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INTRODUCTION

ince the introduction of endoscopic biliary
sphincterotomy during endoscopic retrograde

cholangiopancreatography (ERCP) for the
management of retained or recurrent bile duct
stones in 1974,'2 the procedure has become a
widely employed treatment modality for a variety
of clinical indications. Pancreatitis remains the
most common severe complication of ERCP, the
incidence of which has been estimated to range from
1.6 to 15 percent, with most studies demonstrating
rates of 3 to 9 percent.*” The severity of post-ERCP
pancreatitis (PEP) can range from minor, with
post procedure abdominal pain resulting in one or
two days added hospitalization followed by a full
recovery, to a devastating illness with pancreatic
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necrosis, multi-organ failure, permanent disability,
and, rarely, death. The reported incidence of severe
PEP is estimated to be 0.3% to 0.6%.%° Therefore,
precise identification of risk factors for PEP is
essential to the recognition of high-risk cases in
which ERCP should be avoided if possible, or in
which protective endoscopic or pharmacologic
measures should be considered.

The general consensus is that risk factors for
PEP can be classified as operator-, patient-, or
procedure-related. Operator-related risk factors
include inadequate training, lack of experience,
poor patient selection, and poor technique. Patient-
related risk factors include young age, female sex,
history of recurrent pancreatitis, normal serum
bilirubin, prior history of PEP and sphincter of Oddi
dysfunction. Procedure-related risk factors include
difficult cannulation, repeated pancreatic injection,
pancreatic sphincterotomy and endoscopic
papillary large-balloon dilation of an intact
sphincter.'® Several prophylactic pharmacological
and procedural strategies have been deployed
to prevent the occurrence of PEP in selected
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patients. Administration of pharmacological agents
including non-steroidal anti-inflammatory drugs
(NSAIDs) such as diclofenac and indomethacin,
protease inhibitors such as gabexate mesilate
and ulinastatin, as well as other agents including
somatostatin and glucocorticoids, prior to the
procedure has been studied for the prevention
of PEP.!! Other strategies including the use of
periprocedural intravenous fluid administration
as well as use of pancreatic stents have also been
extensively studied. This article will describe each
of these management strategies and summarize the
quality of evidence for each of them.

1. PHARMACOLOGICAL PROPHYLAXIS
STRATEGIES

A. Non-Steroidal Anti-Inflammatory Drugs
It is believed that the local and systemic
inflammatory response induced by ERCP is the
pathophysiological event that triggers PEP.'>!* It
has been proposed that phospholipase A2 (PLA2)
plays an important role in the pathogenesis of this
inflammatory response. In vitro assays have shown
that NSAIDs are potent inhibitors of PLA?2 activity,
resulting in the suppression of several important
classes of pro-inflammatory lipids (prostaglandins,
leukotrienes and platelet activating factor), thereby
reducing the occurrence of PEP."* Given that
indomethacin, followed by diclofenac, are the
most effective PLA2 inhibitors, their use has been
proposed, and widely adopted, at many centers, for
reducing the risk of PEP, and reducing the severity
of PEP among those who develop it. (Figure 1)
Preliminary studies from early 2000s
evaluating the protective effects of single-dose
rectal indomethacin or diclofenac among patients
undergoing ERCP have suggested a benefit.!>!”
Elmunzer et al. conducted a meta-analysis
including four randomized controlled trials
(RCTs), with a total of 912 patients, and found
that the pooled relative risk (RR) for PEP after
prophylactic administration of NSAIDs was 0.36
(95% Confidence Interval (CI) 0.22-0.60). Patients
who received NSAIDs in the periprocedural period
were 64% less likely to develop pancreatitis and
90% less likely to develop moderate to severe
pancreatitis.'® This was followed by a landmark
multicenter, randomized, placebo-controlled,

PRACTICAL GASTROENTEROLOGY - SEPTEMBER 2023

Preventing Post-ERCP Pancreatitis

Figure 1. Indomethacin suppositories as commonly
used in patients undergoing ERCP.

double-blind clinical trial specifically including
patients at elevated risk for PEP. Patients received
a single 100 mg dose of rectal indomethacin or
placebo immediately after their ERCP. Among 602
patients, majority of whom had a clinical suspicion
of sphincter of Oddi dysfunction, PEP developed
in 9.2% patients in the indomethacin group and
16.9% patients in the placebo group (P=0.005)."
While several subsequent RCTs have
reported similar results, favoring the use of rectal
indomethacin,?*?! Levenick et al. conducted a
prospective, double-blind, placebo-controlled trial
of 449 consecutive patients in which patients were
assigned randomly to groups given either a single
100 mg dose of rectal indomethacin (n =223) ora
placebo suppository (n =226) during the procedure.
They found that giving a single 100 mg dose of
rectal indomethacin in consecutive, unselected
individuals undergoing ERCP did not prevent
PEP. Interestingly, the authors did not exclude
patients based on indications or interventions and
the study was designed to mirror the unenhanced
patient population that is encountered in general
gastroenterology practice. Additionally, these
authors did not categorize patients into high and low
risk for PEP, to maintain appropriate randomization.
Inamdar et al. conducted a systematic review and
meta-analysis of 8 randomized controlled trials and
concluded that while rectal indomethacin given
before or after ERCP was protective against PEP
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in high-risk patients versus placebo, it did not offer
the same protection in average-risk patients.?> The
reasons for this result are unclear.

Another meta-analysis of 10 RCTs by He
et al. concluded that rectal indomethacin was
protective against PEP in both high- and average-
risks patients, and also reduced the severity of
PEP. Additionally, pre-ERCP administration of
indomethacin seemed to be better than post-ERCP
administration.”® Yaghoobi et al. conducted their
meta-analysis of eight trials published between
2007 and 2016 and reported that administering
rectal indomethacin before rather than during or
after ERCP significantly reduced PEP rates [odds
ratio (OR): 0.56; 95% CI (0.40-0.79)] and this
strategy also significantly decreased the rate of
moderate to severe PEP and death amongst all
patients [OR: 0.53; (0.31-0.89) and 0.10; (0.02—
0.65)], respectively.*

Backed by moderate quality of evidence from
several cohort studies as well as randomized
controlled trials, the European Society of
Gastrointestinal Endoscopy (ESGE) in 2020
recommended routine rectal administration of 100
mg of diclofenac or indomethacin immediately prior
to ERCP in all patients without contraindications to
NSAIDs administration.”> The American Society
of Gastrointestinal Endoscopy (ASGE) in 2017
recommended that rectal indomethacin may
reduce the risk and severity of PEP in average
risk individuals, however this recommendation
was backed by low quality of evidence.!® To
assess whether a higher than 100 mg dose was
more effective, a recent randomized, double-
blind, multicenter, comparative effectiveness trial
concluded that dose escalation to 200 mg did not
confer any advantage compared with the standard
100 mg regimen, with pancreatitis incidence
remaining elevated in high-risk patients.?

Numerous studies have also evaluated the use of
rectal diclofenac for preventing PEP. While several
of these have assessed the use of standard dose (100
mg) rectal diclofenac either 30-60 minutes prior to
or during ERCP,?"* data regarding the efficacy of
low dose (25 mg) diclofenac remains controversial.
Furthermore, while in western countries, a 100
mg suppository and a 100 mg tablet of both
diclofenac and indomethacin are on the market,
with the maximum dosage per administration being
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100 mg, in Japan, only a maximum dose of 50 mg
is on the market.*® For assessing the efficacy of
low dose diclofenac, a prospective randomized
controlled study of 104 patients was carried out,
in which 3.9% patients in the diclofenac group and
18.9% patients in the control group developed PEP
(p=0.017).3! Another recent retrospective single
center study concluded that the incidence rate of
PEP in the low dose (25 mg) rectal diclofenac
group was significantly lower than that in the non-
diclofenac group (4% vs. 14%, p=.01). Further
analysis revealed that this dose was an independent
protective factor against PEP in elderly patients
aged over 75 years.*?

Despite small center experiences highlighting
the use of low dose diclofenac, several additional
studies have reported contradictory evidence.
Tomoda et al. conducted a retrospective analysis of
301 patients with native papilla and a body weight
of' <50 kg who underwent ERCP, 72 of whom were
administered a 25 mg dose of rectal diclofenac
15 min before the procedure and 229 of whom did
not receive the treatment. The authors concluded
that prophylactic administration of a 25 mg dose
of rectal diclofenac did not reduce the incidence
of PEP.** Similar findings were reported in another
prospective, single-center, single-blinded, two-
arm parallel group, randomized controlled trial in
which PEP occurred in 13 of 297 patients (4.4%),
including eight (5.4%) in the 50 mg diclofenac
group and five (3.3%) in the control group (P =
0.286).%* Another single center study assessing
the effectiveness of a 50 mg vs. a 25 mg dosage,
also concluded that the proportion of PEP was
significantly lower in the 50 mg group than in the
25 mg group, 15.5% (11/71) vs. 33.3% (28/84),
P=0.018.% Similar results were also reported by a
recent retrospective study in which authors included
246 patients who were rectally administered 50 mg
of diclofenac approximately 30 minutes before the
start of ERCP. Additionally, for patients older than
85 years or under 50 kg of body weight, the dose of
diclofenac was reduced to 25 mg. Outcomes were
compared to control group of patients, who were
not administered therapy, based on the similarity
of propensity scores in a 1:1 ratio. The authors
concluded that the incidence rate of PEP in each
group was comparable (2.4% in the diclofenac
group vs. 3.3% in the control group, P = 0.608).%°
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A 2009 practice survey of 141 endoscopists
performing ERCP in 29 countries reported that a
majority of survey respondents (83.7%) did not
routinely use NSAIDs for PEP prophylaxis, with
most citing a lack of adequate high quality evidence,
whereas others stated that they performed few
ERCPs in high-risk patients or used other drugs.*’
Contrary to a large body of supportive evidence, a
few small studies have also been published showing
the lack of efficacy of NSAIDs in preventing
PEP. Among the reasons for conflicting results
are the varying NSAID agents used, exclusion
of high-risk patients, as well as timing, dosage
and route of drug administration. Dobronte et al.
conducted a prospective, randomized, placebo-
controlled multicenter trial in five endoscopic units
in which a total of 686 patients were randomized
to receive a 100 mg indomethacin suppository or
an inert placebo 10-15 min before ERCP. Post-
ERCP pancreatitis and hyperamylasemia were
evaluated 24 hours following the procedure on the
basis of clinical signs and laboratory parameters,
and computed tomography/magnetic resonance
imaging findings, if available. They concluded that
there was no significant difference between the
indomethacin and placebo groups in the incidence
of either post-ERCP pancreatitis (5.8% vs. 6.9%)
or hyperamylasemia (23.3% vs. 24.8%).

Another randomized, open-label, two-arm,
prospective clinical trial was conducted in which
only patients at high risk of developing PEP were
recruited. Patients were randomized to receive
either 100 mg rectal diclofenac or no intervention
immediately after ERCP. Among 144 recruited
patients, 69 (47.9%) received diclofenac and 75
(52.1%) had no intervention. The differences in
pancreatitis incidence and severity between both
groups were not statistically significant. Overall,
eleven patients (7.6%) developed PEP, in which
seven were from the diclofenac group and four were
in the control group.* Despite these findings, there
has been a paradigm shift in recent years in terms
of advanced endoscopists’ practice patterns. In
2020, an online 16-item survey was e-mailed to 233
advanced endoscopists to capture current practice
in the prevention of PEP among endoscopists in
the United States. Most respondents reported using
rectal NSAIDs for high-risk patients only (34;
59.7%) compared with respondents (23; 40.1%)
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who reported using rectal NSAIDs for prevention
of PEP in average-risk patients undergoing ERCP.%

The Dutch Pancreatitis Study Group
conducted two anonymous surveys among Dutch
gastroenterologists in 2013 (n=408) and 2020
(n=575) for longitudinal views and attitudes
pertaining to post-ERCP pancreatitis prophylaxis
and recognition of post-ERCP pancreatitis risk
factors reported that rectal NSAIDs remain the
most applied PEP prophylaxis therapy in the
Netherlands, followed by pancreatic duct stents
and intensive intravenous hydration.*!

The same authors recently conducted an analysis
of prospectively collected data from a randomized
clinical trial. They included patients with a
moderate to high risk of developing post-ERCP
pancreatitis, all of whom received rectal diclofenac
monotherapy 100 mg prophylaxis. Administration
was within 30 minutes before or after the ERCP
at the discretion of the endoscopist. A total of 346
patients received rectal NSAIDs before ERCP and
63 patients received it afterwards. The incidence
of PEP was lower in the group that received pre-
procedure rectal NSAIDs (8 %), compared to post-
procedure (18%) [RR:2.32; (1.21-4.46), P=0.02].*
To summarize all published literature to date, a
recent network meta-analysis was conducted which
included 55 RCTs evaluating a total of 20 different
interventions in over 17,000 patients. Findings
conclusively showed that both rectal diclofenac and
indomethacin were more efficacious than placebo
for preventing PEP. Furthermore, rectal diclofenac
was more efficacious than rectal indomethacin.”

