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Abstract: Endoscopic retrograde cholangiopancreatography (ERCP) is an advanced
endoscopic procedure that might lead to severe adverse events. Post-ERCP pancreatitis (PEP)
is the most common post-procedural complication, which is related to significant mortality
and increasing healthcare costs. Up to now, the prevalent approach to prevent PEP consisted
of employing pharmacological and technical expedients that have been shown to improve
post-ERCP outcomes, such as the administration of rectal nonsteroidal anti-inflammatory
drugs, aggressive intravenous hydration, and the placement of a pancreatic stent. However,

it has been reported that PEP originates from a more complex interaction of procedural

and patient-related factors. Appropriate ERCP training has a pivotal role in PEP prevention
strategy, and it is not a chance that a low PEP rate is universally considered one of the most
relevant indicators of proficiency in ERCP. Scant data on the acquisition of skills during the
ERCP training are currently available, although some efforts have been recently done to
shorten the learning curve by way of simulation-based training and demonstrate competency
by meeting technical requirements as well as adopting skill evaluation scales. Besides, the
identification of adequate indications for ERCP and accurate pre-procedural risk stratification
of patients might help to reduce PEP occurrence regardless of the endoscopist’s technical
abilities, and generally preserve safety in ERCP. This review aims at delineating current
preventive strategies and highlighting novel perspectives for a safer ERCP focusing on the

prevention of PEP.
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Introduction

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is an advanced endoscopic tech-
nique. Given the expansion of less invasive
imaging such as computed tomography, magnetic
resonance cholangiopancreatography (MRCP),
and endoscopic ultrasound (EUS), today ERCP
is mostly considered to treat rather than diagnose
biliopancreatic disorders. However, therapeutic
ERCP is technically demanding, and it is associ-
ated with significant morbidity and mortality.!

Post-ERCP pancreatitis (PEP) is the most com-
mon serious adverse event, with an incidence

ranging between 4% and 10%, and a mortality
rate that may reach 0.7%.2 In high-risk patients,
PEP might occur in up to 15% of the cases.? PEP
also represents a major socioeconomic burden; it
is estimated that the annual cost of PEP in the
United States reaches 200 million USD.# Other
less frequent ERCP-related adverse events are
post-sphincterotomy bleeding, cholangitis and/or
cholecystitis, and perforation.’

Given the morbidity, mortality, and costs associ-
ated with PEP, the prevention of this post-proce-
dural adverse event is of paramount importance.
Despite several efforts to reduce the incidence of
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PEP, only a few preventive measures have proven
to be effective in clinical practice. An appropriate
patient selection, procedural strategies such as
pancreatic stent placement, the administration of
rectal nonsteroidal anti-inflammatory drugs
(NSAIDs), and aggressive hydration with
Lactated Ringer are today considered effective in
reducing the risk of PEP.

Strategies to train and assess competency in this
demanding endoscopic technique are needed to
minimize the potential contribution of the trainee
experience in the occurrence of ERCP-related
adverse events. Furthermore, accurate preopera-
tive stratification of patients could allow optimal
allocation of expertise and perioperative manage-
ment. Together with intraprocedural technical
expedients and pharmacoprevention, these are
the most important areas of investigation for safe
ERCP.

This perspective review aims at examining cur-
rent paradigms and discuss novel strategies in
training, risk stratification, and technical
approaches for safe ERCP.

A focus on training in ERCP: A paradigm

shift is upon us

Several studies have demonstrated that ERCP is a
highly operator-dependent procedure that
requires appropriate competency before inde-
pendent practice. Therefore, intensive training is
needed to achieve technical success and to
improve safety.%7 Training programs should start
after the achievement of an adequate proficiency
level in gastrointestinal endoscopy.® Then, the
first goal of an ERCP training program is ensur-
ing that firm cognitive skills are acquired.®10
Second, ERCP has several technical aspects that
a trainee should master at the end of the training:
the first proficiency level in ERCP includes an
appropriate scope maneuvering and orientation,
selective cannulation of the common bile duct
(CBD), and/or main pancreatic duct (MPD), and
successful sphincterotomy, stone clearance, stent
placement.!

State-of-the-art methods of training in ERCP:

Who trains the trainer?

