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Abstract: Endoscopic retrograde cholangiopancreatography (ERCP) carries a post-ERCP pancreatitis
(PEP) rate of 2-10%, which could be as high as 30-50% in high-risk cases. PEP is severe in up to 5% of
cases, with potential for life-threatening complications, including multi-organ failure, peripancreatic
fluid collections, and death in up to 1% of cases. The risk of PEP is potentially predictable and may
be modified with pharmacological measures and endoscopist technique. This review covers the
definition, epidemiology and risk factors for PEP, with a focus on the latest evidence-based medical
and endoscopic strategies to prevent and manage PEP.
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1. Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is the primary therapeu-
tic approach for disorders affecting the pancreatobiliary tree, including stone clearance
and relief of benign and malignant biliary obstruction. Of all the mainstay endoscopic
modalities, ERCP carries the highest risk of complications and mortality, with post-ERCP
pancreatitis (PEP) being the most frequent complication after sedation-related adverse
events, even after a seemingly straightforward procedure [1]. Although most patients with
PEP take an inconspicuous or mild clinical course, some develop severe complications,
such as multi-organ failure, pancreatic and/or peripancreatic fat necrosis, collections and
even death. This review focuses on the diagnosis and medical management of PEP and
evidence-based measures to prevent PEP.

2. Diagnosis of PEP

A consensus paper in 1991 defined PEP as “clinical evidence of pancreatitis” after
ERCP associated with a three-fold increase of serum amylase at >24 h and necessitating
hospital admission or prolonged hospital stay [2]. Thereafter, in 1996, Freeman added pain
(i.e., new or worsening abdominal pain) as a further criterion to the PEP definition [3].
The 2020 ESGE guideline on ERCP-related adverse events defines PEP as a condition that
is associated with new or worsened abdominal pain combined with elevated pancreatic
enzymes (amylase or lipase > 3 times upper limit of normal), thus prolonging a planned
hospital admission or necessitating hospitalization after an ERCP [1].

In terms of diagnosing PEP, abdominal discomfort is common after ERCP; thus, clinical
assessment, in combination with serum amylase and/or lipase, is essential to differentiate
between transient post-procedural bloating; PEP; and other complications, e.g., perforation,
cholangitis and unresolved biliary obstruction (such as from retained CBD stones). Early
cross-sectional imaging can be helpful for diagnosis and to exclude a structural cause for
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PEPD, e.g., retained stone, which may necessitate early repeat ERCP. The management of
PEP (discussed below) is similar to that of acute pancreatitis. Endoscopists should be
encouraged to clearly document the difficulty level of ERCP, type of ampulla, number of
attempts required to achieve selective biliary cannulation, biliary cannulation technique,
use of air vs. carbon dioxide and time required to complete the procedure, because these
factors are predictors of difficult ERCP and possible PEP.

PEP can be classified by severity. The consensus paper initially defined mild and
moderate PEP solely on the duration of the hospitalization (i.e., hospital stay to 2-3 days or
4-10 days, respectively). Severe PEP was defined as hospitalization > 10 days or hemor-
rhagic pancreatitis or pseudocyst requiring intervention (percutaneous drainage or surgery).
The revised Atlanta classification sees local complications, systemic complications and
organ failure and its duration or the absence thereof at 48 h as factors to stratify the severity
of acute pancreatitis [4]. Severe pancreatitis occurs in approximately 5% of PEP cases [5]
and is defined by the presence of persistent (>48 h) organ failure, moderate as transient
(<48 h) organ failure or local or systemic complications and mild as the absence of com-
plications [4]. The revised Atlanta classification appears to better predict the severity and
mortality of PEP compared to the consensus criteria (Table 1) [6].

Table 1. Comparison of severity grade according to the consensus paper and the Revised Atlanta

Classification.
Severity Consensus Paper Revised Atlanta Classification
. . e No organ failure
Mild Hospital stay up to 2-3 days e No systemic or local complication

e Organ failure * that resolves within
Moderate Hospital stay up to 4-10 days 48 h (transient organ failure) and/or
e Local or systemic complications
without persistent organ failure

Hospitalization > 10 days or
necrotizing pancreatitis or pseudocyst
or intervention (percutaneous
drainage or surgery)

Persistent organ failure * > 48 h
e Single organ failure
e Multiple organ failure

Severe

* Organ failure based on modified Marshall score defined as any of the following: PaO2/FiO2 < 300, systolic blood
pressure < 90 mmHg despite fluid resuscitation, serum creatinine > 170 umol/L (>1.9 mg/dL).

2.1. Pathophysiology of PEP

PEP is thought to result from an interplay of mechanical obstruction and/or hydro-
static injury, which causes early activation of pancreatic enzymes, leading to local and
potentially systemic inflammation [7]. Obstruction can be caused by oedema or trauma to
the papilla most often through over-manipulation. Thus, it is crucial to recognize this and
to consider alternative cannulation techniques when standard attempts fail. Hydrostatic
injuries can be induced by pancreatic duct (PD) injection with the use of contrast agents or
water, especially in the case of acinarization. Further causes for injuries include perforation
of the pancreatic duct side branch with guidewire, use of electrocautery and possibly
allergic reaction to the contrast agent [8].

2.2. Incidence and Mortality of PEP

Cotton and colleagues (1991) analyzing the complications of biliary sphinctero-
tomy (EST) in over 11,400 ERCP reported a PEP rate of 2.1% and a mortality rate of
0.2% [2]. Freeman and colleagues (1996) analyzing over 2300 ERCP showed a PEP rate
of 5.4% with a mortality rate of <0.1% [3]. A systematic review of RCTs in 2015 with
almost 13,300 patients revealed a PEP rate of 9.7% and an overall mortality rate of 0.7%
with an interestingly differing PEP and mortality rate according to geographic loca-
tions with 8.4% and 0.2% in Europe, 9.9% and 0% in Asia, and 13% and 0.1% in North
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America, respectively [5]. Another systematic survey of prospective studies with almost
17,000 patients reported a lower PEP incidence of 3.47% [9]. A large American retro-
spective study comprising over 1.2 million patients between 2011 and 2017 concluded
that the mortality rate increased from 2.8% of PEP patients to 4.4% at the end of study
period, despite the PEP rate being 4.5% and thus comparable to previous publications.
In patients with Sphincter of Oddi dysfunction (SOD), the reported PEP rate was as high
as 15% [10,11]. A recent Japanese RCT with 370 patients undergoing biliary stenting
revealed that patients without biliary sphincterotomy conveyed a PEP rate of 20.6%
compared to 3.9% in patients with prior sphincterotomy [12]

2.3. Risk Factors Associated with PEP

Because of the potentially severe but modifiable nature of PEP, it is important to
recognize its risk factors, most of which can be patient-related or procedure-related (Table 2).

Table 2. Excerpt of patient and ERCP-related risk factors for PEP (adapted from Dumonceau 2020 and
* Mutneja 2020). OR: Odds Ratio; PEP: post-ERCP pancreatitis; SOD: Sphincter of Oddi Dysfunction.

Patient-Related Factors OR Procedure-Related Factor OR
Previous history of PEP 3.2-8.7 Difficult cannulation 1.7-15
Non dilated common 38 Multiple pancreatic 2107
bile duct ’ duct cannulation T
Female gender 1.4-2.2 Pancreatic injection 1.6-2.7
Previous history 2.0-2.90 Biliary balloon dilatation on 45
of pancreatitis o an intact biliary sphincter ’
Suspicion of SOD 2.0444 Falhére to clear bile 4.5
uct stones
Younger age 1.6-2.9 Precut Papillotomy 2.1-3.1
Black race 1.1+ Pancreatic sphincterotomy 1.2-3.1
Obesity 1.1* Intraductal ultrasound 2.4
Congestive heart failure 1.3*
End stage renal disease 1.9*%
Cocaine use 1.5*
Alcohol use 1.1*

3. Patient-Associated Factors

Patient-related factors include female gender, previous pancreatitis, previous PEP
and suspicion of SOD, younger age, non-dilated common bile duct, normal bilirubin and
end stage renal disease [1]. Other modifiable factors, such as alcohol and cocaine use,
and non-modifiable factors, including race, obesity and congestive heart failure, may
also be implicated [13]. A comparison of ESGE and ASGE guidelines in ERCP-related
adverse events showed similar patient- and procedure-related factors [1,14]. ESGE
further classifies patient- and procedural-related factors into “definite” and “likely”
groups. An ERCP can be considered as high-risk for PEP if one definite factor (either
patient- or procedure-related) or two likely factors are fulfilled (Table 3).
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Table 3. Definite and likely procedure- and patient-related factors for post-ERCP pancreatitis [1]. PD:
pancreatic duct. PEP: post-ERCP pancreatitis. SOD: Sphincter of Oddi Dysfunction.

