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ABSTRACT

Background: Endoscopic retrograde cholangiopancreatography (ERCP) is a relatively complex procedure, with
pancreatitis being this procedure's most commonly reported complication. Many randomized clinical trials (RCTS)
have been conducted to assess the best prevention modality of post-ERCP pancreatitis (PEP). This systematic
review aims to collate evidence from RCTs on the best modality for the prevention of PEP. Methods: A
systematic search was conducted across the following databases: PubMed, Cochrane library, EBSCO, and Web of
Science. Relevant articles were located between January 2012 through August 2022. The following keywords
were used: ERCP, post-endoscopic retrograde cholangiopancreatography pancreatitis, prevention, and post-ERCP.
Duplicates were manually removed. This systematic review was conducted adhering to PRISMA statement 2020
guidelines. The reference lists were additionally searched (umbrella methodology). Results: Of the 2482 studies
that were identified, 2010 were reviewed for titles and abstracts. Finally, 28 articles were assessed for full-text
eligibility, of which 13 RCTs met the inclusion criteria. The most commonly used prevention technique was
Pancreatic Stent Placement (PSP) (n=977), which had a statistically significant reduced incidence of PEP. The
second most commonly used methodology was Wire-Guided Biliary Cannulation (WGC) (n=1329), which
showed overall protective findings. With Endoscopic Nasobiliary Drainage (ENBD) (n=153), there was an
independent risk of patients acquiring PEP with the procedure. Lastly, Needle Knife Sphincterotomy (NKS)
(n=73) showed no improvement in PEP. conclusion: There are multiple modalities of preventing PEP. Patients at
high risk of post-ERCP complications must undergo both pharmacological and surgical prevention. In this
systematic review, pancreatic stent placement was found to be the most effective technique to prevent PEP. It is,
however, recommended that the administration of pharmacological agents, diagnostic procedures of PEP, and
procedural techniques be optimized to reduce the patient burden of PEP.

BACKGROUND intended to manage pancreaticobiliary disorders (i.e.,
Endoscopic retrograde cholangiopancreatography relieving biliary obstruction, and removal of bile duct
(ERCP) is a specialized endoscopic procedure that is stones).*? Current literature cites that the most common
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post-ERCP complication is pancreatitis, which leads to
many other complications.® These may include
pancreatic necrosis and organ failure in some instances, a
common basis for ERCP-related patient dissatisfaction.
At this juncture, it is pertinent to understand the
procedural techniques and pharmacological agents that
can prevent the risk of post-ERCP pancreatitis (PEP).!"!

The consensus among many medical societies worldwide
is to define PEP as "new or worsening abdominal pain 24
hours post ERCP that is combined with three or more
times the value of lipase or amylase, requiring hospital
admission or extension of stay".!®! At present, the
incidence across studies on average of post-ERCP has
ranged between 3.5-9.7%.1"%1 While most of these cases
are mild, the rates of severe pancreatitis have ranged
between 0.3-0.8%, which may still lead to mortality
among patients (0.1-0.7%).I"*1 When considering the risk
factors of what may lead to post-ERCP pancreatitis, it is
typically related to increased pressure in the main
pancreatic duct that is generally caused by
instrumentation used during ERCP.H¥ Therefore, it is
essential to be mindful of procedure-related factors,
difficulty of bile duct cannulation, and repeated
guidewire cannulation in the main pancreatic duct,
among others.™

At present, literature guidance on the prevention of post-
ERCP pancreatitis and associated risks such as organ
failure includes primarily general measures, endoscopic
techniques, and pharmacological prophylaxis.*? In those
patients that have higher risks, additional interventions
such as pancreatic duct stunting may be utilized.™ This
systematic review will collate all current evidence
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pertaining to the prevention of post-ERCP pancreatitis
prevention.

