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1. Introduction
!

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) has become almost exclusively a ther-
apeutic procedure. Of all the currently performed
gastrointestinal endoscopic procedures it carries
the highest complication rate. Complications of
ERCP include pancreatitis, bleeding, cholangitis,
cholecystitis, and perforation. Of these complica-
tions, post-ERCP pancreatitis (PEP) is the most
frequent. It is most often clinically mild or moder-
ate in severity but in about 10% of cases it is se-
vere and potentially fatal. Patient-related and
procedure-related risk factors for PEP are well de-
fined. Recently, effective measures to prevent PEP
have been identified, and include improvement in
cannulation techniques as well as pharmacologi-
cal and instrumental interventions.
The aim of the guideline is to provide a frame-
work to caregivers to implement available meth-
ods tominimize the incidence and severity of PEP.
The recommendations are not designed to be ri-
gid and cannot replace clinical judgment.

2. Methods
!

The European Society of Gastrointestinal Endos-
copy (ESGE) commissioned this guideline which
was then endorsed by its Governing Board. The
method used to formulate the guideline is sum-
marized as follows. In 2009 a preliminary litera-
ture search was performed by the corresponding
author. Original papers were identified by a

search of PubMed/MEDLINE, The Cochrane Li-
brary, Embase, and the internet, with search
terms “ERCP” and “pancreatitis.” Articles were
first selected by title. Their relevance was then
confirmed by review of the corresponding ab-
stract. Publications in non-English languages and
those whose content was considered irrelevant
were excluded. This initial search focused on fully
published prospective studies, particularly ran-
domized controlled trials (RCTs), though retro-
spective analyses and case series were also inclu-
ded if they addressed topics not covered in the
prospective studies. Additional articles were
identified by manually searching the reference
lists of retrieved papers. A summary of the search
findings was presented to the ESGE Governing
Board.
The commissioned authors met three times and
subsequently developed the guideline and incor-
porated recommendations from the members of
the Governing Board. In November 2009, the final
draft was sent to all individual ESGE members.
After incorporation of comments made by the in-
dividual ESGEmembers, the manuscript was then
sent to the Editorial Board of the journal Endosco-
py for critique and international peer review. The
final wording of the guideline document was
agreed upon by all of the authors.

Categories of evidence
The strength of the evidence used in this guide-
line was that recommended by the Scottish Inter-
collegiate Guidelines Network [1]. The ratings of
levels of evidence are summarized below:

Pancreatitis is the most common complication of
endoscopic retrograde cholangiopancreatogra-
phy (ERCP). Risk factors for post-ERCP pancreati-
tis (PEP) are both patient-related and procedure-
related. Identification of patients at high risk for
PEP is important in order to target prophylactic
measures. Prevention of PEP includes administra-

tion of nonsteroidal inflammatory drugs
(NSAIDs), use of specific cannulation techniques,
and placement of temporary pancreatic stents.
The aim of this guideline commissioned by the
European Society of Gastrointestinal Endoscopy
(ESGE) is to provide practical, graded, recommen-
dations for the prevention of PEP.
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1++ High quality meta-analyses, systematic reviews of RCTs,
or RCTs with a very low risk of bias

1+ Well-conducted meta-analyses, systematic reviews of RCTs,
or RCTs with a low risk of bias

1– Meta-analyses, systematic reviews, or RCTs with a high risk
of bias

2++ High quality systematic reviews of case–control or cohort
studies; high quality case–control or cohort studies with a
very low risk of confounding, bias, or chance, and a high
probability that the relationship is causal

2+ Well-conducted case–control or cohort studies with a low
risk of confounding, bias, or chance, and a moderate
probability that the relationship is causal

2– Case–control or cohort studies with a high risk of
confounding, bias, or chance and a significant risk that the
relationship is not causal

3 Non-analytic studies, e.g. case reports, case series
4 Expert opinion.

Grading of recommendations
Recommendations were based on the level of evidence presented
in support and were graded accordingly [1]. This grading is sum-
marized below:
A At least onemeta-analysis, systematic review, or RCT rated as

1++ and directly applicable to the target population; or a sys-
tematic review of RCTs; or a body of evidence consisting
principally of studies rated as 1+ directly applicable to the
target population and demonstrating overall consistency of
results

B A body of evidence including studies rated as 2++ directly
applicable to the target population and demonstrating
overall consistency of results; or extrapolated evidence from
studies rated as 1++ or 1+

C A bodyof evidence including studies rated as 2+ directly
applicable to the target population anddemonstratingoverall
consistency of results; or extrapolated evidence from studies
rated as 2++

D Evidence level 3 or 4; or extrapolated evidence from studies
rated as 2+.

For interventions analyzed in a single study, no recommendation
was made.

3. Summary of statements and recommendations
!

" Pancreatitis is the most frequent complication after ERCP with
an incidence of 3.5% in unselected patients; it is of mild or
moderate severity in approximately 90% of cases. Independent
patient-related and procedure-related risk factors for PEP are
listed in ●" Table 1. Risk factors synergistically increase the risk
of PEP (Evidence level 1+).

" There is no evidence that hospital ERCP volume has an influence
on the incidence of PEP; data about a potential relationship be-
tween PEP incidence and endoscopist case volume are conflict-
ing. Low annual case volumes, of endoscopists and centers, are
associated with higher ERCP failure rates (Evidence level 2+).

" Serum amylase values less than 1.5 times the upper limit of nor-
mal (ULN), obtainedat2–4hours post-ERCP, almost exclude PEP;
valuesmore than 3 or 5 times the ULN at 4–6 hours post-ERCP
have increasing positive predictive values for PEP (Evidence lev-
el 2+). It is recommended that serum amylase be determined in
patients to be discharged on the day of ERCP; patients with

amylase values less than 1.5 times ULN can be discharged with-
out concern about risk of PEP (Recommendation grade B).

" Nonsteroidal anti-inflammatory drugs (NSAIDs) reduce the in-
cidence of PEP; effective PEP prophylaxis has only been demon-
strated using 100mg of diclofenac or indomethacin adminis-
tered rectally (Evidence level 1++). Routine rectal administra-
tion of 100mg of diclofenac or indomethacin, immediately be-
fore or after ERCP, is recommended (Recommendation grade A).

" Nitroglycerin reduces the incidence of PEP; however, when ad-
ministered transdermally, it is ineffective (Evidence level 1++).
Side effects such as transient hypotension and headache may
occur. We do not recommend the routine use of nitroglycerin for
prophylaxis of PEP (Recommendation grade A).

" Cephtazidime reduced the incidence of PEP in a single study
(Evidence level 1–). Further data are needed before recom-
mending cephtazidime for the prophylaxis of PEP (Recommen-
dation grade C).

" Based on an ad hoc meta-analysis of results from 10 high qual-
ity RCTs, somatostatin proved to be ineffective in preventing PEP
(Evidence level 1++). We do not recommend universal admin-
istration of prophylactic somatostatin in average-risk patients
undergoing ERCP (Recommendation grade A). Administration
of somatostatin might be more efficacious using specific dose
schedules, but caution is needed when interpreting the results of
subgroup analyses as they often exaggerate differences between
treatments in RCTs.