Patient-Related Procedure-Related
Suspicion of SOD Difficult cannulation
Definite risk f Previous PEP >1 PD cannulation
efinite risk factors Previous pancreatitis Pancreatic injection
Female sex
Younger age Failure to complete stone clearance

Biliary balloon dilatation of the
native papilla
Absence of chronic pancreatitis ~ Precut or pancreatic sphincterotomy
Normal serum bilirubin Intraductal ultrasound
End stage renal disease

Non-dilated biliary duct
Likely risk factors

4. Endoscopist-Associated Factors

It is plausible that less experienced endoscopists would incur higher rates of PEP and
other adverse events (AEs). Lee et al. [15] found that endoscopist with lesser experience,
possibly due to difficulty in bile duct cannulation, had a higher PEP rate compared to more
experienced endoscopists (OR 1.63; 95% CI, 1.05-2.53). This could partially be explained
that lesser experience leads to prolonged cannulation time, which is associated with a
higher PEP rate [16]. A meta-analysis by Keswani et al. found that high-annual volume
endoscopists had a 60% higher ERCP success rate than low-annual-volume endoscopist
and 30% less overall chance of an AE, but there was no difference in PEP when stratified by
high-volume endoscopists or centers [17]. However, there was considerable heterogeneity
in the definition of high-volume vs. low-volume endoscopists amongst the included studies,
with cutoffs ranging from 25 to 156 annual procedures.

Several studies have explored whether trainee involvement in ERCPs may increase
the risk of PEP. Using the national inpatient sample with over 480,000 ERCP in the USA, a
study looked into the so-called “July effect” and post-ERCP sepsis [18]. The “July effect”
is an academic period between July and September which marks the enrollment of new
fellows. The study found a higher PEP and post ERCP-sepsis rate compared to a period
of October—June (1.2% vs. 1.1%, p = 0.004 and 9.4% vs. 8.8%, p < 0.001, respectively).
However, a multicenter study from Europe showed that ERCP success and AE was similar
in both trainee and non-trainee groups [19]. This was also replicated in a recent Chinese
study involving 4000 ERCPs [20]. With adequate trainer supervision and taking over the
procedure as required, it is possible to maintain patient safety while delivering hands-on
training until trainees are deemed to be competent for independent practice [21].

5. Procedure-Associated Factors

Since overmanipulating the papilla is a risk factor for PEP, it is important to study the
papilla and optimize conditions before attempting cannulation. Haraldsson and colleagues
(2017) proposed a visual system to classify the papilla (Figure 1). Using this classification,
two recent studies indeed showed a higher rate of difficult cannulation and PEP for a
protruding-type and small-type papilla [22,23], but on multivariable analysis, papilla
morphology was not a significant risk for any complication [22]. An earlier German study
classifying the papilla according to size and roof concluded that these had no effect on
successful biliary cannulation, whereas stable scope position and visualization of the papilla
were predictive [24].
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PAPILLA
MORPHOLOGY

Prevalence

Cannulation
Failure

Difficult
Cannulation

Pancreatitis

AU

- /- "

Type 3 Type

Type 1 Type 2
(Regular) (Small) (Protruding) (Creased/Ridged)
56% 13% 23% 8%
2% 12% 11% 6%
(REF) (OR 7.9)* (OR7.3)* (OR3.9)
36% 52%* 48%* 43%
7% 20%* 2% 6%

Figure 1. A proposed classification of the papilla morphology and the associated difficulty during
bile duct cannulation. * Significantly higher risk vs. Type 1 papillae.

Biliary cannulation can be technically challenging. ESGE defines difficult cannulation
as cannulation time > 5 min, >5 contacts with the papilla or >1 accidental PD cannulation
(the so-called “5-5-1” rule) [25]. An analysis of 1067 patients found that PEP rate was 3.9%
for cannulation times between 3 and 5 min and as high as 11.9% after 5 min of cannulation
attempts. PEP rate was as high as 16% in patients with > 5 min cannulation attempts
and a PD cannulation [16]. Therefore, early adoption of a rescue cannulation technique
(mostly precut fistulotomy) and/or change of operator should be considered according to
local expertise available [15]. In trainees” hands-on procedures, a recent study proposed
a “15-10-2” rule (i.e., 15 min of cannulation attempts, 10 contacts with the papilla and
>2 accidental PD cannulations), as rates of successful biliary cannulation, PEP and overall
AE were similar to experienced endoscopists, using the “5-5-1" rule [20].

The degree of PD manipulation directly correlates with PEP rates. In patients with a
small CBD (<9 mm), PEP rates range from 4.6% without any PD manipulation to 8.3% with
contrast material alone to 16.9% with guidewire alone to 22.1% with both contrast material
and guidewire [26].

6. Prevention of PEP
6.1. Patient Selection

The best way of preventing PEP is by avoiding unnecessary ERCP. There should
be measures in place to ensure appropriate referrals and case selection, with access to
multidisciplinary team review, to ensure that ERCP is absolutely indicated for strategic
planning of complex cases and to ensure that cases are appropriate for the endoscopist’s
skill set [21]. Safer alternatives to ERCP, such as EUS or MRCP for confirming chole-
docholithiasis, should be considered if available and accessible [27]. A Japanese study
reported that, in patients with a negative MRCP, EUS found stones in ~35% of the cases,
and on the contrary, no stone was found in MRCP after a negative EUS [28]. Despite this,
single session EUS/ERCP sessions for low-risk bile duct stones are limited by availability,
expertise, reimbursement and logistical planning. Surgery may be an alternative to ERCP
for CBD stones and malignant strictures. Laparoscopic CBD exploration in conjunction
with cholecystectomy for the intraoperative removal of CBD stones can be performed [1].
For surgically fit patients with resectable malignant strictures, those with lower levels
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of bilirubin may benefit from early surgery, leaving ERCP for patients who have to wait
longer until surgery or with complications e.g., cholangitis, severe pruritus or have a very
high level of bilirubins prone to cholangitis and/or acute kidney failure [29]. A Dutch
RCT of patients with resectable pancreatic carcinoma, which compared preoperative
ERCP with fully covered biliary metal stents (FC-SEMS) vs. plastic stent (PS) vs. early
surgery found that the early surgery group had an overall lower risk of AEs compared to
patients assigned to FC-SEMS and PS, respectively [29].

Endoscopists should know the case in advance, study the relevant imaging, plan the
team and necessary accessories and prepare a procedural roadmap. Patients requiring
general anesthesia or at high ASA risk should undergo anesthetic review to ensure patient
safety and comfort. Risk factors for PEP should be considered to provide an approximate
estimate of risk which helps for counselling and consenting the patient and scheduling
post-procedure aftercare. Performing a team timeout before the procedure could help
ensure that everything needed is in place or within a short reach and align the team’s mind
to reach the goal of the ERCP.

6.2. Medical Prophylaxis of PEP
6.2.1. Non-Steroidal Anti-Inflammatory Drugs

The use of non-steroidal anti-inflammatory drugs (NSAIDs) for PEP prophylaxis has
been enshrined into ERCP practice. The recent ESGE guidelines cited as many as 27 meta-
analyses showing reduced PEP with NSAID prophylaxis, with an NNT to prevent PEP of
8 to 21 [1].

In addition to rectal suppositories, other routes of administration have also been stud-
ied. Oral diclofenac [30,31], celecoxib [32] or a combination of udenafil and aceclofenac [33]
have not been found to reduce PEP compared to a placebo or saline infusion. Placebo-
controlled studies have also found no significant difference in PEP rates with intravenous
valdecoxib [34], or with the combination of intramuscular diclofenac and isotonic saline [35].
Geraci and colleagues performed a five-arm study (n = 20 per arm) comparing diclofenac
given orally, intramuscular, intravenous, rectal and placebo and found PEP to be lowest
(i.e., 0%) in the rectal diclofenac group [36].

The optimal timing of NSAID has also been debated; a Lancet RCT of 2600 patients
demonstrated an overall PEP rate of 4% vs. 8% in patients receiving pre-ERCP and post-
ERCP NSAIDs, respectively (OR, 0.47; 95% CI, 0.36-0.66) [37]. A sub-analysis of 346 patients
from the FLUYT trial showed a PEP rate of 8% in the pre-ERCP NSAID group vs. 18% in
the post-ERCP NSAID group [38]. The dose of rectal suppositories used was 100 mg for
both diclofenac and indomethacin. A recent large RCT (n = 1037) comparing 100 mg and
200 mg post-ERCP indomethacin in high-risk patients found no difference in PEP rates [39].
Retrospective studies from Japan on the effect of low-dose rectal diclofenac (25-50 mg)
have not shown this to be effective for PEP prophylaxis [40-43].

The combination of NSAID and aggressive hydration has shown a lower OR of PEP in
two recent meta-analyses [44,45]. The result of the FLUYT RCT dispelled this idea; FLUYT
enrolled 826 patients with moderate-to-high-risk PEP and found no difference in PEP rates
between patients randomized to rectal NSAID (8%) versus the combination of rectal NSAID
and aggressive fluid therapy (9%) [46].

NSAIDs are not recommended in pregnancy >30 weeks of gestation, patients with
a history of allergic or pseudoallergic reaction to NSAID such as a NSAID-exacerbated
respiratory syndrome or history of severe reaction such as Lyell’s Syndrome or Stevens-
Johnsons-Syndrome attributed to NSAID. In these patients and their first-degree relatives
NSAID should be avoided [1]. Despite this, it is worth emphasizing that AEs from a single
dose NSAIDs in our clinical experience are rare.