METHODS

A systematic search of the literature was conducted using
the following databases: PubMed, Cochrane library,
EBSCO, and Web of Science. Studies published in the
past 10 years were included (2012-2022) to ensure that
only recent developments in the area are covered. The
key terms were applied using the BOOLEAN logic
(and/or) and are as follows: ERCP, post-endoscopic
retrograde  cholangiopancreatography  pancreatitis,
prevention, post-ERCP. Only randomized controlled
trials (RCTs) were included with an active interventional
and control group employing any of the following
prevention strategies for post-ERCP pancreatitis:

1. Endoscopic Nasobiliary Drainage (ENBD),

2. Wire-Guided Biliary Cannulation (WGC),

3. Pancreatic Stent Placement (PSP),

4. Needle Knife Sphincterotomy (NKS).

Using the PRISMA Statement 2020 guidelines, the titles
and abstracts were reviewed.'®! This was followed by a
full manuscript review by two authors, with a third
present party for any disagreements. Additionally, an
umbrella search of shortlisted studies was conducted, and
the reference lists were scanned for any additional RCTs
in this area. RCTs that analyzed the prevention of post-
ERCP pancreatitis using ENBD, WGC, PSP, or NKS
were included. There were no language restrictions.

Review articles, editorials, commentaries, case reports,
cohorts, case controls, and any non-randomized trials
were omitted. The PRISMA diagram is attached in
Figure 1.

Identification of studies via databases

Studies Identified From:
Databases (n = 2482)

L

Studies Screened
(Titles/Abstracts):

(n = 2101)

Full-Text Studies Assessed
for Eligibility:
(n = 28)

Identification

Screening

Studies Included:
(n=13)

Included

—»

— >

Studies Removed Before
Screening:
Duplicate studies removed
(n = 381)

Studies Excluded:
(n = 2073)

Studies Excluded:
(n =15

Figure 1: PRISMA flowchart.
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RESULTS

Out of 2482 studies located, a total of 13 RCTs were
included. The characteristics are tabulated in Table 1.
The most commonly used prevention technique was
Pancreatic Stent Placement (PSP), documented in 7
RCTs (Table 1). In total, there were 519 patients
assigned to the interventional group, and 478 were
assigned to the control group. All 997 patients were
assessed for incidence of post-ERCP pancreatitis. The
incidence ranged from 5.5% in Fujisawa et al.'s trial.*!
to 45% in Pan's trial. Notably, the countries included
Japan (n=3), South Korea (n=1), China (n=1), South
Korea (n=1), and Italy (n=1). Fujisawa et al. found that
the pancreatitis rate was lower with a stent size of 3 cm
compared to 5 cm (2% vs 8%, P=0.035).2! Conigliaro et
al. (2013) reported a post-ERCP pancreatitis incidence of
15%. PSP was conducted in 29% of patients with
immediate stent removal. While PSP was not performed
in patients that had the stent left in place (P=0.021).""!
However, the authors concluded that the findings were
questionable for the prevention of pancreatitis (Table
1).% Lee et al. in 2012, reported a post-ERCP
pancreatitis incidence of 20.8%. It was determined that
prophylactic placement of PSP was the only preventive
factor for PEP of beneficial relevance (OR=0.126, 95%
C1=0.025-0.632, P=0.012).'! Sofuni et al. reported an
incidence of 11.5%, mentioning that pancreatitis had a
different incidence based on risk factors including i)
pancreatography, ii) nonplacement of a pancreatic duct
stent after ERCP, iii) procedure time of 30 minutes or
more, iv) sampling of pancreatic tissue by any method,
v) intraductal ultrasonography, and vi) difficulty of
cannulation (>15 minutes). Patients with three or more
risk factors had a higher PEP incidence. The trial's
authors concluded that while PSP reduces the incidence
of pancreatitis, several risk factors are associated with
incidence.'” Pan et al. in 2011 reported the highest
incidence of 45%, wherein pancreatitis was significantly
less in the PSP group as compared to the non-PSP group
(P<0.01).1"® Ito et al. in 2010, reported an incidence of
12.9% for pancreatitis post-ERCP, mentioning that
pancreatitis was higher in frequency in the PSP
compared to the no-stent group (2.9% vs 23%,
RR=0.13)." Ito et al. recommended stenting with a
pancreatic guidewire (PGW) to achieve selective biliary
cannulation and to reduce the incidence of

Table 1: Characteristics of all included RCTs.
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pancreatitis.®! Kawaguchi et al. reported an incidence of
7.5%, mentioning a lower frequency of post-ERCP
pancreatitis with pancreatic duct stent placement (1.7%)
as compared to the non-stenting group (P=0.032), with
no other risk factors found to be significant for
pancreatic outcomes.?”