" Octreotide administration did not affect the overall incidence of
PEP when data from eight high quality trials were pooled (Evi-
dence level 1++). Prophylaxis with octreotide is not recommen-
ded (Recommendation grade A). In future studies the efficacy of
prophylactic administration of octreotide should be evaluated
using a dose greater than or equal to 0.5mg.

" Prophylaxis with gabexate or ulinastatin does not reduce the
incidence of PEP (Evidence level 1++). Neither drug is recom-
mended for prophylaxis of PEP (Recommendation grade A).

" There is no evidence that glucocorticoids, drugs reducing
sphincter of Oddi pressure (other than nitroglycerin), antioxi-
dants, heparin, interleukin-10, or some anti-inflammatory
drugs (other than diclofenac and indomethacin), such as pen-
toxifylline, semapimod and the recombinant platelet-activating
factor acetylhydrolase reduce the incidence of PEP (Evidence
levels from 1– to 1++). None of these drugs is recommended for
PEP prophylaxis (Recommendation grade A).

" There is no evidence that the incidence of PEP is influenced by
patient position during ERCP (Evidence level 2++). Therefore, no
recommendation is made regarding patient position.

" Trauma resulting from repeated attempts at biliary cannulation
has been proven to be a risk factor for the development of PEP
(Evidence level 2++). The number of cannulation attempts
should be minimized (Recommendation grade B).

" Injection of contrast medium into the pancreatic duct is an in-
dependent predictor of PEP (Evidence level 1+). If pancreatic
duct injection occurs incidentally or is required, the number of
injections and volume of contrast medium injected into the
pancreatic duct should be kept as low as possible (Recommen-
dation grade B).

" Compared with traditional, high-osmolality contrast agents,
low-osmolality contrast agents are costlier but are not asso-
ciated with reduction in the rates of PEP (Evidence level 1–). The
routine use of these agents for ERCP is not recommended (Re-
commendation grade B).
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" Use of carbon dioxide (CO2) as a replacement for air for luminal
insufflation during ERCP does not influence the incidence of PEP
but decreases the incidence and severity of post-procedural ab-
dominal pain (Evidence level 1+). Carbon dioxide is recommen-
ded for insufflation, and might be particularly useful for outpa-
tient ERCPs, to reduce post-procedural abdominal pain and to
avoid confusion with PEP (Recommendation grade B).

" For deep biliary cannulation, the wire-guided technique reduces
the risk of PEP and increases the success rate of primary cannu-
lation when compared with the standard contrast-assisted
method (Evidence level 1++). The wire-guided technique is re-
commended for deep biliary cannulation (Recommendation
grade A).

" The incidence of post-sphincterotomy pancreatitis is not influ-
enced by the type of electrosurgical current used (whether pure-
cut or blended) (Evidence level 1+). Blended current is recom-
mended for biliary sphincterotomy, particularly in patients at
high risk of bleeding (Recommendation grade A).

" Data about the usefulness and safety of pancreatic guide wire
placement to facilitate biliary cannulation in difficult cases are
conflicting. Prophylactic pancreatic stent placement decreases
the incidence of PEP with this technique (Evidence level 2+).
Pancreatic guide wire assistance may facilitate biliary cannu-
lation mostly in the case of inadvertent but repeated cannula-
tion of the pancreatic duct; if this method is used, a pancreatic
stent should be placed for PEP prophylaxis (Recommendation
grade B).

" Various techniques of precut biliary sphincterotomy have been
described; the fistulotomy technique may present a lower inci-
dence of PEP than standard needle-knife sphincterotomy, but
further RCTs are required to determine which technique is safer
and more effective, based upon the papillary anatomy. There is

no evidence that the success and complication rates of biliary
precut are affected by the level of endoscopist experience in this
technique but published data only report on the experience of
one endoscopist (Evidence level 2–). Prolonged cannulation at-
tempts using standard techniques may impart a risk for PEP
greater than the precut sphincterotomy itself (Evidence level 2
+). Precut sphincterotomy should be performed by endoscopists
with expertise in standard cannulation techniques (Recom-
mendation grade D). The decision to perform precut biliary
sphincterotomy, the timing, and the technique are based on
anatomic findings, endoscopist preference and procedural indi-
cation (Recommendation grade C).

" Compared with endoscopic sphincterotomy, endoscopic papil-
lary balloon dilation (EPBD) using small-caliber balloons (≤ 10
mm) is associated with a significantly higher incidence of PEP
and significantly less bleeding (Evidence level 1++). EPBD is not
recommended as an alternative to sphincterotomy in routine
ERCP but may be useful in patients with coagulopathy and al-
tered anatomy (e.g. Billroth II) (Recommendation grade A). If
balloon dilation is performed in young patients, the placement
of a prophylactic pancreatic stent should be strongly considered
(Evidence level 4; Recommendation grade D).

" Potential advantages of performing large-balloon dilation in ad-
dition to endoscopic sphincterotomy for extraction of difficult
biliary stones remain unclear (Evidence level 3). Endoscopic
sphincterotomy plus large-balloon dilation does not seem to in-
crease the risk of PEP and can avoid the need for mechanical li-
thotripsy in selectedpatients, but not enoughdataare available to
recommend routine use over biliary sphincterotomy alone in
conjunctiontolithotripsytechniques(RecommendationgradeD).

" In patients undergoing pancreatic sphincter of Oddi manome-
try, use of the standard perfusion catheter, without an aspira-

Adjusted odds ratios (95%CI

in parentheses except where

indicated otherwise)

Pooled incidence of PEP

in patients with vs. those

without risk factor

Table 1 Independent risk
factors for post-ERCP pancrea-
titis (PEP).*

Patient-related risk factors

Definite risk factors

Suspected SOD 4.09 (3.37–4.96) 10.3% vs. 3.9%

Female gender 2.23 (1.75–2.84) 4.0% vs. 2.1%

Previous pancreatitis 2.46 (1.93–3.12) 6.7% vs. 3.8%

Likely risk factors

Younger age 1.09–2.87 (range 1.09–6.68) 6.1% vs. 2.4%

Non-dilated extrahepatic bile ducts NR 6.5% vs. 6.7%

Absence of chronic pancreatitis 1.87 (1.00–3.48) 4.0% vs. 3.1%

Normal serum bilirubin 1.89 (1.22–2.93) 10.0% vs. 4.2%

Procedure-related risk factors

Definite risk factors

Precut sphincterotomy 2.71 (2.02 –3.63) 5.3% vs. 3.1%

Pancreatic injection 2.2 (1.60–3.01) 3.3% vs. 1.7%

Likely risk factors

High number of cannulation attempts† 2.40–3.41 (range 1.07–5.67) 3.7% vs. 2.3%

Pancreatic sphincterotomy 3.07 (1.64 –5.75) 2.6% vs. 2.3%

Biliary balloon sphincter dilation 4.51 (1.51 –13.46) 9.3% vs. 1.9%

Failure to clear bile duct stones 3.35 (1.33–9.10) 1.7% vs. 1.6%

ERCP, endoscopic retrograde cholangiopancreatography; CI, confidence interval; SOD, sphincter of Oddi dysfunction; NR, not
reported.
* For definite risk factors, adjusted odds ratios and pooled incidences of PEP are reproduced from Masci et al. [10]. For likely
risk factors, adjusted odds ratios are reproduced from included studies that identified the characteristic as an independent risk
factor, while pooled incidences were calculated using figures available in all of the included studies that provided sufficient
data for calculation (see text for details about included studies) [2, 11–14].
† “High” (vs. low) number of cannulation attempts was defined as number of attempts before final cannulation of the desired
duct, and was > 5 or > 1, depending on the studies.
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tion port, has been shown to increase the risk of PEP compared
with modified water perfusion catheters (Evidence level 2++).
Pancreatic sphincter of Oddi manometry should be done using a
modified triple-lumen perfusion catheter with simultaneous
aspiration or a microtransducer catheter (non-water-perfused)
(Recommendation grade B).