6.2.2. Intravenous Fluids

Intravenous fluids should be considered when NSAIDs are contraindicated [1]. Two
meta-analyses support the role of fluid therapy for PEP prophylaxis [47,48]. Despite no
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significant differences in adverse events between aggressive and standard hydration in
one meta-analysis [47] and in the FLUYT-trial [46], caution should be exercised in patients
with significant fluid overload, e.g., congestive heart failure, decompensated cirrhosis and
severe chronic kidney disease. ESGE recommends applying 3 mL kg/h during ERCP and
20 mL/kg as a bolus after ERCP, followed afterward by 3 mL/kg/h over 8 h [1].

6.2.3. Glyceryl Trinitrate

Topical GTN appears to reduce the contractility of the sphincter of Oddi [49] and
may reduce PEP. A meta-analysis of 12 RCTs found GTN to lower the overall incidence of
PEP but not significantly lower the rate of moderate and severe PEP [50], with sublingual
application (albeit only in 2 out of 12 RCTs) being more effective than intravenous or trans-
dermal routes. Due to its proposed mechanism of lowering sphincter of Oddi pressure, an
incremental benefit in cases of pancreatic stenting is not clear. A United States Cooperative
for Outcomes Research in Endoscopy (USCORE) evaluation of pharmacologic prevention
for PEP recommended the use of sublingual nitroglycerin in patients with NSAID allergy
or in cases where pancreatic stenting is not possible, as well as additive prophylaxis to
NSAIDs in high-risk patients, who do not receive pancreatic stenting [51]. GTN can lead to
hypotension and headache; thus, it should be used with caution in these contexts, especially
with intravenous and sublingual formulations [50].

6.2.4. Other Agents

There are further pharmacological agents that were studied regarding PEP, such as
somatostatin and octreotide (an inhibitor of exocrine pancreas function). The largest study
in somatostatin to reduce PEP was a multicenter, open-label RCT with over 900 patients,
which showed a 4% PEP rate in the somatostatin group vs. 7.5% in the control group [52].
In the study, somatostatin was given as a 250 ug bolus injection before ERCP and as a
250 pg/hour intravenous infusion for 11 h after ERCP [52]. A meta-analysis regarding
somatostatin in PEP prophylaxis revealed an overall risk reduction with somatostatin (OR,
0.6;95% CI, 0.41-0.89), but this was only significant in high-risk patients and not in low-risk
patients [53]. Despite this, the ESGE currently does not recommend somatostatin due to
the uncertainty of the estimates (upper-bound CI of the meta-analysis was close to 1) [1].
Aligning with this recommendation, a recent Iranian RCT (1 = 376) reported no difference
in rates of PEP in patients receiving intravenous somatostatin (250 ug bolus and 500 ug
infusion over 2 h) and rectal indomethacin (11.4%) versus 100 mg rectal indomethacin
alone (15.2%; p = 0.666) [54]. Protease inhibitors such as gabexate [55], ulinastatin [56] and
nafamostat [57] and topical epinephrine (which reduces papillary oedema) [58] have also
been studied but are not recommended by ESGE due to uncertain efficacy [1].

7. Procedural Factors to Prevent PEP
7.1. Approaches for Difficult Biliary Cannulation

The ESGE recommends wire-guided biliary cannulation because of higher success rate
and avoidance of pancreatic duct contrast injection [1]. Before cannulation, it is crucial to
have a stable scope position, study the papilla’s morphology, identify the orifice and plan
the trajectory of cannulation to avoid excessive papillary trauma. Depending on access and
ampullary morphology, it may be reasonable to start with an alternate sphincterotome or
with a slimmer (0.025”) hydrophilic guidewire [59].

It is prudent to define difficult cannulation using the “5-5-1” or “15-10-2” rule in
the presence of a trainee, which then should prompt second-line access strategies. In
these cases, early precut-papillotomy or needle-knife fistulotomy (NKF) was shown to
reduce PEP [60,61], but this requires a higher level of training and expertise. A comparison
of different expertise levels in primary NKF for bulging papillae (i.e., Haraldsson Type
3) and conventional sphincterotomy has shown a higher PEP rate after conventional
sphincterotomy in the low-expertise group but, interestingly, no difference in outcomes
with primary NKF [62]. Repeating ERCP on another day, typically after 24 days, is another
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viable consideration. Deng [63] and Colan-Hernandez [64] reported successful biliary
cannulation in approximately 80% on repeat procedures after failed index ERCP with a
biliary precut papillotomy. It is recommended to stop the procedure after a prespecified
time (e.g., 45 min) if cannulation does not succeed and reattempt another day.

7.2. Inadvertent PD Cannulation

In the case of inadvertent pancreatic duct (PD) cannulation, it is advisable to adopt an
early pancreatic guidewire-assisted technique, such as double-guidewire technique (DGW)
or transpancreatic biliary septotomy (TPS). For the DGW technique, the guidewire is left in
the PD as a reference point, and biliary cannulation is then performed by using a second
guidewire [65]. This offers several advantages, including (1) estimation of the location of
the bile duct (often at the upper left side) relative to the PD orifice, (2) straightening the
angle of the bile duct and (3) partially occluding the PD orifice to redirect the second wire
into the CBD. A recent RCT showed that early DGW after one inadvertent PD cannulation
led to higher rates (84%) of successful biliary cannulation in 10 min compared with repeated
single-wire cannulation (50%) without affecting PEP rates [66].

TPS is a technique in which papillotomy is performed from the PD toward the direc-
tion of the bile duct. This is thought to cut the septum between the two sphincters and
open the bile duct orifice, facilitating easier cannulation. In an RCT comparing TPS with
DGW in difficult cannulation, higher rates of biliary cannulation were achieved with TPS
(84.6% vs. 69.7%) with comparable rates of PEP (13.5% vs. 16.2%) [67]. A recent meta-
analysis (comprising four RCTs with 260 patients) showed a higher successful biliary
cannulation rate in the TPS vs. DGW (93% vs. 79%), with lower PEP rates (8.9% vs. 22.2%).
Of note, the use of prophylactic PD stenting and/or NSAID was not clearly mentioned in
the cited studies. In the RCT in which all patients received PD stenting, the risk of PEP was
low (approximately 2.9%) in both groups [68].

In order to perform TPS or DGW successfully, the guidewire must first be secured in
the PD. After completing the procedure, it is reasonable to place a pancreatic stent for PEP
prophylaxis [25]. A European multicenter study comparing pancreatic stent placement vs.
no stent placement after inadvertent PD cannulation showed a reduced PEP rate of 12% to
25%, although it is unclear if NSAIDs were administered [69]. Another RCT studied the
combination of pharmacological prophylaxis and pancreatic stenting vs. pharmacological
prophylaxis alone in over 400 high-risk patients and showed a comparable PEP rate of
14.3% vs. 15.9% [70]. In this study, all patients received pharmacological prophylaxis
with 100 mg rectal indomethacin and 5 mg sublingual isosorbide dinitrate pre-ERCP. Both
groups also had fluid therapy consisting of Ringer’s lactate 6 mL/kg/h during ERCP,
followed by a 20 mL/kg bolus after the procedure and 3 mL/kg for 8 additional hours.
Thus, it is unclear if PD stenting would provide incremental benefit in addition to extensive
pharmacological and fluid prophylaxis.

7.3. Prophylactic PD Stenting

PD stents are currently the mainstay prophylactic measure for high-risk patients and
nearly eliminates the risk of severe PEP [1]. In the study by Philip et al. [69], the number
needed to treat (NNT) for PD stenting to prevent one case of PEP was 8.1. Despite
their efficacy, variation in practice exists. A 2012 survey found that only half of UK
endoscopists had ever considered prophylactic PD stenting [71]. Retained PD stents must
be extracted within 2 weeks, as stent retention beyond this can result in stent-induced PD
fibrosis and a 5.2-fold higher risk of PEP [72,73]. The ESGE recommends assessing for
spontaneous migration of the PD stent by 5-10 days post-ERCP (with plain abdominal
radiography) and for urgent extraction if retained. In the RCT by Chahal et al. [73],
the placement of an unflanged short (3 cm) 5 Fr stent was found to be easier to deploy
than a longer (8 cm+) 3 Fr stent and led to higher rates of stent dislodgement at 14 days
(98% vs. 88%, p < 0.001), thus reducing the need for endoscopic extraction. The advent
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of biodegradable PD stents allows for rapidly degrading stents (within 12 days), thus
obviating the need for abdominal radiography +/— stent extraction [74].

In cases where the guidewire did not inadvertently cannulate the PD, repeated at-
tempts at PD cannulation solely for the purpose of PD stent placement is not advisable, as
failed attempts at PD stenting can lead to an extremely high risk of PEP (up to 65%) [75].