Three RCTs utilized Wire-Guided Biliary Cannulation
(WGC) for post-ERCP pancreatitis. The three trials were
each conducted in Japan, South Korea, and the Asia
Pacific, enrolling a total of 1329 patients. Kobayashi et
al. in 2013 reported an incidence of 6.2%, with the
incidence being the same between the two groups (6.1%
vs 6.3%).”Y] However, accidental guidewire insertions or
unintended infections caused by contrast into the main
pancreatic duct were ascertained to be independent risk
factors for post-ERCP pancreatitis (RR=8.7, 95% ClI
2.46-30.81, P=0.001).*! The incidence of PEP was
reported to be 6.7% by Lee et al. in 2009 and notably,
WGC has been deemed a protective factor (OR=0.1,
95% CI=0.024-0.49, P=0.004). Additionally, female
gender and sphincter of Oddi dysfunction were found to
be the associated risk factors for developing pancreatitis
post-procedure.?? Lastly, Bassan et al. reported an
incidence of 8.6%. However, the pancreatitis rates
between the WGC groups of 0.025 inch and the 0.035-
inch one did not display significance (7.8% vs. 9.3%,
P=0.51).#

In total, two RCTs applied Endoscopic Nasobiliary
Drainage (ENBD). Both of these trials were conducted in
China. Huang et al. in 2018, reported an incidence of
5.8%, mentioning that not undergoing ENBD was an
independent risk factor for post-ERCP pancreatitis
(OR=0.087, 95% CI1=0.011-0.734, P=0.025).[** Xu et al,
2015 reported a higher incidence of 8.3%, mentioning
that post-ERCP pancreatitis occurred more frequently in
the endoscopic papillary balloon dilation (EPBD) as
compared to the ENBD group (7.4% vs 4.3%,
P=0.05).[%!

Finally, one RCT by Swan et al. assessed the outcomes
of Needle Knife Sphincterotomy (NKS) and determined
that there was no significant difference in the incidence
of PEP among patients in the early NKS group (20.5%)
compared to standard cannulation (17.6%) (P>0.05)./®!

N Incidence of
Author, . Post-ERCP | Procedure _—
Year Country | (Interventional | Study Type Pancreatitis | Performed Findings Comment
vs Other)
. ENBD was
Not undergoing effective and
. ENBD was an :
. Endoscopic . : safe in
Huang et Randomized Nasobiliar independent risk reventing PEP
al., 2018 China 160 vs 155 Controlled 9 (5.8%) . y factor for PEP preventing
2 Trial Drainage (OR=0.087,9505 | In patients
(ENBD) C1=0.011-0.734; undergoing
P=0.025) endoscopic
papillary large
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balloon dilation
together with
ENBD
If the CBD
stone is
successfully
cleared, ENBD