" Prophylactic pancreatic stent placement is recommended to
prevent PEP in patients who are at high risk for development of
PEP. Short 5-Fr diameter plastic pancreatic stents are currently
recommended. Passage of the stent from the pancreatic duct
should be evaluated within 5 to 10 days of placement and re-
tained stents should be promptly removed endoscopically
(Evidence level 1+; Recommendation grade A).

4. Definitions
!

The consensus definition of ERCP complications as proposed by
Cotton et al. has allowed standardized reporting of the incidence
and severity of PEP [2]. PEP was originally defined as “clinical
pancreatitis with amylase at least three times normal at more
than 24 hours after the procedure, requiring hospital admission
or a prolongation of planned admission.” Some variations exist
across studies in the interpretation of “clinical pancreatitis,” and
this has been defined by some as “new or worsened abdominal
pain” [2], “typical pain and symptoms” [3], or “abdominal pain
and tenderness” [4]. The definition used by Freeman et al. (new
or worsened abdominal pain) takes into account patients who
undergo ERCP in the setting of acute pancreatitis or a flare of
chronic pancreatitis [2]. The current grading system for the se-
verity of PEP is mainly based on the length of hospitalization:
mild PEP is defined as need for hospital admission or prolonga-
tion of planned admission up to 3 days; moderate PEP is defined
by need for hospitalization of 4–10 days, and severe PEP by hos-
pitalization for more than 10 days, or hemorrhagic pancreatitis,
phlegmon (now referred to as pancreatic necrosis), or pseudo-
cyst, or need for percutaneous drainage or surgical intervention
[5]. Although the current classification system allows the severity
of pancreatitis to be determined in retrospective studies, we re-
commend that more specific grading systems of pancreatitis se-
verity (e.g. the Atlanta Classification System) be used in future
prospective studies [6].
In the absence of chronic pancreatitis, an elevated serum amylase
is frequently seen 24 hours after ERCP (53% in a prospective
study). Abdominal pain in the absence of PEP occurred in 62% of
cases in an RCT when air, rather than carbon dioxide, was used
for luminal insufflation during ERCP [7,8]. Therefore, a standard
threshold level for serum amylase (three times the upper limit of
normal [ULN] values 24 hours post-ERCP) and clinical examina-
tion of patients by an evaluator blinded to the allocated treat-
ment group are important in RCTs that assess the effectiveness
of interventions to prevent PEP.

5. Incidence, risk factors, and severity of PEP
!

" Pancreatitis is the most frequent complication after ERCP with
an incidence of 3.5% in unselected patients; it is of mild or
moderate severity in approximately 90% of cases. Independent
patient-related and procedure-related risk factors for PEP are
listed in ●" Table 1. Risk factors synergistically increase the risk
of PEP (Evidence level 1+).

Based on a systematic review of 21 prospective studies involving
more than 16 000 patients [9], PEP was found to be the most fre-
quent complication following ERCP with an incidence of 3.47%
(95% confidence interval [CI], 3.19%–3.75%). As defined pre-
viously, PEP can be mild, moderate, or severe. Based upon data
from studies that have included unselected patients, PEP is mild
in 45%, moderate in 44%, and severe in 11% of cases, and causes
death in 3% of cases (95%CI, 1.65%–4.51%). Stratification of pa-
tients into low-risk or high-risk categories for PEP is important
in order to provide adequate pre-procedure information to the
patient and in deciding when to consider patient referral to a ter-
tiary center.
Based on a large meta-analysis [10], three patient-related and
two procedure-related characteristics are considered definite in-
dependent risk factors for PEP (●" Table 1). Known or suspected
sphincter of Oddi dysfunction (SOD) presents the strongest asso-
ciation, with an incidence of PEP close to 10%. As only five poten-
tial risk factors for PEP were analyzed in that meta-analysis, we
also reviewed prospective, multicenter studies that analyzed po-
tential risk factors for PEP using multivariate analysis. Five stud-
ies were selected that involved 13 745 patients in total [2,11–
14]. Patient-related and procedure-related characteristics inde-
pendently associated with PEP in at least one of these studies
are reported as likely risk factors in●" Table 1 (“pancreatic injec-
tion” corresponded to ≥ 1 injection and, depending on studies, a
“high number of cannulation attempts” tomore than five or more
than one attempts before cannulation of the desired ducts). The
risk factors presented in●" Table 1 are not exhaustive because
not all potential risk factors have been analyzed. For example,
ampullectomy is generally considered to be a definitive risk fac-
tor for PEP on the basis of several small prospective studies
[15,16].
As risk factors for PEP were shown to be independent by multi-
variate analysis, they might have a cumulative effect. Freeman et
al. calculated the adjusted odds ratio (OR) for various combina-
tions of risk factors by using data prospectively collected from
about 2000 ERCPs: the highest risk of PEP (42%) was found for fe-
male patients with a normal serum bilirubin, suspected SOD, and
difficult biliary cannulation [11]. The actual incidence and sever-
ity of PEP in high-risk conditions is estimated using data from
control arms of RCTs in which the effectiveness of prophylactic
pancreatic stent placement was evaluated (patients were selec-
ted for inclusion based on the presence of SOD, a common bile
duct diameter < 10mm, precutting, difficult cannulation, sphinc-
ter of Oddi manometry, ampullectomy, and also simple endo-
scopic sphincterotomy) [15,17–19]. Meta-analysis of the control
arms of four such trials found a PEP incidence of 24.1%; 84.4% of
cases were mild/moderate and 15.6% were severe [20].
" There is no evidence that hospital ERCP volume has an influence

on the incidence of PEP; data about a potential relationship be-
tween PEP incidence and endoscopist case volume are conflict-
ing. Low annual case volumes, of endoscopists and centers, are
associated with higher ERCP failure rates (Evidence level 2+).