ERCP training requires time, commitment, and
solid preparation from mentors. As standardized

ERCP teaching programs are still lacking, paral-
lelly there are no guidelines on how endoscopists
should teach the procedure.!? European Society
of Gastrointestinal Endoscopy (ESGE) Position
Statement on the ERCP curriculum recommends
a minimum 3-year independent practice before
starting mentoring ERCP trainees, strongly sug-
gesting undertaking a specific course to reach skill
development as a teacher.® In this setting, institu-
tional commitment is essential, as much as train-
ers should be conscious of the importance of
individual competence to instruct future ERCP
endoscopists.!3

State-of-the-art methods of training in ERCP:
Simulation-based models

Aiming at preventing serious short- and long-
term complications and offering an appropriate
education to ERCP trainees, initial simulation-
based training could guide a fellow to achieve
technical skills and self-confidence with the
endoscopic devices before shifting to a hands-
on practice on patients. This setting includes in
vivo and ex vivo animal models, mechanical
simulators, and computer-based/virtual reality
simulators.1415

Live animal models represent the most realistic
endoscopic simulators, despite some differ-
ences from human anatomy.!> Due to their
safety, low cost, and high availability, the most
frequent in vivo and ex vivo animal models are
swine, so far.1%17 Nevertheless, ethical limita-
tions should always be taken into account,
reserving porcine models only for a restricted
group of trainees that may truly benefit from
this kind of training.!8

Mechanical simulators are physical models
designed to mimic human anatomic structures.
ERCP mechanical simulators include the
X-Vision system,!? ERCP Mechanical Simulator
(EMS),20 and the Boskoski-Costamagna ERCP
Trainer.2! These models are usually made of
plastic molds that attempt to represent the
papillary orifice and allow the practice of
selective ductal cannulation and endoscopic
sphincterotomy. To our knowledge, the
Boskoski-Costamagna ERCP Trainer is the first
mechanical model that has been independently
validated, showing good construct and face
validity?2 (Figures 1 and 2).
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Figure 1. The X-Vision ERCP Training System
simulator. Reproduced from Gallo et al.2®
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Figure 2. The Boskoski-Costamagna ERCP trainer
(Cook Medical, Limerick Ireland).

Figure 3. The Simbionix Gastrolntestinal (Gl)-
mentor simulator. Courtesy of OKB medical limited
(Chichester, UK].

The Gastrolntestinal (GI)-Mentor II from
Simbionix?4?> and the AccuTouch/Endo Virtual
Reality (VR) from CAE Healthcare?> are the
existing computer-based simulators (Figure 3).
These simulation models are integrated systems
consisting of mechanical parts and software able
to provide various scenarios of endoscopic train-
ing, ranging from basic procedures to more com-
plex situations such as emergency endoscopic
interventions. Compared with the mechanical
models, they do not need human supervision,
given their ability to record trainees’ technical
progress and to provide immediate, objective
feedback.2° The main disadvantage of computer-
based simulators is their high cost.

Despite the increasing use of any kind of simula-
tor, standardized, evidence-based strategies that
incorporate a simulated setting into ERCP train-
ing are still lacking.?” A single-center experience
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on a year-long flexible endoscopy training, made
of both theoretical teaching and simulation-based
practice, documented an overall improvement of
endoscopic skills of trainees.?® Indeed, the use of
simulation-based training before switching to
hands-on practice could help ERCP fellows to
acquire new abilities, accelerate the learning
curve, and consequently minimize the develop-
ment of ERCP-related adverse events when endo-
scopic practice is done on real patients.

State-of-the-art methods of training in ERCP:
Competency-based education

Even though ERCP is one of the most technically
demanding endoscopic procedures, universally
accepted metrics of proficiency are still lacking.
Competence is assessed by trainers’ subjective
opinion while supervising trainees’ work and
improvements, and great variability of worldwide
ERCP training programs and individual learning
curves has been documented.!! First, there is not
a global consensus on how long the ERCP train-
ing program should last. Gastrointestinal endos-
copy societies suggest a minimum duration of 12
consecutive months, assuming that trainees
should previously have achieved an acceptable
level of basic endoscopy.?®* On the other hand,
some studies tried to measure trainee competency
on the basis of a minimum number of ERCPs per-
formed during training.”-3%:31 Current guidelines
by the American Society of Gastrointestinal
Endoscopy set this threshold at 200 procedures
per trainee at the end of the training program,32
while the ESGE set the threshold at 300.8
However, it is now well established that there is a
discrepancy between the required minimum level
of competency and the threshold of procedures
suggested by guidelines, which most of fellows do
not reach during ERCP training.33

Current data support a new paradigm shift, from
an apprenticeship, volume-based model to a
competency-based approach, that emphasizes the
importance of reaching some predefined out-
comes instead of assessment scores, focuses on
skills rather than knowledge, and promotes a
major engagement of masters.3+

Nevertheless, where do we stand in the evaluation
of proficiency in ERCP?

