst, the high
viscosity of the fluid or the minimum amount of fluid that
is needed for certain examinations of the fluid. The standard
use of a 19 G needle could be helpful to aspirate both larger
cysts and cysts which contain fluid with a high viscosity.

6. Management (Guidelines)

The most recent guideline for the management of pancreatic
cyst was published in 2007 by Khalid and Brugge [57]. In
this guideline the authors advice to thoroughly evaluate each

incidental pancreatic cyst since many cysts are premalignant
(MCN and IPMN). The initial imaging test proposed is a
contrast-enhanced triphasic multidetector CT scan, which
may be followed by EUS-FNA in particular cases when FNA
is needed for CEA level or to puncture a solid component.
Resection is recommended in all MCNs and main-duct
IPMNs. Firm recommendations for the management of
branch-duct IPMNs are not provided. Serous cystadenomas
should only be resected if symptomatic or if the diagnosis
remains in doubt. All pseudopapillary neoplasms should be
considered for resection. No general guidelines are provided
for the interval of follow up when surgery is not undertaken.
The authors state that this decision depends on the kind of
lesion and the reason why surgery was not performed.

The American Society for Gastrointestinal Endoscopy
issued a guideline on the use of EUS in the management of
pancreatic cysts [58]. Cystic lesions of the pancreas require
diagnostic evaluation regardless of size, and EUS alone is
considered not accurate enough to definitively diagnose the
type of cystic lesion or to determine its malignant potential.
Furthermore, FNA is advised with a low sensitivity of
cytologic analysis but a high specificity for MCN and malig-
nancies. Biochemical analysis may provide clinically useful
information but cannot provide a definitive diagnosis or
determine whether the lesion is malignant. In this guideline
it is stated that there are currently no accepted endoscopic
therapies for cystic neoplasms of the pancreas, and there is
a role for endoscopic drainage of inflammatory pancreatic
fluid collections.

In 2005 international consensus guidelines for the man-
agement of IPMNs and MCNs were published in which a
list of clinically relevant questions and answers is provided
[30]. The recommendation is to resect all main-duct and
mixed variant IPMNs regardless of size as long as the patient
is a good surgical candidate. Asymptomatic side-branch
IPMNs can be followed with CT or MRI as long as there
are no mural nodes, dilatation of the main duct or growth
in size. The authors do not explicitly state that all branch-
duct IPMNs >3 cm should be resected. More data based on
branch-duct IPMNs >3 cm without main-duct dilatation or
mural nodules are needed to determine if all branch-duct
IPMNs >3 cm should be resected immediately. The authors
state that MCNs should always be resected unless there are
contraindications for surgery.

7. Future Developments

New methods to improve the yield of FNA are urgently
required. Existing tumor markers have only limited value,
and more sensitive biomarkers need to be identified. New
techniques including proteomics and molecular analysis may
be helpful for the differential diagnosis of pancreatic cysts
[59].

Also the development of new techniques to minimize the
fluid needed for examinations may well be useful. Further-
more, the development of new techniques to increase the cel-
lularity of the obtained fluid could be helpful. Three reports
have been recently published, studying a new type of brush



(EchoBrush, Cook Medical) to improve the yield of cyto-
logic examination [60-62]. These studies suggest that this
relatively new technique improves the yield, but larger
randomized trials are necessary to confirm these results and
to define the safety profile of this more aggressive approach.

Currently, no accepted endoscopic treatment option for
neoplastic cystic lesions is available but a few experimental
studies have been performed to determine the safety and
effectiveness of EUS-guided ethanol lavage with paclitaxel to
treat pancreatic cysts [63—65]. The first studies report that
this technique is a safe and feasible but larger studies with
longer follow up are necessary.

8. Conclusion

Patients presenting with pancreatic cysts have to be thor-
oughly evaluated. Cross-sectional imaging should be used
for the morphological characterization, and EUS-FNA for
fluid and tissue sampling could be used in particular cases
to discriminate between mucinous and nonmucinous cysts.
Management should be based upon on carefully weighting
the malignant potential of a pancreatic cystic lesions and
the risk of surgery. Larger prospective studies with longer
follow up are needed to increase the knowledge of the natural
history of pancreatic cysts.
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The echoendoscopic biliary drainage is an option to treat obstructive jaundices when ERCP drainage fails. These procedures
compose alternative methods to the side of surgery and percutaneous transhepatic biliary drainage, and it was only possible
by the continuous development and improvement of echoendoscopes and accessories. The development of linear setorial array
echoendoscopes in early 1990 brought a new approach to diagnostic and therapeutic dimenion on echoendoscopy capabilities,
opening the possibility to perform punction over direct ultrasonographic view. Despite of the high success rate and low morbidity
of biliary drainage obtained by ERCP, difficulty could be found at the presence of stent tumor ingrown, tumor gut compression,
periampulary diverticula, and anatomic variation. The echoendoscopic technique starts performing punction and contrast of the
left biliary tree. When performed from gastric wall, the access is made through hepatic segment III. From duodenum, direct
common bile duct punction. Dilatation is required before stent introduction, and a plastic or metallic stent is introduced. This
phrase should be replaced by: diathermic dilatation of the puncturing tract is required using a 6F cystostome. The technical success
of hepaticogastrostomy is near 98%, and complications are present in 36%: pneumoperitoneum, choleperitoneum, infection, and
stent disfunction. To prevent bile leakage, we have used the 2 stent techniques, the first stent introduced was a long uncovered
metallic stent (8 or 10 cm), and inside this first stent a second fully covered stent of 6 cm was delivered to bridge the bile duct
and the stomach. Choledochoduodenostomy overall success rate is 92% and described complications include, in frequency order,
pneumoperitoneum and focal bile peritonitis, present in 19%. By the last 10 years, the technique was especially performed in
reference centers, by ERCP experienced groups, and this seems to be a general guideline to safer procedure execution.

1. Introduction

Endoscopic biliary stenting is the most common method to
treat obstructive jaundice. But in 3-12% of cases, selective
cannulation of the major papilla failed and surgery or per-
cutaneous biliary drainage is required. But percutaneous
drainage needed dilated intrahepatic biliary ducts and the
rate of complications reaches 25-30% of cases including per-
itoneal bleeding. A new technique of biliary drainage using
EUS and EUS-guided puncture of the bile duct (common
bile duct or left hepatic duct) is now possible.

Using EUS guidance and dedicated accessories it’s now
possible to create biliodigestive anastomosis.

The aim of this paper is:

(1) to describe the material needed for such procedures,

(2) to describe the technique of biliary drainage under
EUS guidance,

(3) to describe the place today of these techniques in
comparison with ERCP.

2. Material

2.1. Interventional Echoendoscopes. Around 1990, the Pen-
tax-Corporation developed an electronic convex curved
linear array echoendoscope (FG32UA) with an imaging
plane in the long axis of the device that overlaps with the
instrumentation plane. This echoendoscope, equipped with
a 2.0 mm working channel, enabled fine-needle biopsy under
EUS guidance. However, the relatively small working channel
of the FG 32UA was a drawback for pseudocyst drainage
since it necessitated the exchange of the echoendoscope
for a therapeutic duodenoscope to insert either a stent or
nasocystic drain. To enable stent placement using an ech-
oendoscope, the EUS interventional echoendoscopes (FG



FIGURE 1: 6F cystostome (Endoflex company).

38X, EG 38UT, and EG 3870UTK) were developed by Pentax-
Hitachi. The FG 38X has a working channel of 3.2 mm, which
allows the insertion of a 8.5F stent or nasocystic drain and
the EG38UT and EG3870UTK have a larger working channel
of 3.8 mm with an elevator allowing the placement of a 10F
stent [1, 2].

The Olympus Corporation has also developed convex
array echoendoscopes. The GF UC 30P has a biopsy channel
of 2.8 mm, which enables the placement of a 7-french stent
or nasocystic catheter, and the instrument is equipped with
an elevator. A new prototype, the GF UCT 30, has a larger
working-channel of 3.7 mm allowing the placement of 10-
french stent. The main drawback of convex linear array
echoendoscopes is the more limited imaging field (120° using
the Pentax and 180° using the Olympus) produced by an
electronic transducer. These instruments are coupled with
the Aloka processor or with a smaller processor (Suzie).

2.2. Needles and Accessories for Drainage. Some authors have
used needle knife catheters, but the needle can be difficult to
visualize endosonographically. The “Zimmon” needle-knife
(Wilson-Cook Corporation, Winston Salem, NC, USA) has
a large gauge needle that is easier to visualize. Diathermy is
usually required to penetrate the cyst [3] (Figure 1).

A standard endosonography fine needle aspiration
(FNA) needle is well visualized sonographically and can
be used for pseudocyst puncture. The drawback of this
needle is the small caliber (22 or 23 G) that will accept
only a 0.018-inch guidewire. Using a 19G FNA needle
(Wilson-Cook Corporation), a 0.0035-inch guidewire can
be inserted through the needle into the dilated bile duct.
Wilson Cook Corporation has recently developed a “new
access needle”; However, one of the main problems during
these new techniques of hepaticogastrostomy;, is the difficulty
manipulating the wire guide through the 19-gauge EUS
needle. The main trouble was the “stripping” of the coating
of the wire, which in turn created a risk of leaving a part of
the wire coating in the patient and also the impossibility to
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FiGure 2: Echotip “ACCESS NEEDLE” Cook company.

continue the procedure and to insert the stent. To solve this
problem, we worked with Cook Medical to design a special
needle called the EchoTip Access Needle* (Figure 2). This
needle is original because the stylet is sharp and it is relatively
easy to insert the needle into the bile duct or the pancreatic
duct or a pseudocyst. When the stylet is withdrawn, the
needle left in place is smooth and the manipulation of the
wire guide is easy and the device is designed to decrease the
possibility of the wire stripping.

3. EUS-Guided Rendez-Vous Technique

After puncture of the left hepatic biliary system (see above)
using a 19-gauges needle (Echo—1-19; Cook Endoscopy),
a 0.035-inch hydrophilic guidewire (Tracer Metro Direct,
Cook Endoscopy or Jagwire, Boston scientific, Paris, France)
was inserted into the biliary duct and then rolled up inside
the duodenum. Then, echoendoscope was gently withdrawn
leaving the guidewire in place. Afterwards, a duodenoscope
was inserted in parallel of the guidewire and placed in the
third duodenum, allowing retrograde approach. Guidewire
was then catched with standard snare through the working
channel and after over-the-wire biliary sphincteromy, stones
removal or stent placement could be achieve as usually.

4. EUS-Choledocoduodenostomy

A 19-G needle (EchoTip; Wilson-Cook) is inserted trans-
duodenally into the bile duct under EUS guidance. Bile is
aspirated and contrast medium is injected into the bile duct
for cholangiography. A 450-cm long, 0.035-inch guidewire is
inserted into through the 19-G needle into the bile duct. The
choledochoduodenal fistula is dilated using a biliary catheter
for dilation (Soehendra biliary dilator; Wilson-Cook), or a
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6F cystostome (Endoflex, company). A 7 Fr to 10 Fr biliary
plastic stent or a covered self-expandable metallic stent is
placed through the choledochoduodenostomy site into the
extrahepatic bile duct.