Factors that may affect the outcome of ERCP that are specifically
related to hospital procedure volume include availability of
equipment and adequacy of anesthesia, endoscopic and radiolo-
gic support, and nursing assistance. The number of ERCPs per-
formed in many centers is not as high as commonly believed: in
three large (regional or national) studies, the median annual
number of ERCPs was between 49 and 235 [21–23]. In one large
study, the median annual number of ERCPs per endoscopist was
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111 and 40% of endoscopists performed fewer than 50 sphinc-
terotomies/year [24].
Case mix is likely to be different in low-volume vs. high-volume
centers and might impact the reported PEP incidence rates: for
instance, the prevalence of suspected SOD was 11.7% in studies
included in a meta-analysis by Masci et al. [10], but was only
1.5% in a large audit representative of ERCP practice in England,
and 2.2% in a study from eight US community hospitals [14,25].
Thus centers with a specific interest in reporting data about risk
factors for PEP appear to have a higher percentage of patients
with suspected SOD reflecting a referral bias for high-risk pa-
tients in these centers.
Multivariate analyses from two prospective audits performed in
England and Italy (66 and 9 centers, respectively) found there
was no significant association between annual hospital volume
of ERCPs and incidence of PEP [12,14]. Nevertheless, the Italian
study found that overall complications and cholangitis were
more frequent in low-volume vs. high-volume centers [12]. A
large US study (> 2500 hospitals) analyzed the relationship be-
tween hospital procedure volume and ERCP outcome [22]. Com-
plication rates could not be assessed due to limitations of the da-
tabase used. Higher hospital ERCP volume was associated with a
lower incidence of failed procedures though not with in-hospital
mortality or PEP.
Endoscopist ERCP volume may refer to either lifetime volume or
annual number of ERCPs performed; annual volume has been the
parameter most thoroughly studied. In two prospective multi-
center studies by Freeman et al. [2,11], no relationship between
incidence of PEP and endoscopist case volume was seen using
multivariate analysis. PEP was significantly more frequent in the
hands of endoscopists with high case volume, but the association
became nonsignificant after adjusting for other risk factors at
multivariate analysis [11]. The success rate for bile duct cannula-
tion was higher for endoscopists performing an average of more
than two ERCPs/week [11]. In another prospective study [26], the
most significant risk factor for PEP following endoscopic sphinc-
terotomy was performance by endoscopists who performed a
low number (fewer than 40) of sphincterotomies per year. How-
ever, this was a single-center study that did not evaluate known
risk factors for PEP.

Prediction of PEP
" Serum amylase values less than 1.5 times the upper limit of

normal (ULN), obtained at 2–4 hours post-ERCP, almost exclude
PEP; values more than 3 or 5 times the ULN at 4–6 hours post-
ERCP have increasing positive predictive values for PEP (Evi-
dence level 2+). It is recommended that serum amylase be
determined in patients to be discharged on the day of ERCP;
patients with amylase values less than 1.5 times ULN can be
discharged without concern about risk of PEP (Recommenda-
tion grade B).

In a study that involved 231 patients, the 2-hour serum amylase
level was more accurate than clinical assessment in distinguish-
ing PEP from other causes of abdominal pain: serum amylase lev-
els less than 276 IU/L or more than 6 times the ULN at 2 hours
post-ERCP ruled out or predicted PEP, respectively, in almost
100% of cases [27]. In another prospective study that involved
1185 ERCPs, serum amylase values obtained 6 hours post-ERCP
that were less than 3.0 times the ULN were never associated
with PEP and valuesmore than 5.0 times the ULNwere associated
with PEP in 90% of cases [28]. A similar predictive value for PEP of
serum amylase increase tomore than 5.0 times ULN 6 hours post-

ERCP was reported recently by Kapetanos et al. [29]. A study from
Australia emphasized the value of a normal or only slightly
elevated serum amylase at 4 hours post-ERCP for ruling out PEP:
amylase values less than 1.5 times ULN had a negative predictive
value of 100% and could be used as a reliable criterion to dis-
charge patients; serum amylase values more than 3.0 times ULN
had a positive predictive value of 36.8% and were used as a cut-
off value for hospital admission [30]. If the amylase value is be-
tween 1.5 and 3.0 times ULN, then clinical assessment and risk
factors for PEP should guide management. More recently, Ito et
al. found that if the serum amylase was normal at 3 hours after
ERCP only 1% of patients developed PEP compared with 39% if
the amylase was more than 5.0 times ULN [31].

6. Pharmacologic agents available for PEP prophylaxis
!

Most available data on the efficacy of pharmacological agents for
PEP prophylaxis have been obtained in patients at average risk for
PEP. In such circumstances, insufficient statistical power might
account for the absence of demonstrated drug efficacy: in an
RCT that would include low-risk patients undergoing low-risk
ERCP, it is estimated that recruitment of a total of 2300 patients
would be needed (with a randomization ratio 1 :1) to provide
sufficient statistical power to detect a risk reduction from 4% to
2%. Conversely, if high-risk patients were included in an RCT, it is
estimated that recruitment of a total of 400 patients would be
needed (with a randomization ratio 1:1) to provide sufficient
statistical power to detect a risk reduction from 20% to 10%.
There are no published trials with sufficient sample sizes based
upon these rates of PEP.

Drugs with proven efficacy
Nonsteroidal anti-inflammatory drugs (NSAIDs)
" NSAIDs reduce the incidence of PEP; effective PEP prophylaxis

has only been demonstrated using 100mg of diclofenac or in-
domethacin administered rectally (Evidence level 1++). Routine
rectal administration of 100mg of diclofenac or indomethacin
immediately before or after ERCP is recommended (Recom-
mendation grade A).

Three different meta-analyses have been published using data
obtained from four prospective, randomized, placebo-controlled
studies which compared rectally administered diclofenac or in-
domethacin at a dose of 100mg vs. placebo [32–34]. No statisti-
cal heterogeneity was detected across the studies. Two RCTs eval-
uated the effect of rectal administration of 100mg diclofenac im-
mediately after the procedure, while the other two evaluated rec-
tal administration of 100mg indomethacin immediately before
the procedure. Both studies showed similar results. Patients
who were considered to be at high risk for PEP were included in
two studies. Overall, PEP occurred in 20/456 (4.4%) patients in
the treatment groups vs. 57/456 (12.5%) patients in the placebo
groups with an estimated pooled relative risk (RR) of 0.36 (95%
CI, 0.22–0.60), and the number needed to treat (NNT) to prevent
one episode of PEP was 15. The administration of NSAIDs was
associatedwith a similar decrease in the incidence of PEP regard-
less of risk [34]. No adverse events attributable to NSAIDs were
reported.
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Possibly effective drugs
Glyceryl trinitrate (nitroglycerin)
" Nitroglycerin reduces the incidence of PEP; however, when ad-

ministered transdermally, it is ineffective (Evidence grade 1++).
Side effects such as transient hypotension and headache may
occur. We do not recommend the routine use of nitroglycerin for
prophylaxis of PEP (Recommendation grade A).

The influence of nitroglycerin on the incidence of PEP was eval-
uated in two meta-analyses that pooled data from five RCTs in-
volving 1662 patients [35,36]. The studies were homogeneous
and both meta-analyses showed an overall significant reduction
of PEP with a RR of 0.61 (95%CI, 0.44–0.86) and NNTof 26. In the
majority of patients nitroglycerin was administered transder-
mally. When a subanalysis was restricted to these patients, trans-
dermal nitroglycerin failed to show a significant reduction in PEP
(RR 0.66; 95%CI, 0.43–1.01) The use of nitroglycerin was asso-
ciated with a significant risk of transient hypotension and head-
ache.

Ceftazidime
" Ceftazidime reduced the incidence of PEP in a single study (Evi-

dence grade 1–). Further data are needed before recommending
ceftazidime for the prophylaxis of PEP (Recommendation grade
C).

In the only study using ceftazidime for prophylaxis of PEP, the ad-
ministration of this antibiotic (2 g intravenously 30minutes prior
to ERCP) resulted in a significant reduction in the incidence of
PEP compared with controls (15/160 [9.4%] vs. 4/155 [2.6%],
P = 0.009) [37]. This study was of lowmethodological quality ow-
ing to unclear allocation concealment (the control group received
“no antibiotics” in place of placebo).