. is only
e, | wcomized | | FXOSe | PEROSMTATO | et it an
2015 251 China 113 vs 115 Co_n:ro ed 18 (8.3%) Drainage EPBD group (7.4% End'(l)lscoplc
Tria (ENBD) vs 4.3%, P=0.05) Eap' ary
alloon
dilatation
(EPBD)
procedure has
been performed
PEP incidence was
the same between the The WGC
groups (6.1% vs technique did
6.3%, P=0.95); not
K . . Wire-Guided gcmdt_ental gu.ldewwe reduce the risk
obayashi Randomized Biliary insertions/unintended of PEP and did
etal., 2013 | Japan 163 vs 159 Controlled 20 (6.2%) lati injections of contrast ti th
[20] Trial Cannulation into the main not improve the
(WGC) . success rate of
pancreatic duct (PD) selective bile
were independent duct
risk factors for PEP cannulation
(RR=8.7, 95% Cl=
2.46-30.81, P=0.001)
WGC was
associated with
WGC was a a lower rate of
protective factor PEP, but WGC
. . (OR=0.1; 95% may not
Lee et al. South Prospective \é\?:irz;fwded C1=0.024-0.490, P = | prevent PEP in
2009 122 ’ Korea 150 vs 150 Ra_ndomlzed 20 (6.7%) Cannulation 0.004). Female sex |n_d|V|duaIs
Trial (WGC) and sphincter of with suspected
Oddi dysfunction SOD and
were risk factors for | unintentional
PEP. pancreatic duct
guidewire
cannulation
Similar rates of
Prospective, PEP rates between succeslstyl q
Single Wire-Guided the 0.025-inch and cannufation an
Bassan et Asia Blinded Biliary the 0.035-inch wire PEP were
al., 2018 Pacifi 701 Randomized 61 (8.6%) Cannulation rou .s did not differ demonstrated
[23] acific a groups with the use of
Controlled (WGC) significantly (7.8% .
Trial vs9.3%; P =051) | 0-025-inchand
s ' 0.035-inch
guidewires
When assessing
B _ Pancreatic PI_EP rate was lower prophyla_ctic
Fujisawa Prospective Stent with the short stent pancreatic
etal., 2016 | Japan 120 vs 120 Randomized 11 (5.5%) Pl than with the long stents, the 3 cm
(4] Trial acement stent (2% vs. 8.8%, | size was
(PSP) ’ X
P=0.035) superior to the
5-cm one
Conigliaro Prospective Pancreatic PEP occurred in 29 Pancreatic duct
etal., 2013 Italy 21vs 19 Randomized 6 (15%) Stent % of patients with stent placement
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(2] Trial Placement immediate stent only for the
(PSP) removal and in 0% duration of
of patients who left ERCP does not
the stent in place (P prevent PEP
=0.021). Stents
dislodged
spontaneously in 74
% of patients within
24-96 hours, whereas
uneventful
endoscopic removal
was carried out after
96 hoursin 5
patients
Prophylactic
temporary 3F
PS placement
for patients
with difficult
Prophylactic biliary
. Pancreatic placement of PS was can_nulation .
Lee et al South Prospect_lve Stent the only prophylactic | during ERCP is
201228 | Korea 50 vs 51 Randomized | 21 (20.8%) Placement factor for PEP a safe and
Trial (PSP) (OR=0.126, 95% effective
C1=0.025-0.632, P = | strategy to
0.012) reduce PEP,
has a high rate
of spontaneous
passage of
stents without
complications
PEP incidence was
different among
groups with the
following risk
factors: i)
pancreatography, ii)
nonplacement of a
pancreatic duct stent
after ERCP, iii) PSP reduces
. . Pancreatic procedure time of 30 | the incidence of
Sofuni et Randomized Stent minutes or more, iv) | PEP. Several