5. Technique of Left Hepaticogastrostomy under
EUS Guidance (HGE) (Figure 3)

EUS-guided hepaticogastrostomy was first reported by
Burmester [4] in 2003. The technique is also basically
similar to EUS-guided drainage of pancreatic pseudocysts.
By using an interventional echoendoscope, the dilated left
hepatic duct (segment I1I) was well visualized. HGE was then
performed under combined fluoroscopic and ultrasound
guidance, with the tip of the echoendoscope positioned such
that the inflated balloon was in the middle part of the small
curvature of the stomach. A needle (19 G, EchoTip Access
Needle, Cook Ireland Ltd., Limerick, Ireland) was inserted
transgastrically into the distal part of the left hepatic duct and
contrast medium was injected. Opacification demonstrated a
dilated biliary ducts to the complete obstruction. The needle
was exchanged over a guidewire (0.02-inch diameter, Terumo
Europe, Leuven, Belgium) for a 6.5F diathermic sheath (pro-
totype Cysto-Gastro set, EndoFlex, Voerde, Germany), which
was then used to enlarge the channel between the stomach
and the left hepatic duct. The sheath was introduced by using
cutting current. After exchange over a guidewire (TFE-coated
0.035-inch diameter, Cook Europe, Bjaeverskov, Denmark),
a 8.5F 8-cm—long hepatico-gastric stent) or a covered
metallic expandable stent (Boston-scientific, 8 cm length)
was positioned.As observed by fluoroscopy, contrast emptied
from the stent into the stomach. To prevent bile leakage
you can leave through the metallic stent a 6 or 7F naso-
biliary drain in aspiration during 48 hours. More recently
we decided to combine an uncovered stent and a covered
stent inserted into. Among these, hepaticogastrostomy was
sometimes combined with placement of an additional metal-
lic stent bridging the distal stricture.

6. Place of the Bilio-Digestive Anastomosis
Guided by EUS in Comparison with ERCP

ERCP is still today the Gold Standard technique for the
drainage of an obstructive jaundice due to a pancreatic
cancer. Success rate of biliary stenting using ERCP is around
80-85% but sometime ERCP failed to cannulate selectively
the papilla or failed to reach the papilla in case of duodenal
obstruction. These new techniques of biliary drainage using
EUS guidance could be an alternative to percutaneous
procedures or to Surgery.

The problem with the percutaneous techniques of biliary
drainage is the high rate of complication (bleeding, peri-
toneal bile leakage) around 20-30% of the cases and the
morbidity and the mortality of Surgery for such palliative
procedures are, respectively, of 35-50% and 10-15%.

For probably, these new techniques of biliary drainages
will be in the future an alternative to Surgery and percuta-
neous biliary drainage.

To date, 120 patients with EUS-guided bile duct drainage
have been reported in thirteen studies (Table 1). 19-gauge
or 22-gauge fine needles or fine needles followed by needle
knife or cystotome were used for puncturing intrahepatic
bile ducts in all of the patients. Hepaticogastrostomy was
successful in all but two cases (49/51, 96%). Various types of
stents, including plastic stents, uncovered MS, and covered
MS were used for the drainage. Once the stents were placed,
all but one patient (48/49, 98%) had successful resolution
of obstructive jaundice. The rate of procedurerelated early
complications was 19% (5 mild and 5 severe) with one death:
1 case of ileus probably due to the use of morphine during
anesthesia, 1 case of bilioma, and 2 cases of cholangitis. Stent
migration has been reported as a late complication in one
case. Kahaleh et al. described that the advantages of EUS-
guided hepaticogastrostomy over percutaneous transhepatic
drainage included puncture of the biliary tree with real-
time US when using color-Doppler information to limit
the possibility of vascular injury, the lack of ascites in the
interventional field when present in the peritoneum, and
the lack of an external drain. And based on their exper-
ience, they also pointed out the extrahepatic approach has
a greater chance of complication than the intrahepatic
approach. Itoi et al. reported the limitations of this technique
as follows, (i) nonapposed gastric wall and the left liver
lobe, with a certain displacement between the puncture site
of the gastric wall and intrahepatic bile duct, resulting in
possibility of procedure failure. (ii) risk of mediastinitis with
a transesophageal approach, (iii) difficulty of puncture in
case of liver cirrhosis, (iv) risk of injuring the portal vein and
(v) necessitating the use of small-caliber stents or MS with a
small-diameter delivery device [17].

From a clinical standpoint, however, the most relevant
technical choice appears to be the type of stent. As detailed
in Table 1, 7 to 8.5 plastic stents were placed in 46% of
cases, whereas uncovered, partially covered or fully covered
SEMS were placed initially in 54%. It is difficult to draw
significant conclusions from the published reports, since no
formal comparisons have been made between the two types
of stents. SEMS are appealing for three reasons. First, upon
full expansion SEMS effectively seal the puncture/dilation
tract, which would in theory prevent leakage. Secondly,
their larger diameter provides better long-term patency,
which would decrease the need for stent revisions. Finally,
if dysfunction by ingrowth or clogging occurs, management
is somewhat less challenging than with plastic stents, since a
new stent (plastic or SEMS) can easily be inserted through
the occluded SEMS in place. In contrast, exchanging a
clogged plastic transmural stent usually requires over-the-
wire replacement, because free-hand removal involves the
risk of track disruption with subsequent guidewire passage
into the peritoneum, hence requiring repeat EUSBD if
drainage is to be reestablished [18]. These presumed ad-
vantages of SEMS must be balanced against the fact that
transmural SEMS insertion and deployment are somewhat
more demanding than they are at ERCP. In particular, the
serious risk of foreshortening and bile peritonitis should be
prevented with careful attention to details [15].
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F1GURE 3: Hepaticogastrostomy performed after ERCP failed to drain the left hepatic lobe in patient with a Klatskin Tumor.
TaBLE 1: Summary of the published literature on EUS-HG and related transmural intrahepatic EUSBD.
n'Total nIH-transmural Success Complications Initial stent
Author/year/ref . o .
EUSBD EUSHG nonHG  technical Clinical n Type Plastic SEMS
Burmester et al. [4] 2003 4 1 1 2 2 0 — 2
Puspok et al. [5] 2005 6 0 1 1 1 0 — 1
Artifon et al. [6] 2007 1 1 0 1 1 0 — 0
Bories et al. [7] 2007 1 11 0 10 10 4 2 cholangitis, 1 7 3
ileus, 1 biloma
Will et al. [8] 2007 8 4 4 7 6 2 I cholangitis, 1 2 5
pain
Chopin-Laly et al. [9] 2004 1 1 0 1 1 0 — 0 1
Iglesias-Garcia et al. [10]
2008 1 1 0 1 1 0 — NS NS
Horaguchi et al. [11] 2009 16 5 2 7 6 1 Cholangitis 7 0
Maranki et al. [12] 2009 49 3 0 3 3 0 — 3 0
Park et al. [13] 2009 14 8 1 9 9 2 Pneumo 0 9
Park et al. [14] 2010 5 5 0 5 5 0 — 0 5
Martins et al. [15] 2010 1 1 0 1 0 1 Peritonitis and 0 1
death

Eum et al. [16] 2010 3 1 0 1 1 0 — 0 1
Total 120 42 9 49 46 10 5 mild/5 severe 22 26

We reported recently our experience on 38 patients [19]
(F = 20, Mean age = 66.5yrs, (38-93yrs)) were referred
for management of biliary disorders: benign disease in 11
(iatrogenic stenosis = 8, chronic pancreatitis = 1, fistula =
1, bile duct dilation = 1) and malignant in 27 (pancreatic
cancer = 10, cholangiocarcinoma = 10, other = 7). EUS
approach was chosen after failure of ERCP (n = 9),
impossibility to reach papilla (duodenal strictures = 6, post-
surgical anatomy = 9) or incomplete left bile duct drainage
(n = 14). All procedures were realized using therapeutic

echoendoscope, and fluoroscopic guidance. EUS proce-
dures were performed using transgastric approach. Stents
were placed transpapillary (transpapillary stent insertion),
between the stomach and the left liver lobe to keep the
fistula open (hepaticogastrostomy) or both. 41 EUS-guided
biliary procedures were realized. Choleperitoneum occurred
in 1 casen treated medically. 36 transgastric approaches were
performed in 35 patients with technical success in 97%. All
stents placed under EUS guidance were clinically efficient.
Complications occurred in 25% (1 =9, choleperitoneum = 5,
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stent migration = 3, liver abscess = 1). All complications were
managed conservatively. 1 patient died secondary to severe
choleperitoneum.

7. Conclusion

EUS-guided biliary management is useful in case of failure
of ERCP with a high rate of technical success and clinical
efficacy. Morbidity rate is high during biliary drainage
requiring experienced team. In summary. EUS-guided biliary
procedure open a new way to achieve biliary drainage, com-
plementary to percutaneous approach. Hepaticogastrostomy
is feasible providing high success rate. Nevertheless morbid-
ity rate is still elevated. Further technical improvements are
therefore mandatory to reduces a number of adverse events.
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Pancreatitis is the most common complication of ERCP. It can be associated with substantial morbidity. Hence, the minimization
of both the incidence and severity of post-ERCP pancreatitis is paramount. Considerable efforts have been made to identify factors
that may be associated with an increased risk of this complication. In addition, both procedure- and pharmacological-related
interventions have been proposed that may prevent this complication. This paper outlines these interventions and presents the
evidence to support their use in the prevention of post-ERCP pancreatitis.

1. Introduction

The prediction of post-ERCP pancreatitis is difficult. How-
ever, a number of factors have been identified that place
patients at a relatively higher risk. These include both patient
and procedure-related factors. A number of procedure-
related interventions have been proposed that may reduce the
risk of pancreatitis. Furthermore, identification of the mech-
anism of injury and the subsequent cascade of events leading
to the clinical manifestation of pancreatitis has also resulted
in the use of pharmacological interventions to reduce the risk
of this complication.

This paper describes both the procedure- and pharmaco-
logical-related interventions currently being proposed for
use in the prevention of post-ERCP pancreatitis.

2. Diagnosis of Post-ERCP Pancreatitis

Post-ERCP pancreatitis is defined as acute pancreatitis that
has developed de novo following ERCP and, based on
consensus guidelines proposed by Cotton et al. in 1991, is
the presence of new pancreatic-type abdominal pain associ-
ated with at least a threefold increase in serum amylase con-
centration occurring 24 hours after an ERCP, with pain
severe enough to require admission to the hospital or to ex-
tend an admitted patient’s length of stay [1].

The severity of post-ERCP pancreatitis is mainly based
on the length of hospitalization: mild post-ERCP pancreatitis
is defined as need for hospital admission or prolongation of
planned admission up to 3 days, moderate post-ERCP pan-
creatitis as need for hospitalization of 4-10 days, and severe
post-ERCP pancreatitis as hospitalization for more than 10
days, or hemorrhagic pancreatitis, pancreatic necrosis, or
pseudocyst, or need for percutaneous drainage or surgical in-
tervention.