Somatostatin
" Based on an ad hoc meta-analysis of results from ten high-

quality RCTs, somatostatin proved to be ineffective in preventing
PEP (Evidence level 1++). We do not recommend universal ad-
ministration of prophylactic somatostatin in average-risk pa-
tients undergoing ERCP (Recommendation grade A). Adminis-
tration of somatostatin might be more efficacious using specific
dose schedules, but caution is needed when interpreting the re-
sults of subgroup analyses as they often exaggerate differences
between treatments in RCTs.

The prophylactic use of somatostatin for prevention of PEP has
been studied. In an ad hoc meta-analysis of 10 high-quality (Ja-
dad score > 3) trials [4,38–46], the incidence of PEP was 5.1%
(79/1542) in the somatostatin group compared with 7.6% (115/
1507) in the placebo group. No single trial had a sufficient sample
size, and data were highly heterogeneous across the studies (I2,
67.97; P < 0.001). Overall, the use of somatostatin did not result
in a reduction of PEP with an odds ratio (OR) of 0.57 (95%CI,
0.32–1.03). An interesting observation was that when the base-
line incidence of PEP among controls was higher than 10% a ben-
efit of somatostatin was seen, but when the baseline incidence
was approximately 5% no benefit was seen. When trials with an
incidence of PEP greater than 10% in the placebo group were ex-
cluded from analysis [38–40], the incidence of PEP in the placebo
group dropped to 6.7% (88/1322), whereas it was 4.9% (57/1364)
in the somatostatin group.
Administration of somatostatin as a single bolus injection was
evaluated in two small-sized studies; data proved statistically
homogeneous and pooling their effects yielded a significant pro-
tection of PEP, with a 9.9% PEP incidence in controls (20/202) vs.

2.0% in drug-treated patients (4/198) (OR, 0.19; 95%CI, 0.06–
0.63) [40,42]. The NNT was 13. The infusion of somatostatin for
longer than 12 hours for PEP prophylaxis was explored in four
RCTs: the pooled estimate showed that there was a significant re-
duction in PEP incidence from 7.4% in controls (48/648) to 3.2%
(20/632) in the active drug group; the OR was significant at 0.42
(95%CI, 0.22–0.83) although data were heterogeneous (I2, 55.98;
P < 0.01). The NNT was 24. With a shorter duration of infusion
(less than 6 hours), somatostatin prophylaxis was ineffective.

Octreotide
" Octreotide administration did not affect the overall incidence of

PEP when data from eight high-quality trials were pooled (Evi-
dence level 1++). Prophylaxis with octreotide is not recommen-
ded (Recommendation grade A). In future studies the efficacy of
prophylactic administration of octreotide should be evaluated
using a dose greater than or equal to 0.5mg.

An ad hocmeta-analysis was performed by pooling the data from
eight high-quality RCTs (Jadad score ≥ 3). The incidence of PEP
was 8.3% (78/945) in the placebo group vs. 6.0% (56/933) in the
active drug group [47–54]. Data from original studies were het-
erogeneous (I2, 52.39; P = 0.04) and the corresponding OR (0.73;
95%CI, 0.41–1.30) was nonsignificant. A subanalysis of adminis-
tration of octreotide either before ERCP or before and after ERCP
showed that neither schedulewas effective. The effect of the drug
seemed to be dose-related as octreotide was ineffective at a dos-
age of less than 0.5mg, but beneficial at higher doses: PEP inci-
dence was 3.7% (26/706) in patients who received more than
0.5mg of octreotide, and 7.5% (53/710) in control patients. Data
were homogeneous across the trials, and the corresponding OR
was significant (0.48; 95%CI, 0.29–0.79) with an NNT of 26.

Antiprotease drugs
" Prophylaxis with gabexate or ulinastatin does not reduce the

incidence of PEP (Evidence 1++). Neither drug is recommended
for prophylaxis of PEP (Recommendation grade A).

The benefit of gabexate for prevention of PEP has been evaluated
in six high-quality RCTs [38,39,41,55–57]. The incidence of PEP
was 6.3% (83/1318) in controls vs. 4.5% (68/1509) in patients re-
ceiving the active drug. Data across individual trials were highly
heterogeneous (I2, 64.09; P = 0.016) and the pooled effect did not
show a significant difference (OR, 0.65; 95%CI, 0.36–1.185). The
schedule of gabexate administration did not influence the out-
come as neither a short duration of drug infusion (less than 6
hours) nor a long one (more than 12 hours) were beneficial.
Ulinastatin as an agent to prevent PEP was studied in four RCTs.
In two studies it was compared with placebo and in two it was
compared with gabexate. The results of these studies are contra-
dictory [58–61]. In one RCT that included 406 patients [59], the
incidence of PEP was significantly lower with ulinastatin (150
000 U administered prior to ERCP) compared with placebo (2.9%
vs. 7.4%, P = 0.041). However, this benefit was not confirmed in
another RCT in which 227 patients were randomly allocated to
receive either ulinastatin (100 000 U) or placebo immediately
after ERCP (PEP incidence 6.7% and 5.6%, respectively; P > 0.05)
[61]. Two Japanese clinical trials compared gabexate with ulinas-
tatin administered before and after ERCP, and the rates of PEP
were not significantly different (4.3% vs. 7.5% in one trial and
2.9% vs. 2.9% in the other) [58,60].
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Drugs proven ineffective (●" Table 2)
" There is no evidence that glucocorticoids, drugs reducing

sphincter of Oddi pressure (other than nitroglycerin), antioxi-
dants, heparin, interleukin-10, or some anti-inflammatory
drugs (other than diclofenac and indomethacin) such as pen-
toxifylline, semapimod, and the recombinant platelet-activating
factor acetylhydrolase, reduce the incidence of PEP (Evidence
levels from 1– to 1++). None of these drugs is recommended for
PEP prophylaxis (Recommendation grade A).

Glucocorticoids
The efficacy of glucocorticoids for PEP prophylaxis has been eval-
uated in two meta-analyses including six RCTs [62,63]. The inci-
dence of PEP was not significantly different and was 11.8% (144/
1221) in the corticosteroid group vs. 10.6% (130/1227) in the
control group.

Drugs reducing sphincter of Oddi pressure
(other than nitroglycerin)
Botulinum toxin [64], epinephrine [65], lidocaine [66], and nife-
dipine [67,68], were tested as prophylactic agents for PEP, based
on the their potential effect of reducing sphincter of Oddi pres-
sure. The corresponding RCTs failed to show efficacy of these
drugs [64–68].

Antioxidant drugs
Three antioxidant agents have been tested for PEP prophylaxis in
seven RCTs, including allopurinol, N-acetylcysteine, and natural
beta-carotene. Three meta-analyses of four RCTs that involved
1730 patients proved that allopurinol was ineffective for PEP pro-
phylaxis (RR, 0.86; 95%CI, 0.42–1.77) [69–71]. The benefit of N-
acetylcysteine for preventing PEP has been evaluated in two
RCTs: the pooled incidence of PEP was similar in the active drug
and control groups (10.6% vs. 10.2%, respectively) [72,73]. The
effect of natural beta-carotene in the prevention of PEP was eval-
uated in a single study that enrolled a total of 321 patients: beta-
carotene was not found to be effective for prevention of PEP [74].