Overall, the preponderance of the evidence
regarding rectal NSAIDS is that their use is safe
and likely effective in reducing the risk and/or
severity of PEP.

B. Protease Inhibitors

Protease inhibitors, specifically gabexate mesilate,
nafamostat, and ulinastatin, have been investigated
both for treatment of acute pancreatitis and for
preventing PEP. The pathogenesis of acute
pancreatitis includes activation of proteases,
which leads to the cascade of autodigestion in
the pancreas and the release of inflammatory
cytokines.!> Use of protease inhibitors can halt
the intra-acinar trypsinogen activation to trypsin,
thereby preventing the inflammatory cascade that
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may follow. While individual small studies have
shown benefit of these pharmacological agents,
their widespread use remains limited due to overall
paucity of supportive data.

|. Gabexate Mesilate
The use of gabexate mesilate for prevent PEP
dates back to the 1970s, when two Japanese
studies showed that its use was safe and effective
in PEP prophylaxis.*** In 1996, gabexate mesilate
was shown to be effective in preventing PEP in a
prospective, multicenter, controlled trial involving
276 patients. The authors conducted a double-blind
comparison of gabexate (1g given by intravenous
(IV) infusion starting 30 to 90 minutes before
endoscopy and continuing for 12 hours afterward)
with placebo (mannitol and sodium chloride,
administered in the same fashion). Although no
significant difference was seen in the incidence
of hyperenzynemia between the 2 groups, rate
of PEP was significantly lower in the gabexate
group than in the placebo group (5/208, 2.4% vs.
16/210, 7.6%; P=0.03).The authors concluded
that prophylactic treatment with gabexate reduced
pancreatic damage related to ERCP, as reflected
by reductions in the extent but not the frequency
of elevated enzyme levels and in the frequency of
pancreatic pain and acute pancreatitis.* While the
results of aforementioned trials were encouraging,
the main drawback of the drug was the need for a
continuous 12-hour infusion regimen, which was
inconvenient and required an overnight hospital
stay after ERCP. This overnight stay significantly
added to the overall cost and inconvenience to the
patient.

To offset these issues, Masci et al. conducted
a comparative trial comparing a 6.5-hour infusion
of 0.5 g gabexate to a 13-hour infusion of 1 g
gabexate and found that the frequency of PEP
was similar between the 2 groups.*® A meta-
analysis by Andriulli et al. evaluating six clinical
trials published between 1978 and 1996 also
showed that gabexate mesilate was effective in
preventing PEP.*” However, in a follow up multi-
center placebo controlled trial published in 2002,
the same authors did not find any beneficial effect
of the drug administered in high-risk patients
over a two-hour period, starting 30 min before the
procedure.* In 2007, the same authors suggested
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that gabexate produced no significant benefit when
compared to controls. In control and intervention
groups, pancreatitis developed in 5.7% vs. 4.8%,
hyperamylasemia in 40.6% vs. 36.9%, and pain in
1.7% vs. 8.9% patients respectively. Additionally,
there was no significant benefit of both short-term
(<6 hours) or long-term (>12 hours) gabexate
administration.*’ Similar results have been reported
by other high quality RCTs>*>? and a meta-analysis
of 8 cohort studies.** A more updated meta-analysis
from 2021, which included 13 RCTs with 3,718
patients, concluded the use of gabexate mesilate led
to lower PEP [OR: 0.66; (0.49-0.89)], especially
in the subgroup of infusion starting more than
30 min prior to ERCP [RR: 0.45; (0.29-0.72)].
Importantly, the authors could neither report on
the severity of PEP, nor on the optimal effective
dose of gabexate mesilate. Additionally, similar
trends were not seen with respect to post procedure
abdominal pain and hyperamylasemia.>*

In conclusion, despite conflicting evidence of
efficacy, at the current time, neither the ASGE nor
ESGE make any recommendations regarding the
use of gabexate for PEP. Gabexate is not typically
used on the context of ERCP in the United States.

Il. Nafamostat Mesylate

Nafamostat mesylate (FUT-175; 6-amidino-
2-naphthyl p-guanidino-benzoate di-methane-
sulfonate) is a low molecular weight serine
protease inhibitor which has a longer half-life
than gabexate and is believed to be more potent.
Choi et al. conducted single-center, randomized,
double-blinded, controlled trial in which patients
were randomized to receive continuous infusion of
500 mL of 5% dextrose solution with or without
20 mg of nafamostat mesylate. Serum amylase
and lipase levels were checked before ERCP, 4
and 24 hours after ERCP, and when clinically
indicated. The authors reported a significant
difference in the incidence of PEP between the
nafamostat mesylate and control groups (3.3% vs.
7.4%, respectively; P=.018).> Similar favorable
results have been reported by several additional
RCTs in the past decade.””*® While the standard
dosing (20 mg) was used in these trials, Park et
al. conducted their trial to evaluate the use of high
dose nafamostat mesilate (50 mg) for prevention

(continued on page 26)
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(continued from page 24)

of PEP in high-risk patients. Patients were divided
into 3 groups: controls (group A), infusion with 20
mg of nafamostat mesilate (group B), or infusion
with 50 mg of nafamostat mesilate (group C).
The authors concluded that while 20 mg or 50
mg dosing was effective in preventing PEP, the
preventive effect of high dose was not necessarily
significant in high-risk patients.*

Despite supportive evidence, nafamostat
has not been widely used because it is quite
expensive and needs to be administered through
the intravenous route. Its clinical utility has also
been put into question by a recent multicenter
randomized controlled trial that assessed the
efficacy of nafamostat as well as incidence of PEP
stratified by timing of drug administration i.e., pre-
and post-ERCP. The authors found no evidence for
the prophylactic effect of nafamostat against PEP,
regardless of the timing of administration.*

I1l. Ulinastatin

Ulinastatin, another potent protease inhibitor
extracted and purified from human urine, has
been used in Japan for the treatment of acute
pancreatitis.®%2 Several randomized controlled trials
have studied the beneficial effects of ulinastatin for
PEP prophylaxis. Fujishiro conducted a multicenter
randomized controlled trial in which patients were
randomly divide into three groups based on the
agent and dose given during and following the
ERCP procedure: gabexate mesilate (900 mg),
high-dose ulinastatin (450,000 units) and low-dose
ulinastatin (150,000 units). The authors concluded
that administration of low and high dose ulinastatin
had similar effects to high-dose gabexate in
the prevention of PEP.®* In another multicenter,
randomized, double-blind, placebo-controlled trial,
patients were randomized to receive ulinastatin
(150,000 U) or placebo by intravenous infusion
for 10 minutes starting immediately before ERCP.
Overall, six patients in the ulinastatin group
and 15 patients in the placebo group developed
pancreatitis (2.9% vs. 7.4%, P=.041). There were
no cases of severe pancreatitis in either group and
the authors concluded that prophylactic short-term
administration of ulinastatin does indeed decrease
the incidence of pancreatitis and hyperenzymemia
after ERCP.%
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In2017, Zhu etal. conducted a systematic review
and meta-analysis of 13 studies and concluded
that prophylactic ulinastatin administration
significantly reduced the PEP risk [RR 0.49;
(0.33— 0.74), P=0.0006]; however, significant
risk reduction occurred only in patients with low
or average risk for PEP, with use of high-dosage
ulinastatin (150,000 or 200,000 U), and when drug
administration began prior to or during ERCP.%
Despite some favorable data, other high quality
studies have shown inconclusive results® and as
a result, at present, gastrointestinal societies such
as ESGE do not recommend the use of protease
inhibitors for PEP prophylaxis.?

C. Other Pharmacological Agents

Octreotide, somatostatin, and sublingual nitrates
are additional pharmacological agents that have
been trialed for PEP prophylaxis, but their clinical
significance remains uncertain, mostly owing
to conflicting data. Given that somatostatin is a
potent inhibitor of pancreatic secretion, several
randomized controlled trials have been conducted
to evaluate its efficacy. Poon et al. conducted a
prospective double-blind controlled trial including
109 patients randomized to receive somatostatin
infusion and 111 patients randomized to receive
normal saline infusion (placebo). Both agents were
started 30 minutes before ERCP and continued for
12 hours. The frequency of clinical pancreatitis was
significantly lower in patients given somatostatin
(3%) than in those given placebo (10%) (p=10.03).57
Similar findings were reported by another RCT in
which the intervention group was administered
a single bolus injection of natural somatostatin
just before cannulation of the papilla.®® In 2003,
Poon et al. also conducted a follow up RCT to
evaluate whether intravenous bolus somatostatin
given after diagnostic ERCP could reduce the
incidence of pancreatitis in a group of patients
undergoing therapeutic interventions. The authors
noted that frequencies of clinical pancreatitis
(4.4% vs. 13.3%; p=0.010) and hyperamylasemia
(26.0% vs. 38.5%; p=0.036) were both significantly
lower in the somatostatin group compared with
the placebo group.® Multiple systematic reviews
and meta-analysis conducted in the past decade
have shown an overall reduction in incidence of
PEP with somatostatin administration. While short
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term infusion (administered as a 4-hour continuous
infusion) has not been shown to be beneficial,”
both long term infusion of high dose (3 mg over
12 hours) or a single dose of 250 micrograms have
been shown to efficacious in preventing PEP.”!-"3

Similarly, octreotide, a somatostatin analogue
with longer half-life, has also yielded conflicting
results in preventing PEP. While individual trials
have shown contradictory results,’*”> a large
meta-analysis including 18 RCTs with 3,983
patients, concluded that the incidence of PEP
was significantly lower for octreotide doses of at
least 5 mg vs. control. There was a statistically
significant difference in the incidence of post-
ERCP hyperamylasemia in favor of octreotide
for doses of 0.5 mg or more, but not for doses of
less than 0.5 mg octreotide. Finally, there were
no significant differences between octreotide and
control for the incidence of severe post-ERCP
pancreatitis and abdominal pain.’® As a result of
lack of supportive data, the ASGE makes no formal
recommendations regarding the use of octreotide
or somatostatin infusion for PEP prophylaxis.
The ESGE offers “no recommendation” and the
Japanese Gastroenterological Endoscopy Society
recommends the use of somatostatin only in
research settings.”’

Sublingual nitroglycerin reduces basal pressure
of the sphincter of Oddi and has been reported
to reduce the risk of PEP. To assess the efficacy
of prophylactic long-acting glyceryl trinitrate
(GTN), Sudhindran conducted a large randomized,
double-blind, placebo-controlled trial. While 24
patients (13 percent) developed pancreatitis, the
incidence was significantly lower in the GTN group
(8 percent vs. 18 percent; P < 0.05). Additionally,
the only significant adverse effects attributable to
GTN were hypotension and headache.”® A meta-
analysis of 11 RCTs compared GTN with placebo
for PEP prevention. The study concluded that the
overall incidence of PEP was significantly reduced
by GTN treatment [RR 0.67; (0.52-0.87)], however
it did not decrease the incidence of moderate to
severe PEP [RR 0.70; (0.42- 1.15)]. Subgroup
analyses further revealed that GTN administered
by sublingual route was more effective than
transdermal and topical routes in reducing the
incidence of PEP.” Another recent randomized
controlled trial, in which patients were randomly
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assigned to groups given diclofenac suppositories
(50 mg) within 15 minutes after the endoscopic
procedure alone (diclofenac-alone group, n =
442) or in combination with sublingual isosorbide
dinitrate (5 mg) 5 minutes before the endoscopic
procedure (combination group, n = 444), found
that prophylaxis with a combination of rectal
diclofenac and sublingual nitrate significantly
reduced the overall incidence of PEP compared
with diclofenac suppository alone.® At the present
time, backed by moderate quality of evidence,
the ESGE recommends administration of 5 mg
sublingual GTN before ERCP in only those patients
with a contraindication to NSAIDs or aggressive
hydration.

2. NON-PHARMACOLOGICAL STRATEGIES
Aggressive intravenous fluid hydration, certain
cannulation techniques and pancreatic duct stenting
are among some the non-pharmacological strategies
that have been employed to prevent post ERCP
pancreatitis.