3. Incidence of Post-ERCP Pancreatitis

Most studies reporting ERCP complications have specifically
analyzed the risk associated with sphincterotomy. Freeman
et al. demonstrated an overall incidence of post-ERCP
pancreatitis of 5.4% following endoscopic biliary sphinctero-
tomy in a multicentre prospective study of 2347 patients
involving 17 centers, [2]. Based on consensus guidelines pre-
viously discussed [1], pancreatitis was graded as mild in 42%,
moderate in 51%, and severe in 7% with a mortality rate of
0.8%. Pancreatitis was also found to be the most frequent
complication occurring in 3.5% of cases in a systematic
review of 21 studies involving 16,885 patients undergoing
unselected ERCP (both diagnostic and therapeutic). It was
graded as mild in 45%, moderate in 44%, and severe in 11%
of cases with a mortality rate of 3% [3].
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TaBLE 1: Risk factors associated with the development of post-ERCP pancreatitis. Risk factors, apart from ampullectomy, are significant by
multivariate analyses in prospective multicenter studies and by meta-analysis [3-6]. Ampullectomy is generally accepted to be a risk factor

for pancreatitis. SOD: sphincter of Oddi dysfunction.

Patient-related factors

Procedure-related factors

Operator-related factors

Female

SOD

Previous pancreatitis
Chronic pancreatitis absent

Younger age (<60 years)

Precut sphincterotomy

Trainee involvement

Pancreatic duct injection
Balloon dilation of intact sphincter
Pancreatic sphincterotomy

Difficult cannulation

Minor papilla sphincterotomy

Normal bilirubin

Ampullectomy

Pain during ERCP

4. Mechanisms of Post-ERCP Pancreatitis

sA number of mechanisms have been proposed as potential
triggering factors in the development post-ERCP pancreati-
tis. Mechanical injury to both the papilla and pancreatic duct
may occur in response to instrumental manipulation result-
ing in impaired drainage from the pancreas. Thermal injury
may develop following application of electrosurgical current
during biliary or pancreatic sphincterotomy. Chemical injury
may result following injection of contrast medium into the
pancreatic duct. Hydrostatic injury may result following
injection of contrast medium into the pancreatic duct or
from infusion of water or saline solution during sphincter
manometry. Irrespective of the mechanism, the initial injury
leads to a cascade of event resulting in the premature acti-
vation of proteolytic enzymes, autodigestion, and impaired
acinar secretion with subsequent clinical manifestations of
local and systemic effects of pancreatitis. Most approaches
to the prevention of post-ERCP pancreatitis are aimed at
interruption of one of the points in this cascade.

5. Risk Factors for Post-ERCP Pancreatitis

It is important to identify cases in which there is a relatively
higher risk of pancreatitis so that preventive measures such
as pancreatic stenting or pharmacological prophylaxis may
be considered. Assessment of both patient- and procedure-
related factors is important to determine such high-risk
cases (Table1). Masci et al. in a meta-analysis of 15
studies identified three patient-related and two procedure-
related factors associated with a definite risk of post-ERCP
pancreatitis. The patient-related factors included suspected
sphincter of Oddi dysfunction (relative risk (RR) 4.09, 95%
CI 3.37-4.96; P < 0.001), female gender (RR 2.23, 95% CI
1.75-2.84; P < 0.001), and previous pancreatitis (RR 2.46,
95% CI 1.93-3.12; P < 0.001). The procedure-related factors
included precut sphincterotomy (RR 2.71, 95% CI 2.02-3.63;
P < 0.001) and pancreatic injection (RR 2.2, 95% CI 1.6—
3.01; P < 0.001) [4].

Additionally, multiple attempts (greater than 10 at-
tempts) at cannulation (odds ratio (OR) 14.9, 95% CI
10.50-21.26; P < 0.001), pain during ERCP (OR 1.9, 95% CI
1.113-3.438; P = 0.01) [5], minor papilla sphincterotomy

(OR 3.82, 95% CI 2.003-7.106; P < 0.0001), age < 60
years (OR 1.61, 95% CI 1.33-2.402; P = 0.04), >2 contrast
injections into the pancreatic duct (OR 1.5, 95% CI 1.046—
2.103; P = 0.03), trainee involvement (OR 1.5, 95% CI
1.029-2.057; P = 0.03) [6], moderate to difficult cannulation
(6 to greater than 15 attempts) (OR 3.41, 95% CI 2.13-5.47;
P = 0.0001), pancreatic sphincterotomy (OR 3.07, 95% CI
1.64-5.75; P = 0.0001), a normal serum bilirubin (OR 1.89,
95% CI 1.22-2.93; P = 0.0023), and absence of chronic
pancreatitis (OR 1.87, 95% CI 1.00-3.48; P = 0.0471) [7]
have all been shown by multivariate analysis to be risk factors
for post-ERCP pancreatitis. Furthermore, risk factors are
likely to be cumulative so that patients with multiple factors
are at an extremely high risk of developing pancreatitis [7].

6. Prevention of Post-ERCP Pancreatitis

6.1. The Endoscopist

6.1.1. Case Volume. The indications for ERCP are likely to
be different in low volume compared with high-volume
centers and hence might impact on the reported rates of
pancreatitis. High-volume centers have been shown to per-
form a significantly larger number of more difficult proce-
dures in patients at an increased risk of pancreatitis [5].

However, there is no evidence that ERCP case volume
influences the rate of post-ERCP pancreatitis. Both Williams
et al. [8] and Testoni et al. [5] demonstrated in prospective
multicentre studies that the risk of pancreatitis was not asso-
ciated with either the case volume of the single endoscopist or
the center. In contrast, trainee participation has been shown
to be a significant risk factor for the development of post-
ERCP pancreatitis [6].

The incidence of post-ERCP pancreatitis is not dependent
on the case volume of the endoscopist or the center.

6.2. ERCP Techniques

6.2.1. Standard Cannulation. The standard method of biliary
cannulation at ERCP utilizes a catheter device with or
without a soft tip guidewire. Contrast injection through the
catheter can also facilitate deep cannulation of the common
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bile duct. However, inadvertent contrast injection of the
pancreatic duct may occur. In contrast, with guidewire can-
nulation, entry into either the bile or pancreatic duct is deter-
mined by fluoroscopy obviating the need for contrast injec-
tion and possible pancreatic duct filling.

While a large randomized controlled trial by Bailey et al.
involving 413 patients failed to show a difference in pancre-
atitis between the two approaches (7.9% in the guidewire
group versus 6.2% in the contrast group; P = 0.48) [9],
a number of studies, with similarly large patient sizes, dem-
onstrated a lower rate with guidewire cannulation (8.6%
versus 16.6%; P = 0.037 [10], 2.0% versus 11.3%; P = 0.001
(11]).

Furthermore, Cheung et al. concluded from a systematic
review of 7 randomized controlled trials totaling 2132
patients that guidewire cannulation significantly reduced the
risk of pancreatitis compared with contrast injection (3.2%
versus 8.7%; RR 0.38, 95% CI 0.19-0.76) [12].

The wire-guided technique is recommended for biliary can-
nulation.

6.2.2. Pancreatic Duct Injection. Pancreatic duct injection
and in particular multiple injections are a risk factor for post-
ERCP pancreatitis development [13]. As already mentioned,
Cheng et al. found in a prospective multicentre study
involving 15 US centers and 1115 patients that two or
more contrast injections of the pancreatic duct were signif-
icantly associated with the development of pancreatitis [6].
Furthermore, Cheon et al. demonstrated in a retrospective
study that a higher rate of pancreatitis was associated with
any pancreatic duct opacification compared with bile duct
opacification alone (6.9% versus 0.8%, P = 0.001) and an
increased extent of duct opacification (head only versus head
and body versus head, body, and tail) (3.6% versus 4.5%
versus 8.6%) [14]. ERCP is being increasingly used in the
diagnosis of pancreatic cystic neoplasms, in particular, to
determine communication of the cyst with ductal system. Ifa
pancreatogram is required in such circumstances, or indeed
occurs inadvertently, it is recommended to keep the number
of injections and the volume injected to a minimum [15].The
mechanism by which contrast injection can cause pancre-
atitis remains controversial. The osmolality of the contrast
media used has been proposed as a possible contributing
factor. Low-osmolality is thought to be safer than high-
osmolality contrast media as it is associated with less osmot-
ically driven fluid shifts and subsequent lower increases in
intraductal pressure. While the results from a number of ran-
domized trials have been contradictory [16, 17], the meta-
analysis by George et al. showed that there was no significant
difference between high- and low-osmolality contrast media
with respect to the development of pancreatitis [18].

Pancreatic duct injection, if occurs inadvertently or re-
quired, should be kept to a minimum.

6.2.3. Pancreatic Guidewire-Assisted Biliary Cannulation.
Pancreatic guidewire placement can be effectively used to
facilitate biliary access, by straightening the ampulla and
preventing pancreatic duct cannulation. This technique has
been used in selected cases of difficult biliary cannulation

where the pancreatic duct is unintentionally cannulated
repeatedly and relatively easily [19]. Two randomized con-
trolled studies comparing this technique with continuing
standard cannulation have produced conflicting results
regarding the development of post-ERCP pancreatitis. In the
study by Maeda et al., no cases of pancreatitis were identified
in 53 randomized patients. Furthermore, no pancreatic
stents were placed [20]. In contrast, Herreros de Tejada et al.
demonstrated a nonstatistically significant higher rate of
pancreatitis in the pancreatic guidewire group (97 patients)
compared with the standard cannulation group (91 patients)
(17% versus 8%; P = 0.079) [21]. 12 out of 97 patients in
the pancreatic guidewire group in this latter study underwent
pancreatic stenting. The question of whether pancreatic
stenting is required subsequent to guidewire placement was
addressed in a randomized controlled study by Ito et al. They
found a significantly lower risk of pancreatitis in 35 patients
in whom a pancreatic stent (5 French 4 cm single pigtail)
was inserted following guidewire placement compared to the
same number of patients in whom no stent was inserted
(2.9% versus 23%; RR 0.13, C1 0.016-0.95) [22].

Pancreatic duct stenting after guidewire placement for
achieving selective biliary cannulation is recommended to re-
duce the incidence of post-ERCP pancreatitis.

6.2.4. Pancreatic Duct Stenting. Impaired drainage of the
pancreatic duct, resulting from papillary edema or spasm of
the sphincter of Oddi, has been proposed as a cause or a risk
factor for the development of post-ERCP pancreatitis. This
has resulted in placement of pancreatic duct stents in high-
risk cases in an effort to prevent post-ERCP pancreatitis.
However, there is no consensus as to exactly which cases
merit stent placement.

A number of prospective randomized trials have demon-
strated the benefit of pancreatic stent insertion in reducing
both the rate and severity of post-ERCP pancreatitis after
difficult cannulation, needle-knife precut, biliary sphinc-
terotomy for sphincter of Oddi dysfunction (SOD) and
manometry, pancreatic sphincterotomy, and endoscopic bal-
loon dilation [23-31] (Table 2). The recent meta-analysis by
Choudhary et al. further confirmed these results demonstrat-
ing that prophylactic pancreatic stent placement significantly
decreased the odds of post-ERCP pancreatitis (OR, 0.22; 95%
CI, 0.12-0.38; P = 0.01) [32].