Heparin
The potential of subcutaneous heparin as a prophylactic agent for
PEP has been evaluated in two RCTs that included 564 patients
[75,76]. Both studies lacked sufficient statistical power due to in-
adequate sample size. Single-study and pooled data disproved
the benefit of this drug. Of note, heparin at selected timings and
doses in these studies did not appear to increase the risk of post-
sphincterotomy bleeding compared with placebo.

Interleukin-10
In three RCTs involving a total of 649 patients, the efficacy of re-
combinant human interleukin-10 as an agent for PEP prophylaxis
was studied [77–79]. In the initial study [77], a single intrave-
nous injection of interleukin-10 at two different doses (4 or
20 µg/kg) administered 30 minutes prior to therapeutic ERCP sig-
nificantly decreased the incidence and severity of PEP (from
24.4% in the placebo arm to 10.4% and 6.8% in patients receiving
either low-dose or high-dose interleukin-10). In this study, the
incidence of PEP in the placebo group was higher than expected
for patients at average risk. Two subsequent trials did not confirm
a benefit [78,80].

Other pharmacologic agents
Three different anti-inflammatory drugs (pentoxifylline, semapi-
mod and recombinant platelet-activating factor acetylhydrolase)
tested in RCTs have not been found to reduce PEP [81–83].

7. ERCP technique
!

General considerations
" There is no evidence that the incidence of PEP is influenced by

patient position during ERCP (Evidence level 2++). Therefore, no
recommendation is made regarding patient position.

Two RCTs, involving 154 patients in total, compared the supine
and prone positions during ERCP [84,85]. Overall, the incidence
of PEP was 2.6%, without significant difference between groups.
" Trauma resulting from repeated attempts at biliary cannulation

has been proven to be a risk factor for the development of PEP

Table 2 Summary of studies for drugs not found to be effective for PEP prophylaxis.

Studies, n Category of risk for PEP

(number of patients)

Pooled incidence of PEP, %

RCTs Patients, n Active drug Control arm

Glucocorticoids [62, 63] 6 2448 Average 11.8 10.6

Drugs reducing sphincter of
Oddi pressure [64–68]

5 1011 Average (n = 985)
High risk (n = 26) [64]

4.1
25

5.2
43

Antioxidants [69–74] 7 2413 Average (n = 555)
Low risk (n = 1300)
High risk (n = 558)

9
7.2
26.5

9.7
7.7
21.2

Heparin [75, 76] 2 564 Average [75]
High risk (n = 458) [76]

7.8
8.1

7.4
8.8

Interleukin-10 [77–79] 3 649 Average (n = 344)
High risk (n = 305) [79]

10.7*
15.4†

13.9
14.3

Others‡ [81–83] 3 1162 Average (n = 562)
High risk (n = 600) [82]

7.2
15.9§

8.1
19.6

PEP, post-ERCP pancreatitis; RCT, randomized controlled trial
* Interleukin-10 administered at a dosage of 4–8 µg/kg
† Interleukin-10 administered at a dosage of 20 µg/kg
‡ Pentoxifylline, semapimod, and recombinant platelet-activating factor acetylhydrolase
§ Recombinant platelet-activating factor acetylhydrolase: 5 mg/kg
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(Evidence level 2++). The number of cannulation attempts
should be minimized (Recommendation grade B).

The risk of PEP is higher after multiple attempts at duct cannula-
tion [2,14,86].
" Injection of contrast medium into the pancreatic duct is an in-

dependent predictor of PEP (Evidence level 1+). If pancreatic
duct injection occurs incidentally or is required, the number of
injections and volume of contrast medium injected into the
pancreatic duct should be kept as low as possible (Recommen-
dation grade B).

In a large meta-analysis, pancreatic duct injection was found to
be an independent predictor of PEP (RR, 2.2; 95%CI, 1.60–3.01;
P < 0.001) [10]. In a retrospective study that included more than
14000 ERCP procedures the extent of pancreatic duct injection
(head only vs. head and body vs. injection to the tail) was inde-
pendently associated with PEP [87], but this was not an indepen-
dent risk factor in a prospective investigation [86].
" Compared with traditional, high-osmolality contrast agents,

low-osmolality contrast agents are costlier but are not asso-
ciated with reduction in the rates of PEP (Evidence level 1–).
The routine use of these agents for ERCP is not recommended
(Recommendation grade B).

A meta-analysis of 13 RCTs that involved 3381 patients found no
significant difference in PEP rates between high-osmolality and
low-osmolality contrast agents [88]. The meta-analysis had
some limitations, including inconsistencies between definitions
of PEP among studies and lack of risk stratification.
" Use of carbon dioxide (CO2) as a replacement for air for luminal

insufflation during ERCP does not influence the incidence of PEP
but decreases the incidence and severity of post-procedural ab-
dominal pain (Evidence level 1+). Carbon dioxide is recommen-
ded for insufflation, and might be particularly useful for outpa-
tient ERCPs, to reduce post-procedural abdominal pain and to
avoid confusion with PEP (Recommendation grade B).

Clearance of gases from the bowel following endoscopy is faster
when carbon dioxide replaces nitrogen and oxygen, the two
main components of air, by estimated factors of 160 and 12,
respectively. This is mainly due to the higher solubility of carbon
dioxide in water compared with other gases. Three RCTs, invol-
ving 282 patients in total, have been published in which insuffla-
tion of air was compared with carbon dioxide for luminal disten-
sion during ERCP [8,89,90]. The incidence and severity of post-
procedural pain was significantly lower with carbon dioxide up
to 2 hours after ERCP. This may help avoid the clinical interpreta-
tion of post-procedural abdominal pain as being PEP.
" For deep biliary cannulation, the wire-guided technique reduces

the risk of PEP and increases the success rate of primary cannu-
lation when compared with the standard contrast-assisted
method (Evidence level 1++). The wire-guided technique is
recommended for deep biliary cannulation (Recommendation
grade A).

The wire-guided biliary cannulation technique entails passage of
a 0.035-inch diameter guide wire inserted through a catheter
(most often a hydrophilic guide wire inserted into a sphinctero-
tome). Cannulation can be achieved either by pushing the wire
directly into the papilla or by inserting the sphincterotome into
the papilla and then advancing the guide wire. Four meta-analy-
ses have analyzed the RCTs in which the safety and efficacy of
wire-guided vs. standard contrast-assisted cannulation of the
common bile duct were compared and showed similar results
[91–94]. Two of thesemeta-analyses are fully published; they in-
cluded 1762 patients from five of the RCTs [91], and 2128 pa-

tients from seven of the RCTs [94]. As two RCTs presented a cross-
over design that did not allow cases of PEP to be ascribed to a sin-
gle technique, the analyses were restricted to non-crossover RCTs
(thus three and five in number, respectively) [91,94]. The ORs for
prevention of PEP were lower in the wire-guided cannulation
group compared with the standard contrast-assisted cannulation
group for both meta-analyses (0.23 [95%CI, 0.13–0.41] and 0.38
[95%CI, 0.19–0.76], respectively) [91,94]. Both meta-analyses
showed that the wire-guided cannulation technique had the ad-
ditional advantage of providing a significantly higher rate of pri-
mary cannulation.
" The incidence of post-sphincterotomy pancreatitis is not influ-

enced by the type of electrosurgical current used (whether pure-
cut or blended) (Evidence level 1+). Blended current is recom-
mended for biliary sphincterotomy, particularly in patients at
high risk of bleeding (Recommendation grade A).