al., 2011 Japan 213 vs 213 Controlled 47 (11.5%) : ’ Ay
[17] Trial Placement sampllng of_ risk factors_
(PSP) pancreatic tissue by | were associated
any method, v) with PEP
intraductal
ultrasonography, and
vi) difficulty of
cannulation (>15
min). Patients with
three or more risk
factors had higher
PEP incidence.
PEP was PSP was
. i . effective in
. Pancreatic significantly less in .
Pan et al . Randomized Stent the PSP group than _red_ucmg the
2011 ne | China 20vs 20 Controlled 18 (45%) Placement in the non-PSP arou incidence of
Trial . group | pep and
(PSP) (4 vs. 14 cases; P < hortening th
0.01) 3 ortening the
uration of
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Post-ERCP pancreatitis is a serious complication that can
lead to hospitalization, sepsis, and death.*” In this
systematic review, there were mixed results obtained
from 13 RCTs for preventing post-ERCP pancreatitis,
applying ENBD, WGC, PSP, and NKS. In general, the
clinical symptomatology of post-ERCP pancreatitis is the
same as seen in any other case, which may include
epigastric pain, left upper quadrant pain, abdominal
tenderness, and altered amylase/lipase levels® While
abdominal imaging is not required to diagnose the
condition, radiographic imaging tests are usually done.
Reports indicate that patients may also have elevated
amylase levels without abdominal pain (29). Therefore,
the routine checking of enzymes is pertinent following
ERCP.P! The goal of prevention is to reduce the risk of
PEP and any other associated risk factor?” Currently, a
combination of endoscopic and pharmacologic
techniques is being used to prevent PEP. Endoscopic
strategies are limited to minimizing the trauma directly
to the biliary orifice. This may include reducing the
number of cannulation attempts, for instance. In high-
risk patients, it is recommended to use measures such as
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hospitalization
Pancreatic duct
stenting after
PEP had a higher :(:Gr1\i/(\a/vfi(r)1;
Prospective Pancreatic frequency in the PSP selective biliary
Ito etal., Japan 35 vs 35 Randomized 9 (12.9%) Stent group than in the no- cannulation
2010 ™! P Controlled o7 Placement stent group (2.9 vs.
Trial (PSP) 23%, RR=0.13, was
CI=0.016-0.95) recommended
to reduce the
incidence of
PEP
l.r.;]fa ﬂvfaiuli)?/szrc}i] Pancreatic stent
PD stents (L.7%) g':‘:fi”;ir(‘; was
. . Pancreatic compared to non- .
Kawaguchi Randomized Stent stent groups (13.3%) effective
etal., 2012 | Japan 60 vs 20 Controlled 9 (7.5%) Pl t P = 0.032): ther.e technique to
= Trial acemen (P =0.032); thy prevent PEP
(PSP) were no significant and should be
differences in high- used in high-
risk factors between . .
the two groups risk patients
Early NKS
application
during difficult
No significant cannulation
difference in the does not
Suan e
Australia 34 vs 39 Controlled 14 (19.2%) Sphincterotomy :
al., 2013 Trial (NKS) early NKS group However, the
(20.5%) vs standard | risk of PEP
cannulation (17.6%) | increases
(P>0.05) greatly after 7-
8 attempts or
failure of
cannulation
DISCUSSION pancreatic duct stenting, which aligns with the results of