A. Fluid Therapy

The concept of aggressive hydration therapy for
PEP emerged from animal models correlating
diminished perfusion with pancreatic necrosis and
observational human cohorts, suggesting that early
aggressive fluid resuscitation improves clinical
outcomes for acute pancreatitis.?’** The role of
fluids in PEP was first evaluated by Cote et el.
in a retrospective study that showed a decreased
length of hospital stay in patients who received
increased volumes of fluid in the first 24 hours
after undergoing ERCP.® Several agents including
normal saline (NS), lactated ringers (LR) and
N-acetylcysteine (NAC) have been studied for
PEP prevention, which act by either maintaining
sufficient perfusion to the pancreas, thereby
suppressing the inflammatory cascade within the
pancreas or as strong antioxidants which inhibit
the oxygen-derived free radicals that are thought
to play a decisive role in the pathophysiology of
acute pancreatitis. In 2005, Katsinelos et al. carried
out a prospective, double-blind, placebo-controlled
trial in which patients were randomized to receive
intravenous NAC at a loading dose of 70 mg/kg 2
hours before and 35 mg/kg at 4-hour intervals for a
total of 24 hours after the procedure, or to receive
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normal saline solution as placebo. The overall
incidence of PEP was 10.8%, with 12.1% in the
NAC group and 9.6% in the placebo group. There
were no statistical differences in the incidence or
severity grades between the groups. This landmark
trial did not show any beneficial effect of NAC on
the incidence and the severity of ERCP-induced
pancreatitis when compared to fluid alone.?

Similar findings were reported by another
randomized controlled trial in which 55 patients
were given NAC (two 600 mg doses orally 24 and
12 h before ERCP and 600 mg IV given, twice a
day for two days after the ERCP) and 51 patients
in the control group, who were given IV isotonic
saline twice a day for two days after the ERCP.
There were no significant differences in the rate
of post-ERCP pancreatitis between two groups
(10 patients overall, 4 in the NAC group and 6 in
the control group). There were also no significant
differences in baseline and post-ERCP serum and
urine amylase activity between the two groups.®
Despite these unfavorable results, a few additional
studies have shown benefits of oral NAC. Nejad et
al. conducted a prospective double blind RCT in
which 100 patients were divided randomly into two
groups; the NAC group where patients received
1200 mg NAC with 150 cc water orally 2 h before
ERCP and the placebo group, where 150 cc water
was prescribed as a placebo. A significantly lesser
number of patients in the NAC group developed
PEP (RR: 2.8; P=0.02).%¢ Another large multi-center
RCT in which patients across 7 referral centers of 4
countries were randomly assigned to four groups,
received either 1200 mg oral NAC (group A),
100 mg rectal indomethacin (group B), NAC plus
indomethacin (group C) or water as placebo (group
D) one hour before procedure has shown similar
results. The rates of PEP in groups A, B, C, D were
10.7%, 17.4%, 7.8%, 20% respectively suggesting
that oral NAC plays a more significant role than
rectal indomethacin and the combination of both
showed the best result that suggests a synergistic
effect in preventing PEP.Y

Aggressive intravenous hydration (IVH)
has been a mainstay of treatment for acute
pancreatitis. It has been theorized that acidosis
seen in patients with pancreatitis can perpetuate
systemic inflammation and the pH-neutral LR
solution would be a more appropriate resuscitation
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fluid than NS, which can cause a hyperchloremic
metabolic acidosis.?®*° Furthermore, it is known
that hemoconcentration and decreased systemic
perfusion are associated with an increased risk
of pancreas necrosis and unfavorable outcomes.”
So, the purpose of IVH is to perfuse the pancreatic
microcirculation adequately, such that pancreatitis
and its subsequent complications can be minimized
or even prevented. A pilot study by Buxbaum
et al. was conducted in 2013, in which patients
undergoing first-time ERCP were randomly
assigned to receive either aggressive hydration
with LR (3 mL/kg/h during the procedure, a 20-
mL/kg bolus after the procedure, and 3 mL/kg/h
for 8 hours after the procedure, n = 39) or standard
hydration with the same solution (1.5 mL/kg/h
during and for 8 hours after procedure, n = 23).
None of the patients who received aggressive [IVH
developed PEP, compared with 17% of patients
who received standard hydration (P = .016).°
Another large multicenter RCT of over 500 patients
was conducted in Korea, showed similar results
in that patient receiving vigorous periprocedural
IVH with LR (initial bolus of 10 mL/kg before the
procedure, 3 mL/kg/h during the procedure, for 8
hours after the procedure, and a post-procedure
bolus of 10 mL/kg) had reduced incidence and
severity of PEP compared to standard IVH (1.5 mL/
kg/h during and for 8 hours after the procedure).”
Several additional studies, including
systematic reviews and meta-analysis of RCTs,
have shown benefit of aggressive hydration with
LR for preventing PEP. The regimen proven to
be most effective is 1020 mL/kg bolus during
or immediately after the procedure followed by
3 mL/kg/h for 8 h.”**¢ It is important to note that
continuous aggressive hydration over a prolonged
period of time is not beneficial, as proven by a recent
randomized, double-blinded, controlled trial in
which the “high-volume group” of patients received
3600 mL of intravenous LR at a rate of 150 mL/h
starting 2 h before the ERCP and continued during
and after the procedure to complete 24 h, while the
control group received standard daily maintenance
fluid volume. Patients in the high-volume group
received significantly more fluid than the control
group (3600 vs. 2413 ml, P <0.001). However, PEP
incidence was not different between the two groups,
14% vs. 15% [RR 0.93; (0.48-1.83), P =0.84].”
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A few studies have also compared outcomes
of aggressive hydration with NS and LR for
PEP prophylaxis. In an RCT, Alcivar-Leon et al.
investigated the preventive efficacy of aggressive
hydration with LR compared to normal volume NS
and showed a statistically significant and clinically
favorable effect of the former in PEP prevention
(3.4% and 87%, respectively, RR 0.41;95% C10.20-
0.86; p = 0.016).”® Another prospective multicenter
RCT also showed significant differences in PEP
incidence while comparing aggressive hydration
with LR to aggressive hydration with NS and
normal volume LR (3.0%, 95% CI 0.1-5.9 vs.
6.7%, 95% CI 2.5-10.9 vs. 11.6%, 95% CI 6.1—
17.2, p = 0.03). Furthermore, aggressive hydration
with NS treatments was not superior to normal
volume LR [RR 0.57; (0.26—1.27), P=0.17].** The
evidence in favor of aggressive hydration with
LS has been furthered by a recent meta-analysis
of 10 RCTs with over 2,000 patients, showing its
superiority to standard hydration.”

At the current time, ASGE supports the use
of LR solution for preventing PEP, but as this
recommendation is backed by very low quality of
evidence, additional investigations are warranted. '
The ESGE recommends aggressive hydration with
LR (3 mL/kg/hour during ERCP, 20 mL/kg bolus
after ERCP, 3 mL/kg/hour for 8 hours after ERCP)
in patients with contraindication to NSAIDs,
provided they are not at risk of fluid overload and
that a prophylactic pancreatic duct stent is not
placed.”

B. Prophylactic Pancreatic Duct Stenting
(PPDS)

The incidence of PEP increases when cannulation
is difficult or prolonged, or if biliary or pancreatic
sphincterotomy is performed.>!% It is believed
that pancreatitis is precipitated due to impaired
drainage of the pancreatic duct (PD), secondary to
trauma and/or cautery induced papillary edema and/
or spasm of the sphincter of Oddi, leading to acinar
injury.!t192 Prophylactic pancreatic duct stenting
(PPDS) has been extensively studied as a measure to
prevent the incidence of PEP. (Figure 2) Smithline
et al. conducted a small RCT of 98 patients in which
48 patients were randomized to receive either a
main pancreatic duct stent and 50 patients received
no stent after biliary sphincterotomy. The study
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Figure 2a. A 5-Fr x 5 cm pancreatic duct stent
with two internal flaps, two external flaps, and
side holes. This is a common stent size used for
prophylaxis during ERCP.

Figure 2b. A prophylactic pancreatic duct stent
placed during ERCP for stone extraction.

found no statistical difference in the incidence of
PEP (18% of patients in the no-stent group vs.
14% of patients in the stent group). It is important
to note that only high risk patients, i.e. those with
sphincter of Oddi dysfunction, small common
bile duct (CBD) diameter (< 10 mm), or those
requiring pre-cut sphincterotomy, were included
in the trial.'”® Despite these findings, multiple
additional studies have shown beneficial effects
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Figure 2c. A prophylactic pancreatic duct stent
placed next to a plastic biliary stent.

Figure 2d. A prophylactic pancreatic duct stent
placed next to an uncovered metal hiliary stent.

of PPDS, especially after biliary sphincterotomy in
patients with pancreatic sphincter hypertension'*
and in patients requiring needle-knife and/or precut
endoscopic sphincterotomy.'®

Several meta-analyses in the past decade
have reported results separately according to the
patients’ risk stratification for PEP. PPDS was
beneficial in unselected [RR 0.23; (0.08 — 0.66)]
as well as average-risk (OR 0.21-0.25)%>14%152 and
high-risk patients (OR 0.27-0.41).1%1% A recent
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network meta-analysis comparing PPDS to rectal
NSAIDs in average- and high-risk patients showed
that compared to placebo, only PPDS reduced the
risk of moderate and severe PEP in both patient
groups [average-risk: RR 0.07; (0.002—0.58), high-
risk: RR 0.20; (0.051-0.56)], significantly. Rectal
NSAIDs also reduced the risk, but this effect was
not significant [average-risk: RR 0.58; (0.22—1.3),
high-risk: RR 0.58; (0.18-2.3)]. Furthermore,
based on a cumulative ranking curve, PPDS was
ranked as the best preventive method for PEP
prophylaxis.'® The clinical benefit of PPDS
has been shown even in an unselected patient
population by a multicenter RCT in which 167
patients undergoing first-time ERCP were enrolled.
PPDS significantly reduced the rate of PEP [OR
0.43; (0.19—-0.98); P=0.04]. The number needed
to treat to prevent one case of PEP by prophylactic
stent insertion after inadvertent cannulation of the
pancreatic duct, was 8.1 for the intention-to-treat
population.'? It should be noted that limiting the
use of PPDS to high-risk patients has been shown
to be the most cost-effective strategy.'!

The ASGE recommends the use of PPDS for
PEP prevention in high risk patients.'° The ESGE
recommends PPDS with a short 5-Fr pancreatic
stent (with no internal flange, but with a flange
or a pigtail on the duodenal side). Additionally,
passage of the stent from the pancreatic duct should
be evaluated within 5 to 10 days of placement.”

C. Cannulation Techniques

Cannulation technique is believed to be pivotal
in the genesis of PEP and is important for
successful cannulation. While cannulation with
a sphincterotome appears to be the most efficient
technique for biliary access, several studies have
evaluated alternative techniques to lower the risk
of PEP. Historically, a cannulation catheter a.k.a.
a straight biliary catheter was the first choice for
cannulation given its high flexibility and tip shape
compared with the sphincterotome. Several studies
have previously shown that use of sphincterotome
has higher success rate to that of a standard catheter
for the initial attempt at cannulation of the CBD,
84-97% vs. 62-75%">13 As a result, in recent
times, most endoscopists use a sphincterotome
because of its ability to bow the catheter tip by
applying or releasing tension to the cutting wire,
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facilitating alignment with the biliary duct, as well
as the ability to perform sphincterotomy. (Figure 3)
After initial engagement of the orifice of the major
papilla, the sphincterotome is advanced into the
biliary duct with the assistance of either contrast
or guidewire.

In a reported case series, use of a hydrophilic
guidewire with a sphincterotome was successful
in achieving deep biliary cannulation in 174
of 183 patients (95%); 7.5% had elevations in
amylase and lipase to 4 times normal, and clinical
pancreatitis was seen in 2.3%.'"* However a
prospective randomized study by Lella et al.
found that while success at biliary cannulation was
achieved with similar frequency with guidewire
through a papillotome (98.5%) compared with a
papillotome alone (97.5%), the rate of pancreatitis
was significantly lower in the guidewire group
(0% vs. 4%, p < 0.05).'> In 2008, Bailey et al.
conducted a single center RCT, in which over 400
patients were randomized to either primary contrast
or guide-wire-assisted cannulation during ERCP.
The authors found that PEP occurred in 29/413
(7.0%): 16 in the guide-wire arm, 13 in the contrast
arm (P = 0.48). Cannulation was successful without
crossover in 323/413 patients (78.2%): 167/202
(81.4%) in the guide-wire arm and 156/211 (73.9%)
in the contrast arm (P = 0.03)."'* However follow
up data, including two systematic reviews and
meta-analysis, first by Cheung et al. comprising
of 7 RCTs"” and the other by Tse et al. comprising
of 12 RCTs,"® concluded that compared with
the contrast-assisted cannulation technique, the
guidewire-assisted cannulation technique increases
the primary cannulation rate and reduces the risk
of PEP.

Furthermore, several recent studies have shown
that use of thinner guidewire (0.025-inch vs. 0.035-
inch),'"” highly flexible-tip guidewire,'* rotatable
vs. conventional sphinctertome'?! and touch vs.
no-touch technique,'** does not influence the rates
of ERCP related adverse events, particularly PEP.