Assessing proficiency in ERCP: Meeting technical
endpoints. A well-structured education in ERCP

should present accurate instructional methods,
assess ability milestones toward proficiency, and
adopt specific assessment tools along the learning
path. Few studies evaluated the learning curve and
tried to measure the competence of ERCP train-
ees among several worldwide teaching pro-
grams.11:35 CBD selective cannulation is one of the
most complicated technical phases of ERCP and a
CBD cannulation rate ranging from 80% to 90%
has been considered a measure of proficiency for a
long time.3%37 In a prospective study evaluating
the learning curves of 15 trainees, Ekkelenkamp
et al.?®> demonstrated an increased unassisted can-
nulation rate of CBDs after 200 ERCPs con-
ducted on both patients with a native duodenal
papilla and subjects who had already undergone
sphincterotomy (from 36% at baseline to 85%,
$»<<0.001). An overall CBD cannulation rate of at
least 80%, proposed as a measure of competence,
was reached only by 2 out of 15 trainees.?> Wani
er al.’® examined the learning curves of ERCP
trainees coming from five different American
training centers, highlighting a great variability in
the number of successful procedures completed
during the training programs; moreover, using a
cumulative sum analysis, none of the training cen-
ters reached the threshold for competence in can-
nulation of native papilla after a 12-month training
period. Additional ERCP performance measures
have been reported in a recent systematic review,3°
and later adopted in the ESGE Position Statement
on the ERCP curriculum to define the basic level
of trainee competency. These are the following:
selective native papilla cannulation rate of at least
80%, complete stone clearance in at least 85% of
subjects, and successful stent positioning in case
of distal biliary strictures in at least 90% of
patients.8 Moreover, ESGE considers PEP as the
most pertinent indicator of complication rate: pro-
ficiency in ERCP also requires an overall PEP rate
below 10%.8

Assessing proficiency in ERCP: Skills evaluation
scales. Recent scientific evidence suggests the
use of assessment tools to document competence
in ERCP training.!!:35> These forms aim at facili-
tating both the trainee and his supervisor to iden-
tify all skill deficiencies and hence allowing to fix
the cognitive and technical gaps, to arise trainees’
insight into the quality of ERCPs, and build a
personal projection of the overtime improvement
during the training period.!® Over the last decade,
three self-assessment forms have been con-
structed,3>4%41 but only two of them have gained
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validation, being therefore recommended by
ESGES3: ‘The EUS and ERCP Skills Assessment
Tool’ (TEESAT) and/or the ‘Direct Observation
of Procedural Skills’ (DOPS) in the assessment of
fellow’s learning curve.40:41 Besides, ERCP train-
ees are invited to regularly record all the endos-
copy cases, and the degree of their supervisor
support: this logbook may represent a real picture
of the competency developed by the trainee.8

State-of-the-art methods of training in ERCP:
There is still a long way to go

Despite the slow change taking place, well-
defined proficiency thresholds in ERCP training
deriving from a competency-based education
model are not universally accepted by the scien-
tific community. Furthermore, few studies inves-
tigated how trainee involvement may influence
ERCP-related clinical outcomes. Recently,
Voiosu er al.*?> conducted a prospective, multi-
center, observational study in which the partici-
pation of trainees did not seem to affect the
technical success and adverse events rate of
ERCP. In particular, no difference was found in
the incidence of technical failure (7.6% wversus
6.3%, p=0.31) or adverse events (14.7% versus
14.6%, p=0.99) between the trainee group and
the control group. However, major limitations of
the study include its observational nature, the
lack of a standardized intraprocedural trainee
involvement, and the concentration of high-risk
ERCP interventions in the group without the par-
ticipation of trainees.*?