7.4. Other Intraprocedural Modifiers

In patients requiring endoscopic papillary balloon dilation (EPBD, aka balloon
sphincteroplasty), the duration of dilation appears relevant. An RCT showed that, in
EPBD with a 10 mm balloon, dilation of <1 min was associated with a higher rate of
PEP (15%) compared to 5 min with a PEP of 4.8% and with higher success of stone
extraction in the 5 min group [76]. Another study found that dilation of <3 min had an
increased PEP rate of 13% vs. 3% in the 3-5 min group [77]. A large RCT combining small
sphincterotomy (3-5 mm), followed by balloon dilation with four different durations
(05s,305s,60s,180 s and 300 s) found that 30 s balloon dilatation time after sphincterotomy
had lower PEP incidence than the 300 s group (7% vs. 15%) [78]. Thus, in patients needing
a combination of EPBD and EST a dilation duration of 30 s could lead to less PEP.

For biliary strictures, self-expandable metallic stents (SEMSs) may be deployed without
sphincterotomy, especially in patients who are at a high bleeding risk. From retrospective
studies, the rates of PEP appear to be higher with SEMS (8.0%) vs. plastic stents (4.8%) [79]
but similar for covered vs. uncovered SEMS (6.9% vs. 7.5%, p = 0.82) [80]. In a recent RCT,
sphincterotomy before stent deployment was associated with lower rates of PEP (3.9%)
versus those without sphincterotomy (20.6%, p < 0.001) [12].

8. Management of PEP

The therapy for PEP is similar to that of acute pancreatitis. Analgesia and supportive
care with fluids are often sufficient in most patients with PEP [81]. PEP severity should be
assessed according to the revised Atlanta classification to identify patients with moderate
or severe cases and channel them to the appropriate level of care, e.g., high-dependency or
intensive care unit with organ support where necessary. Because of the criteria currently
applied (local complications or persistent organ dysfunction > 48 h), classifying PEP’s
severity correctly could only be performed in retrospect. Nonetheless, early identification
of predicted severe pancreatitis is theoretically lifesaving. A plethora of other scores for
estimating severity, e.g., APACHE-II and Ranson Score or Pancreatitis Outcome Prediction
score [82], can also be used to predict severe PEP.

Fluid therapy should be started after the diagnosis is confirmed. Some evidence
points toward a benefit for Lactated Ringer Solution instead of normal saline, but this is
controversial [83]. An analysis of three RCTs and five retrospective studies found that,
on the first day, a starting infusion rate of >300 mL/h or <200 mL/h could be harmful
to the patients and recommend an infusion rate of 200-300 mL/h, which means a total
volume of ca. 4800-7200 mL of fluid on the first day [84]. A multicenter trial (Waterfall
trial-NCT04381169) studying fluid therapy with Ringer’s lactate compared aggressive
vs. moderate fluid therapy in acute pancreatitis. The aggressive arm received 20 mL/kg
bolus—administered over 2 h, followed by 3 mL/kg/h for 12 h—vs. a moderate arm
receiving a bolus 10 mL/kg—administered over 2 h in case of hypovolemia or no bolus
in patients with normovolemia, followed by 1.5 mL/kg/h for 12 h; afterward, all patients
with normovolemia received 1.5 mL/kg/h. The final results of this trial will be available in
the following weeks (accepted, under press embargo) [85].

9. Duty of Candor

The United Kingdom General Medical Council defines candor as openness and honesty
when things go wrong. In its duty-of-candor guidelines [86], it states that every healthcare
professional must be open and honest with patients in their care when something goes
wrong or if it causes, or has the potential to cause, harm or distress. It stresses that it is
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always right to say “sorry” and gives information about things that perhaps went wrong
and that this is not an admission of liability. A lot of factors leading to PEP are sometimes
outside of the hand of the endoscopist and are not due to error, but the endoscopist still
holds a major active role in the process. Thus, in the advent of PEP, saying sorry to the
patient and his/her family and explaining the situation and the treatment of PEP with an
outlook of what to come should always be considered, along with any shared learning.

10. Summary

PEP is a potentially life-threatening complication of ERCP which can be mitigated
through a combination of pharmacological and intraprocedural measures, prompt diagnosis
and early management. Efforts to reduce PEP risk has led to the publication of a plethora of
high-quality RCTs in recent years, along with the release of international guidelines on PEP
(Table 4). Implementation of evidence-based best practices, quality assurance and ERCP

training will help to further minimize PEP risk and improve patient safety in ERCP.

Table 4. Summary of international guidelines on PEP prophylaxis.

ESGE 2020 [1]

ASGE 2017 [14]

Japan 2015 [87]

Rectal NSAID v before ERCP v v
If contraindication to fluid
Others and. NSAID, . Not stated Not recommended
5 mg sublingual glycerin
trinitrate before ERCP
If contraindication to NSAID,
Lactated Ringer’s Periprocedural intravenous
IV fluids During procedure: 3 mL/kg/h hydration with Lactated Not stated
After procedure: 20 mL/kg Bolus Ringer’s recommended
followed by 3 mL/kg/h for 8 h
Routine combination of rectal NSAID and pancreatic stent is
Combination NSAID with other measures not probably not superior to either Not stated

recommended

technique alone

Pancreatic stent

In patients with inadvertent PD
cannulation or opacification
and in DGW

In high-risk patients e.g.,
multiple PD cannulations

Only in high-risk group for PEP:
e Confirmed/suspicion of SOD,
e Difficult cannulation,

e Precut sphincterotomy,

e Balloon dilatation.

Risk stratification

Presence of at least one definite
patient- or procedure-related
risk factor
or
presence of at least two likely
patient- or procedure-related
risk factors
For a list of the procedure- and
patient-related procedures,
see Table 3

A list of procedure- and
patient-related risk factors is
available
No exact stratification is stated

No other stratification but for the
group, which should receive
pancreatic stent

Guidewire method

v

v

v

Author Contributions: Conceptualization, O.C. and K.S.; writing and correcting after review, O.C.,
K.S., E.d.-M. and N.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: None required, since no patient data was included.

Informed Consent Statement: None required, since no patient data was included.

Conflicts of Interest: The authors declare no conflict of interest.



Medicina 2022, 58, 1261 110f15

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Dumonceau, J.-M.; Kapral, C.; Aabakken, L.; Papanikolaou, L.S.; Tringali, A.; Vanbiervliet, G.; Beyna, T.; Dinis-Ribeiro, M.; Hritz,
I.; Mariani, A.; et al. ERCP-related adverse events: European Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy
2020, 52, 127-149. [CrossRef] [PubMed]

Cotton, P.B.; Lehman, G.; Vennes, J.; Geenen, ].E.; Russell, R.C.; Meyers, W.C.; Liguory, C.; Nickl, N. Endoscopic sphincterotomy
complications and their management: An attempt at consensus. Gastrointest. Endosc. 1991, 37, 383-393. [CrossRef]

Freeman, M.L.; Nelson, D.B.; Sherman, S.; Haber, G.B.; Herman, M.E; Dorsher, PJ.; Moore, ].P.; Fennerty, M.B.; Ryan, M.E.; Shaw,
M.J.; et al. Complications of endoscopic biliary sphincterotomy. N. Engl. J. Med. 1996, 335, 909-918. [CrossRef]

Banks, P.A.; Bollen, T.L.; Dervenis, C.; Gooszen, H.G.; Johnson, C.D.; Sarr, M.G.; Tsiotos, G.G.; Vege, S.S.; Acute Pancreatitis
Classification Working Group. Classification of acute pancreatitis—2012: Revision of the Atlanta classification and definitions by
international consensus. Gut 2013, 62, 102-111.e9. [CrossRef] [PubMed]

Kochar, B.; Akshintala, V.S.; Afghani, E.; Elmunzer, B.J.; Kim, K.J.; Lennon, A.M.; Khashab, M.A.; Kalloo, A.N.; Singh, V.K.
Incidence, severity, and mortality of post-ERCP pancreatitis: A systematic review by using randomized, controlled trials.
Gastrointest. Endosc. 2015, 81, 143-149.€9. [CrossRef]

Smeets, X.; Bouhouch, N.; Buxbaum, J.; Zhang, H.; Cho, J.; Verdonk, R.; Rémkens, T.; Venneman, N.; Kats, I.; Vrolijk, J.; et al. The
revised Atlanta criteria more accurately reflect severity of post-ERCP pancreatitis compared to the consensus criteria. United Eur.
Gastroenterol. |. 2019, 7, 557-564. [CrossRef]

Tryliskyy, Y.; Bryce, G.J. Post-ERCP pancreatitis: Pathophysiology, early identification and risk stratification. Adv. Clin. Exp. Med.
2018, 27, 149-154. [CrossRef]

Thaker, A.M.; Mosko, ].D.; Berzin, T.M. Post-endoscopic retrograde cholangiopancreatography pancreatitis. Gastroenterol. Rep.
2015, 3, 32-40. [CrossRef]

Andriulli, A.; Loperfido, S.; Napolitano, G.; Niro, G.; Valvano, M.R.; Spirito, E; Pilotto, A.; Forlano, R. Incidence Rates of
Post-ERCP Complications: A Systematic Survey of Prospective Studies. Am. J. Gastroenterol. 2007, 102, 1781-1788. [CrossRef]
Yaghoobi, M.; Pauls, Q.; Durkalski, V.; Romagnuolo, J.; Fogel, E.; Tarnasky, P.; Aliperti, G.; Freeman, M.; Kozarek, R.; Jamidar, P;
et al. Incidence and predictors of post-ERCP pancreatitis in patients with suspected sphincter of Oddi dysfunction undergoing
biliary or dual sphincterotomy: Results from the EPISOD prospective multicenter randomized sham-controlled study. Endoscopy
2015, 47, 884-890. [CrossRef]