Pancreatic stents are not without problems. Follow-up
evaluation is necessary to ensure passage or removal. In
addition, placement can be technically difficult. Smithline
et al. and Aizawa and Ueno found that stent placement
was unsuccessful in 5 out of 48 patients (10.4%) and 2 out
of 40 patients (5%), respectively [23, 28]. Furthermore,
unsuccessful stent placement can itself be associated with
a risk of pancreatitis. A prospective study of 225 high risk
ERCPs by Freeman demonstrated that pancreatitis developed
in 2 out of 3 patients (66.7%) in whom pancreatic stenting
failed, compared to 32 out of 222 (14.4%) in whom stenting
was successful (P = 0.06). Interestingly, stent placement
was unsuccessful in 3 of the 93 cases in which conventional
deep guidewire insertion into the pancreatic duct was used
compared with none of the 132 cases in which a modified
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TaBLE 2: Studies demonstrating effect of pancreatic stenting on post-ERCP pancreatitis. Difficult cannulation was defined as that requiring
greater than 30 minutes of manipulation to achieve successful cannulation.

Rate of pancreatitis

Indications for pancreatic stent placement

Study Study no. P value . .

No-stent group Stent SOD Precut leﬁcu!t B.allo'on Rancreat1c
group cannulation  dilation  sphincterotomy

Smithline et al. [23] 93 18% 14% 0.60 + +

Sherman et al. [24] 104 21% 2% 0.004 +

Elton et al. [25] 164 12.5% 0.7% 0.003 +

Tarnasky et al. [26] 80 26% 7% 0.03 +

Patel et al. [27] 36 33% 11% <0.05 +

Aizawa and Ueno [28] 130 6% 0% 0.11 +

Fazel et al. [29] 74 28% 5% 0.009 + +

Sofuni et al. [30] 211 13.6% 3.2% 0.019 All consecutive ERCPs irrespective of specific risk factors

Tsuchiya et al. [31] 64 12.5% 3.1% >0.05 All consecutive ERCPs irrespective of specific risk factors

technique involving an 0.018-inch guidewire, passed as little
as 1 to 2 cm beyond the pancreatic sphincter, was used [33].

There is wide variation in both the guidewire and the
type of stent used for prophylaxis of post-ERCP pancreatitis.
Brackbill et al. found in a survey of biliary endoscopists
that 33% used straight stents, 30% used pigtail stents, and
35% used a combination. In addition, the survey found that
internal flanges were always used in 14%, never used in 54%,
and sometimes used in 32% [34]. Two randomized con-
trolled prospective studies have compared the outcomes of
a short straight 5 French stent without an inner flange with
an unflanged long single pigtail 3 French stent. The study by
Guda et al., published only in abstract form, found a higher
placement failure rate in the 3 French group of 36 patients,
a higher spontaneous dislodgement rate in the 5 French
group of 43 patients, and a similar pancreatitis rate [35].
Meanwhile, Chahal et al. demonstrated a significantly higher
placement failure rate (8.3% versus 0%; P = 0.0003), a non-
significant higher pancreatitis rate (14% versus 9%; P = 0.3),
and a lower spontaneous stent dislodgement rate (88% ver-
sus 98%; P = 0.0001) in the 3 French group of 133 patients
compared with the 5 French group of 116 patients [36].

There is little data on the duration a pancreatic stent
should remain in place to reduce the risk of pancreatitis.
Sherman et al. found a significantly higher rate of pancreati-
tis in 46 patients in whom the pancreatic stent was removed
immediately following needle-knife precut compared to 47
patients in whom the stent remained in-placed for 7-
10 days (2.2% versus 21.3%; P = 0.004). Furthermore,
pancreatitis developed in 13.8% of the 58 patients in whom
the precut was performed without stent placement [24]. The
optimal duration however is not known. One expert re-
commendation suggests that pancreatic stenting for a min-
imum of 24 hours in high-risk cases such as SOD should
suffice. In contrast, pancreatic stenting for a few hours should
be satisfactory in lower-risk cases such as those where biliary
access is difficult [33].

With regard to pancreatic stenting, pancreatic stent place-
ment reduces the rate of post-ERCP pancreatitis in high-risk
cases. Short 5 French stents are easier to deploy and more likely
to migrate spontaneously compared with long 3 French stents.

However, they do not confer a benefit in terms of pancreatitis
risk reduction. The optimal duration for stents to remain in
place is unknown.

6.2.5. Endoscopic Sphincterotomy. Thermal injury following
application of electrosurgical current during biliary or pan-
creatic sphincterotomy has been implicated in the pathogen-
esis of post-ERCP pancreatitis [7, 37]. This is likely related
to impaired drainage of the pancreatic duct from the re-
sulting edema of the ampullary tissue. Pure current, in com-
parison to blended or “endocut” current, provides superior
tissue cutting capability and, in theory, should be associated
with less edema and a lower risk of pancreatitis. However,
the incidence of bleeding is significantly higher when pure-
cut current is used [38]. The type of current used for sphinc-
terotomy and its association with pancreatitis have produced
conflicting results.

In a randomized controlled study involving 170 patients,
Elta et al. demonstrated that the use of pure-cut current was
associated with a lower incidence of pancreatitis compared
with blended current (3% versus 12%; P < 0.05) [39]. This
was further supported by randomized controlled trial by
Stefanidis et al. (3.2% versus 12.9%; P = 0.048) [40]. In
contrast, both MacIntosh et al. and Norton et al. report-
ed in randomized controlled trials of 246 and 267 patients,
respectively, no significant difference in the rate of pancre-
atitis between pure-cut and blended current (7.8% versus
6.1%; P = 0.62 [41], 0.7% versus 2.3%; P > 0.05 [42]).
A subsequent meta-analysis of these 4 trials by Verma et
al. found no significant difference in the pancreatitis rates
between pure-cut and blended current (3.8% versus 7.9%)
[38].

There is no consensus on the type of current to be utilized
during sphincterotomy to minimize the risk of post-ERCP
pancreatitis.

6.2.6. Balloon Sphincteroplasty (Endoscopic Papillary Balloon
Dilation). Balloon sphincteroplasty or endoscopic papillary
balloon dilation is a technique to use for biliary stone
extraction used as an alternative to, or in conjunction
with, endoscopic sphincterotomy. It has the advantage of
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preserving sphincter of Oddi function in younger patients
[43], of lower bleeding rates compared with sphincterotomy
[44], and of removing stones in Billroth IT cases when sphinc-
terotomy can be technically very challenging [45]. However,
a multicentre randomized controlled trial found a signifi-
cantly higher morbidity rate including pancreatitis following
balloon sphincteroplasty in 117 patients compared to endo-
scopic sphincterotomy performed in 120 patients (15.4%
versus 0.8%; P < 0.001) [46]. Indeed, there were 2 deaths
due to pancreatitis following balloon sphincteroplasty and
none following sphincterotomy. Furthermore, Baron and
Harewood demonstrated in a meta-analysis of eight prospec-
tive randomized trials that post-ERCP pancreatitis occurred
more commonly in the balloon dilation group (7.4% versus
4.3%, P = 0.05), leading the authors to conclude that it
should be avoided in routine practice [44].

However, since the study by Baron and Harewood
[44], a number of studies have demonstrated that balloon
dilation following sphincterotomy can be used effectively
and safely to extract bile duct stones. Maydeo and Bhandari
demonstrated in a prospective study involving 60 patients
that large diameter (12-15mm) balloon dilation following
endoscopic sphincterotomy did not result in any cases of
postprocedure pancreatitis [47]. Furthermore, Heo et al.
found no difference in the rate of pancreatitis in a prospective
trial of 200 patients, equally randomized to either balloon
dilation (12-20 mm) following sphincterotomy or sphinc-
terotomy alone (4.0% in both groups) [48]. The safety of
the combined procedure may be related to the force of the
balloon exerted in the direction of the biliary sphincterotomy
and away from the pancreatic orifice.

Endoscopic papillary balloon dilation alone is associated
with an unacceptably high risk of pancreatitis. This does not
appear to be the case when it is performed in conjunction with
endoscopic sphincterotomy.

6.2.7. Needle-Knife Precut. Precutting with a needle knife
is typically used for access to the biliary system when
standard cannulation techniques have been unsuccessful.
This technique has been shown to be an independent risk
factor for pancreatitis [4, 49]. However, the risk may be
related more to the multiple cannulation attempts or pan-
creatic duct injections rather than the precut technique itself.
This issue has been addressed in a number of randomized
prospective trials. Manes et al. randomized 151 patients to
either needle-knife precut (fistulotomy) or persistence with
standard cannulation in cases of difficult biliary cannulation
defined as unsuccessful cannulation after 10 minutes. The
pancreatitis rate was significantly lower in the precut group
(2.6 versus 14.9%; P = 0.008) [50]. A further study by
Cennamo et al., where patients were randomized to either
precutting (needle knife papillotomy) or persistence with
standard cannulation after 5 minutes, found a similarly
lower rate of pancreatitis in the precut group (3% versus
5%) [51]. A subsequent meta-analysis involving 6 studies
demonstrated that early precut implementation significantly
reduced the risk of post-ERCP pancreatitis when compared
with standard cannulation (2.5% versus 5.3%, OR 0.47, 95%
CI0.24-0.91) [52].

There are a number of different approaches to per-
forming needle-knife precut. The most widely performed
precut techniques include needle-knife papillotomy, where
the precut starts at the papillary orifice, and needle-knife
fistulotomy, where the precut is superior to and separate
from the papillary orifice. However, there is little high
level evidence on the optimal needle-knife technique to
use. Mavrogiannis et al. found in a randomized prospective
study a lower rate of pancreatitis in 74 patients who under-
went needle-knife fistulotomy compared to 79 patients who
underwent needle-knife precut papillotomy (0% versus
7.59%, P < 0.05) [53]. Abu-Hamda et al. demonstrated
a similar lower rate of pancreatitis in a retrospective series
comparing the fistulotomy technique in 44 patients with
the papillotomy technique in 47 patients (0% versus 12.8%;
P = 0.03). While the authors comment on the retrospective
nature and small sample size of the study, they highlight the
post-ERCP pancreatitis can be best minimized by completely
avoiding the papillary orifice [54].

Early needle-knife precut implementation in cases of diffi-
cult biliary cannulation is associated with a lower risk of post-
ERCP pancreatitis compared with persistence with standard
cannulation techniques. Needle-knife fistulotomy technique
may be superior to needle-knife papillotomy.