An in-depth exploration of new metrics of profi-
ciency based on a trainee’s learning curve rather
than procedural thresholds is still needed to
embrace an upgraded and evidence-based strat-
egy in ERCP training. Moreover, future research
should investigate the association between trainee
participation and ERCP-related adverse events as
PEP, preferably through a large prospective, mul-
ticenter trial.

Patient selection and risk stratification in

the prevention of PEP

Not all biliary cannulations are the same, and so
is the risk of developing adverse events following
ERCP. A careful evaluation of all patients before
undergoing ERCP is essential to provide the
most appropriate peri-procedural management,
and, consequently, to prevent any post-ERCP
complications.

In the last three decades, numerous retrospective
and prospective studies have explored several risk
factors for PEP. Two recent systematic reviews
conducted, respectively, on 32.381 and 54.889
individuals, indicate suspected sphincter of Oddi
dysfunction (SOD), female sex, and previous epi-
sodes of pancreatitis or PEP as definite patient-
related risk factors for PEP.43-%4 In a prospective
study including 996 subjects, younger patients,
namely those less than 35 years old, had a greater
risk to develop PEP.%> In addition, ESGE sug-
gests as likely patient-related risk factors non-
dilated extrahepatic bile duct, absence of chronic
pancreatitis, normal serum bilirubin, and end-
stage renal disease.*®

Although research appeared to advance in the
recognition of the potential patient-related condi-
tions predisposing to PEP occurrence, data vari-
ability makes it challenging to stratify patients as
high risk, moderate risk, or low risk for PEP. Our
focus will be on the appropriate selection of can-
didates for ERCP, and the recently developed
prediction models for PEP.

Patient selection before ERCP

Undeniably, the proper selection of patients
undergoing ERCP might represent the very first
step in the prevention strategy of PEP. In 2006,
Peter B. Cotton analyzed a series of 59 ERCP-
related lawsuits, highlighting that the principal
accusation was that ERCP did not meet an appro-
priate indication.?” Since the utilization of ERCP
as a diagnostic procedure has declined in favor of
other less invasive and accurate diagnostic tools,
such as MRCP and EUS, and ERCP is currently
performed for strictly therapeutic reasons,
endoscopists should acquire the cognitive skills
necessary for the correct selection of ERCP can-
didates by identifying the good indications for
this procedure. In general, ERCP should be con-
sidered whenever patients with a biliopancreatic
disease need a therapeutic intervention upon an
individual benefit-risk assessment. Appropriate
indications for ERCP are biliary obstruction as a
result of symptomatic choledocholithiasis, pan-
creatic cancer, unresectable cholangiocarcinoma,
indeterminate or benign biliary strictures, as well
as bile duct injury after cholecystectomy and liver
transplantation, and symptomatic pancreatic
strictures as it occurs in chronic pancreatitis.48

Nevertheless, there are some cases in which the
indications for ERCP are not always clear. In fact,
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it has been recently highlighted that it is question-
able whether this procedure should be reserved
also for patients with silent CBD stones, defined
as the absence of abdominal pain, nausea and
vomiting, and abnormal liver function tests. A
few retrospective studies reported that the inci-
dence of PEP in subjects with asymptomatic
choledocholithiasis was over 10% (12.5-20.8%)
when compared with symptomatic CBD stones
(1.5-6.9%, p<<0.05),%52 and at multivariate
analysis, the presence of silent CBD stones in
patients undergoing ERCP was found to be an
independent risk factor for PEP.5%51 These data
are apparently in contrast with current guide-
lines, that recommend ERCP even in patients
with asymptomatic choledocholithiasis with
low-quality evidence.?35* Prospective studies
comparing the reliability and safety of the wait-
and-see to the therapeutic approach of silent
CBD stones are needed to establish a more suit-
able strategy for this clinical setting.

SOD was historically considered a risk factor for
PEP, but the real existence of the disease was
recently disavowed from the EPISOD study.>®
Long-term outcomes of this study including a
randomized sham-controlled trial and a
non-randomized protocol highlighted that a sham
procedure in patients with suspected SOD type
IIT — for example, post-cholecystectomy pain
without abnormal liver function test results and
non-dilated CBD - was not inferior when com-
pared to the active treatment, that is, sphincter-
otomy.>> Therefore, these results suggest against
performing ERCP for this particular context.

Risk stratification models for PEP

Risk stratification is defined as a process for sys-
tematically categorizing patients based on data
reflecting their health status, lifestyle, and medi-
cal history.>® This method is increasingly per-
ceived as helpful in clinical decision-making, by
providing risk-stratified care management.