Masci, E.; Mariani, A.; Curioni, S.; Testoni, P.A. Risk Factors for Pancreatitis Following Endoscopic Retrograde Cholangiopancre-
atography: A Meta-Analysis. Endoscopy 2003, 35, 830-834. [PubMed]

Kato, S.; Kuwatani, M.; Onodera, M.; Kudo, T,; Sano, I.; Katanuma, A.; Uebayashi, M.; Eto, K.; Fukasawa, M.; Hashigo, S.; et al.
Risk of Pancreatitis Following Biliary Stenting with/without Endoscopic Sphincterotomy: A Randomized Controlled Trial. Clin.
Gastroenterol. Hepatol. 2022, 20, 1394-1403.el. [CrossRef] [PubMed]

Mutneja, H.R.; Vohra, I.; Go, A.; Bhurwal, A.; Katiyar, V.; Tejeda, E.P.; Chhetri, K.T.; Baig, M.A.; Arora, S.; Attar, B. Temporal
trends and mortality of post-ERCP pancreatitis in the United States: A nationwide analysis. Endoscopy 2021, 53, 357-366.
[CrossRef] [PubMed]

Chandrasekhara, V.; Khashab, M.A.; Muthusamy, V.R.; Acosta, R.D.; Agrawal, D.; Bruining, D.H.; Eloubeidi, M.A.; Fanelli, R.D.;
Faulx, A.L.; Gurudu, S.R.; et al. Adverse events associated with ERCP. Gastrointest. Endosc. 2017, 85, 32-47. [CrossRef] [PubMed]
Lee, HJ.; Cho, C.-M.; Heo, J.; Jung, M.K,; Kim, T.N.; Kim, K.H.; Kim, H.; Cho, K.B.; Kim, H.G.; Han, J.; et al. Impact of Hospital
Volume and the Experience of Endoscopist on Adverse Events Related to Endoscopic Retrograde Cholangiopancreatography: A
Prospective Observational Study. Gut Liver 2020, 14, 257-264. [CrossRef]

Lee, Y.S.; Cho, C.M.; Cho, K.B.; Heo, J.; Jung, M.K,; Kim, S.B.; Kim, K.H.; Kim, T.N.; Lee, D.W,; Han, J.; et al. Difficult Biliary
Cannulation from the Perspective of Post-Endoscopic Retrograde Cholangiopancreatography Pancreatitis: Identifying the
Optimal Timing for the Rescue Cannulation Technique. Gut Liver 2021, 15, 459-465. [CrossRef]

Keswani, R.N.; Qumseya, B.J.; O'Dwyer, L.C.; Wani, S. Association Between Endoscopist and Center Endoscopic Retrograde
Cholangiopancreatography Volume with Procedure Success and Adverse Outcomes: A Systematic Review and Meta-analysis.
Clin. Gastroenterol. Hepatol. 2017, 15, 1866-1875.e3. [CrossRef]

Desai, R.; Patel, U.; Doshi, S.; Zalavadia, D.; Siddiq, W.; Dave, H.; Bilal, M.; Khullar, V.; Goyal, H.; Desai, M.; et al. A Nationwide
Assessment of the “July Effect” and Predictors of Post-Endoscopic Retrograde Cholangiopancreatography Sepsis at Urban
Teaching Hospitals in the United States. Clin. Endosc. 2019, 52, 486—496. [CrossRef]

Voiosu, T.; Boskoski, I.; Voiosu, A.M.; Bengus, A.; Ladic, A.; Klarin, L; Bove, V.; Busuioc, B.; Rimbas, M.; Rustemovic, N.; et al.
Impact of trainee involvement on the outcome of ERCP procedures: Results of a prospective multicenter observational trial.
Endoscopy 2020, 52, 115-122. [CrossRef]

Wang, X.; Luo, H.; Tao, Q.; Ren, G.; Wang, X.; Liang, S.; Zhang, L.; Chen, L.; Shi, X.; Guo, X.; et al. Difficult biliary cannulation in
ERCP procedures with or without trainee involvement: A comparative study. Endoscopy 2021, 54, 447-454. [CrossRef]

Siau, K.; Keane, M.G.; Steed, H.; Caddy, G.; Church, N.; Martin, H.; McCrudden, R.; Neville, P.; Oppong, K.; Paranandi, B.; et al.
UK Joint Advisory Group consensus statements for training and certification in endoscopic retrograde cholangiopancreatography.
Endosc. Int. Open 2022, 10, E37-E49. [PubMed]

Chen, P-H.; Tung, C.-F; Peng, Y.-C.; Yeh, H.-Z.; Chang, C.-S.; Chen, C.-C. Duodenal major papilla morphology can affect biliary
cannulation and complications during ERCP, an observational study. BMC Gastroenterol. 2020, 20, 310. [CrossRef] [PubMed]


http://doi.org/10.1055/a-1075-4080
http://www.ncbi.nlm.nih.gov/pubmed/31863440
http://doi.org/10.1016/S0016-5107(91)70740-2
http://doi.org/10.1056/NEJM199609263351301
http://doi.org/10.1136/gutjnl-2012-302779
http://www.ncbi.nlm.nih.gov/pubmed/23100216
http://doi.org/10.1016/j.gie.2014.06.045
http://doi.org/10.1177/2050640619834839
http://doi.org/10.17219/acem/66773
http://doi.org/10.1093/gastro/gou083
http://doi.org/10.1111/j.1572-0241.2007.01279.x
http://doi.org/10.1055/s-0034-1392418
http://www.ncbi.nlm.nih.gov/pubmed/14551860
http://doi.org/10.1016/j.cgh.2021.08.016
http://www.ncbi.nlm.nih.gov/pubmed/34391923
http://doi.org/10.1055/a-1220-2242
http://www.ncbi.nlm.nih.gov/pubmed/32668463
http://doi.org/10.1016/j.gie.2016.06.051
http://www.ncbi.nlm.nih.gov/pubmed/27546389
http://doi.org/10.5009/gnl18537
http://doi.org/10.5009/gnl19304
http://doi.org/10.1016/j.cgh.2017.06.002
http://doi.org/10.5946/ce.2018.190
http://doi.org/10.1055/a-1049-0359
http://doi.org/10.1055/a-1523-0780
http://www.ncbi.nlm.nih.gov/pubmed/35047333
http://doi.org/10.1186/s12876-020-01455-0
http://www.ncbi.nlm.nih.gov/pubmed/32988368

Medicina 2022, 58, 1261 12 0f 15

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Haraldsson, E.; Kyldnpédd, L.; Gronroos, J.; Saarela, A.; Toth, E.; Qvigstad, G.; Hult, M.; Lindstrém, O.; Laine, S.; Karjula, H.; et al.
Macroscopic appearance of the major duodenal papilla influences bile duct cannulation: A prospective multicenter study by the
Scandinavian Association for Digestive Endoscopy Study Group for ERCP. Gastrointest. Endosc. 2019, 90, 957-963. [CrossRef]
[PubMed]

Zuber-Jerger, 1.; Gelbmann, M.C.; Kullmann, F. Visual characteristics of the papilla to estimate cannulation of the common bile
duct—A pilot study. N. Am. |. Med. Sci. 2009, 1, 66-73.

Testoni, P.A.; Mariani, A.; Aabakken, L.; Arvanitakis, M.; Bories, E.; Costamagna, G.; Deviere, J.; Dinis-Ribeiro, M.; Dumonceau,
J.-M.; Giovannini, M.; et al. Papillary cannulation and sphincterotomy techniques at ERCP: European Society of Gastrointestinal
Endoscopy (ESGE) Clinical Guideline. Endoscopy 2016, 48, 657-683. [CrossRef]

Nakai, Y.; Isayama, H.; Sasahira, N.; Kogure, H.; Sasaki, T.; Yamamoto, N.; Saito, K.; Umefune, G.; Akiyama, D.; Kawahata, S.;
et al. Risk factors for post-ERCP pancreatitis in wire-guided cannulation for therapeutic biliary ERCP. Gastrointest. Endosc. 2015,
81, 119-126. [CrossRef]

Jagtap, N.; Kumar, ].K.; Chavan, R.; Basha, J.; Tandan, M.; Lakhtakia, S.; Kalapala, R.; Nabi, Z.; Gupta, R.; Ramchandani, M.; et al.
EUS versus MRCP to perform ERCP in patients with intermediate likelihood of choledocholithiasis: A randomised controlled
trial. Gut 2022. online ahead of print. [CrossRef]

Suzuki, M.; Sekino, Y.; Hosono, K.; Yamamoto, K.; Kawana, K.; Nagase, H.; Kubota, K.; Nakajima, A. Endoscopic ultrasound
versus magnetic resonance cholangiopancreatography for the diagnosis of computed tomography-negative common bile duct
stone: Prospective randomized controlled trial. Dig. Endosc. 2021, 34, 1052-1059. [CrossRef]