6.2.8. Sphincter of Oddi Manometry (SOM) and Sphincter
of Oddi Dysfunction (SOD). Sphincter of Oddi manometry
(SOM) is the gold standard diagnostic test for sphincter
of Oddi dysfunction (SOD). It is generally accepted to be
associated with a relatively higher risk of pancreatitis. There
are a number of methods that have been shown to reduce
this risk. Early manometry was performed using continuous
perfusion compared with more recent manometry which
involves continuous aspiration of the perfused fluid, in the-
ory reducing the risk of perfusion-related hydrostatic ductal
injury. Sherman et al. found in a randomized controlled trial
involving 76 patients a significant reduction in pancreatitis
when manometry was performed with an aspirating catheter
compared with a standard perfusion catheter (3.0% versus
23.5%; P = 0.01) [55]. Specific manometry of either the bile
or pancreatic sphincter may also be an important contrib-
utory factor to pancreatitis development. Rolny et al. re-
ported acute pancreatitis in 11% of patients who had pan-
creatic manometry alone compared with 1% who had biliary
manometry alone [56]. Indeed, Sherman et al., in a further
study, found no difference in pancreatitis rates in 36 patients
randomized to biliary manometry with either an aspirating
or a standard catheter, suggesting that perfusion injury may
only be a problem when pancreatic manometry is performed
[57]. Prophylactic pancreatic stent placement has also been
shown to be of benefit in reducing pancreatitis in cases
of SOD and following manometry. The initial random-
ized controlled trial of 80 patients with SOD documented
by positive manometry demonstrated that stenting signif-
icantly reduced the rate of pancreatitis following biliary
sphincterotomy compared with controls (7% versus 26%;
P = 0.03) [24]. A subsequent study by Fazel et al. of 76
high-risk patients defined as having difficult cannulation,
or undergoing manometry or endoscopic sphincterotomy,



TaBLE 3: Pharmacological agents that have been used in the preven-
tion of post-ERCP pancreatitis.

Agents with proven efficacy
Non steroidal anti-inflammatory drugs
Diclofenac
Agents with possible efficacy
Ceftazidime
Glyceryl trinitrate
Octreotide
Protease inhibitors
Ulinastatin
Nafamostat
Somatostatin
Agents with proven inefficacy
Allopurinol
Corticosteroids
Heparin
N-acetylcysteine
Protease inhibitor
Gabexate

found a significantly lower frequency of pancreatitis in those
who underwent pancreatic stenting compared to those who
did not (5% versus 28%; P > 0.05) [29].

There is some evidence to support that the risk of pan-
creatitis may be more likely related to the underlying SOD
and not the manometry per se. Firstly, the rates of pan-
creatitis in the manometry studies performed with an aspi-
rating catheter by Sherman et al. [55, 57] are similar to those
for ERCP in general. Furthermore, the multicentre study
by Freeman et al. found a similar rate of pancreatitis be
tween those who underwent biliary sphincterotomy with
suspected SOD and those who underwent sphincterotomy in
conjunction with manometry (20.3% versus 17.9%). Inter-
estingly, severe pancreatitis was more common in patients
who underwent sphincterotomy without manometry (3.6%
versus 0.8%) [2]. In addition, a retrospective review of
100 consecutive patients demonstrated a significantly lower
rate of pancreatitis in patients who had manometry only
compared to those who had undergone both manometry and
ERCP (9.3% versus 26.1%). Performance of sphincterotomy
did not increase the risk beyond that associated with ERCP
[58].

Potential methods for reducing the rate of pancreatitis
associated with sphincter manometry include performing pan-
creatic manometry with an aspirating catheter, performing
biliary manometry alone in cases of suspected biliary disease,
and placing prophylactic pancreatic stents. However, it should
not be assumed that avoiding manometry in suspected SOD
will reduce the risk of post-ERCP pancreatitis.

6.2.9. Endoscopic Ampullectomy. Endoscopic snare removal
of the major duodenal papilla (endoscopic ampullectomy)
has been advocated as a treatment for both adenomas
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that occur sporadically and in association with familial
adenomatous polyposis [59].

Postprocedure Pancreatitis. A number of studies suggest that
placement of a pancreatic stent reduces this risk. However,
high-level evidence is lacking.

In a retrospective series of 16 patients by Zadorova
et al., postampullectomy pancreatitis was reported in 0%
and 20% of patients with and without a pancreatic stent,
respectively [60]. Cheng et al. demonstrated in a further
retrospective series of 55 patients that pancreatic stenting was
associated with a lower, but not statistically significant, rate
of pancreatitis (9.6% versus 25%; P = 0.33) [61]. In addition,
a prospective trial by Harewood et al. found a significantly
higher rate of pancreatitis in the 9 patients who did not
undergo pancreatic stenting compared to the 10 patients who
did (33% versus 0%; P = 0.02) [62]. However, this trial
was stopped prematurely because of concerns of the risk of
pancreatitis and did not reach the study’s power calculation
of 25 patients in each group.

Although high-level evidence is not available, pancreatic
stenting following endoscopic ampullectomy is recommended to
reduce postprocedure pancreatitis.

6.3. Pharmacological Agents. The ideal pharmacological
agent should be highly effective in reducing post-ERCP pan-
creatitis, have a short administration time, be well tolerated
with a low side-effect profile and cost-effective. Several agents
have shown promise. However, the vast majority have fallen
short of these goals (Table 3).

6.3.1. Nonsteroidal Anti-Inflammatory Drugs (NSAIDs).
NSAIDs are potent inhibitors of a number of inflammatory
mediators including prostaglandins and phospholipase-A2,
and both of which may play a role in the pathophysiology
of acute pancreatitis [63]. Elmunzer et al. demonstrated in
a meta-analysis, from four randomized controlled trials in-
volving 912 patients, that prophylactic rectal NSAIDs were
effective in reducing pancreatitis, with a pooled relative
risk after administration of 0.36 (95% CI 0.22-0.60) [64].
In addition, no adverse events attributable to NSAIDs
were reported. Two of the trials evaluated rectal diclofenac
immediately after procedure, while the other two evaluated
rectal indomethacin immediately preprocedure, and all four
found a positive result in post-ERCP pancreatitis reduction.
Interestingly, the randomized prospective trial by Cheon et
al. found no difference in the 105 patients who received
oral diclofenac compared with the 102 patients who received
placebo (16.2% versus 16.7%; P = NS) [65]. Possible
explanations for this difference may relate to peak plasma
NSAID concentrations, which occur within 30 minutes
with rectal administration in contrast to 2 hours with oral
administration. Furthermore, bioavailability is reduced with
oral administration because of first pass metabolism [66].
NSAIDs are relatively inexpensive and easy to administer as a
once-off dose in comparison to other potentially promising
agents which require continuous infusions and may not be
readily available. Although routine rectal administration of
100 mg of diclofenac or indomethacin, immediately before
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or after ERCP, is recommended in the guidelines published
by the European Society of Gastrointestinal Endoscopy, this
practice has not yet been widely adopted [15].

6.3.2. Glyceryl Trinitrate. Glyceryl trinitrate (GTN) is a
smooth muscle relaxant which can lower basal pressure in
the Sphincter of Oddi. It is most easily administered either
by sublingual spray or transdermal patch. The results from
single center prospective controlled trials of its effect on
the reduction of post-ERCP pancreatitis are conflicting.
Kaffes et al. found no benefit with the transdermal patch
compared with placebo in 318 patients (7.7% versus 7.4%;
P = NS) [67], while Moret¢ et al. found a significant reduc-
tion in pancreatitis in 144 patients (15% versus 4.2%; P <
0.05) [68]. The conclusions drawn from a number of meta-
analyses are similar. Bai et al. found, from 8 randomized
controlled trials involving 1920 patients, that the incidence
of pancreatitis was significantly reduced by GTN treatment
compared with placebo (5.9% versus 9.8%; P = 0.002) [69].
In contrast, both meta-analyses by Bang et al. and Shao et al.
did not show an overall significant reduction in post-ERCP
pancreatitis [70, 71]. In addition to a benefit of GTN shown
in some studies in the prophylaxis of post-ERCP pancreatitis,
it is inexpensive, easy to administer, and has few major side
effects. However, the optimal dose, timing, and route of
administration require further clarification. Currently, it is
not recommended for routine use in ERCP [15].

6.3.3. Ceftazidime. There is only one study which has eval-
uated a possible role for antibiotics in the prevention of
post-ERCP pancreatitis. This prospective randomized con-
trolled trial demonstrated that 2 g of the cephalosporin, ceft-
azidime administered intravenously 30 minutes before ERCP,
significantly reduced the incidence of post-ERCP pancreatitis
in the control group of 160 patients compared with the
antibiotic group of 155 patients (9.4% versus 2.6%; P =
0.009) [72]. However, the quality of the study is questionable
as the control group received no antibiotics rather than
placebo. There have been no confirmatory studies on the use
of antibiotics.

6.3.4. Somatostatin and Octreotide. Both somatostatin and
its synthetic analogue, octreotide, are potent inhibitors of
exocrine secretion of the pancreas, which play an important
role in the pathogenesis of acute pancreatitis by causing
autodigestion of the organ [73].

Two meta-analyses analyzed the efficacy of somatostatin
for the prophylactic management of post-ERCP pancreatitis.
Andriulli et al. included results from 9 studies and found a
nonsignificant effect of somatostatin on pancreatitis (7.3%
of controls versus 5.3% of treated patients; OR 0.73; 95%
CI 0.54-1.006). Furthermore, this meta-analysis produced
nonbeneficial results for both short- (<6 hours) and long-
term (=12 hours) somatostatin infusions (6.4% in controls
versus 8.5% in treated patients; OR 1.361, 95% CI 0.886—
2.091, 6.4% in controls versus 3.0% in treated patients; OR
0.447, 95% CI 0.133-1.508, resp.) [74]. Rudin et al. also
demonstrated in a meta-analysis involving 3,130 patients
from 7 studies that a short-term infusion (<12 hours)

was not beneficial. However, this meta-analysis yielded a
significant risk reduction of 7.7% for long-term somatostatin
infusion (=12 hours) [75].

Both meta-analyses included the same studies that
looked at bolus administration of somatostatin prior to
ERCP and found a significant reduction in post-ERCP pan-
creatitis rates (11.3% in controls versus 3.0% in treated
patients; OR 0.271, 95% CI 0.138-0.536). However, the pan-
creatitis rate of the control patients in the bolus group was
twice that of the control patients in both the short- and long-
term infusion groups (11.3% versus 6.4% and 6.4%, resp.).
This led the authors to conclude that caution should be
applied when bolus administration of somatostatin is being
considered [74].

Octreotide is a synthetic analogue with a longer half-life
than somatostatin.The results from studies have produced
conflicting results. Thomopoulos et al. demonstrated a sig-
nificant reduction in the incidence of pancreatitis between
octreotide (1.5 mg subcutaneously in three divided doses) 24
hours prior to ERCP and placebo in a multicentre random-
ized controlled trial involving 202 patients (2.0% versus
8.9%; P = 0.03) [76]. In contrast, Testoni et al. demonstrated
no difference in 114 patients randomized to either octreotide
(0.6 mg subcutaneously in three divided doses) 24 hours
prior to ERCP or placebo (12.0% versus 14.3%; P = NS)
[77]. A subsequent meta-analysis of 15 studies found that
octreotide was not beneficial in the prevention of post-
ERCP pancreatitis [78]. However, a more recent meta-
analysis involving 18 studies demonstrated that octreotide
used at a dose of at least 0.5 mg significantly reduced the rate
of post-ERCP pancreatitis compared with controls (3.4%
versus 7.5%; P = 0.001). No benefit was identified when
it was used at a lower dose (7.2% versus 6.0%; P =
0.35) [79]. The authors also concluded that there were
insufficient data on the optimal timing and route of admin-
istration. Furthermore, the ESGE guidelines do not recom-
mend octreotide for the prophylaxis of post-ERCP pancre-
atitis but comment that future studies should evaluate its
efficacy at 0.5 mg or higher [15].