In 2002, Friedland ez al.57 first developed a risk strat-
ification model aiming at predicting the risk of pan-
creatitis in subjects undergoing ERCP. The authors
identified multiple preoperative and perioperative
factors that could predict the development of
PEP: pain during the procedure, cannulation of
the pancreatic duct, a previous history of PEP,
and the number of cannulation attempts were the

four significant variables provided by multivariate
analysis. A simple scoring system was created from
the results of the multivariate analysis, and three risk
groups were identified: a low-risk group (<4 points),
a medium-risk group (5-8points), and a high-risk
group (=9points), with a probability to develop
post-procedural pancreatitis of 1.9%, 6.9%, and
28%, respectively.’” This scoring system was also
applied to two categories of patients already at high
risk of PEP, those with a suspected SOD, and those
undergoing cannulation of minor papilla,>”:38 show-
ing a good performance in predicting post-proce-
dural pancreatitis.’” Unfortunately, this prediction
model did not meet any validation, but it pointed the
right way forward.

A turning point was represented by a Scandinavian
work that constructed and validated a morpho-
logic classification of the duodenal native major
papilla, whose appearance is associated with bile
duct cannulation complexity.’® Namely, small
papilla — type 2 — [52%; 95% confidence interval
(CI), 45-59%] and protruding or pendulous
papilla — type 3 — (48%; 95% CI, 42-53%) showed
a significantly higher complexity in the phase of
biliary cannulation when compared with regular
papilla — type 1 (36%; 95% CI, 33-40%). Even
though PEP was not significantly associated with
the different ampulla types, the frequency of this
complication was increased in case of difficult
cannulation (p<<0.05), setting the basis for the
implementation of the well-known patient-related
risk factors for this fearsome complication.>®
Indeed, Zheng er al.% rapidly seized the opportu-
nity to create a novel risk prediction model includ-
ing the morphological features of the native
papillary orifice among the predictive factors for
PEP. In particular, patients were stratified into
three risk categories through a scoring system
based on gastrectomy history, high serum albu-
min, villous type of papillary orifice, nodular type
of papillary orifice, pancreatic guidewire passages,
and pre-cut sphincterotomy as risk factors, and
high serum direct bilirubin, CBD stone, and high
operator experience as protective factors. Although
the probability of PEP development significantly
correlated with the degree of risk in the three strat-
ified groups (the probability of PEP was 6.1%,
17.0%, and 37.5% in patients with low-, moder-
ate-, and high-risk scores, respectively, p<0.05),
a multicenter study with larger sample size is still
needed to assess and validate the ability of the
scoring system to predict PEP.¢0
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Recently, two different studies proposed similar
clinical scoring systems that allow stratifying
patients at low and high risk of developing pan-
creatitis after they have been treated with
ERCDP*%1:62 The principal identified risk factors are
a personal history of PEP,%? native papilla,1:62
difficult cannulation,®!-62 pancreatic injection,51-62
pancreatic and biliary intraductal ultrasonogra-
phy,%2 and absence of pancreatic stents.! Both
studies validated their stratification models using
a bootstrapping resampling. Chiba ez al.!, that
applied a propensity score analysis for an internal
validation, showed that their prediction model
had an optimism-corrected area under the curve
of 0.81 (95% CI, 0.77-0.86), whereas Fujita
et al.%2 using a simple addition of integer scores,
reported an area under the curve on the valida-
tion set of 0.791, reaching a value similar to the
performance in the training set (0.799).

Despite the growing interest in the development of
feasible PEP prediction models, several limitations
are common in the abovementioned studies. First,
some methodological weaknesses, such as a small
sample size and retrospective analysis are recogniz-
able. Moreover, a great part of them are single ter-
tiary center studies, without external validation, that
are focused on both pre-procedural and peri-proce-
dural variables.>7-60:61 Pre-procedural risk stratifica-
tion is in fact advisable to facilitate health cost
containment and to minimize unnecessary admis-
sions. To our knowledge, only one Korean study
pertained to developing a pre-ERCP risk prediction
model for PEP. The scoring system included
younger age (<65years), female sex, previous acute
pancreatitis, and malignant biliary obstruction as
independent risk factors for the development of
PEP.%3 Although the incidence of PEP in the valida-
tion cohort was greater in the high-risk group (6.9%)
when compared to the low- (2.2%) and the moder-
ate-risk groups (3.8%), the difference was not statis-
tically significant (p>0.05).%3