our systematic review as it has demonstrated significant
benefit compared to no stenting.*"

Pharmacologic prophylaxis, which is beyond the scope
of this systematic review, is also a key modality for
prevention® It is  currently  suggested that
pharmacological prophylaxis with rectal administration
of nonsteroidal-inflammatory drugs (NSAIDs) compared
to no drug administration is beneficial as it has shown
efficacy in reducing the risk of PEP®! Typically,
diclofenac suppository 100 mg or indomethacin
suppository 100 mg is given immediately before ERCP
as a means of prevention*”

Medications such as ibuprofen and naproxen have been
shown to be effective in preventing post-ERCP
pancreatitis but only have short-term effects!®”
Acetaminophen has also been associated with reduced
risks of post-ERCP pancreatitis. Pancreatic enzymes are
another possible means of prevention for post-ERCP
pancreatitis. Medications such as ursodiol and
pancrelipase have additionally been linked to reducing
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the risk of post-ERCP pancreatitis® Other common
pharmacological interventions include prophylactic
erythromycin, which is usually given for 14 days
following the procedure. Other choices include bile-salt
binders like cholestyramine, colestipol, and colesevelam,
and pancreatic enzyme supplements like pancrelipase or
amylase®>*

Intravenous hydration with ringer's lactate solution is
also considered to be a better alternative to normal saline
given that it decreases the risk of systemic inflammatory
responses. A systematic review also evaluated the role of
hydration in PEP prophylaxis. While the evidence
reported was inconclusive, another randomized
controlled trial found that hydration with Ringer's lactate
prevented the occurrence of PEP among high-risk
patientsi®>*! Therefore, intravenous hydration must be
considered an alternative for those who otherwise have
contraindications to NSAIDs. The combination of rectal
NSAIDs and intravenous hydration has been notably
reported in the literature as well. Current literature also
reports that somatostatin inhibits secretions from the
pancreas. For instance, Bai and colleagues write that
somatostatin reduces the levels of amylase while
preventing PEP in patient populations®” A systematic
review reports moderate benefits in PEP prophylaxis,
whereas two other studies report no benefit of
somatostatin use in PEP prevention,®3% Somatostatin,
thus, is not currently recommended, given low evidence
of reducing PEP risks.

Antioxidants, including allopurinol, and beta-carotene do
not have conclusive evidence in favor of PEP
prevention®? However, N-acetylcysteine (NAC) an
antioxidant helps protect the pancreas from free radical
damage and reduces inflammation®" The medication has
been shown to reduce the severity of pain and
inflammation but does not affect the mortality rate.
Protease inhibitors are considered viable treatment
options in cases of acute pancreatitis. These medications
block the inflammatory cascade and different enzymes in
the pancreas. Inhibitors such as ulinastatin and
nafamostat have been investigated in preventing PEP*!
Nitroglycerin works by affecting the pressure of the
sphincter of Oddi, smooth muscle relaxation, and
increased blood flow to the pancreas. Katsinelos and
colleagues report that a combination of glucagon and
nitrogl%/cerin is more likely to reduce the incidence of
PEP[*

Overall, numerous pharmacological interventions may be

used to prevent this. The following is a key list of the

pharmacological interventions subsequently discussed:

1. NSAIDs: Readily available, cheap, and highly
effective in preventing PRP.

2. Intravenous hydration: Maintains perfusion to the
pancreas and suppresses the inflammatory cascade.

3. Rectal NSAIDs and intravenous hydration: The
combination reportedly prevents patients at high risk
of PEP.
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4. Somatostatin: Inhibits secretions from the pancreas
and prevents PEP.

5. Antioxidants: Their role is considered less beneficial
overall.

6. Protease inhibitors: These are possible treatment
options in acute pancreatitis.

7. Nitrates: Work by reducing the sphincter of Oddi
pressure, thereby enhancing blood flow to the
pancreas.

A key finding of this systematic review is pancreatic duct
stenting®!  Ultimately the decision to place a
prophylactic pancreatic stent is based on the patient.
Still, risk factors or technical errors may be encountered
for which endoscopist expertise and preference ought to
be considered.

CONCLUSION

The well-known complication of acute pancreatitis can
occur post-ERCP. There are certain risk factors, such as
the female gender, that may lead to even higher
requirements of well-curated prevention strategies.
While the causation and effect of Endoscopic
Nasobiliary Drainage (ENBD), Wire-Guided Biliary
Cannulation (WGC), Pancreatic Stent Placement (PSP),
and Needle Knife Sphincterotomy (NKS) have been
tested in RCTs, it is still important to account for
ongoing trials in this area for more favorable data. Key
aspects of the prevention of post-ERCP pancreatitis may
be achieved by pharmacological interventions as well. In
general, NSAIDs emerge as safe and reliable option
among high-risk patients with no precluding conditions.
Bile-salt binders, prophylactic erythromycin, and
pancreatic enzyme supplements such as amylase or
pancrelipase are also currently in use; however, evidence
of NAC is current inconclusive in the prevention of post-
ERCP pancreatitis. Without a doubt, a multimodal
approach is required to overcome incidence of post-
ERCP pancreatitis. Given the multifactorial nature of the
disease, the prevention of post-ERCP pancreatitis ought
to be assessed with various aspects based on patient-
related risk factors, procedural techniques, and the
consideration of prophylactic pharmacological agents.
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