6.3.5. Protease Inhibitors. One of the initial events in the de-
velopment of acute pancreatitis is intracellular activation of
trypsin. Protease inhibitors prevent activation of trypsin and
have been used for both the treatment of acute pancreatitis
and for the prevention of post-ERCP pancreatitis. These
include gabexate, ulinastatin, and nafamostat mesylate. The
published evidence on a potential benefit of these agents in
post-ERCP pancreatitis comes from high-level randomized
controlled trials but has produced conflicting results.

Two such prospective randomized controlled trials have
shown a benefit for the use of gabexate in the reduction
of post-ERCP pancreatitis. Xiong et al. demonstrated a sig-
nificant reduction in 97 patients treated with gabexate,
commencing 30 minutes prior to ERCP and continuing for
4 hours after, compared to 96 patients treated with place-
bo (3.1% versus 10.5%; P = 0.40) [80]. Manes et al.
found a similar reduction regardless of whether gabexate
was administered pre- or post-ERCP (3.9% in group given
gabexate 1 hour pre, versus 3.4% in group given gabexate



1 hour post, versus 9.4% in placebo group; P < 0.01) [81].
In contrast, Andriulli et al. demonstrated in two separate
large multicentre trials that both short (2 hours) and long
term administration (>6.5 hours) of gabexate was ineffective
at reducing post-ERCP pancreatitis compared with placebo
(6.5% versus 8.1%; P = NS, 4.8% versus 5.8%; P = NS)
[82, 83]. A subsequent meta-analysis incorporating 5 studies
reported that gabexate was ineffective for the prevention of
post-ERCP pancreatitis [74].

One of the major drawbacks associated with gabexate is
its short half-life of 55 seconds and hence the need for an
infusion over several hours. In contrast, ulinastatin has a
longer half-life of 35 minutes and can be given as a bolus
injection [84]. Tsujino et al. found in a randomized, prospec-
tive trial, involving 406 patients, that ulinastatin (150,000 U)
administered prior to ERCP significantly reduced the inci-
dence of post-ERCP pancreatitis compared with placebo
(2.9% versus 7.4%, P = 0.041) [85]. However, routine
prophylactic use of ulinastatin prior to ERCP is unlikely
to be cost-effective because the frequency of post-ERCP
pancreatitis is low and the majority of cases are mild. With
this in mind, Yoo et al. randomized 227 patients, identified
during the ERCP to be at high risk of post-ERCP pancreatitis
development, to either ulinastatin (100,000 U) or placebo
immediately after the procedure and found no significant
reduction in the treatment group (5.6% versus 6.7%; P =
0.715) [86]. This study was included in a recent meta-analysis
of 7 randomized trials which demonstrated that ulinastatin
reduced the incidence of post-ERCP pancreatitis (OR 0.53;
95% CI 0.31-0.89; P = 0.02) and subsequently concluded
that ulinastatin was of value when administered prior to
ERCP at a dose not less than 150,000 U to patients at average
risk of developing pancreatitis [87].

To date, two prospective randomized controlled single-
center trials have shown the benefit of nafamostat in the
prevention off post-ERCP pancreatitis [88, 89]. Choi et al.
demonstrated a post-ERCP pancreatitis rate of 3.3% in the
354 patients treated with nafamostat compared with 7.4% in
the 350 patients treated with placebo, commencing 1 hour
before and continuing for 24 hours after ERCP (P = 0.018).
Similarly, Yoo et al. found a significant reduction in the 286
patients equally randomized to either nafamostat or placebo,
commenced 60 minutes prior to and continuing for hours
after ERCP (2.8% versus 9.1%; P = 0.03). Despite these pos-
itive results, the length of infusion and routine prophylactic
use are impractical. Further studies are required to determine
if bolus injection and post-procedural administration in
high-risk patients produce a similar risk reduction.

Protease inhibitors have shown some promise. However,
they are costly and may require hospital admission because
of duration of administration postprocedure, and, as a recent
meta-analysis shows, the numbers needed to treat to prevent
a single episode of post-ERCP pancreatitis are extremely high
(gabexate = 33.3 and ulinastatin = 28.6) [90].

7. Allopurinol

Capillary endothelial injury, mediated by oxygen-derived
free radicals, may be involved in the pathogenesis of acute
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pancreatitis [91, 92]. Xanthine oxidase catalyzes the conver-
sion of hypoxanthine to xanthine, which generates oxygen-
derived free radicals.

Allopurinol is a xanthine oxidase inhibitor. Marks et al.
initially demonstrated in an animal model that pretreatment
with oral allopurinol decreased the incidence of ERCP-
induced pancreatitis [93]. The results from subsequent
human studies have been conflicting. Both Katsinelos et al.
and Martinez-Torres et al. demonstrated, in prospective
placebo-controlled trials of 243 and 170 patients, respec-
tively, a benefit for its use in the prevention of post-ERCP
pancreatitis [94, 95]. In the former, patients received 600 mg
dose at 15 and 3 hours prior to ERCP with a subsequent
significant reduction in post-ERCP pancreatitis compared
with placebo (3.2% versus 17.8%; P < 0.001), while in the
latter, patients received 300 mg at the same timing with a
similar significant reduction compared with placebo (2.3%
versus 9.4%; P = 0.04). In contrast, Mosler et al. found in
a prospective randomized trial of 701 patients no difference
between allopurinol and placebo administered at 4 hours
and 1 hour preprocedure (12.96% versus 12.14%; P = 0.52)
[96]. In addition, Romagnuolo et al. did not demonstrate a
significant reduction in post-ERCP pancreatitis rates in 586
patients randomized to either 300 mg allopurinol or placebo
1 hour prior to ERCP (5.5% versus 4.1%; P = 0.44) [97].
The conflicting results from these studies may suggest that
both the dose and timing of administration of allopurinol
may influence the development of post-ERCP pancreatitis.
However, a subsequent meta-analysis incorporating 6 ran-
domized controlled trials and 1554 patients demonstrated
that prophylactic allopurinol did not reduce the frequency
or severity of post-ERCP pancreatitis and led the authors to
conclude that allopurinol should not be recommended for
the prophylactic prevention of post-ERCP pancreatitis [98].

7.1. Corticosteroids. In a prospective randomized controlled
multicentre study of 1115 patients, prophylaxis with 40 mg of
oral prednisone did not alter either the frequency (16.6% in
the prednisone group versus 13.6% in the placebo group; P =
0.19) or the severity of pancreatitis compared with placebo
[99].

7.2. Heparin. Heparin has an inhibitory effect on proteases
in both plasma and pancreatic tissue and also improves pan-
creatic microcirculation during experimental pancreatitis
[100]. It has been suggested as a potential treatment in the
prevention of post-ERCP pancreatitis. However, a prospec-
tive randomized controlled multicentre study demonstrated
that subcutaneous low molecular weight heparin in 221
patients offered no benefit compared to placebo in 227
patients in terms of reduction of pancreatitis (8.1% versus
8.8%; P = 0.87) [101].

7.3. N-Acetylcysteine. N-acetylcysteine is a free radical scav-
enger and has been shown to decrease the incidence and
severity of experimental pancreatitis [102]. However, two
randomized controlled trials have not shown its benefit in
the prevention of post-ERCP pancreatitis. Both Katsinelos
et al. [103] and Milewski et al. [104] found no difference
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in pancreatitis rates in 249 patients (12.1% versus 9.6%;
P > 0.05) and 106 patients (7.3% versus 11.8%; P = NS)
randomized to N-acetylcysteine or placebo, respectively.

While a number of agents have shown promise in clinical
trials, there is currently no accepted pharmacologic intervention
to prevent post-ERCP pancreatitis. However, this continues to
be an active area of research.

8. Conclusions

Awareness of both patient- and procedure-related factors
for the development of post-ERCP pancreatitis can be used
to risk stratify patients in particular to identify those in
which pharmacological or procedural interventions should
be considered.

ERCP should be avoided in unnecessary or low yield
cases especially when multiple patient-related risk factors for
the development of pancreatitis are present. A number of
pharmacological agents, in particular rectal NSAIDs, have
also shown promise, but none are currently being consist-
ently used. The procedural interventions that have been
demonstrated to reduce the incidence of post-ERCP pancre-
atitis including guide-wire cannulation rather than contrast
injection, and pancreatic stent placement in high-risk cases.
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Background. Due to the predominantly advanced stage at the time of diagnosis treatment of cholangiocarcinoma is difficult. Apart
from surgical resection, interventional treatment strategies are increasingly used in advanced stage tumours. The aim of the study
was a retrospective comparison of the effect of the various forms of treatment on morbidity and mortality. Method. A total of
195 patients, received either chemotherapy or a combination of photodynamic therapy (PDT) or transarterial chemoembolization
(TACE) and chemotherapy. Results. The median survival rate for all patients was 15.6 months, 50.8% were still alive 1 year after
diagnosis. Patients, who had previously undergone surgery, survived 17.1 months longer than those without surgical treatment
(P < .01). Chemotherapy prolonged the survival by 9.2 months (P = .47). Palliative patients under combination of chemotherapy
and PDT survived on average 1.8 months longer (P = .28), with chemotherapy and TACE 9.8 months longer (P = .04) compared
to chemotherapy alone. Conclusions. It appears that surgical treatment and chemotherapy combined with PDT or TACE may

prolong survival.

1. Introduction

Carcinomas of the bile tract, a malignant neoplasia spreading
from the bile duct epithelia, were described for the first time
as tumours of the common hepatic duct by Durand-Fardel
in 1840.

20-25% of all tumours are located intrahepatic, 50-60%
perihilar, and 20-25% extrahepatic [1, 2]. The classification
by Bismuth et al. [3] groups perihilar tumours located in
the main branches of the biliary tree into four different
categories. Type I tumours are limited to the common
bile duct and are located more than 2 cm away from the
confluence of right and left hepatic ducts while type II
tumours involve the confluence. Type III tumours involve

either the right (IIla) or left (IIIb) hepatic duct while type
IV tumours extend to both ducts or are located multifocally.
“Klatskin” tumours are those with involvement of the
hepatic duct bifurcation [4]. Today, cholangiocarcinoma is
the second most frequent primary tumour disease of the
liver, nevertheless, the prevalence rate is relatively low (2-
3/100,000) compared with other tumours of the gastroin-
testinal tract [5, 6].

Due to the predominantly advanced tumour stage at
the time of diagnosis, therapy of cholangiocarcinoma and
gallbladder carcinoma remains difficult [7]. Currently, the
only curative treatment is RO resection [8]. However, in the
majority of cases advanced tumour spread and lymph node
involvement require a palliative approach. Surgical therapy



of perihilar Klatskin tumours depends on the Bismuth
classification. Tumour of types I and II are treated with en-
bloc resection of the extrahepatic bile ducts and the gall-
bladder, regional lymphadenectomy, and Roux-Y hepatico-
jejunostomy. In case of type III tumours an additional left
or right hemihepatectomy is performed, whereas type IV
tumours necessitate additional extended hemihepatectomy.
The survival rate of patients with intrahepatic tumours is 18—
24 months depending on the hilar infiltration [9].