Cutting-edge tools for predicting PEP: When
machine learning comes into play

Over the last decades, a great number of studies
have focused on understanding the risk factors
for PEP, and the way to incorporate them
into clinical decision-making. Nevertheless, the
abovementioned risk prediction models are gen-
erally developed using multivariate regression
models, not considering the synergetic effect
between the different risk factors for PEP,%* and

showing a suboptimal predictive performance.
Studies developing and validating prediction
models using artificial intelligence (AI) and
machine learning (ML) are gaining increasing
success in the healthcare community, because of
their excellent performance and greater accuracy
in the prediction of outcomes. A recent confer-
ence paper presented the first data of an interna-
tional, multicenter, prospective cohort study
that applied ML techniques in the development
of two different models for the prediction of
PEP, respectively, based on gradient boosting
and logistic regression.®®> Preliminary results of
this study reported that relevant variables
included in the analysis were mostly pre-proce-
dural factors, such as total bilirubin level, body
mass index, age, units of alcohol drunk per day,
and previous ERCP with sphincterotomy.%
Interestingly, the gradient boosting-based model
showed a significantly better performance when
compared to the logistic regression-based one,%
raising awareness that the application of ML for
risk stratification would lead to the development
of more reliable and accurate models for the pre-
diction of PEP.

Technical expedients and pharmacological
measures in the prevention of PEP

Several technical issues have been reported as fac-
tors that impact the risk of PEP. These are diffi-
cult cannulation, need for pre-cut sphincterotomy,
endoscopic papillary balloon dilation, pancreatic
duct contrast injection, and self-expanding metal
stent placement.’® Moreover, the pathophysiol-
ogy of PEP development is still not clearly under-
stood, though the occurrence of chemical,
mechanical, or thermal injuries on the pancreatic
acini seems to be the first step for the inflamma-
tory cascade activation and the systemic cytokines
release.%” The putative involvement of these path-
ogenic mechanisms has guided the development
of different intra- and post-procedural approaches
to reduce the incidence of PEP, and the reported
preventive strategies might be divided into techni-
cal and pharmacological measures.

Technical approaches

As abovementioned, difficult cannulation is
reported to be a risk factor for PEP development.3
Wire-guided biliary cannulation technique is rec-
ommended to facilitate the bile duct cannulation
avoiding the unintentional injection of contrast
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medium into the pancreatic duct and reducing
the risk of hydrostatic and chemical injury into
the pancreatic tissue.%%%° A meta-analysis of nine
randomized clinical trials including 2583 patients
reported that the guidewire-assisted cannulation
technique was associated with significantly higher
success in primary cannulation (risk difference)
(RD) - 0.07; 95% confidence interval (CI), 0.03—
0.12; 12=12%) and a lower incidence of PEP
(RD - 0.03; 95% CI, 0.01-0.05; 12=45%) when
compared with the conventional contrast
medium-assisted cannulation accidentally passed
into the pancreas.’”®

The electrosurgical current used to perform the
endoscopic sphincterotomy is involved in the
development of thermal injuries to pancreatic
parenchyma and, consequently, PEP. Several
studies evaluated the differences between pure
cutting and blended current in the involvement of
PEP occurrence, leading to controversial
results.”l:72 Some authors reported an increased
risk of adverse events when a blended current was
used for sphincterotomy when compared with a
pure-cut current.”! Conversely, no differences
between blended current and pure-cut in the risk
of PEP were documented in a subsequent study,
demonstrating that pure-cut current was associ-
ated with a mildly increased risk of bleeding.”?
Finally, in a Bayesian network meta-analysis of
nine studies comparing different electrocautery
modes (blended-cut, pure-cut, Endocut, and
pure-cut followed by blended-cut), no statisti-
cally significant differences in the risk of PEP
development were showed.”?