Selective biliary cannulation fails in a small
percent of cases, even in the hands of experienced
endoscopists.'? Prior studies have defined difficult
cannulation based on the number of cannulation
attempts (typically between 5 and 15) and/or the
time spent on standard cannulation (typically
greater than 5-30 min)."** ESGE has defined
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Figure 3. Biliary cannulation with a standard
sphincterotome.

“difficult cannulation” as (i) > 5 contacts with the
papilla or > 5 minutes of cannulation attempts, or
(i1) > 1 unintended pancreatic duct cannulation/
opacification.'!?¢ Several studies have already
shown that difficult biliary cannulation is one of the
main risk factors for post-ERCP pancreatitis.®!>"-1%
In an effort to reduce the risk of PEP and increasing
the rate of successful cannulation in patients with
difficult biliary cannulation, several alternative
endoscopic techniques have been studied. The
commonly deployed techniques include the
double guidewire technique, transpancreatic biliary
sphincterotomy and early pre-cut needle knife
sphincterotomy.

I. Double Guidewire Technique

First described by Dumonceau et al. in 1998,
the double-guidewire technique (DGT) consists
of a combined maneuver: first, a guidewire is
inserted and left in the pancreatic duct; second, a
cannulation device is passed through the working
channel alongside the guidewire. The tip of the
device is positioned in the papilla, bending over
the pancreatic wire, to attempt cannulation of the
bile duct."*® (Figure 4) Maeda et al. conducted the
first pilot RCT evaluating DGT in comparison to
standard methods in difficult CBD cannulation
scenarios. The trial showed higher cannulation
success rate with DGT, with no apparent added

(continued on page 39)
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(continued from page 31)

risk of PEP."*! The superior rate of bile duct
cannulation when using DGT has been attributed
to the capability of the pancreatic guidewire to
straighten both the PD and CBD while at the same
time occupying the PD, thus facilitating CBD
cannulation and reducing the risk of repeated PD
cannulation.!*>!33 PD cannulation is not prevented
so much by the presence of the PD wire (one
can simply place two wires into the PD during

Figure 4c. The sphincterotome, now removed from
the pancreatic wire and loaded with a 2nd wire,
is used to obtain hiliary access.
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double-guidewire cannulation), but by the fact
that the wire clearly shows the endoscopic and
fluoroscopic position of the PD, thus allowing it
to be avoided.

However, following these initial reports, in
2009 a large multicenter RCT showed that DGT
was not superior to standard cannulation techniques
in achieving CBD cannulation and it might be
associated with a higher risk of PEP."** A recent
systematic review and meta-analysis of 7 RCTs (577

Figure 4b. Initial cannulation attempt only yields
pancreatic duct access.

Figure 4d. After biliary access is obtained,
both wires are left in place allowing any further
maneuvers needed in either the hile duct or the
pancreatic duct.
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patients) showed that the use of DGT significantly
increased PEP compared to other endoscopic
techniques, RR 1.98; (1.14 — 3.42) and there was
no significant difference in overall cannulation
success, RR 1.04; (0.91 — 1.18) between DGT and
other techniques.'*® Still, the DGT is frequently
successful and is widely employed clinically.

Il. Transpancreatic Biliary Sphincterotomy
Transpancreatic precut sphincterotomy (TPS) was
first described by Goff in 1995 and it is performed
by a standard traction sphincterotome wedged into
the pancreatic orifice, with a cutting wire aimed
in the biliary direction.!*® This technique takes
advantage of the fact that the pancreatic duct is
cannulated unintentionally, and the procedure is
performed with a standard traction sphincterotome.
Thus, the use of a free-hand needle knife is not
required, and the depth of incision is potentially
easier to control compared with needle-knife
sphincterotomy. In 1999, a retrospective study
showed that overall complication rates for standard
sphincterotomy and transpancreatic sphincterotomy
were comparable (2.1% vs. 1.96%). Additionally,
there were no cases of PEP after transpancreatic
duct pre-cut sphincterotomy.'3” While successful
cannulation rates and mean cannulation times with
this technique have been reported to be comparable
to DGT (91.2% vs. 91.9% and 14.1 + 13.2
min vs. 15.4 + 17.9 min, P = 0.732, respectively),
the overall incidence of PEP was significantly
lower (38.2% vs. 10.8%, P < 0.011)."*® Similar
results have been reported by several case series,'*’
comparative studies,**! a recent systematic
review and meta-analysis of 4 RCTs.'*?

While the safety and efficacy of TPS has been
extensively reported, there remain concerns about
the long-term effects of this technique, with the
possibility of pancreatic stenosis, as seen in the cases
of therapeutic pancreatic sphincterotomies.'**'** For
comparing outcomes with DGW technique, Pecsi et
al. conducted a meta-analysis of 14 studies which
showed that rates of PEP did not differ between
the two techniques; however, when assessing data
from comparative retrospective studies, the former
proved to be worse than needle-knife fistulotomy
OR 4.62; (1.36—15.72)."* Similar findings have
been reported by a recent prospective, multicenter,
randomized controlled trial, in which if the ERCP
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Figure 5a. Impacted stone at ampulla; a common
finding that prompts needle knife papillotomy.

procedure fulfilled the definition of difficult
cannulation and a guidewire entered the pancreatic
duct, randomization to either TPS or to DGW was
performed. 203 patients were randomized to either
group, TPS (104 patients) and DGW (99 patients).
PEP developed in 14/104 patients (13.5%) in the
TPS group and 16/99 patients (16.2%) in the DGW
group (P = 0.69). The rate of successful deep
biliary cannulation was significantly higher with
TPS (84.6% [88/104]) than with DGW (69.7%
[69/99]; P=0.01."* Based on the current body of
evidence, the ESGE recommends using TPS but
after failure of DGW technique in cases of difficult
biliary cannulation.® In practice, the choice and
order of techniques tried is left to the operator.

lll. Needle-Knife Papillotomy (NKPP)

and Needle-Knife Fistulotomy (NKF)
Both NKPP and NKP are considered as “precut”
techniques when standard biliary cannulation
fails. (Figures 5 and 6) Precutting is considered a
second-line salvage technique because it has been
repeatedly identified as an independent risk factor
for PEP, and it carries an adverse event rate as
high as 24.3%.'” However, a growing collection
of RCTs suggest an alternative explanation: that
papillary trauma resulting from unsuccessful
conventional cannulation is the actual reason for
higher rates of PEP after precutting.'?

NKPP technique was first described by
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Figure 5b. Needle knife papillotomy on same
patient as Figure 4a allows hoth hiliary access
and stone dislodgement.

Huibregtse et al. in 1986 and involves performing
an incision started at the papillary orifice, which
is then extended upward between the 11 and 1
o’clock positions. Step by step the incision is
extended until successful biliary cannulation is
achieved.'® While this technique has been in
practice for several decades, there have been
concerns about its safety profile, with high
reported rates of PEP, perforation and bleeding,
especially in inexperienced hands.'*'** With the
NKF procedure, a small incision is made on the
bulging intraduodenal segment of the CBD, and
the needle is moved in an upward direction starting
3 to 5 mm above the papillary orifice. If biliary
cannulation through the opening is not possible,
the incision is progressively extended in the same
direction. It is important to remember that either of
these techniques must be individualized based upon
the anatomy (size, morphology, and orientation)
of the major duodenal papillae.”' It has been
suggested that NKPP may be carried out more
safely for patients with small and flat papillae, and
NKF is more suitable for patients with bulging
and impacted stone papillae, but in practice both
can be employed in any patient the operator feels
is suitable.'s>!53

It is crucial to note that studies in which early
precut sphincterotomy (i.e., papillotomy and
fistulotomy) was compared with persistent standard
cannulation (with late precutting as needed), have
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Figure 6. Needle knife fistulotomy. Note guidewire
in pancreatic duct. Site of fistula is above the
papillary orifice.

found that while early precutting was associated
with improved primary cannulation success RR
1.32;(1.04-1.68), the incidences of PEP and overall
cannulation success did not significantly differ
between groups. Additionally, subgroup analysis
found a reduction in PEP risk in the early precut
group after the exclusion of trainee participation
RR 0.29; (0.10-0.86). So it is possible that
precutting in expert hands may reduce the risk of
PEP, possibly by increasing the technical success of
primary cannulation.'** A recent study showed that
among patients who underwent NKF as an initial
procedure for biliary access, those undergoing
“early” NKF i.e., after 5 min, 5 attempts, or 2
pancreatic passages and “late” NKF i.e., after
at least 10 min of unsuccessful standard biliary
cannulation, late NFK was associated with a higher
time to create a fistula and an increased risk of
pancreatitis. PEP rates were 2.5%, 4% and 8.2%,
respectively, among the three groups.!'>®
Mavrogiannis et al. conducted a randomized
controlled trial in which 153 patients with
choledocholithiasis were randomized to undergo
either NKF (n = 74) or NKPP (n = 79). PEP
rates were significantly lower with NKF vs.
NKPP, 0% and 7.59% (p < 0.05)."*° In another
recent prospective controlled trial, patients were
randomized accounting for variation in the types
of major duodenal papillae. A total of 75 and 113
patients were allocated to the NKPP and NKF
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groups, respectively. There was no difference in
the rates of PEP between the two techniques, 6.6%
in the NKPP group and 5.3% in the NKF group.'’
Facciorusso conducted a network meta-analysis of
17 RCTs with over 2,000 patients and concluded
that early needle-knife techniques outperformed
persistence with standard cannulation techniques
in terms of decreasing PEP rate, RR 0.61; (0.37-
1.00), whereas both early needle-knife techniques
and transpancreatic sphincterotomy led to lower
PEP rates as compared with pancreatic guidewire-
assisted technique [RR 0.49 (0.23-0.99) and 0.53
(0.30-0.92)], respectively.'*®

3. COMBINATION THERAPEUTIC STRATEGIES
I. Rectal NSAIDs and Fluid Therapy

Several studies have also evaluated the efficacy
of combining rectal NSAIDs with fluid therapy to
lower the incidence of PEP. Mok et al. conducted
arandomized, double-blinded, placebo-controlled
trial in which patients were assigned to standard
normal saline solution (NS) + placebo, NS +
rectal indomethacin, LR + placebo, or LR + rectal
indomethacin. PEP occurred in 3 patients (6%) in
the LR + rectal indomethacin group vs. 10 (21%)
in the NS + placebo group (P = .04).'* However,
the authors used a 1-L bolus of LR or NS before
ERCP instead of aggressive hydration as suggested
by earlier trials. Based on several network meta-
analysis, the combination of rectal NSAIDs with
aggressive hydration has also been shown to be
the best intervention for preventing PEP.'**-162 But
the utility of combination therapy has also been
questioned by a recent open-label, multicenter RCT,
in which patients were randomly assigned (1:1) to
a combination of aggressive hydration and rectal
NSAIDs (100 mg diclofenac or indomethacin;
aggressive hydration group) or rectal NSAIDs
(100 mg diclofenac or indomethacin) alone
(control group). Aggressive hydration comprised
20 mL/kg intravenous Ringer’s lactate solution
within 60 min from the start of ERCP, followed
by 3 mL/kg per h for 8 h. The study showed that
aggressive periprocedural hydration did not reduce
the incidence of PEP in patients with moderate
to high risk of developing this complication who
routinely received prophylactic rectal NSAIDs.!6
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The ESGE also recommends against the routine
combination of rectal NSAIDs with other measures
to prevent PEP.