Unresectable bile duct and gallbladder tumours are
associated with a very poor prognosis. Apart from the
recommendation for best supportive care, adequate drainage
of the bile ducts with plastic or metal stent via endoscopic
retrograde cholangiography (ERC) is an important element
of the mainly palliative therapy [8, 10].

Bile duct tumours as well as gallbladder tumours are
moderately chemotherapy-sensitive tumours. So far there is
no standard protocol, thus patients in good general condition
or with tumour-associated symptoms should be included
in clinical trials evaluating palliative chemotherapy. For
example, prolonged survival (4 months) and higher quality
of life are reported for a small prospective randomised
trial evaluating the combination of 5-FU/Leucovorin and
Etoposide versus “best supportive care”; however these data
are without significance [11]. Other study protocols cover
treatment with gemcitabine or 5-FU as monotherapy as well
as in combination with cisplatin and the combination of
capecitabine with cisplatin/5-FU. The available data world-
wide show that there might be a possibility to document
the benefit of certain substances in trials with sufficiently
large numbers of patients. Apart from the application of
chemotherapeutic drugs interventional procedures applied
and evaluated, for example transarterial chemoembolisation
(TACE) [12, 13].

Another procedure is photodynamic therapy (PDT),
whereby patients are given a photosensitizing agent (for
example photofrin), which increasingly accumulates in
malignant cells. Thereafter, transpapillary or percutaneous
radiation with light of a specific wave length activates the
sensitizing agent and generates reactive oxygen radicals. This
leads to destruction of the tumour cells. In the early 1990’s
McCaughan reported on the first successful application
of photodynamic therapy in the treatment of bile duct
carcinoma [14]. A prospective study by Ortner et al. in the
late 1990’s showed a significant positive effect of PDT with
Photofrin in combination with biliary stenting compared to
drainage alone [15]. There are other studies confirming this
tendency [16-21].

To date no comparative data are available on patients,
who received chemotherapy alone or a combination of PDT
or TACE and chemotherapy.

The aim of this retrospective study was to explore and
compare data of a selective patient group with bile duct
tumours treated with various forms of therapy regarding
their effect on morbidity and mortality. All patients were
treated in the Gastroenterological Day Clinic of Medizinische
Hochschule Hannover (MHH).
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2. Material and Methods

2.1. Data Collection. All patients undergoing treatment for a
malignant bile duct tumour in the Gastroenterological Day
Clinic of MHH between 1999 and 2005 were included in a
retrospective analysis. The followup covered the period from
diagnosis to death or last contact with the day clinic. Patient
data were obtained from the MHH documentation system
ALIDA and the H.I.T. data bank of the MHH Tumour Centre
and entered into an individual own data bank (Microsoft
Excel 2003, Germany).

The following data were collected: gender, date of
birth, date of diagnosis and death, or date of last contact
with the patient, height, body weight, BMI, localisation of
the tumour, histology, histological/cytological confirmation,
presence of various risk factors and symptoms, UICC/TNM
classification, tumour markers CEA and CA 19-9, laboratory
parameter (bilirubin, Quick, albumin, cholinesterase, GGT,
ALT, and AST), previous operations and R-classification, and
reason of death.

The patients were divided into two subgroups according
to tumour localisation (ICD) and therapy distinguishing
between patients with malignant tumours of the intrahepatic
(C22.1) and extrahepatic bile ducts (C24.0), particularly
Klatskin tumours of the hepatic duct bifurcation according
to Bismuth.

2.2. Therapy. Generally, the patients received gemcitabine i.v.
as chemotherapeutic drug. Alternatively, a combination of
gemcitabine and cisplatin, gemcitabine, and oxaliplatin, 5-
FU or 5-FU and oxaliplatin was applied.

Photodynamic therapy was performed in 3 sessions at 6
week intervals via ERC or PTCD according to the procedure
established by Ortner/Berr et al. All patients received the
photosensitizing agent Photofrin.

TACE was performed in the Radiological Department
of MHH. After fasting a catheter was inserted into the
patients’ femoral artery and under radiological control an
embolizing agent was injected into the blood vessel supplying
the tumour.

2.3. Statistics. The Kaplan-Meier survival curves were pro-
duced using PASW 18.0.2 (SPSS, Somers/NY, USA), and the
prognosis in the subgroups compared using log rank test.
The patients were divided into two subgroups (surgery versus
palliation) and uni- and multivariate analysis of hazard ratios
was performed using Cox regression. A P-value < .05 showed
significancy. Because of the small numbers of patients in
each subgroup it was difficult to show a valid differentiated
and stable multivariate analysis. The complete followup was
surveyed, and in view of the known short life expectancy after
diagnosis a 3-year survival rate was also determined and the
remaining patients were censored.

3. Results

As Table 1 shows a total of 195 patients were included in the
study, 84 females (43.1%) and 111 males (56.9%). At the time
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TABLE 1: Age, localisation, therapies, and results of all patients with diagnosis of cholangiocarcinoma.
Variables Total () Women () Men ()
(n = 195) (n = 84) (n=111)
Median age at point of diagnosis 58.47 (+12.28) 56.83 (+10.74) 59.70 (£13.24)
Median age at point of death 59.62 (+11.97) 58.12 (+11.03) 60.71 (+12.57)
Localisation
C22.1 111 (56.9%) 48 (57.1%) 63 (56.8%)
C24.0 84 (43.1%) 36 (42.9%) 48 (43.2%)
Therapy
op 63 (34.1%)  (n=185)  28(354%) (n=79)  35(33.0%)  (n=106)
adjuvant chemotherapy 15 (8.2%) (n=183) 7 (9.0%) (n=78) 8 (7.6%) (n =105)
photodynamic therapy 14 (7.7%) (n=183) 6 (7.6%) (n=179) 8 (7.7%) (n=104)
TACE 18 (9.8%) (n=183) 12(152%) (n=79) 6 (5.8%) (n = 104)
chemotherapy 137 (80.6%) (n=170) 60 (83.3%) (n=172) 77 (78.6%) (n=98)
Results of therapy (n=184) (n=281) (n=103)
no tumor 11 (6.0%) 7 (8.6%) 4 (3.9%)
complete remission 6 (3.3%) 4 (4.9%) 2 (1.9%)
partial remission 4(2.2%) 1(1.2%) 3(2.9%)
Reduction of tumor mass without def. Rem. 6 (3.3%) 1(1.2%) 5(4.9%)
unchanged 8 (4.3%) 2 (2.5%) 6 (5.8%)
progress 140 (76.1%) 62 (76.5%) 78 (75.7%)
no result of primary therapy 9 (4.9%) 4 (4.9%) 5 (4.9%)
Survival after (n=195) (n=284) (n=111)
3 months 165 (84.6%) 74 (88.1%) 91 (82.0%)
6 months 140 (71.8%) 65 (77.4%) 75 (67.6%)
12 months 99 (50.8%) 47 (56.0%) 52 (46.8%)
Event of death 154 (80.6%) (n=191) 65 (80.2%) (n=81) 89 (80.9%) (n =110)

of diagnosis the median age was 58.47 years (females: 56.82
years, males: 59.7 years.); at the time of death the median age
was 59.62 years (females 58.12 years, males 60.71 years).

111 patients (56.9%) suffered from a tumour of the
intrahepatic bile ducts (ICD C22.1) and 84 patients (43.1%)
had an extrahepatic tumour (ICD C 24.0), for example, at
the hepatic bifurcation (according to Bismuth).

Initially 3.7% (females 5.6%, males 2.2%) were at UICC
stage A, 14.6% (females: 19.4%, males: 10.9%) at stage 1B,
19.5% (females: 19.4%, males: 19.6%) at stage IIA, 20.7%
(females: 19.4%, males: 21.7%) at stage IIB, 11.0% (females:
13.9%, males: 8.7%) at stage III, and finally 30.5% (females:
22.2%, males: 37.0%) at stage IV.

The average survival after diagnosis was 15.6 months
(females: 17.43 months, males: 14.43 months). Three months
after commencement of treatment, 165 (84.6%) of the 195
patients had survived (88.1% of females, 82.0% of males).
After 6 months the surviving number of patients was reduced
to 140 (71.8% females of 77.4%; males 67.6%), and after 1
year only half of all patients (50.8% females of 56.0; males
46.8%) surveyed since commencement of treatment had
survived.

Around a quarter (26.5%) of the male patients and
a third (33.8%) of the female patients suffered from a
preexisting cholelithiasis. 11.8% of the males and 6.8% of
the females suffered from primary sclerosing cholangitis and
5.8% of the males and 4.1% of the females suffered from

ulcerative colitis. Liver cirrhosis was diagnosed in 15.5% of
the males and in 8.0% of the females. 1.0% of the males and
4.1% of the females suffered from primary biliary cirrhosis.
During the course of the treatment mild or moderate ascites
was diagnosed in 17.5% of the males and 14.2% of the
females. Thrombosis of the portal vein was seen in 6.2% of
male patients and 12.7% of female patients.

In the majority of patients serum concentrations of
bilirubin, cholinesterase, and coagulation parameters were
within normal; the albumin concentration was reduced in
one third (31.5%) of the females and a quarter (25.9%) of
the males. The mean value determined for CEA was 21 ug/L
(standard deviation +84 ug/L) and CA 19-9 1521 U/L (stan-
dard deviation 3588 U/L) in males. For females the value
determined for CEA was 8 ug/L (standard deviation 27 ug/L)
and 13161 U/L (standard deviation 84518 U/L) for CA 19-9.
Transaminases and GGT were elevated in all patients.

63 (34.1%) patients had previously undergone surgery,
15 (8.2%) patients received additional perioperative adjuvant
chemotherapy.

137 (80.6%) patients (60 females, 77 males) received
chemotherapy in the Gastroenterological Day Clinic. 14
(7.7%) patients (6 females, 8 males) were treated with
photodynamic therapy (PDT), and 18 (9.8%) patients (12
females. 6 males) were treated with transarterial chemoem-
bolization. PDT was performed in 2 sessions (median, range
1—4 sessions).



However, at the end of the observation period, the result
in the vast majority of patients (76.1%) was progression of
the tumour disease. In 6% of the patients (approximately
twice as many females as males) the tumour was no longer
visible. Complete remission could be assumed in 3.3% and
partial remission in 2.2% of the patients. In 3.3% a reduction
of the tumour mass without defined remission could be
assumed. In 4.9% no effect of the primary treatment was
observed.

At the end of the observation period 80.6% of patients
had died independent of gender.

93.5% (females 95.4%, males 92.2%) of all patients died
by progression of the tumour’s disease while only 1.9%
(females: 0%, males: 3.3%) died by cardiovascular diseases
(e.g., heart attack, stroke etc.). 4.5% (females 4.6%, males
4.4%) died by other diseases like sudden death of unknown
reason, infection, liver failure, and so forth.