One of the most promising technical options to
reduce the occurrence of PEP is the decompres-
sion of the pancreatic duct system placing a stent
in the MPD. It is well established that this expedi-
ent improves the drainage of the pancreatic juice
and reduces hydrostatic injury.’# Sofuni ez al.”>
performed a multicenter, randomized, controlled
trial including 426 patients undergoing ERCP to
assess the incidence of PEP after pancreatic stent
positioning. In all, 213 patients received a pancre-
atic stent placement and showed a lower inci-
dence of PEP when compared with those patients
not receiving the pancreatic stent (7.9% wversus
15.2%, p=0.021). Moreover, they reported that
pancreatography, procedure time >30min, sam-
pling of pancreatic tissue, intraductal ultrasonog-
raphy, and difficulty of cannulation were
additional risk factors associated with an increased

incidence of PEP, therefore justifying the posi-
tioning of a prophylactic pancreatic stent in high-
risk patients.”> The use of small plastic stents is
recommended to reduce the risk of pancreatic
duct injuries associated with larger pancreatic
stents and increase the possibility of spontaneous
stent migration to avoid additional endoscopic
procedure.® Nevertheless, it has been shown that
the size 5-French (Fr) stent is superior to the 3-Fr
stent in preventing PEP, even better when pan-
creatic stents are provided with a duodenal flange
or pigtail, due to the reduced risk of intraductal
migration and a subsequent facilitated spontane-
ous dislodgement.’%77 Despite the current ESGE
recommendation of using prophylactic pancreatic
stents in selected patients with a high risk of
developing PEP (e.g. unintentional guidewire
insertion and/or contrast opacification of the
pancreatic duct, double-guidewire cannula-
tion),*% a recent meta-analysis including 10 rand-
omized controlled trials on 1239 patients with
pancreatic stent positioning documented that it
was an efficient preventive approach even for
average-risk subjects when compared to placebo
(average-risk patients: relative risk (RR)=0.07,
95% CI, 0.002-0.58, high-risk patients:
RR=0.20, 95% CI, 0.051-0.56).78 At present,
ESGE recommends against the routinely prophy-
lactic pancreatic stent positioning in all patients

\

Figure 4. The novel helicoid-shaped biliary and
pancreatic biodegradable stent (Archimedes stent;

Amg International GmbH, Winsen, Germany).
Reproduced from Anderloni et al.”?
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undergoing ERCP, because of a greater risk of
pancreatitis in case of intraprocedural failed pan-
creatic stenting or subsequent endoscopic removal
of retained stents.*® However, this does not hap-
pen very frequently, and, over recent years, novel
helicoidally shaped biodegradable stents have been
developed to overcome the abovementioned issues
related to pancreatic conventional stents.”9:80
Undoubtedly, the most valuable advantages of
biodegradable stents are the avoidance of a later
ERCP to remove them and the permanence inside
the pancreatic duct for a sufficient period of time
before degradation to guarantee pancreatic drain-
age.8! Whether the degradation of pancreatic stents
could lead to the presence of stent fragments into
a normal pancreatic duct with subsequent seque-
lae is not known; therefore, randomized controlled
trials comparing outcomes of pancreatic biode-
gradable stents wersus conventional stents posi-
tioning are warranted to define the best setting in
which using this novel device. Moreover, high
costs of biodegradable stents is a limitation to their
use in clinical practice (Figure 4).

Finally, poor data on the more appropriate dura-
tion of EPBD to prevent the occurrence of PEP
are available, though all studies suggest for a pro-
longed EPBD time. A randomized controlled trial
including 170 patients with choledocholithiasis
undergoing EPBD found that 5-min dilation was
associated with a lower incidence of PEP when
compared with 1-min EPBD (15.1% versus 4.8%,
p»=0.038).82 This has been explained as a result of
a complete loosening of the papillary sphincter,
leading to less difficult cannulation and stone
extraction.®2 Another study reported that PEP
occurrence was significantly higher in case of <3-
min duration of EPBD when compared to the 3-
to 5-min dilation (13.3% versus 3.1%, p=0.032).83
Moreover, a large randomized controlled trial
including 1920 consecutive patients with chole-
docholithiasis highlighted that an EPBD time of
30s after endoscopic sphincterotomy had a lower
risk of PEP when compared to a 300-s dilation,
suggesting for a very short duration of EPBD in
the case of combined endoscopic papilla dilation
and sphincterotomy.8

Despite not being mentioned in the majority of
the papers and guidelines, the quality of the radi-
ological equipment can impact the rate of PEP
since a good quality of fluoroscopy can permit a
more careful and detailed control of the cannula-
tion maneuvers.