Taking the cumulative evidence into account,
an updated network meta-analysis including
studies evaluating 18 regimens among 16,241
patients, was conducted by Park et al. Based on
integral analysis of predictive interval plots, and
expected mean ranking and surface under the
cumulative ranking curve values, combination
prophylaxis with indomethacin + LR, followed
by indomethacin + normal saline, was found to
be the most efficacious modality of these for the
overall prevention of PEP.'%*

Il. Rectal NSAIDs and Pancreatic Duct Stenting
Elmunzer et al. conducted a multicenter,
randomized, placebo-controlled, double-blind
clinical trial, where patients at elevated risk for PEP
received a single dose of rectal indomethacin or
placebo immediately after ERCP. Among patients
at high risk for post-ERCP pancreatitis, most of
whom (>80%) had undergone pancreatic stent
placement (PSP), rectal indomethacin significantly
reduced the incidence of PEP." A follow-up
retrospective cost analysis showed that a prevention
strategy employing rectal indomethacin alone
could save approximately $150 million annually
in the United States compared with a strategy
of PSP alone, and $85 million compared with a
strategy of indomethacin and PSP combination.'®®
A retrospective analysis of over 700 patients
showed that the incidence of PEP did not differ
for rectal indomethacin vs. combination of rectal
indomethacin and pancreatic stenting groups (5.1%
vs. 6.1%).'%6 Akbar et al. conducted a large network
meta-analysis of 29 studies and showed that the
combination of rectal NSAIDs and stents was not
superior to either approach alone. Furthermore,
pooled results showed that rectal NSAIDs alone
were superior to PD stents alone in preventing
post-ERCP pancreatitis [OR 0.48; (0.26-0.87)].'%
While data on combination therapy remains weak,
it is important to note that studies have shown
that negative effect of failed pancreatic stent
placement, especially in patients with elevated
risk for PEP, may be fully attenuated by use of
rectal NSAID.'"” Additionally, data suggests that
use of combination rectal NSAIDs and PSP maybe
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Table 1. Interventions and estimated™* risk of post ERCP pancreatitis
(*includes low, moderate, and high-risk patients)

Intervention Reported incidence of post ERCP pancreatitis
Rectal non-steroidal anti-inflammatory drugs 8%
(NSAIDS)

1. Rectal indomethacin 3.2% 10 9.2%

2. Rectal diclofenac 5.4% 10 7.5%

Protease inhibitors

1. (Gabexate mesilate

3.4% t0 5.8% (dosing dependent)

2. Nafamostat mesylate

2.1% t0 9%

3. Ulinastatin

1.6% t0 7.3%

Other pharmacological agents

1. CQctreotide 2.4% 105.5%

2. Somatostatin 5.6% 0 8.9%

3. Glyceryl trinitrate 8%; 5.1% (transdermal), 7.8% (sublingual)
Fluid therapy 3%-6.7%
Prophylactic pancreatic duct stenting 1%-20%

Cannulation Techniques

1. Double guidewire technique

10%-17%

2. Transpancreatic biliary sphincterotomy (TPS)

3.2%-11.9%

e

Needle-knife papillotomy (NKPP)

1%-7.6%

4. Needle-knife fistulotomy (NKF)

3.9%-4.5%

Combination therapies

1. Rectal NSAIDs and Fluid therapy 1%-6%
2. Rectal NSAIDs and Pancreatic Duct Stenting 1.1%-11.1%
3. Rectal NSAIDs and topical epinephrine 5.3% 10 6.7%

beneficial in lowering the risk of PEP when DGT
technique for cannulation is utilized.'*®

lll. Rectal NSAIDs and Topical Epinephrine

A recent retrospective study by Torun et al.
concluded that submucosal epinephrine injection in
conjunction with rectal indomethacin significantly
reduced the incidence of PEP,'® however
comparative effectiveness, multicenter, double-
blinded, randomized trials have not shown any
benefit compared to rectal indomethacin alone.'”*!"!
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A large multicenter RCT in China, terminated
at the interim analysis for safety concerns and
futility, showed that combination of rectal
indomethacin with papillary epinephrine spraying
in fact increased the risk of PEP compared with
indomethacin alone.'"

CONCLUSION

PEP remains the most serious adverse event
associated with ERCP. A variety of factors have
been studied in an effort to reduce the frequency
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and severity of PEP, but no single factor has been
found to be universally successful. In practice, a
combination of medications and techniques is often
employed to lower the PEP rate as low as possible,
recognizing that some patients will still develop
pancreatitis. The interventions and estimated risk
of PEP is summarized in Table 1. H

References

1.

10.

11.

12.

44

Classen M, Demling L. Endoskopische sphinkter-
otomie der papilla Vateri und steinextraktion aus dem
ductus choledochus. DMW-Deutsche Medizinische
Wochenschrift 1974; 99: 496-497.

Kawai K, Nakajima M, Kimoto K et al. Endoscopic
sphincterotomy of the ampulla of Vater. Endoscopy
1975; 7: 30-35.

Freeman ML, Nelson DB, Sherman S et al.
Complications of endoscopic biliary sphincterotomy.
N Engl J Med 1996; 335: 909-918. doi:10.1056/
NEIM199609263351301

Loperfido S, Angelini G, Benedetti G et al. Major early
complications from diagnostic and therapeutic ERCP:
a prospective multicenter study. Gastrointest Endosc
1998; 48: 1-10. doi:10.1016/s0016-5107(98)70121-x
Masci E, Toti G, Mariani A et al. Complications of
diagnostic and therapeutic ERCP: a prospective mul-
ticenter study. Am J Gastroenterol 2001; 96: 417-423.
doi:10.1111/1.1572-0241.2001.03594.x

Vandervoort J, Soetikno RM, Tham TC et al. Risk
factors for complications after performance of ERCP.
Gastrointest Endosc 2002; 56: 652-656. doi:10.1067/
mge.2002.129086

Christoforidis E, Goulimaris I, Kanellos I et al. Post-
ERCP pancreatitis and hyperamylasemia: patient-
related and operative risk factors. Endoscopy 2002; 34:
286-292. doi:10.1055/5-2002-23630

Mehta SN, Pavone E, Barkun JS et al. Predictors of
post-ERCP complications in patients with suspected
choledocholithiasis. Endoscopy 1998; 30: 457-463.
doi:10.1055/s-2007-1001308

Sherman S, Ruffolo TA, Hawes RH et al. Complications
of endoscopic sphincterotomy. A prospective series
with emphasis on the increased risk associated with
sphincter of Oddi dysfunction and nondilated bile
ducts. Gastroenterology 1991; 101: 1068-1075.
Chandrasekhara V, Khashab MA, Muthusamy VR et
al. Adverse events associated with ERCP. Gastrointest
Endosc 2017; 85: 32-47. doi:10.1016/j.gie.2016.06.051
Lyu Y, Wang B, Cheng Y et al. Comparative
Efficacy of 9 Major Drugs for Postendoscopic
Retrograde Cholangiopancreatography Pancreatitis:
A Network Meta-Analysis. Surg Laparosc Endosc
Percutan Tech 2019; 29: 426-432. doi:10.1097/
SLE.0000000000000707

Gross V, Leser HG, Heinisch A et al. Inflammatory
mediators and cytokines--new aspects of the patho-
physiology and assessment of severity of acute pancre-
atitis? Hepatogastroenterology 1993; 40: 522-530.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Karne S, Gorelick FS. Etiopathogenesis of acute
pancreatitis. Surg Clin North Am 1999; 79: 699-710.
doi:10.1016/s0039-6109(05)70036-0

Mikeld A, Kuusi T, Schroder T. Inhibition of serum
phospholipase-A2 in acute pancreatitis by pharmaco-
logical agents in vitro. Scand J Clin Lab Invest 1997;
57: 401-407. doi:10.3109/00365519709084587
Murray B, Carter R, Imrie C et al. Diclofenac reduces
the incidence of acute pancreatitis after endoscopic ret-
rograde cholangiopancreatography. Gastroenterology
2003; 124:  1786-1791. doi:10.1016/s0016-
5085(03)00384-6

Sotoudehmanesh R, Khatibian M, Kolahdoozan S et al.
Indomethacin may reduce the incidence and severity of
acute pancreatitis after ERCP. Am J Gastroenterol 2007,
102: 978-983. doi:10.1111/j.1572-0241.2007.01165.x
Khoshbaten M, Khorram H, Madad L et al. Role
of diclofenac in reducing post-endoscopic retrograde
cholangiopancreatography pancreatitis. J Gastroenterol
Hepatol 2008; 23: ell-16. doi:10.1111/j.1440-
1746.2007.05096.x

Elmunzer BJ, Waljee AK, Elta GH et al. A meta-anal-
ysis of rectal NSAIDs in the prevention of post-ERCP
pancreatitis. Gut 2008; 57: 1262-1267. doi:10.1136/
gut.2007.140756

Elmunzer BJ, Scheiman JM, Lehman GA et al. A
randomized trial of rectal indomethacin to prevent
post-ERCP pancreatitis. N Engl J Med 2012; 366:
1414-1422. doi:10.1056/NEJMoal111103
Andrade-Davila VF, Chavez-Tostado M, Davalos-
Cobian C et al. Rectal indomethacin versus placebo to
reduce the incidence of pancreatitis after endoscopic
retrograde cholangiopancreatography: results of a con-
trolled clinical trial. BMC Gastroenterol 2015; 15: 85.
doi:10.1186/s12876-015-0314-2

Luo H, Zhao L, Leung J et al. Routine pre-procedural
rectal indometacin versus selective post-procedural
rectal indometacin to prevent pancreatitis in patients
undergoing endoscopic retrograde cholangiopancrea-
tography: a multicentre, single-blinded, randomised
controlled trial. Lancet 2016; 387: 2293-2301.
doi:10.1016/S0140-6736(16)30310-5

Inamdar S, Han D, Passi M et al. Rectal indomethacin
is protective against post-ERCP pancreatitis in high-
risk patients but not average-risk patients: a systematic
review and meta-analysis. Gastrointest Endosc 2017,
85: 67-75. doi:10.1016/j.gie.2016.08.034

He X, Zheng W, Ding Y et al. Rectal Indomethacin
Is Protective against Pancreatitis after Endoscopic
Retrograde Cholangiopancreatography: Systematic
Review and Meta-Analysis. Gastroenterol Res Pract
2018; 2018: 9784841. doi:10.1155/2018/9784841
Yaghoobi M, Alzahrani MA, McNabb-Baltar J et al.
Rectal Indomethacin Prevents Moderate to Severe
Post-ERCP Pancreatitis and Death and Should Be Used
Before the Procedure: A Meta-Analysis of Aggregate
Subgroup Data. J Can Assoc Gastroenterol 2018; 1:
67-75. doi:10.1093/jcag/gwy006

Dumonceau JM, Kapral C, Aabakken L et al.
ERCP-related adverse events: European Society of

PRACTICAL GASTROENTEROLOGY - SEPTEMBER 2023



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Preventing Post-ERCP Pancreatitis

FUNDAMENTALS OF ERCP, SERIES #10

Gastrointestinal Endoscopy (ESGE) Guideline.
Endoscopy2020;52:127-149.d0i:10.1055/a-1075-4080
Fogel EL, Lehman GA, Tarnasky P et al. Rectal indo-
metacin dose escalation for prevention of pancreatitis
after endoscopic retrograde cholangiopancreatography
in high-risk patients: a double-blind, randomised con-
trolled trial. Lancet Gastroenterol Hepatol 2020; 5:
132-141. doi:10.1016/S2468-1253(19)30337-1

Patil S, Pandey V, Pandav N et al. Role of Rectal
Diclofenac Suppository for Prevention and Its
Impact on Severity of Post-Endoscopic Retrograde
Cholangiopancreatography Pancreatitis in High-
Risk Patients. Gastroenterology Res 2016; 9: 47-52.
doi:10.14740/gr672w

Geraci G, Palumbo VD, D'Orazio B et al. Rectal
Diclofenac administration for prevention of post-Endo-
scopic Retrograde Cholangio-Pancreatography (ERCP)
acute pancreatitis. Randomized prospective study. Clin
Ter 2019; 170: €332-e336. doi:10.7417/CT.2019.2156

Akshintala VS, Weiland CJS, Bhullar FA et al. Non-
steroidal anti-inflammatory drugs, intravenous fluids,
pancreatic stents, or their combinations for the pre-
vention of post-endoscopic retrograde cholangiopan-
creatography pancreatitis: a systematic review and
network meta-analysis. The Lancet Gastroenterology
& Hepatology 2021; 6: 733-742.

Arata S, Takada T, Hirata K et al. Post-ERCP pancreati-
tis. Journal of hepato-biliary-pancreatic sciences 2010;
17: 70-78.

Otsuka T, Kawazoe S, Nakashita S et al. Low-dose
rectal diclofenac for prevention of post-endoscopic
retrograde cholangiopancreatography pancreatitis: a
randomized controlled trial. J Gastroenterol 2012; 47:
912-917. doi:10.1007/s00535-012-0554-7

Maeda N, Higashimori A, Nakatani M et al. A 25 mg
rectal dose of diclofenac for prevention of post-ERCP
pancreatitis in elderly patients. Scandinavian Journal of
Gastroenterology 2021; 56: 1109-1116.

Tomoda T, Kato H, Miyamoto K et al. Efficacy of low
dose rectal diclofenac for preventing post-endoscopic
retrograde cholangiopancreatography pancreatitis:
Propensity score-matched analysis. Dig Endosc 2021,
33: 656-662. doi:10.1111/den.13828

Katoh T, Kawashima K, Fukuba N et al. Low-dose rec-
tal diclofenac does not prevent post-ERCP pancreatitis
in low-or high-risk patients. Journal of gastroenterol-
ogy and hepatology 2020; 35: 1247-1253.

Yoshihara T, Horimoto M, Kitamura T et al. 25 mg
versus 50 mg dose of rectal diclofenac for prevention
of post-ERCP pancreatitis in Japanese patients: a retro-
spective study. BMJ open 2015; 5: €006950.

Takaori A, Ikeura T, Hori Y et al. Rectally
Administered Low-Dose Diclofenac Has No
Effect on Preventing Post-Endoscopic Retrograde
Cholangiopancreatography Pancreatitis: A Propensity
Score Analysis. Pancreas 2021; 50: 1024-1029.
doi:10.1097/MPA.0000000000001877

Dumonceau JM, Rigaux J, Kahaleh M et al
Prophylaxis of post-ERCP pancreatitis: a practice
survey. Gastrointest Endosc 2010; 71: 934-939, 939.