As pure-cut current produces less edema than blended current
[95], it was hypothesized that its use might reduce the incidence
of PEP after biliary sphincterotomy. A meta-analysis of four RCTs
that included 804 patients found no significant difference in the
incidence of PEP between pure and blended current [90]. How-
ever, the incidence of bleeding was significantly higher when
pure-cut current was used.

Effect of difficult biliary cannulation
The definition of difficult biliary cannulation varies and includes
failure of deep cannulation of the desired duct after 10–15 at-
temptsor after10minutes, aswell as 5unintentional cannulations
of the undesired duct. In such events, commonly used options in-
clude persistent attempts at cannulation using standard accessor-
ies, the use of the guidewire-assisted cannulation technique, per-
formance of precut sphincterotomy, and patient referral.

Pancreatic guide wire-assisted technique
" Data about the usefulness and safety of pancreatic guide wire

placement to facilitate biliary cannulation in difficult cases are
conflicting. Prophylactic pancreatic stent placement decreases
the incidence of PEP with this technique (Evidence level 2+).
Pancreatic guide wire assistancemay facilitate biliary cannula-
tionmostly in the case of inadvertent but repeated cannulation
of the pancreatic duct; if this method is used, a pancreatic stent
should be placed for prophylaxis (Recommendation grade B).

In the pancreatic guide wire-assisted technique, a guide wire is
inserted in the main pancreatic duct to facilitate biliary cannula-
tion by straightening the papillary anatomy and to prevent re-
peated cannulation of the pancreatic duct. This technique has
been used in selected cases (i.e., patients with unintentional pan-
creatic cannulation in whom pancreatic guide wire placement is
relatively easy) [96]. Two RCTs have compared this technique
with persistence in standard cannulation, with divergent results
[96,97]. In the first RCT no cases of PEP occurred in either group.
In the more recent RCT, the incidence of PEP was higher with the
pancreatic guide wire-assisted technique (17%) than with the
standard cannulation technique (8%) but the difference was not
statistically significant.
Ito et al. randomly allocated 69 patients to receive either a 5-Fr
pancreatic stent or no pancreatic stent after pancreatic guide
wire placement for biliary cannulation: the incidence of PEP was
lower in the stent group vs. the no-stent group (2.9% vs. 23%,
respectively; RR, 0.13; 95%CI, 0.02–0.97) [98]. Since prophylactic
pancreatic stent placement may be particularly easy when the
pancreatic guide wire-assisted technique is used (because the
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guide wire is already in place), stent placement is strongly re-
commended [99]. In six series comprising more than 20 patients
with difficult biliary cannulation per study (totaling 408 pa-
tients), the pancreatic guidewire-assisted technique allowed suc-
cessful biliary cannulation in 73% of cases [96,97,100–103].
Some authors suggest that in cases of failed biliary cannulation
with the pancreatic guide wire-assisted technique, a plastic pan-
creatic stent should be inserted followed by precut sphincterot-
omy [102].

Precut biliary sphincterotomy
" Various techniques of precut biliary sphincterotomy have been

described; the fistulotomy technique may present a lower inci-
dence of PEP than standard needle-knife sphincterotomy but
further RCTs are required to determine which technique is safer
and more effective, based upon the papillary anatomy. There is
no evidence that the success and complication rates of biliary
precut are affected by the level of endoscopist experience in this
technique but published data only report on the experience of
one endoscopist (Evidence level 2–). Prolonged cannulation at-
tempts using standard techniques may impart a risk for PEP
greater than the precut sphincterotomy itself (Evidence level
2+). Precut sphincterotomy should be performed by endosco-
pists with expertise in standard cannulation techniques (Re-
commendation grade D). The decision to perform precut biliary
sphincterotomy, the timing, and the technique, are based on
anatomic findings, endoscopist preference, and procedural in-
dication (Recommendation grade C).

Compared with biliary cannulation using standard techniques,
the use of precut sphincterotomy increases the success rate of se-
lective biliary cannulation but also the incidence of PEP
[2,10,13,104,105]. However, it remains unclear whether the ad-
ded risk of the precut technique is related to the precut itself or to
the prolonged effort at cannulation that often precedes it. The in-
cidence of complications following precut was reported by three
endoscopists at different stages of their experience: in all studies,
the incidence of PEP remained stable with increasing endoscopic
experience [106–108]. The overall incidence of complications
was higher at the beginning of the experience in one of these
studies, but most complications consisted of minor bleeding re-
quiring neither blood transfusion nor need for repeat endoscopy
[106]. Final success rate of biliary cannulation was also similar at
various experience levels [106–108].
Four RCTs have tested the hypothesis that the high incidence of
PEP reported with precut was related to the prolonged period of
cannulation attempts that precede precut rather than to the tech-
nique itself [104,109–111]. Patients were randomly allocated to
early precut or otherwise to precut only after prolonged cannula-
tion attempts using standard techniques as the initial technique
for biliary cannulation (one RCT) or to precut only after failed at-
tempts using standard techniques for 5–12minutes (three RCTs).
Aside from the definition of early precut, differences between
studies included the technique of precut and the randomization
ratio (from 1:1 to 1:3). All procedures were performed by en-
doscopists experienced in precut techniques. The overall inci-
dence of PEP was lower in patients randomly allocated to early
precut than to persistence using standard techniques (2.8% [8/
290]. vs. 6.4% [23/360]; P = 0.04).

Specific therapeutic techniques
Balloon dilation of the biliary sphincter
(balloon sphincteroplasty)
" Compared with endoscopic sphincterotomy, endoscopic papil-

lary balloon dilation (EPBD) using small-caliber balloons
(≤ 10mm) is associated with a significantly higher incidence of
PEP and significantly less bleeding (Evidence level 1++). EPBD is
not recommended as an alternative to sphincterotomy in rou-
tine ERCP but may be useful in patients with coagulopathy and
altered anatomy (e.g. Billroth II) (Recommendation grade A). If
balloon dilation is performed in young patients, the placement
of a prophylactic pancreatic stent should be strongly considered
(Evidence level 4, Recommendation grade D).

The use of EPBD may be advantageous compared with endo-
scopic sphincterotomy by decreasing clinically significant bleed-
ing in patients with coagulopathy, for preserving sphincter of
Oddi function in younger patients [112], and in removing bile
duct stones in patients with altered anatomy (Billroth II) where
sphincterotomy is technically difficult. In two meta-analyses,
the use of EPBD resulted in a lower success rate than endoscopic
sphincterotomy for the initial removal of biliary stones, with a
significantly higher incidence of PEP and significantly lower inci-
dence of bleeding [113,114]. Concerns were raised about the risk
of severe life-threatening PEP in young patients after EPBD, based
upon the results of a multicenter US RCT in which significantly
higher rates of severe morbidity (P = 0.004), including severe
PEP (P = 0.01), were seen following sphincteroplasty compared
with endoscopic sphincterotomy [115]. However, this study was
performed before the use of pancreatic stents for PEP prophy-
laxis. Therefore, placement of a prophylactic pancreatic stent
should be strongly considered in patients undergoing EPBD,
especially younger patients.
" Potential advantages of performing large-balloon dilation in

addition to endoscopic sphincterotomy for extraction of difficult
biliary stones remain unclear (Evidence level 3). Endoscopic
sphincterotomy plus large-balloon dilation does not seem to in-
crease the risk of PEP and can avoid the need for mechanical li-
thotripsy in selected patients, but not enough data are available
to recommend routine use over biliary sphincterotomy alone in
conjunction with lithotripsy techniques (Recommendation
grade D).