If death was caused by tumour progression 42.9%
(females: 40.0%, males: 44.4%) of all patients being eval-
uated by UICC—classification was at UICC stage IV ((IA
3.6% (females: 5.0%, males: 2.8%), IB 7,1% (females: 10.0%,
males: 5.6%), ITA 23.2% (females: 25.0%, males: 22.2%), IIB
16.1% (females: 10.0%, males: 19.4%), III 7.1% (females:
10.0%, males: 5.6%)). The Cox regression analysis showed
a higher hazard ratio for patients with UICC stage Ila and
more. The risk was significantly higher after univariate anal-
ysis (P = .008) and insignificantly higher after multivariate
analysis (P = .18).

The median survival time of patients, who had under-
gone surgery was 27.1 months, that is, the survival time
was 17.1 months longer compared to those patients without
primary surgical treatment (P < .01). Cox regression analysis
additionally showed the hazard ratio was minimized signif-
icantly by this treatment (univariate P < .0001/multivariate
P = .029). With adjuvant chemotherapy a median survival
time of 33.4 months (P < .49) could be achieved, however,
this was statistically insignificant (Table 2). The hazard ratio
was significantly lower in univariate but not in multivariate
analysis (P = .005/P = .18) (Figure 3).

A comparison of all patients (operated or palliative
care) who were treated with chemotherapy in the Gastroen-
terological Day Clinic and patients without chemotherapy
(Table 2) revealed that chemotherapy prolonged survival by
a median of 9.2 months, which was statistically insignificant
(P = .47). Univariate Cox regression showed a reduction
of hazard ratio but without significancy (P = .47) while
multivariate analysis showed a higher risk for patients
undergoing chemotherapy which was also insignificant (P =
.25) (Figure 3). As in the majority of cases patients with
gastrointestinal tumours were treated with gemcitabine and
the number of patients treated with an alternative substance
was low, the Kaplan-Meier analysis distinguished only these
two subgroups. First-line chemotherapy with gemcitabine
revealed no advantage compared to other substances. In fact,
there were statistically significant advantages for patients
treated with alternative substances (P < .05).

Concerning the interventional therapy groups it was
noted that patients, who underwent photodynamic therapy
survived 19.3 months compared to 15.5 months without
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TABLE 2: Median 3-year survival (IQR) under conservative versus
interventional therapies including all patients with cholangiocarci-
noma.

Therapy Total (n) Median survival Significance (P)

(months)
op 61 27.1 (14.9)
No OP 121 10.0 (15.1) <.001
?}fell‘lllngempy 14 33.4 (27.1)
No adj. chemo 47 26.6 (14.9) 49
Chemotherapy 136 17.4 (20.4)
IC\Iloemotherapy 33 82(3) 466
PDT 14 19.3 (19.4)
No PDT 166 15.5 (27.3) 488
TACE 18 22.0 (16.7)
No TACE 162 14.5 (22.8) .190

photodynamic treatment. Again, there was no statistical
significance (P = .49). Uni- and multivariate analysis showed
a risk reduction which was not significant (P = .49/P = .52).
In the group treated with transarterial chemoembolization
survival was insignificantly prolonged by 7.5 months (P =
.19) (Table 2) and the hazard ratio was also insignificantly
lowered (P = .19/P = .25) (Figure 3).

When looking at the various factors, which could
have an influence on the average 3-year survival rate,
marked formation of ascites (P < .001), previously present
cholelithiasis (<.05), metastases (P < .001), reduced albumin
concentration (P < .05), and reduced concentration of
cholinesterase (<.05), elevated GGT (P < .01) and CEA
(P < .05) were identified. The Cox regression analysis showed
the hazard ratio was insignificantly higher for patients at an
age of >60 years (P = .062/P = .62) but insignificantly lower
for women (P = .2/P = .5)

As several studies dealing with the treatment of CCC
patients with photodynamic therapy and stenting, but there
are few data available on a combination of chemotherapy
and photodynamic therapy or TACE, these patients were
analysed separately in a “palliation only group” (n = 95).
Patients under chemotherapy had a lower risk both in
univariate and multivariate Cox regression (P < .001/P <
.05) (Table 3). Median survival was 11.7 months longer than
without chemotherapy (P < .05). Patients treated with a
combination of chemo- and photodynamic therapy survived
1.8 months longer than those treated with chemotherapy
alone (Table 3). However, there was no statistical significant
difference (P = .28) (Figure 1) both in Kaplan-Meier-
analysis and Cox regression (univariate/multivariate P =
.23). The result for patients treated with a combination of
TACE and chemotherapy was similar (Figure 2). Additional
transarterial chemoembolization prolonged the survival time
by 9.8 months, which has statistical significance (P <
.05) in Kaplan-Meier-analysis (Table 3) and univariate Cox
regression (P < .05) but not in multivariate analysis (P =
.06).
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FIGURE 1: 3-years-Kaplan-Meier estimate for chemo versus photo-
dynamic therapy (P = .28) in patients with cholangiocarcinoma
(palliation group).
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FIGURE 2: 3-years-Kaplan-Meier estimate for chemo versus transar-
terial chemoembolisation (P = .04) in patients with cholangiocar-
cinoma (palliation group).

4. Discussion

To date no standard therapy has been established for patients
with malignant tumours of the bile ducts. As this is a disease
with a low but increasing incidence rate, the majority of
patients are treated in clinical trials with protocols which
vary considerably. In the majority of cases the disease is not
diagnosed in the advanced stage. This complicates planning
the therapy, which subsequently is palliative in most cases.

TABLE 3: Median 3-year-survival (IQR) of patients with cholan-
giocarcinoma undergoing stand-alone chemotherapy versus com-
bination of chemotherapy and interventional therapies (palliation
group).

Median survival

Therapy Total (n) (months) significance (P)
Chemo + PDT 11 16.3 (10.9)

Chemo 84 14.5 (16.9) 283
Chemo + TACE 14 22.0 (10)

Chemo 81 12.2(16.6) .039

Our results partially correspond with those reported in
numerous publications. The short survival time of 1 year and
3 months from diagnosis to death correlates with the survival
times reported in known studies [22—24]. The high mortality
rate with 50% within 1 year after diagnosis emphasises the
great malignity of these tumours, and the currently mostly
futile therapeutic efforts to achieve long-term remission or
cure.

The association of significantly elevated or reduced val-
ues for cholinesterase, albumin GGT, and CEA with a shorter
survival time can be explained by the severely impaired organ
function in the advanced stage of the disease. Marked ascites
and metastases are to be seen in the same context as uni-
and multivariate analysis of the UICC stages additionally
show. The survival was significantly reduced in patients, who
suffered from cholelithiasis prior to the diagnosis of CCC.
The predominant opinion is that chronic inflammatory
stimulation of the cells caused by the permanent effect of bile
acid is to be considered potentially malignant and influence
the development of CCC [23, 25, 26].

Surgical treatment significantly improved the survival
rate of patients treated at MHH. Kahn et al. [23], Yamamoto
et al. [27], and Chen et al. [28] could already show
similar results in three studies on surgical resection of CCC.
Therefore, surgical resection remains to present the only
sensible therapeutic measure with a curative approach at
present. Adjuvant chemotherapy prolonged the survival time
by approximately 6 months, which is contrary to various
reports [22]. Takada et al. [29] could not see any advantages
of adjuvant chemotherapy in his frequently cited work. The
most likely reason for our differing result could be the
small case number (n = 63), particularly as the data were
statistically significant (P < .05) only in univariate Cox
regression analysis but insignificant in Kaplan-Meier (P =
.49) and multivariate analysis (P = .18).

There were only a small number of patients in our
observation group suffering from liver cirrhosis additionally
(15.5% of males, 8.0% of females). Since all patients
could be classified as Child-Pugh-Score A, and today liver
transplantation seems to be an option for patients with
cholangiocarcinoma only in experimental settings [30] we
treated them like all different.

On average the survival time of patients, who in view
of the hopeless prognosis underwent primary chemotherapy
with gemcitabine or alternative substances in a palliative
approach, was prolonged by approximately 12 months.
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FIGURE 3: Uni- and multivariate analysis of hazard ratios by Cox regression method for all patients with cholangiocarcinoma.
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FIGURE 4: Uni- and multivariate analysis of hazard ratios by Cox regression method for patients with cholangiocarcinoma (palliation group).
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TaBLE 4: Series published on PDT.

Author Year Patients (n) Median survival (months)
Ortner et al. 1998 9 14.4 (3.0-18.9)

Berr et al. 2000 23 11.1 (0.8-50.7)
Rumallaetal. 2001 6 >9

Dumoulin et al. 2003 24 9.9 (2-39)

Ortner et al. 2003 20 16.3 (9.1-23.3)
Zoepf et al. 2005 16 21

Shim et al. 2005 24 18.6 (2-27)

Total 188 9.9-21

However, these observations correspond with studies that
could show an improved survival with similar therapeutic
regimens [31]. As the number of patients was small, we
decided to divide the patient collective into two groups, one
gemcitabine group and one group treated with alternative
substances, for example, 5-FU, oxaliplatin or cisplatin. This
revealed a significant advantage for the alternative group
(P = .05). The available studies on the application of
various chemotherapeutics appear to be very heterogenic. A
whole range of substances are used, but the case numbers
are generally small. The majority of studies are affected by
the lack of randomisation. Eckel and Schmidt performed
a meta-analysis of all studies on chemotherapy for CCC.
This showed that a combination of gemcitabine and cisplatin
or oxaliplatin achieved the best response rate and the
most effective control of tumour growth [10]. In this
context the survival advantage observed in our patients,
who were treated with chemotherapy other than gemcitabine
monotherapy, appears conclusive.

In recent years interventional therapies such as photo-
dynamic therapy or TACE were used successfully in a small
selective patient group, mostly in combination with stenting
of obstructed bile ducts [10, 32—35] (Table 4). Due to the
significantly prolonged survival of the patients the frequently
cited study by Ortner was prematurely terminated. The study
by Dumoulin at least confirmed that photodynamic therapy
combined with stenting considerably improved quality of
life.

The patients we treated with PDT or TACE also bene-
fitted from this interventional strategy. Combination of sys-
temic chemotherapy and interventional therapy prolonged
the survival time by a few months. Even if there was no
statistical significance this result indicates an advantage of
combined conservative and interventional therapy. However,
this should be verified in larger studies as the validity is
limited by the small number of patients and the retrospective
design of this study.

Finally, many factors like missing randomisation can bias
the results of a retrospective study, that is, the effect of
an applied therapy. Observation bias may occur because of
misclassification or recall mistakes and frequently a number
of patients are lost to followup. Criteria to select patients
for different kinds of treatments vary during the years and
in different hospitals. Due to the nature of rare diseases the
possibility of observation is limited.

5. Conclusion

Due to the late diagnosis, low incidence rate and great
malignity tumours of the bile duct are a great challenge to
physician. Due to the frequent lack of randomisation many
studies have only limited validity and thus complicate the
search for a gold standard in the treatment of these tumours.

The results shown in this retrospective study merge with
the number of new studies indicating a favourable influence
on survival of combined conservative and interventional
procedures. However, it is difficult to obtain reliable data
due to a small number of cases, a heterogenic patient group,
and partially inadequate documentation. Future studies with
larger patient groups for the therapeutic options presented
are desirable, to achieve advances in the therapy of these
highly malignant tumours.
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