PRACTICAL GASTROENTEROLOGY - SEPTEMBER 2023

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

€931-932. doi:10.1016/j.g1e.2009.10.055

Dobronte Z, Szepes Z, Izbéki F et al. Is rectal
indomethacin effective in preventing of post-endo-
scopic retrograde cholangiopancreatography pancre-
atitis? World J Gastroenterol 2014; 20: 10151-10157.
doi:10.3748/wjg.v20.i129.10151

Lua GW, Muthukaruppan R, Menon J. Can Rectal
Diclofenac Prevent Post Endoscopic Retrograde
Cholangiopancreatography Pancreatitis? Dig Dis Sci
2015; 60: 3118-3123. doi:10.1007/s10620-015-3609-9
Avila P, Holmes I, Kouanda A et al. Practice patterns
of post-ERCP pancreatitis prophylaxis techniques in
the United States: a survey of advanced endosco-
pists. Gastrointest Endosc 2020; 91: 568-573.e562.
doi:10.1016/j.gi1e.2019.11.013

Sperna  Weiland CJ, Engels MML, Poen AC
et al. Increased Use of Prophylactic Measures
in  Preventing Post-Endoscopic  Retrograde
Cholangiopancreatography Pancreatitis. Dig Dis
Sci 2021; 66: 4457-4466. doi:10.1007/s10620-020-
06796-0

Sperna Weiland CJ, Smeets XJNM, Verdonk RC et
al. Optimal timing of rectal diclofenac in preventing
post-endoscopic retrograde cholangiopancreatography
pancreatitis. Endosc Int Open 2022; 10: E246-E253.
Hajiro K, Tsujimura D, Inoue R et al. Effect of FOY on
hyperamylasemia after endoscopic retrograde cholan-
giopancreatography. Gendai Iryo 1978; 10: 1375-1379.
Shimizu Y, Takahashi H, Deura M et al. Prophylactic
effects of preoperative administration of Gabexate
Mesilate (FOY) on post-ERCP pancreatitis. Gendai
Iryo 1979; 11: 540-544.

Cavallini G, Tittobello A, Frulloni L et al. Gabexate
for the prevention of pancreatic damage related to
endoscopic retrograde cholangiopancreatography.
Gabexate in digestive endoscopy--Italian Group.
N Engl J Med 1996; 335: 919-923. doi:10.1056/
NEIM199609263351302

Masci E, Cavallini G, Mariani A et al. Comparison of
two dosing regimens of gabexate in the prophylaxis of
post-ERCP pancreatitis. Am J Gastroenterol 2003; 98:
2182-2186. doi:10.1111/j.1572-0241.2003.07698.x
Andriulli A, Leandro G, Niro G et al. Pharmacologic
treatment can prevent pancreatic injury after ERCP:
a meta-analysis. Gastrointest Endosc 2000; 51: 1-7.
doi:10.1016/s0016-5107(00)70377-4

Andriulli A, Clemente R, Solmi L et al. Gabexate or
somatostatin administration before ERCP in patients
at high risk for post-ERCP pancreatitis: a multi-
center, placebo-controlled, randomized clinical trial.
Gastrointestinal endoscopy 2002; 56: 488-495.
Andriulli A, Leandro G, Federici T et al. Prophylactic
administration of somatostatin or gabexate does not
prevent pancreatitis after ERCP: an updated meta-anal-
ysis. Gastrointestinal endoscopy 2007; 65: 624-632.
Benvenuti S, Zancanella L, Piazzi L et al. Prevention
of post-ERCP pancreatitis with somatostatin versus
gabexate mesylate: A randomized placebo controlled
multicenter study. Digestive and Liver Disease 20006;
S15.

45



Preventing Post-ERCP Pancreatitis

FUNDAMENTALS OF ERCP, SERIES #10

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

46

Manes G, Ardizzone S, Lombardi G et al. Efficacy of
postprocedure administration of gabexate mesylate in
the prevention of post-ERCP pancreatitis: a random-
ized, controlled, multicenter study. Gastrointest Endosc
2007; 65: 982-987. doi:10.1016/j.gie.2007.02.055
Xiong GS, Wu SM, Zhang XW et al. Clinical trial of
gabexate in the prophylaxis of post-endoscopic ret-
rograde cholangiopancreatography pancreatitis. Braz
J Med Biol Res 2006; 39: 85-90. doi:10.1590/s0100-
879x2006000100010

Seta T, Noguchi Y. Protease inhibitors for prevent-
ing complications associated with ERCP: an updated
meta-analysis. Gastrointest Endosc 2011; 73: 700-706.
€701-702. doi:10.1016/j.gie.2010.09.022

Chiu YJ, Chen SC, Kang YN et al. Efficacy of gabexate
mesilate in preventing post endoscopic retrograde chol-
angiopancreatography pancreatitis: A meta-analysis of
randomized clinical trials. J] Formos Med Assoc 2021;
120: 1090-1099. doi:10.1016/.jfma.2020.10.034
Keck T, Balcom JH, Antoniu BA et al. Regional effects
of nafamostat, a novel potent protease and complement
inhibitor, on severe necrotizing pancreatitis. Surgery
2001; 130: 175-181. doi:10.1067/msy.2001.115827
Choi CW, Kang DH, Kim GH et al. Nafamostat mesyl-
ate in the prevention of post-ERCP pancreatitis and risk
factors for post-ERCP pancreatitis. Gastrointest Endosc
2009; 69: el1-18. doi:10.1016/j.gie.2008.10.046

Yoo KS, Huh KR, Kim YJ et al. Nafamostat mesilate
for prevention of post-endoscopic retrograde cholangi-
opancreatography pancreatitis: a prospective, random-
ized, double-blind, controlled trial. Pancreas 2011; 40:
181-186. doi:10.1097/MPA.0b013e3181194d46
Ohuchida J, Chijiiwa K, Imamura N et al. Randomized
controlled trial for efficacy of nafamostat mesilate in
preventing post-endoscopic retrograde cholangiopan-
creatography pancreatitis. Pancreas 2015; 44: 415-421.
doi:10.1097/MPA.0000000000000278

Park KT, Kang DH, Choi CW et al. Is high-dose
nafamostat mesilate effective for the prevention
of post-ERCP pancreatitis, especially in high-risk
patients? Pancreas 2011; 40: 1215-1219. doi:10.1097/
MPA.0b013e31822116d5

Matsumoto T, Okuwaki K, Imaizumi H et al.
Nafamostat mesylate is not effective in preventing
post-endoscopic retrograde cholangiopancreatography
pancreatitis. Digestive Diseases and Sciences 2021; 66:
4475-4484.

Ohnishi H, Kosuzume H, Ashida Y et al. Effects of
urinary trypsin inhibitor on pancreatic enzymes and
experimental acute pancreatitis. Dig Dis Sci 1984; 29:
26-32. doi:10.1007/BF01296858

Matsukawa H, Hara A, Ito T et al. [Continuous arte-
rial infusion of protease inhibitor with supplementary
therapy for the patients with severe acute pancreatitis-
-clinical effect of arterial injection of ulinastatin].
Nihon Shokakibyo Gakkai Zasshi 1998; 95: 1229-
1234.

Fujishiro H, Adachi K, Imaoka T et al. Ulinastatin
shows preventive effect on post-endoscopic retro-
grade cholangiopancreatography pancreatitis in a mul-

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

ticenter prospective randomized study. J Gastroenterol
Hepatol 2006; 21: 1065-1069. doi:10.1111/j.1440-
1746.2006.04085.x

Tsujino T, Komatsu Y, Isayama H et al. Ulinastatin
for pancreatitis after endoscopic retrograde cholangio-
pancreatography: a randomized, controlled trial. Clin
Gastroenterol Hepatol 2005; 3: 376-383. doi:10.1016/
$1542-3565(04)00671-8

Zhu K, Wang JP, Su JG. Prophylactic ulinastatin
administration for preventing post-endoscopic ret-
rograde cholangiopancreatography pancreatitis: A
meta-analysis. Exp Ther Med 2017; 14: 3036-3056.
doi:10.3892/etm.2017.4910

Zhang ZF, Yang N, Zhao G et al. Preventive effect of
ulinastatin and gabexate mesylate on post-endoscopic
retrograde cholangiopancreatography pancreatitis.
Chin Med J (Engl) 2010; 123: 2600-2606.

Poon RT, Yeung C, Lo CM et al. Prophylactic effect of
somatostatin on post-ERCP pancreatitis: a randomized
controlled trial. Gastrointest Endosc 1999; 49: 593-
598. doi:10.1016/s0016-5107(99)70387-1

Bordas JM, Toledo-Pimentel V, Llach J et al. Effects
of bolus somatostatin in preventing pancreatitis after
endoscopic pancreatography: results of a random-
ized study. Gastrointest Endosc 1998; 47: 230-234.
doi:10.1016/s0016-5107(98)70318-9

Poon RT, Yeung C, Liu CL et al. Intravenous bolus
somatostatin after diagnostic cholangiopancreatogra-
phy reduces the incidence of pancreatitis associated
with therapeutic endoscopic retrograde cholangiopan-
creatography procedures: a randomised controlled trial.
Gut 2003; 52: 1768-1773. doi:10.1136/gut.52.12.1768
Concepcion-Martin M, Gomez-Oliva C, Juanes A et al.
Somatostatin for prevention of post-ERCP pancreatitis:
a randomized, double-blind trial. Endoscopy 2014; 46:
851-856. doi:10.1055/5-0034-1377306

Wang G, Xiao G, Xu L et al. Effect of somatostatin on
prevention of post-endoscopic retrograde cholangio-
pancreatography pancreatitis and hyperamylasemia: A
systematic review and meta-analysis. Pancreatology
2018; 18: 370-378. doi:10.1016/j.pan.2018.03.002

Hu J, Li PL, Zhang T et al. Role of Somatostatin
in  Preventing Post-endoscopic  Retrograde
Cholangiopancreatography (ERCP) Pancreatitis: An
Update Meta-analysis. Front Pharmacol 2016; 7: 489.
doi:10.3389/fphar.2016.00489

Qin X, Lei WS, Xing ZX et al. Prophylactic effect of
somatostatin in preventing Post-ERCP pancreatitis: an
updated meta-analysis. Saudi J Gastroenterol 2015; 21:
372-378. doi:10.4103/1319-3767.167187

Li ZS, Pan X, Zhang WJ et al. Effect of octreo-
tide administration in the prophylaxis of post-ERCP
pancreatitis and hyperamylasemia: A multicenter,
placebo-controlled, randomized clinical trial. Am J
Gastroenterol 2007; 102: 46-51. doi:10.1111/5.1572-
0241.2006.00959.x

Binmoeller KF, Harris AG, Dumas R et al. Does
the somatostatin analogue octreotide protect against
ERCP induced pancreatitis? Gut 1992; 33: 1129-1133.

(continued on page 52)

PRACTICAL GASTROENTEROLOGY - SEPTEMBER 2023



Preventing Post-ERCP Pancreatitis

FUNDAMENTALS OF ERCP, SERIES #10

(continued from page 46)

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

52

doi:10.1136/gut.33.8.1129

Zhang Y, Chen QB, Gao ZY et al. Meta-analysis:
octreotide prevents post-ERCP pancreatitis, but only
at sufficient doses. Aliment Pharmacol Ther 2009; 29:
1155-1164. doi:10.1111/j.1365-2036.2009.03991.x
Mine T, Morizane T, Kawaguchi Y et al. Clinical
practice guideline for post-ERCP pancreatitis. J
Gastroenterol 2017; 52: 1013-1022. doi:10.1007/
s00535-017-1359-5

Sudhindran S, Bromwich E, Edwards PR. Prospective
randomized double-blind placebo-controlled trial of
glyceryl trinitrate in endoscopic retrograde cholangio-
pancreatography-induced pancreatitis. Br J Surg 2001;
88: 1178-1182. doi:10.1046/j.0007-1323.2001.01842.x
Ding J, Jin X, Pan Y et al. Glyceryl trinitrate for pre-
vention of post-ERCP pancreatitis and improve the rate
of cannulation: a meta-analysis of prospective, ran-
domized, controlled trials. PLoS One 2013; 8: ¢75645.
doi:10.1371/journal.pone.0075645

Tomoda T, Kato H, Ueki T et al. Combination of
Diclofenac and Sublingual Nitrates Is Superior to
Diclofenac Alone in Preventing Pancreatitis After
Endoscopic Retrograde Cholangiopancreatography.
Gastroenterology 2019; 156: 1753-1760.e1751.
doi:10.1053/j.gastro.2019.01.267

Kinnala PJ, Kuttila KT, Gronroos JM et al. Splanchnic
and pancreatic tissue perfusion in experimental acute
pancreatitis. Scand J Gastroenterol 2002; 37: 845-849.
Warndorf MG, Kurtzman JT, Bartel MJ et al. Early
fluid resuscitation reduces morbidity among patients
with acute pancreatitis. Clin Gastroenterol Hepatol
2011; 9: 705-709. doi:10.1016/j.cgh.2011.03.032

Sagi SV, Schmidt S, Fogel E et al. Association of
greater intravenous volume infusion with shorter hos-
pitalization for patients with post-ERCP pancreati-
tis. J Gastroenterol Hepatol 2014; 29: 1316-1320.
doi:10.1111/jgh.12511

Katsinelos P, Kountouras J, Paroutoglou G et al.
Intravenous N-acetylcysteine does not prevent post-
ERCP pancreatitis. Gastrointestinal endoscopy 2005;
62: 105-111.