Several case series have reported results of using a modified
technique to remove large or difficult common bile duct stones
that consists of endoscopic sphincterotomy followed by dilation
using a large-diameter (12–20mm) balloon [116–120]. Most of
these case series included patients in whom extraction of biliary
stones using standard basket/balloon techniques had failed. Fol-
lowing sphincterotomy and large-balloon dilation, the success
rates for stone extraction without the need for mechanical litho-
tripsy were high. The incidence of PEP did not seem excessive
compared with that reported in patients undergoing endoscopic
sphincterotomy alone, perhaps because the force of the balloon is
exerted in the direction of the biliary sphincterotomy and away
from the pancreatic duct orifice. However, the only RCT reported
to date that compared endoscopic sphincterotomy alone vs. en-
doscopic sphincterotomy combined with large balloon dilation
found no differences in rates of successful stone clearance, need
for mechanical lithotripsy, and complication [121]. Large-balloon
dilation in combination with endoscopic sphincterotomy may be
useful in patients with a tapered distal bile duct or in altered
anatomy (e.g. Billroth II) that limits the extent of biliary sphinc-
terotomy.
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Sphincter of Oddi manometry
" In patients undergoing pancreatic sphincter of Oddi manome-

try, use of the standard perfusion catheter without an aspira-
tion port has been shown to increase the risk of PEP compared
with modified water perfusion catheters (Evidence level 2++).
Pancreatic sphincter of Oddi manometry should be done using a
modified triple-lumen perfusion catheter with simultaneous
aspiration or a microtransducer catheter (non-water-perfused)
(Recommendation grade B).

To reduce the risk of possible perfusion-related hydrostatic pan-
creatic injury, modified perfusion catheters have been developed.
These include a modified triple-lumen catheter that allows as-
piration of the perfused fluid from the pancreas, a sleeve assem-
bly inwhich the fluid is reverse-perfused so that perfusate enters
the duodenum rather than the pancreatic duct, and amicrotrans-
ducer catheter that uses solid-state technology [122–125]. Excel-
lent correlation ofmanometry results has been demonstrated be-
tween the standard perfusion catheter and the microtransducer
catheter as well as the sleeve assembly device [122,126]. Three
RCTs comparing incidence of PEP after using the standard perfu-
sion catheter vs. other catheters have been performed; two of
these have found a significantly lower incidence of PEP with the
alternative catheter compared with the standard perfusion cath-
eter (3.0% vs. 23.5%, P = 0.01; 3.1% vs. 13.8%, P < 0.05), and in the
third RCT no episodes of PEP occurred [125,127,128].

8. Role of pancreatic stent placement
for PEP prophylaxis
!

" Prophylactic pancreatic stent placement is recommended to
prevent PEP in patients who are at high risk for development of
PEP. Short, 5-Fr diameter, plastic pancreatic stents are currently
recommended. Passage of the stent from the pancreatic duct
should be evaluated within 5 to 10 days of placement and re-
tained stents should be promptly removed endoscopically (Evi-
dence level 1+; Recommendation grade A).

Two independent meta-analyses on the use of pancreatic stent
placement for PEP prophylaxis in patients at high risk for PEP
have demonstrated that stent placement significantly reduced
the incidence of PEP [20,129]. The most recent meta-analysis
was the most robust because, in addition to the analysis of six
prospective controlled studies, it provided separate analysis of
the four available RCTs and used intention-to-treat principles
(by assuming that patients inwhom attempted prophylactic pan-
creatic stent placement failed actually developed PEP if the clini-
cal outcome was not stated in the original study) [20,129]. Using
this approach, the OR for PEP was 0.44 in the stent group vs. the
no-stent group (95%CI, 0.24–0.81; P = 0.009), with an absolute
risk reduction of 12.0% (95%CI, 3.0–21.0). A large multicenter
RCT (201 patients) was subsequently published and showed a de-
creased incidence of PEP when prophylactic pancreatic stent
placement was performed, regardless of the presence or absence
of risk factors for PEP (PEP incidence in the stent and no-stent
groups was 3.2% vs. 13.6%, respectively; P = 0.019) [130]. What
is also clear from these studies is that the risk of severe pancrea-
titis is nearly eliminated following successful placement of a pro-
phylactic pancreatic stent.
Different types of plastic stents have been used. Although naso-
pancreatic catheters were used in early studies, more recent
studies have mostly used 3-Fr and 5-Fr diameter pancreatic
stents. In two recent RCTs that compared 5-Fr with 3-Fr stents,

5-Fr stents proved equivalent to 3-Fr stents in most outcomes,
but successful insertion of 5-Fr stents was achieved significantly
more often [131,132]. Straight polyethylene stents measuring 5
Fr in diameter and 2 or 3 cm in length without internal flanges
and with one or two external flanges (on the duodenal side) are
often used. Using this type of stent, spontaneous elimination at 2
weeks post-ERCP occurred in more than 95% of 200 patients
[130,131]. In the absence of spontaneous migration out of the
pancreatic duct at 5–10 days post-ERCP (as determined by plain
abdominal X-ray), prompt endoscopic stent removal is recom-
mended because of the increased risk of PEP (RR, 5.2 in patients
without vs. with spontaneous stent elimination at 2 weeks) and
potential for stent-induced damage to the pancreatic duct
[131,133].
Prophylactic pancreatic stent placement is cost-effective in pa-
tients at high risk for PEP, but not in those at average risk [134].
Caution should be used when attempting prophylactic pancreat-
ic stent placement because the incidence of PEP after failed at-
tempts may be as high as 65% [135]. Therefore prophylactic pan-
creatic stent placement in high-risk patients is cost-effective only
if the success rate of pancreatic stent placement is more than
75%.
Surveys of physician practices have shown that expert pancreati-
cobiliary endoscopists from the US and Canada commonly place
prophylactic pancreatic stents, but most European endoscopists
do not [136,137]. Findings from the currently most recent survey
showed that: (i) endoscopists who did not place prophylactic
pancreatic stents cited lack of experience in this technique as
the reason; and (ii) measurement of PEP incidence and an annual
hospital volume of more than 500 ERCPs were independently
associated with the use of prophylactic pancreatic stent place-
ment [137].

9. Selection of measures for PEP prophylaxis
!

" For low-risk ERCPs, periprocedural rectal administration of
nonsteroidal anti-inflammatory drugs (NSAIDs) is recommen-
ded. For high-risk ERCPs, prophylactic pancreatic stent place-
ment should be strongly considered (Evidence level 1+; Recom-
mendation grade A).

In the setting of ERCP the following conditions are considered to
represent high risk for PEP: endoscopic ampullectomy (papillect-
omy), known or suspected SOD, pancreatic sphincterotomy, pre-
cut biliary sphincterotomy, pancreatic guide wire-assisted biliary
cannulation, endoscopic balloon sphincteroplasty, and presence
of more than two of the risk factors listed in●" Table 1. Proce-
dures and patient conditions that do not fulfill these criteria are
considered to represent low risk for PEP.
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