Pharmacological approaches

Rectally administered NSAIDs are the only drug
approved and recommended for the prevention of
PEP and represent the first pharmacological
approach to reduce the risk of this worrisome
complication. A meta-analysis of 19 studies con-
ducted on 5031 patients undergoing ERCP high-
lighted that NSAIDs administration was
associated with a lower risk of PEP (RR=0.54,
95% CI, 0.45-0.64, 12=40.4%) when compared
with the control group.8> The route of adminis-
tration of NSAIDs seems to be crucial in PEP
prevention: given that the rectal administration
showed significant efficacy, it is currently the only
recommended route.86

Another evidence-based pharmacological strategy
is periprocedural hydration. Aggressive hydration
with Lactated Ringer (3 cc/kg/h during the proce-
dure, 20 cc/kg bolus after the procedure, and 3 cc/
kg/h for 8h after the procedure) has been associ-
ated with a lower incidence of PEP when com-
pared with standard hydration (1.5 cc/kg/h during
and for 8h after the procedure).®’” In a rand-
omized, controlled double-blind clinical trial
including 150 patients, Shaygan-Nejad er al.88
reported that aggressive hydration was associated
with a lower incidence of PEP if compared with
standard hydration in patients undergoing ERCP
without the prophylactic administration of rectal
NSAIDs (5.5% wversus 22.7%, p value=0.002).
Furthermore, hyperamylasemia and pancreatic
pain occurred more likely in the standard hydra-
tion group (44% versus 22.7% and 37.3% versus
5.3%, respectively).®® This type of prophylaxis,
despite being effective, is difficult to manage due
to the complex administration with different regi-
mens and volumes in the pre-, intra-, and post-
ERCP phases. Aggressive hydration can be easier
to apply in centers where ERCPs are performed
together with the anesthesiologist.

Several other drugs have been evaluated to find
new pharmacological strategies to prevent PEP.
Nitrates are shown to relax the biliary and pancre-
atic sphincters, and might theoretically facilitate
biliary cannulation and reduce pancreatic outflow
obstruction after the procedure.®® In a meta-
analysis of 11 trials including 1814 subjects under-
going ERCP, the overall risk of PEP was signifi-
cantly lower in the nitrates group if compared with
placebo (odds ratio: 0.56, 95% CI, 0.40-0.79;
$»=0.001).9° Modulators of pancreatic secretions,
such as somatostatin and its analog, octreotide,
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have been widely evaluated in the prevention of
PEP, even though results are controversial. A
meta-analysis of 11 studies conducted on 2869
patients documented no benefits in administrating
somatostatin as a short-term infusion (RR=1.40,
95% CI, 0.93-2.12; p=0.11), but a slight benefit
when administrated as a bolus or a long-term
injection (RR=0.25, 95% CI, 0.13-0.47,
$»<<0.0001; RR=0.44, 95% CI, 0.27-0.71,
$»=0.0008).°! In another meta-analysis of 15 stud-
ies, the administration of octreotide showed no
efficacy in PEP prevention.®? Several other drugs,
such as gabexate mesylate, allopurinol, heparin,
and corticosteroids, topical epinephrine spray,
have been evaluated to prevent the occurrence of
PEP, however, the results are sparse and their use
is currently not recommended.93-9¢

Upcoming developments

Despite the improvement of preventive strategies
for the development of PEP, this complication
still presents a high incidence and relevant mor-
tality. Since PEP could result from a combination
of multiple mechanisms, a comprehensive
approach to its prevention should be employed by
ERCP operators. Our review focused on three
areas of preventive strategies: adequate training in
ERCP, appropriate patient selection and risk
stratification, and intraprocedural and pharmaco-
logical expedients. Even though certain progress
in these domains has been made, current preven-
tive approaches seem to lower the risk of PEP
without eliminating it. The application of Al
might have a promising role in the whole strategy
of PEP prevention. Al implementation could pro-
vide reliable predictive models to appropriately
select ERCP candidates and help both trainees
and experts to better face some crucial steps dur-
ing ERCP, such as accessing the bile duct or pan-
creatic stent positioning. Al is indeed providing a
rapid shift paradigm in medicine. In such a risky
but essential endoscopic procedure, Al-based
methods might improve therapeutic and prognos-
tic models in ERCP leading to safer clinical man-
agement. Further studies are needed to expand
this innovative area of research.
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