Milewski J, Rydzewska G, Degowska M et al.
N-acetylcysteine does not prevent post-endoscopic
retrograde cholangiopancreatography hyperamy-
lasemia and acute pancreatitis. World Journal of
Gastroenterology: WIG 2006; 12: 3751.

Alavi Nejad P, Hajiani E, Hashemi J et al. Evaluation
of N-acetyl Cysteine for the Prevention of Post-
endoscopic Retrograde Cholangiopancreatography
Pancreatitis: A Prospective Double Blind Randomized
Pilot Study. Middle East J Dig Dis 2013; 5: 17-21.
Tran QT, Alavinejad P, Tran NPN et al. Efficacy of oral
N-acetyl cysteine in preventing post-ERCP acute pan-
creatitis: Results of a randomized controlled trial from
seven referral centers in four countries. In: JOURNAL
OF GASTROENTEROLOGY AND HEPATOLOGY.
WILEY 111 RIVER ST, HOBOKEN 07030-5774, NJ
USA; 2021: 36-36.

Wu BU, Hwang JQ, Gardner TH et al. Lactated

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Ringer's solution reduces systemic inflammation com-
pared with saline in patients with acute pancreatitis.
Clinical Gastroenterology and Hepatology 2011; 9:
710-717. ¢711.

Banks PA, Freeman ML, Gastroenterology PPCotACo.
Practice guidelines in acute pancreatitis. Official jour-
nal of the American College of Gastroenterology| ACG
2006; 101: 2379-2400.

Muddana V, Whitcomb DC, Khalid A et al. Elevated
serum creatinine as a marker of pancreatic necrosis in
acute pancreatitis. Am J Gastroenterol 2009; 104: 164-
170. doi:10.1038/ajg.2008.66

Buxbaum J, Yan A, Yeh K et al. Aggressive hydration
with lactated Ringer's solution reduces pancreatitis
after endoscopic retrograde cholangiopancreatography.
Clin Gastroenterol Hepatol 2014; 12: 303-307.e301.
doi:10.1016/j.cgh.2013.07.026

Choi J-H, Kim HJ, Lee BU et al. Vigorous peri-
procedural hydration with lactated ringer’s solution
reduces the risk of pancreatitis after retrograde chol-
angiopancreatography in hospitalized patients. Clinical
Gastroenterology and Hepatology 2017; 15: 86-92.
e81.

Shaygan-Nejad A, Masjedizadeh AR, Ghavidel A et al.
Aggressive hydration with Lactated Ringer's solution
as the prophylactic intervention for postendoscopic ret-
rograde cholangiopancreatography pancreatitis: A ran-
domized controlled double-blind clinical trial. Journal
of Research in Medical Sciences: The Official Journal
of Isfahan University of Medical Sciences 2015; 20:
838.

Park C-H, Paik WH, Park ET et al. Aggressive intra-
venous hydration with lactated Ringer’s solution for
prevention of post-ERCP pancreatitis: a prospective
randomized multicenter clinical trial. Endoscopy 2018;
50: 378-385.

Wang R-C, Jiang Z-K, Xie Y-K et al. Aggressive
hydration compared to standard hydration with lactated
ringer’s solution for prevention of post endoscopic
retrograde cholangiopancreatography pancreatitis.
Surgical Endoscopy 2021; 35: 1126-1137.

Radadiya D, Devani K, Arora S et al. Peri-Procedural
Aggressive Hydration for Post Endoscopic Retrograde
Cholangiopancreatography (ERCP) Pancreatitis
Prophylaxsis: Meta-analysis of Randomized Controlled
Trials. Pancreatology 2019; 19: 819-827. doi:10.1016/j.
pan.2019.07.046

Chang A, Pausawasdi N, Charatcharoenwitthaya P et
al. Continuous Infusion of Fluid Hydration Over 24
Hours Does Not Prevent Post-Endoscopic Retrograde
Cholangiopancreatography Pancreatitis. Digestive dis-
eases and sciences 2021; 1-9.

Alcivar-Leon M, Nieto-Orellana I, Jara-Alba ML et
al. Aggressive hydration with lactated ringer's solu-
tion versus saline solution to reduce the risk of pan-
creatitis post-ERCP: 2017 presidential poster award:
800. Official journal of the American College of
Gastroenterology| ACG 2017; 112: S447.

Wu M, Jiang S, Lu X et al. Aggressive hydra-
tion with lactated ringer solution in prevention of

PRACTICAL GASTROENTEROLOGY - SEPTEMBER 2023



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Preventing Post-ERCP Pancreatitis

FUNDAMENTALS OF ERCP, SERIES #10

post-endoscopic retrograde cholangiopancreatography
pancreatitis: A systematic review and meta-analysis.
Medicine (Baltimore) 2021; 100: €25598. doi:10.1097/
MD.0000000000025598

Chen YK, Foliente RL, Santoro MJ et al. Endoscopic
sphincterotomy-induced pancreatitis: increased risk
associated with nondilated bile ducts and sphincter of
Oddi dysfunction. Am J Gastroenterol 1994; 89: 327-
333.

Sherman S. ERCP and endoscopic sphincterotomy-
induced pancreatitis. Am J Gastroenterol 1994; 8§9:
303-305.

Gottlieb K, Sherman S. ERCP and biliary endoscopic
sphincterotomy-induced pancreatitis. Gastrointest
Endosc Clin N Am 1998; 8: 87-114.

Smithline A, Silverman W, Rogers D et al. Effect of pro-
phylactic main pancreatic duct stenting on the incidence
of biliary endoscopic sphincterotomy-induced pancre-
atitis in high-risk patients. Gastrointest Endosc 1993;
39: 652-657. doi:10.1016/s0016-5107(93)70217-5
Tarnasky PR, Palesch YY, Cunningham JT et al.
Pancreatic stenting prevents pancreatitis after biliary
sphincterotomy in patients with sphincter of Oddi
dysfunction. Gastroenterology 1998; 115: 1518-1524.
doi:10.1016/s0016-5085(98)70031-9

Cha SW, Leung WD, Lehman GA et al. Does leav-
ing a main pancreatic duct stent in place reduce the
incidence of precut biliary sphincterotomy-associ-
ated pancreatitis? A randomized, prospective study.
Gastrointest Endosc 2013; 77: 209-216. doi:10.1016/j.
£ie.2012.08.022

Akbar A, Abu Dayyeh BK, Baron TH et al. Rectal
nonsteroidal anti-inflammatory drugs are superior to
pancreatic duct stents in preventing pancreatitis after
endoscopic retrograde cholangiopancreatography: a
network meta-analysis. Clin Gastroenterol Hepatol
2013; 11: 778-783. doi:10.1016/j.cgh.2012.12.043
Vadala di Prampero SF, Faleschini G, Panic N et al.
Endoscopic and pharmacological treatment for pro-
phylaxis against postendoscopic retrograde cholan-
giopancreatography pancreatitis: a meta-analysis and
systematic review. Eur J Gastroenterol Hepatol 2016;
28: 1415-1424. doi:10.1097/MEG.0000000000000734
Mazaki T, Mado K, Masuda H et al. Prophylactic pan-
creatic stent placement and post-ERCP pancreatitis: an
updated meta-analysis. J Gastroenterol 2014; 49: 343-
355. doi:10.1007/s00535-013-0806-1

Dubravesik Z, Hritz I, Keczer B et al. Network
meta-analysis of prophylactic pancreatic stents and
non-steroidal anti-inflammatory drugs in the preven-
tion of moderate-to-severe post-ERCP pancreatitis.
Pancreatology 2021; 21: 704-713. doi:10.1016/j.
pan.2021.04.006

Phillip V, Pukitis A, Epstein A et al. Pancreatic stent-
ing to prevent post-ERCP pancreatitis: a randomized
multicenter trial. Endosc Int Open 2019; 7: E860-E868.
doi:10.1055/a-0886-6384

Das A, Singh P, Sivak MV et al. Pancreatic-stent place-
ment for prevention of post-ERCP pancreatitis: a cost-
effectiveness analysis. Gastrointest Endosc 2007; 65:

PRACTICAL GASTROENTEROLOGY - SEPTEMBER 2023

112.

113.

114.

115.

116.

117

118.

119.

120

121

122

123

960-968. doi:10.1016/j.g1e.2006.07.03 1

Cortas GA, Mehta SN, Abraham NS et al. Selective
cannulation of the common bile duct: a prospective
randomized trial comparing standard catheters with
sphincterotomes. Gastrointest Endosc 1999; 50: 775-
779. doi:10.1016/s0016-5107(99)70157-4

Schwacha H, Allgaier HP, Deibert P et al. A sphinctero-
tome-based technique for selective transpapillary com-
mon bile duct cannulation. Gastrointest Endosc 2000;
52:387-391. doi:10.1067/mge.2000.107909
Michopoulos S, Natsios A, Manthos G et al. First
intention of the biliary tree cannulation by means
of a sphincterotome and a hydrophilic guide wire
is a low risk-high success rate ERCP method. In:
GASTROINTESTINAL ENDOSCOPY. MOSBY, INC
11830 WESTLINE INDUSTRIAL DR, ST LOUIS,
MO 63146-3318 USA; 2003: AB201-AB201.

Lella F, Bagnolo F, Colombo E et al. A simple
way of avoiding post-ERCP pancreatitis. Gastrointest
Endosc 2004; 59: 830-834. doi:10.1016/s0016-
5107(04)00363-3

Bailey AA, Bourke MJ, Williams SJ et al. A pro-
spective randomized trial of cannulation technique
in ERCP: effects on technical success and post-
ERCP pancreatitis. Endoscopy 2008; 40: 296-301.
doi:10.1055/s-2007-995566

Cheung J, Tsoi KK, Quan WL et al. Guidewire versus
conventional contrast cannulation of the common bile
duct for the prevention of post-ERCP pancreatitis: a sys-
tematic review and meta-analysis. Gastrointest Endosc
2009; 70: 1211-1219. doi:10.1016/j.g1e.2009.08.007
Tse F, Yuan Y, Moayyedi P et al. Guidewire-assisted
cannulation of the common bile duct for the prevention
of post-endoscopic retrograde cholangiopancreatog-
raphy (ERCP) pancreatitis. Cochrane Database Syst
Rev 2012; 12: CD009662. doi:10.1002/14651858.
CD009662.pub2

Bassan MS, Sundaralingam P, Fanning SB et al. The
impact of wire caliber on ERCP outcomes: a multi-
center randomized controlled trial of 0.025-inch and
0.035-inch guidewires. Gastrointest Endosc 2018; 87:
1454-1460. doi:10.1016/j.gie.2017.11.037

Park JS, Jeong S, Lee DH. Effectiveness of a novel
highly flexible-tip guidewire on selective biliary
cannulation compared to conventional guidewire:
Randomized controlled study. Digestive Endoscopy
2018; 30: 245-251.