Tol, . AM.G.; Van Hooft, ].E.; Timmer, R.; Kubben, EJ.G.M.; Van Der Harst, E.; De Hingh, LH.].T.; Vleggaar, EP; Molenaar, 1.Q.;
Keulemans, Y.C.A.; Boerma, D.; et al. Metal or plastic stents for preoperative biliary drainage in resectable pancreatic cancer. Gut
2016, 65, 1981-1987. [CrossRef]

Ishiwatari, H.; Urata, T.; Yasuda, I.; Matsusaki, S.; Hisai, H.; Kawakami, H.; Ono, M.; Iwashita, T.; Doi, S.; Kawakubo, K.; et al. No
Benefit of Oral Diclofenac on Post-Endoscopic Retrograde Cholangiopancreatography Pancreatitis. Am. J. Dig. Dis. 2016, 61,
3292-3301. [CrossRef]

Cheon, Y.K.; Cho, K.B.; Watkins, J.L.; McHenry, L.; Fogel, E.L.; Sherman, S.; Schmidt, S.; Lazzell-Pannell, L.; Lehman, G.A. Efficacy
of diclofenac in the prevention of post-ERCP pancreatitis in predominantly high-risk patients: A randomized double-blind
prospective trial. Gastrointest. Endosc. 2007, 66, 1126-1132. [CrossRef] [PubMed]

Kato, K.; Shiba, M.; Ishikawa-Kakiya, Y.; Maruyama, H.; Ominami, M.; Fukunaga, S.; Sugimori, S.; Nagami, Y.; Watanabe, T.;
Tominaga, K.; et al. Celecoxib Oral Administration for Prevention of Post-Endoscopic Retrograde Cholangiopancreatography
Pancreatitis. Pancreas 2017, 46, 880-886. [CrossRef] [PubMed]

Lee, T.Y.; Choi, J.S.; Oh, H.-C.; Song, T.].; Do, J.H.; Cheon, Y.K. Oral udenafil and aceclofenac for the prevention of post-endoscopic
retrograde cholangiopancreatography pancreatitis in high-risk patients: A randomized multicenter study. Korean J. Intern. Med.
2015, 30, 602-609. [CrossRef]

Bhatia, V.; Ahuja, V.; Acharya, S.K.; Garg, PK. A Randomized Controlled Trial of Valdecoxib and Glyceryl Trinitrate for the
Prevention of Post-ERCP Pancreatitis. J. Clin. Gastroenterol. 2011, 45, 170-176. [CrossRef] [PubMed]

Senol, A.; Saritas, U.; Demirkan, H. Efficacy of intramuscular diclofenac and fluid replacement in prevention of post-ERCP
pancreatitis. World ]. Gastroenterol. 2009, 15, 3999-4004. [CrossRef]

Geraci, G.; Palumbo, V.D.; D'Orazio, B.; Maffongelli, A.; Fazzotta, S.; Lo Monte, A.L. Rectal Diclofenac administration for
prevention of post-Endoscopic Retrograde Cholangio-Pancreatography (ERCP) acute pancreatitis. Randomized prospective. Clin.
Ter. 2019, 170, e332—e336.

Luo, H.; Zhao, L,; Leung, J.; Zhang, R.; Liu, Z.; Wang, X.; Wang, B.; Nie, Z.; Lei, T,; Li, X; et al. Routine pre-procedural rectal
indometacin versus selective post-procedural rectal indometacin to prevent pancreatitis in patients undergoing endoscopic.
Lancet 2016, 387, 2293-2301. [CrossRef]

Sperna Weiland, C.J.; Smeets, X.J.N.M.; Verdonk, R.C.; Poen, A.C.; Bhalla, A.; Venneman, N.G.; Kievit, W.; Timmerhuis, H.C,;
Umans, D.S.; van Hooft, ].E.; et al. Optimal timing of rectal diclofenac in preventing post-endoscopic retrograde cholangiopancre-
atography pancreatitis. Endosc. Int. Open 2022, 10, E246-E253. [CrossRef]

Fogel, E.L.; Lehman, G.A; Tarnasky, P.; Cote, G.A.; Schmidt, S.E.; Waljee, A K.; Higgins, PD.R.; Watkins, J.L.; Sherman, S.; Kwon,
R.S.Y,; et al. Rectal indometacin dose escalation for prevention of pancreatitis after endoscopic retrograde cholangiopancre-
atography in high-risk patients: A double-blind, randomised controlled trial. Lancet Gastroenterol. Hepatol. 2020, 5, 132-141.
[CrossRef]

Takaori, A.; Ikeura, T.; Hori, Y.; Ito, T.; Nakamaru, K.; Masuda, M.; Mitsuyama, T.; Miyoshi, H.; Shimatani, M.; Takaoka, M.; 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. [CrossRef]

Tomoda, T.; Kato, H.; Miyamoto, K.; Matsumi, A.; Ueta, E.; Fujii, Y.; Saragai, Y.; Yamazaki, T.; Uchida, D.; Matsumoto, 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. [CrossRef] [PubMed]

Katoh, T.; Kawashima, K.; Fukuba, N.; Masuda, S.; Kobatake, H.; Masaki, K.; Araki, Y.; Kawano, K.; Nishi, K.; Takenaka, M.; et al.
Low-dose rectal diclofenac does not prevent post-ERCP pancreatitis in low- or high-risk patients. J. Gastroenterol. Hepatol. 2020,
35, 1247-1253. [CrossRef] [PubMed]


http://doi.org/10.1016/j.gie.2019.07.014
http://www.ncbi.nlm.nih.gov/pubmed/31326385
http://doi.org/10.1055/s-0042-108641
http://doi.org/10.1016/j.gie.2014.06.005
http://doi.org/10.1136/gutjnl-2021-325080
http://doi.org/10.1111/den.14193
http://doi.org/10.1136/gutjnl-2014-308762
http://doi.org/10.1007/s10620-016-4251-x
http://doi.org/10.1016/j.gie.2007.04.012
http://www.ncbi.nlm.nih.gov/pubmed/18061712
http://doi.org/10.1097/MPA.0000000000000852
http://www.ncbi.nlm.nih.gov/pubmed/28697127
http://doi.org/10.3904/kjim.2015.30.5.602
http://doi.org/10.1097/MCG.0b013e3181eb600e
http://www.ncbi.nlm.nih.gov/pubmed/20717044
http://doi.org/10.3748/wjg.15.3999
http://doi.org/10.1016/S0140-6736(16)30310-5
http://doi.org/10.1055/a-1675-2108
http://doi.org/10.1016/S2468-1253(19)30337-1
http://doi.org/10.1097/MPA.0000000000001877
http://doi.org/10.1111/den.13828
http://www.ncbi.nlm.nih.gov/pubmed/32881078
http://doi.org/10.1111/jgh.14948
http://www.ncbi.nlm.nih.gov/pubmed/31788849

Medicina 2022, 58, 1261 13 of 15

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Okuno, M.; Shiroko, J.; Taguchi, D.; Yamaguchi, K.; Takada, J.; Imai, S.; Sato, H.; Thanabashi, S. The Effectiveness of the Rectal
Administration of Low-dose Diclofenac for the Prevention of Post-endoscopic Retrograde Cholangiopancreatography Pancreatitis.
Intern. Med. 2018, 57,2289-2294. [CrossRef] [PubMed]

Radadiya, D.; Brahmbhatt, B.; Reddy, C.; Devani, K. 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.
[CrossRef] [PubMed]

Marta, K.; Gede, N.; Szakdcs, Z.; Solymar, M.; Hegyi, PJ.; Tél, B.; Er6ss, B.; Vincze, A.; Arvanitakis, M.; Bogkoski, L; 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. [CrossRef]

Sperna Weiland, C.J.; Smeets, X.].N.M.; Kievit, W.; Verdonk, R.C.; Poen, A.C.; Bhalla, A.; Venneman, N.G.; Witteman, B.J.M.; da
Costa, D.W.; van Eijck, B.C.; et al. Aggressive fluid hydration plus non-steroidal anti-inflammatory drugs versus non-steroidal
anti-inflammatory drugs alone for post-endoscopic retrograde. Lancet 2021, 6, 350-358.

Wu, M,; Jiang, S.; Lu, X.; Zhong, Y.; Song, Y.; Fan, Z.; Kang, X. Aggressive hydration with lactated ringer solution in prevention of
post-endoscopic retrograde cholangiopancreatography pancreatitis: A systematic review and meta-analysis. Medicine 2021, 100,
€25598. [CrossRef]

Zhang, Z.F; Duan, Z.].; Wang, L.X.; Zhao, G.; Deng, W.G. Aggressive Hydration with Lactated Ringer Solution in Prevention of
Postendoscopic Retrograde Cholangiopancreatography Pancreatitis: A Meta-analysis of Randomized Controlled Trials. J. Clin.
Gastroenterol. 2017, 51, e17-e26. [CrossRef]

Luman, W,; Pryde, A; Heading, R.C.; Palmer, K.R. Topical glyceryl trinitrate relaxes the sphincter of Oddi. Gut 1997, 40, 541-543.
[CrossRef]

Ding, J.; Jin, X.; Pan, Y,; Liu, S.; Li, Y. Glyceryl Trinitrate for Prevention of Post-ERCP Pancreatitis and Improve the Rate of
Cannulation: A Meta-Analysis of Prospective, Randomized, Controlled Trials. PLoS ONE 2013, 8, €75645.

Kubiliun, N.M.; Adams, M.; Akshintala, V.S.; Conte, M.; Cote, G.A.; Cotton, P.B.; Dumonceau, J.-M.; Elta, G.H.; Fogel, E.L.; Free-
man, M.L,; et al. Evaluation of Pharmacologic Prevention of Pancreatitis After Endoscopic Retrograde Cholangiopancreatography:
A Systematic Review. Clin. Gastroenterol. Hepatol. 2015, 13, 1231-1239, quiz e70-e71. [CrossRef] [PubMed]

Bai, Y.; Ren, X.; Zhang, X.-F,; Lv, N.-H.; Guo, X.-G.; Wan, X.-].; Nie, Z.-G.; Han, S.-T.; Bie, P; Tian, D.-A.; et al. Prophylactic
somatostatin can reduce incidence of post-ERCP pancreatitis: Multicenter randomized controlled trial. Endoscopy 2015, 47,
415-420. [CrossRef] [PubMed]

Wang, G.; Xiao, G.; Xu, L.; Qiu, P,; Li, T.; Wang, X.; Wen, P.; Wen, ].; Xiao, X. Effect of somatostatin on prevention of post-endoscopic
retrograde cholangiopancreatography pancreatitis and hyperamylasemia: A systematic review and meta-analysis. Pancreatology
2018, 18, 370-378. [CrossRef]

Norouzi, A.; Poori, E.G.; Kaabe, S.; Norouzi, Z.; Sohrabi, A.; Amlashi, EI.; Tavasoli, S.; Besharat, S.; Ezabadi, Z.; Amiriani, T. Effect
of Adding Intravenous Somatostatin to Rectal Indomethacin on Post-Endoscopic Retrograde Cholangiopancreatography (ERCP)
Pancreatitis in High-risk Patients. J. Clin. Gastroenterol. 2021. online ahead of print. [CrossRef]

Cavallini, G.; Tittobello, A.; Frulloni, L.; Masci, E.; Mariani, A.; Di Francesco, V.; Gabexate in Digestive Endoscopy—Italian Group.
Gabexate for the Prevention of Pancreatic Damage Related to Endoscopic Retrograde Cholangiopancreatography. New Engl. ].
Med. 1996, 335, 919-923. [CrossRef] [PubMed]

Tsujino, T.; Komatsu, Y.; Isayama, H.; Hirano, K.; Sasahira, N.; Yamamoto, N.; Toda, N.; Ito, Y.; Nakai, Y.; Tada, M.; et al. Ulinastatin
for pancreatitis after endoscopic retrograde cholangiopancreatography: A randomized, controlled trial. Clin. Gastroenterol. Hepatol.
2005, 3, 376-383. [CrossRef]

Ohuchida, J.; Chijiiwa, K.; Imamura, N.; Nagano, M.; Hiyoshi, M. Randomized Controlled Trial for Efficacy of Nafamostat Mesilate
in Preventing Post-Endoscopic Retrograde Cholangiopancreatography Pancreatitis. Pancreas 2015, 44, 415-421. [CrossRef]
Kamal, A.; Akshintala, V.S.; Talukdar, R.; Goenka, M.K.; Kochhar, R.; Lakhtakia, S.; Ramchandani, M.K.; Sinha, S.; Goud, R.; Rai,
VXK. 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. [CrossRef]

Sakai, Y.; Tsuyuguchi, T.; Hirata, N.; Nakaji, S.; Shimura, K.; Nishikawa, T.; Fujimoto, T.; Hamano, T.; Nishino, T.; Yokosuka, O.
Clinical utility of 0.025-inch guidewire VisiGlide2TM in the endoscopic retrograde cholangiopancreatography-related procedures.
World |. Gastrointest. Endosc. 2017, 9, 77-84. [CrossRef]

Mariani, A.; Di Leo, M.; Giardullo, N.; Giussani, A.; Marini, M.; Buffoli, F; Cipolletta, L.; Radaelli, F.; Ravelli, P.; Lombardi, G.;
et al. Early precut sphincterotomy for difficult biliary access to reduce post-ERCP pancreatitis: A randomized trial. Endoscopy
2016, 48, 530-535. [CrossRef]

Tang, Z.; Yang, Y.; Yang, Z.; Meng, W.; Li, X. Early precut sphincterotomy does not increase the risk of adverse events for patients
with difficult biliary access: A systematic review of randomized clinical trials with meta-analysis and trial sequential analysis.
Medicine 2018, 97, €12213. [CrossRef] [PubMed]

Han, S.Y; Baek, D.H.; Kim, D.U.; Park, C.J.; Park, Y.J.; Lee, M.W.; Song, G.A. Primary needle-knife fistulotomy for preventing
post-endoscopic retrograde cholangiopancreatography pancreatitis: Importance of the endoscopist’s expertise level. World J. Clin.
Cases 2021, 9, 4166—4177. [CrossRef] [PubMed]

Deng, X.; Liao, R.; Pan, L.; Du, C.; Wu, Q. Second endoscopic retrograde cholangiopancreatography after failure of initial biliary
cannulation: A single institution retrospective experience. Exp. Ther. Med. 2022, 23, 297. [CrossRef] [PubMed]


http://doi.org/10.2169/internalmedicine.0554-17
http://www.ncbi.nlm.nih.gov/pubmed/29607957
http://doi.org/10.1097/MCG.0000000000001523
http://www.ncbi.nlm.nih.gov/pubmed/33769395
http://doi.org/10.1016/j.pan.2021.07.005
http://doi.org/10.1097/MD.0000000000025598
http://doi.org/10.1097/MCG.0000000000000781
http://doi.org/10.1136/gut.40.4.541
http://doi.org/10.1016/j.cgh.2014.11.038
http://www.ncbi.nlm.nih.gov/pubmed/25579870
http://doi.org/10.1055/s-0034-1391227
http://www.ncbi.nlm.nih.gov/pubmed/25590178
http://doi.org/10.1016/j.pan.2018.03.002
http://doi.org/10.1097/MCG.0000000000001563
http://doi.org/10.1056/NEJM199609263351302
http://www.ncbi.nlm.nih.gov/pubmed/8786777
http://doi.org/10.1016/S1542-3565(04)00671-8
http://doi.org/10.1097/MPA.0000000000000278
http://doi.org/10.14309/ajg.0000000000000049
http://doi.org/10.4253/wjge.v9.i2.77
http://doi.org/10.1055/s-0042-102250
http://doi.org/10.1097/MD.0000000000012213
http://www.ncbi.nlm.nih.gov/pubmed/30200135
http://doi.org/10.12998/wjcc.v9.i17.4166
http://www.ncbi.nlm.nih.gov/pubmed/34141779
http://doi.org/10.3892/etm.2022.11226
http://www.ncbi.nlm.nih.gov/pubmed/35340881

Medicina 2022, 58, 1261 14 0of 15

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

Colén-Hernandez, J.; Aldana, A.; Concepcion, M.; Chavez, K.; Gomez, C.; Mendez-Bocanegra, A.; Martinez-Guillén, M.; Sendino,
O.; Villanueva, C.; Llach, J; et al. Optimal timing for a second ERCP after failure of initial biliary cannulation following precut
sphincterotomy: An analysis of experience at two tertiary centers. Surg. Endosc. 2017, 31, 3711-3717. [CrossRef]

Dumonceau, J.M.; Deviere, J.; Cremer, M. A new method of achieving deep cannulation of the common bile duct during
endoscopic retrograde cholangiopancreatography. Endoscopy 1998, 30, S80. [CrossRef]

Laquiere, A.; Privat, J.; Jacques, J.; Legros, R.; Urena-Campos, R.; Belkhodja, H.; Subtil, C.; Kanafi, L.; Lecomte, L.; Boustiere,
C.; et al. Early double-guidewire versus repeated single-guidewire technique to facilitate selective bile duct cannulation: A
randomized controlled trial. Endoscopy 2022, 54, 120-127. [CrossRef]

Kyldnpés, L.; Koskensalo, V.; Saarela, A.; Ejstrud, P.; Udd, M.; Lindstrom, O.; Rainio, M.; Tenca, A.; Halttunen, J.; Qvigstad, G.;
et al. Transpancreatic biliary sphincterotomy versus double guidewire in difficult biliary cannulation: A randomized controlled
trial. Endoscopy 2021, 53, 1011-1019. [CrossRef]

Sugiyama, H.; Tsuyuguchi, T.; Sakai, Y.; Mikata, R.; Yasui, S.; Watanabe, Y.; Sakamoto, D.; Nakamura, M.; Nishikawa, T.
Transpancreatic precut papillotomy versus double-guidewire technique in difficult biliary cannulation: Prospective randomized
study. Endoscopy 2018, 50, 33-39. [CrossRef]