Kurita A, Kudo Y, Yoshimura K et al. Comparison
between a rotatable sphincterotome and a conventional
sphincterotome for selective bile duct cannulation.
Endoscopy2019;51:852-857.d0i:10.1055/a-0835-5900
Bassi M, Luigiano C, Ghersi S et al. A multicenter
randomized trial comparing the use of touch versus no-
touch guidewire technique for deep biliary cannulation:
the TNT study. Gastrointest Endosc 2018; 87: 196-201.
doi:10.1016/j.g1e.2017.05.008

Cennamo V, Fuccio L, Zagari RM et al. Can early precut
implementation reduce endoscopic retrograde cholan-
giopancreatography-related complication risk? Meta-
analysis of randomized controlled trials. Endoscopy

53



Preventing Post-ERCP Pancreatitis

FUNDAMENTALS OF ERCP, SERIES #10

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

54

2010; 42: 381-388. doi:10.1055/s-0029-1243992
Testoni PA, Mariani A, Giussani A et al. Risk factors
for post-ERCP pancreatitis in high- and low-volume
centers and among expert and non-expert operators:
a prospective multicenter study. Am J Gastroenterol
2010; 105: 1753-1761. doi:10.1038/ajg.2010.136
Testoni PA, Mariani A, Aabakken L et al. Papillary
cannulation and sphincterotomy techniques at ERCP:
European Society of Gastrointestinal Endoscopy
(ESGE) Clinical Guideline. Endoscopy 2016; 48: 657-
683. doi:10.1055/5-0042-108641

Ismail S, Udd M, Lindstrom O et al. Criteria for
difficult biliary cannulation: start to count. Eur J
Gastroenterol Hepatol 2019; 31: 1200-1205.
doi:10.1097/MEG.0000000000001515

Williams EJ, Taylor S, Fairclough P et al. Risk factors
for complication following ERCP; results of a large-
scale, prospective multicenter study. Endoscopy 2007;
39:793-801. doi:10.1055/s-2007-966723

Freeman ML, Nelson DB, Sherman S et al. Same-day
discharge after endoscopic biliary sphincterotomy:
observations from a prospective multicenter complica-
tion study. The Multicenter Endoscopic Sphincterotomy
(MESH) Study Group. Gastrointest Endosc 1999; 49:
580-586. doi:10.1016/s0016-5107(99)70385-8
Johnson GK, Geenen JE, Johanson JF et al. Evaluation
of post-ERCP pancreatitis: potential causes noted
during controlled study of differing contrast media.
Midwest Pancreaticobiliary Study Group. Gastrointest
Endosc 1997; 46: 217-222. doi:10.1016/s0016-
5107(97)70089-0

Dumonceau JM, Deviére J, Cremer M. A new
method of achieving deep cannulation of the com-
mon bile duct during endoscopic retrograde chol-
angiopancreatography. Endoscopy 1998; 30: S80.
doi:10.1055/s-2007-1001379

Maeda S, Hayashi H, Hosokawa O et al. Prospective
randomized pilot trial of selective biliary cannulation
using pancreatic guide-wire placement. Endoscopy
2003; 35: 721-724. doi:10.1055/s-2003-41576
Gyokeres T, Duhl J, Varsanyi M et al. Double
guide wire placement for endoscopic pancreatico-
biliary procedures. Endoscopy 2003; 35: 95-96.
doi:10.1055/s-2003-36403

Gotoh Y, Tamada K, Tomiyama T et al. A new method
for deep cannulation of the bile duct by straightening
the pancreatic duct. Gastrointest Endosc 2001; 53: 820-
822. doi:10.1067/mge.2001.113387

Herreros de Tejada A, Calleja JL, Diaz G et al
Double-guidewire technique for difficult bile duct can-
nulation: a multicenter randomized, controlled trial.
Gastrointest Endosc 2009; 70: 700-709. doi:10.1016/j.
£1e.2009.03.031

Tse F, Yuan Y, Moayyedi P et al. Double-guidewire
technique in difficult biliary cannulation for the
prevention of post-ERCP pancreatitis: a systematic
review and meta-analysis. Endoscopy 2017; 49: 15-26.
doi:10.1055/s-0042-119035

Goff JS. Common bile duct pre-cut sphincterotomy:
transpancreatic sphincter approach. Gastrointest

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Endosc 1995; 41:
5107(05)80011-2
GoftJS. Long-term experience with the transpancreatic
sphincter pre-cut approach to biliary sphincterotomy.
Gastrointest Endosc 1999; 50: 642-645. doi:10.1016/
s0016-5107(99)80012-1

Yoo YW, Cha SW, Lee WC et al. Double guidewire
technique vs transpancreatic precut sphincterotomy
in difficult biliary cannulation. World J Gastroenterol
2013; 19: 108-114. doi:10.3748/wjg.v19.i11.108
Kapetanos D, Kokozidis G, Christodoulou D et al.
Case series of transpancreatic septotomy as precutting
technique for difficult bile duct cannulation. Endoscopy
2007; 39: 802-806. doi:10.1055/s-2007-966724
Halttunen J, Kerdnen I, Udd M et al. Pancreatic
sphincterotomy versus needle knife precut in difficult
biliary cannulation. Surg Endosc 2009; 23: 745-749.
doi:10.1007/s00464-008-0056-0

Catalano MF, Linder JD, Geenen JE. Endoscopic
transpancreatic papillary septotomy for inaccessible
obstructed bile ducts: Comparison with standard pre-
cut papillotomy. Gastrointest Endosc 2004; 60: 557-
561. doi:10.1016/s0016-5107(04)01877-2
Guzman-Calderon E, Martinez-Moreno B, Casellas
JA et al. Transpancreatic precut papillotomy versus
double-guidewire technique in difficult biliary cannula-
tion: a systematic review and meta-analysis. Endosc Int
Open 2021;9: E1758-E1767. doi:10.1055/a-1534-2388
Kozarek RA, Ball TJ, Patterson DJ et al. Endoscopic
pancreatic duct sphincterotomy: indications, technique,
and analysis of results. Gastrointest Endosc 1994; 40:
592-598. doi:10.1016/s0016-5107(94)70260-8
Kozarek R. Flail, flay, or fail: needle-knife versus
transpancreatic sphincterotomy to access the difficult-
to-cannulate bile duct during ERCP. Endoscopy 2017,
49: 842-843.

Pécsi D, Farkas N, Hegyi P et al. Transpancreatic
Sphincterotomy Is Effective and Safe in Expert Hands
on the Short Term. Dig Dis Sci 2019; 64: 2429-2444.
doi:10.1007/s10620-019-05640-4

Kylanpdd L, Koskensalo V, Saarela A et al.
Transpancreatic biliary sphincterotomy versus double
guidewire in difficult biliary cannulation: a random-
ized controlled trial. Endoscopy 2021; 53: 1011-1019.
doi:10.1055/a-1327-2025

Wang P, Li ZS, Liu F et al. Risk factors for ERCP-
related complications: a prospective multicenter study.
Am J Gastroenterol 2009; 104: 31-40. doi:10.1038/
ajg.2008.5

Huibregtse K, Katon RM, Tytgat GN. Precut papil-
lotomy via fine-needle knife papillotome: a safe and
effective technique. Gastrointest Endosc 1986; 32:
403-405. doi:10.1016/s0016-5107(86)71921-4

Bruins Slot W, Schoeman MN, Disario JA et al.
Needle-knife sphincterotomy as a precut pro-
cedure: a retrospective evaluation of efficacy and
complications. Endoscopy 1996; 28: 334-339.
doi:10.1055/s-2007-1005476

Rabenstein T, Ruppert T, Schneider HT et al. Benefits
and risks of needle-knife papillotomy. Gastrointest

502-505. doi:10.1016/s0016-

PRACTICAL GASTROENTEROLOGY - SEPTEMBER 2023



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Preventing Post-ERCP Pancreatitis

FUNDAMENTALS OF ERCP, SERIES #10

cut sphincterotomy does not increase risk during
endoscopic retrograde cholangiopancreatography in
patients with difficult biliary access: a meta-analysis of
randomized controlled trials. Clinical Gastroenterology
and Hepatology 2015; 13: 1722-1729. e1722.

Canena J, Lopes L, Fernandes J et al. Efficacy and
safety of primary, early and late needle-knife fistu-
lotomy for biliary access. Scientific Reports 2021; 11:
1-9.

Mavrogiannis C, Liatsos C, Romanos A et al. Needle-
knife fistulotomy versus needle-knife precut papil-
lotomy for the treatment of common bile duct stones.
Gastrointest Endosc 1999; 50: 334-339. doi:10.1053/
£e.1999.v50.98593

Zhang QS, Xu JH, Dong ZQ et al. Success and Safety
of Needle Knife Papillotomy and Fistulotomy Based
on Papillary Anatomy: A Prospective Controlled Trial.
Dig Dis Sci 2021. doi:10.1007/s10620-021-06983-7
Facciorusso A, Ramai D, Gkolfakis P et al. Comparative
efficacy of different methods for difficult biliary cannu-
lation in ERCP: systematic review and network meta-
analysis. Gastrointest Endosc 2022; 95: 60-71.e12.
doi:10.1016/j.gie.2021.09.010

Mok SRS, Ho HC, Shah P et al. Lactated Ringer's
solution in combination with rectal indomethacin for
prevention of post-ERCP pancreatitis and readmission:
a prospective randomized, double-blinded, placebo-
controlled trial. Gastrointest Endosc 2017; 85: 1005-
1013. doi:10.1016/j.gie.2016.10.033

Oh HC, Kang H, Park TY et al. Prevention of
post-endoscopic retrograde cholangiopancreatography
pancreatitis with a combination of pharmacological
agents based on rectal non-steroidal anti-inflammatory
drugs: A systematic review and network meta-anal-
ysis. J Gastroenterol Hepatol 2021; 36: 1403-1413.
doi:10.1111/jgh.15303

Radadiya D, Brahmbhatt B, Reddy C et al. Efficacy
of Combining Aggressive Hydration With Rectal
Indomethacin in Preventing Post-ERCP Pancreatitis:
A Systematic Review and Network Meta-Analysis. J
Clin Gastroenterol 2022; 56: €239-e249. do0i:10.1097/
MCG.0000000000001523

Marta K, Gede N, Szakacs Z et al. Combined use of
indomethacin and hydration is the best conservative
approach for post-ERCP pancreatitis prevention: A
network meta-analysis. Pancreatology 2021; 21: 1247-
1255. doi:10.1016/j.pan.2021.07.005

Weiland CJS, Smeets XJ, Kievit W et al. Aggressive
fluid hydration plus non-steroidal anti-inflammatory
drugs versus non-steroidal anti-inflammatory drugs
alone for post-endoscopic retrograde cholangiopan-
creatography pancreatitis (FLUYT): a multicentre,
open-label, randomised, controlled trial. The Lancet
Gastroenterology & Hepatology 2021; 6: 350-358.
Park TY, Kang H, Choi GJ et al. Rectal NSAIDs-
based combination modalities are superior to single
modalities for prevention of post-endoscopic retro-
grade cholangiopancreatography pancreatitis: a net-
work meta-analysis. Korean J Intern Med 2022; 37:
322-339. doi:10.3904/kjim.2021.410

PRACTICAL GASTROENTEROLOGY - SEPTEMBER 2023

165.

166

167

168

169

170

171

172.

Elmunzer BJ, Higgins PD, Saini SD et al. Does rectal
indomethacin eliminate the need for prophylactic pan-
creatic stent placement in patients undergoing high-risk
ERCP? Post hoc efficacy and cost-benefit analyses
using prospective clinical trial data. Am J Gastroenterol
2013; 108: 410-415. doi:10.1038/ajg.2012.442
Abdelfatah MM, Gochanour E, Koutlas NJ et al. Post-
Endoscopic Retrograde Cholangiopancreatography
Pancreatitis: Single Versus Dual Prophylactic
Modalities. Pancreas 2019; 48: e24. doi:10.1097/
MPA.0000000000001281

Choksi NS, Fogel EL, Cote GA et al. The risk
of post-ERCP pancreatitis and the protective effect
of rectal indomethacin in cases of attempted but
unsuccessful prophylactic pancreatic stent placement.
Gastrointest Endosc 2015; 81: 150-155. doi:10.1016/j.
2ie.2014.07.033

Wang X, Luo H, Luo B et al. Combination prevention
of post-endoscopic retrograde cholangiopancreatog-
raphy pancreatitis in patients undergoing double-
guidewire assisted biliary cannulation: A case-control
study with propensity score matching. J Gastroenterol
Hepatol 2021; 36: 1905-1912. doi:10.1111/jgh.15402
Torun S, Odemis B, Cetin MF et al. Efficacy of
Epinephrine Injection in Preventing Post-ERCP
Pancreatitis. Surg Laparosc Endosc Percutan Tech 2020;
31: 208-214. doi:10.1097/SLE.0000000000000867
Kamal A, Akshintala VS, Talukdar R et al. A
Randomized Trial of Topical Epinephrine and Rectal
Indomethacin for Preventing Post-Endoscopic
Retrograde Cholangiopancreatography Pancreatitis in
High-Risk Patients. Am J Gastroenterol 2019; 114:
339-347. doi:10.14309/ajg.0000000000000049
Romano-Munive AF, Garcia-Correa JJ, Garcia-
Contreras LF et al. Can topical epinephrine application
to the papilla prevent pancreatitis after endoscopic
retrograde cholangiopancreatography? Results from
a double blind, multicentre, placebo controlled, ran-
domised clinical trial. BMJ Open Gastroenterol 2021;
8. doi:10.1136/bmjgast-2020-000562

Luo H, Wang X, Zhang R et al. Rectal Indomethacin
and Spraying of Duodenal Papilla With Epinephrine
Increases Risk of Pancreatitis Following Endoscopic
Retrograde  Cholangiopancreatography.  Clin
Gastroenterol Hepatol 2019; 17: 1597-1606.e1595.
doi:10.1016/j.cgh.2018.10.043

Visit our Website:

55