Phillip, V.; Pukitis, A.; Epstein, A.; Hapfelmeier, A.; Haf, D.; Schwab, M.; Demir, I.E.; Rosendahl, J.; Hoffmeister, A.; Schmid, R.M.;
et al. Pancreatic stenting to prevent post-ERCP pancreatitis: A randomized multicenter trial. Endosc. Int. Open 2019, 7, E860-E868.
[CrossRef]

Sotoudehmanesh, R.; Ali-Asgari, A.; Khatibian, M.; Mohamadnejad, M.; Merat, S.; Sadeghi, A.; Keshtkar, A.; Bagheri, M.;
Delavari, A.; Amani, M.; et al. Pharmacological prophylaxis versus pancreatic duct stenting plus pharmacological prophylaxis for
prevention of post-ERCP pancreatitis in high risk patients: A randomized trial. Endoscopy 2019, 51, 915-921. [CrossRef]

Hanna, M.S,; Portal, A.J.; Dhanda, A.; Przemioslo, R. UK wide survey on the prevention of post-ERCP pancreatitis. Front.
Gastroenterol. 2014, 5, 103-110. [CrossRef] [PubMed]

Smith, M.T; Sherman, S.; Ikenberry, S.O.; Hawes, R.H.; Lehman, G.A. Alterations in pancreatic ductal morphology following
polyethylene pancreatic stent therapy. Gastrointest. Endosc. 1996, 44, 268-275. [CrossRef]

Chahal, P; Tarnasky, P.R.; Petersen, B.T.; Topazian, M.D.; Levy, M.].; Gostout, C.J.; Baron, T.H. Short 5Fr vs. Long 3Fr Pancreatic
Stents in Patients at Risk for Post-Endoscopic Retrograde Cholangiopancreatography Pancreatitis. Clin. Gastroenterol. Hepatol.
2009, 7, 834-8399. [CrossRef] [PubMed]

Anderloni, A.; Fugazza, A.; Maroni, L.; Ormando, V.; Maselli, R.; Carrara, S.; Cappello, A.; Mangiavillano, B.; Omodei, P,;
Preatoni, P; et al. New biliary and pancreatic biodegradable stent placement: A single-center, prospective, pilot study (with
video). Gastrointest. Endosc. 2020, 92, 405-411. [CrossRef]

Freeman, M.L.; Overby, C.; Qi, D. Pancreatic stent insertion: Consequences of failure and results of a modified technique to
maximize success. Gastrointest. Endosc. 2004, 59, 8-14. [CrossRef]

Liao, W.C; Lee, C.T.; Chang, C.Y,; Leung, ].W,; Chen, J.H.; Tsai, M.C,; Lin, ].T.; Wu, M.S.; Wang, H.P. Randomized trial of 1-min
versus 5-min endoscopic balloon dilation for extraction of bile duct stones. Gastrointest. Endosc. 2010, 72, 1154-1162. [CrossRef]
Chou, C.-K,; Lee, K.-C.; Luo, J.-C.; Chen, T.-S.; Perng, C.-L.; Huang, Y.-H.; Lin, H.-C.; Hou, M.-C. Endoscopic papillary balloon
dilatation less than three minutes for biliary stone removal increases the risk of post-ERCP pancreatitis. PLoS ONE 2020, 15,
e0233388. [CrossRef] [PubMed]

Meng, W.; Leung, ] W.; Zhang, K.; Zhou, W.; Wang, Z.; Zhang, L.; Sun, H.; Xue, P; Liu, W.; Wang, Q.; et al. Optimal dilation time
for combined small endoscopic sphincterotomy and balloon dilation for common bile duct stones: A multicentre, single-blinded,
randomised controlled trial. Lancet Gastroenterol. Hepatol. 2019, 4, 425-434. [CrossRef]

Martinez, N.S.; Inamdar, S.; Firoozan, S.N.; Izard, S.; Lee, C.; Benias, P.C; Trindade, A.].; Sejpal, D.V. Evaluation of post-ERCP
pancreatitis after biliary stenting with self-expandable metal stents vs. plastic stents in benign and malignant obstructions. Endosc.
Int. Open 2021, 9, E888-E894. [CrossRef]

Coté, G.A.; Kumar, N.; Ansstas, M.; Edmundowicz, S.A.; Jonnalagadda, S.; Mullady, D.K.; Azar, R.R. Risk of post-ERCP
pancreatitis with placement of self-expandable metallic stents. Gastrointest. Endosc. 2010, 72, 748-754. [CrossRef]
Garcia-Rayado, G.; Cardenas-Jaén, K.; Madaria, E. Towards evidence-based and personalised care of acute pancreatitis. United
Eur. Gastroenterol. ]. 2020, 8, 403—409. [CrossRef] [PubMed]

Harrison, D.A.; D’Amico, G.; Singer, M. The Pancreatitis Outcome Prediction (POP) Score: A new prognostic index for patients
with severe acute pancreatitis. Crit. Care Med. 2007, 35, 1703-1708. [CrossRef] [PubMed]

Zhou, S.; Buitrago, C.; Foong, A.; Lee, V.; Dawit, L.; Hiramoto, B.; Chang, P.; Schilperoort, H.; Lee, A.; De-Madaria, E.; et al.
Comprehensive meta-analysis of randomized controlled trials of Lactated Ringer’s versus Normal Saline for acute pancreatitis.
Pancreatology 2021, 21, 1405-1410. [CrossRef] [PubMed]

Huber, W.; Schneider, J.; Schmid, R.M. Therapie der schweren akuten Pankreatitis. Der Gastroenterol. 2020, 15, 41-52. [CrossRef]
Bolado, F; Buxbaum, J.L.; Vaillo-Rocamora, A.; Cardenas-Jaén, K.; Maisonneuve, P.; De-Madaria, E. Early Weight-Based
Aggressive vs. Non-Aggressive Goal-Directed Fluid Resuscitation in the Early Phase of Acute Pancreatitis: An Open-Label
Multicenter Randomized Controlled Trial (The WATERFALL Trial), Design, and Rationale. Front. Med. 2020, 7, 440. [CrossRef]


http://doi.org/10.1007/s00464-016-5410-z
http://doi.org/10.1055/s-2007-1001379
http://doi.org/10.1055/a-1395-7485
http://doi.org/10.1055/a-1327-2025
http://doi.org/10.1055/s-0043-118000
http://doi.org/10.1055/a-0886-6384
http://doi.org/10.1055/a-0977-3119
http://doi.org/10.1136/flgastro-2013-100323
http://www.ncbi.nlm.nih.gov/pubmed/24724007
http://doi.org/10.1016/S0016-5107(96)70163-3
http://doi.org/10.1016/j.cgh.2009.05.002
http://www.ncbi.nlm.nih.gov/pubmed/19447196
http://doi.org/10.1016/j.gie.2020.02.049
http://doi.org/10.1016/S0016-5107(03)02530-6
http://doi.org/10.1016/j.gie.2010.07.009
http://doi.org/10.1371/journal.pone.0233388
http://www.ncbi.nlm.nih.gov/pubmed/32453738
http://doi.org/10.1016/S2468-1253(19)30075-5
http://doi.org/10.1055/a-1388-6964
http://doi.org/10.1016/j.gie.2010.05.023
http://doi.org/10.1177/2050640620903225
http://www.ncbi.nlm.nih.gov/pubmed/32213025
http://doi.org/10.1097/01.CCM.0000269031.13283.C8
http://www.ncbi.nlm.nih.gov/pubmed/17522578
http://doi.org/10.1016/j.pan.2021.07.003
http://www.ncbi.nlm.nih.gov/pubmed/34332907
http://doi.org/10.1007/s11377-020-00422-1
http://doi.org/10.3389/fmed.2020.00440

Medicina 2022, 58, 1261

150f 15

86.
87.

Birks, Y. Duty of candour and the disclosure of adverse events to patients and families. Clin. Risk 2014, 20, 19-23. [CrossRef]
Yokoe, M.; Takada, T.; Mayumi, T.; Yoshida, M.; Isaji, S.; Wada, K,; Itoi, T.; Sata, N.; Gabata, T.; Igarashi, H.; et al. Japanese

guidelines for the management of acute pancreatitis: Japanese Guidelines 2015. . Hepatobiliary Pancreat. Sci. 2015, 22, 405-432.
[CrossRef]


http://doi.org/10.1177/1356262213516937
http://doi.org/10.1002/jhbp.259

	Introduction 
	Diagnosis of PEP 
	Pathophysiology of PEP 
	Incidence and Mortality of PEP 
	Risk Factors Associated with PEP 

	Patient-Associated Factors 
	Endoscopist-Associated Factors 
	Procedure-Associated Factors 
	Prevention of PEP 
	Patient Selection 
	Medical Prophylaxis of PEP 
	Non-Steroidal Anti-Inflammatory Drugs 
	Intravenous Fluids 
	Glyceryl Trinitrate 
	Other Agents 


	Procedural Factors to Prevent PEP 
	Approaches for Difficult Biliary Cannulation 
	Inadvertent PD Cannulation 
	Prophylactic PD Stenting 
	Other Intraprocedural Modifiers 

	Management of PEP 
	Duty of Candor 
	Summary 
	References

