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Abstract
Acute pancreatitis is the most common complication of endoscopic retrograde cholangiopancreatography
(ERCP), occurring in up to 30 to 40% of high risk patients. The most prominent theories of post-ERCP pancreatitis
(PEP) pathogenesis include mechanical trauma to the papillary orifice, hydrostatic injury, and enzymatic injury from
activated proteolytic enzymes introduced from the duodenum. Investigators have proposed a number of patient-related,
procedure-related, and physician-related risk factors for PEP. However, when evaluated in large prospective trials, the
role of these factors in increasing risk of PEP is inconsistent. Placement of a pancreatic duct stent and administration
of rectal non-steroidal anti-inflammatory drugs (NSAIDs) are the two interventions with the greatest body of evidence
supporting efficacy in PEP prevention.
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enzymatic injury from activated proteolytic enzymes introduced from
the duodenum as potential precipitants for PEP.

Background and Epidemiology
Acute pancreatitis is the most common serious complication
of endoscopic retrograde cholangiopancreatography (ERCP) [1,2].
The incidence of acute pancreatitis after ERCP in large prospective
studies published over the last two decades ranges from 1.6 to 15.1%
[3-13]. Most cases of post-ERCP pancreatitis (PEP) tend to be mild to
moderate in severity. Only 0.4% of patients undergoing ERCP develop
severe acute pancreatitis, and mortality resulting from PEP is estimated
to only be 0.11%. However, the risk of PEP may be as high as 30-40% in
patients with certain risk factors. Furthermore, pancreatitis is the single
most common reason for ERCP-related lawsuits, accounting for up to
50% of all ERCP-related litigation [14].

Definition and Grading
Studies estimating the incidence of PEP are confounded by the lack
of consistency in the definition of PEP utilized by investigators. In a
large cohort of patients undergoing ERCP, Testoni el al demonstrated
that the incidence of PEP ranged from 5.1% to 11.7% depending on the
pain duration and amylase level required to diagnose PEP [15].
In an attempt to standardize the definition of PEP, Cotton et al
published consensus criteria in 1991 that were based on review of
over 15,000 cases. These consensus criteria require four components
to diagnose PEP: elevation in serum amylase concentration greater
than three times upper normal level, pancreatic-type abdominal pain,
duration of pain greater than 24 hours after ERCP, and pain severe
enough to require hospitalization. The consensus definition also graded
PEP as mild, moderate, and severe based on hospital length of stay, and
procedure complications (Table 1).
While the criteria proposed by Cotton et al have been widely
employed in the published literature, alternative criteria have also been
utilized by researchers in the field. The Atlanta criteria, one of the more
commonly used alternative consensus classifications, were published in
1992 and recently revised, and defined severe acute pancreatitis based
on the presence of local or systemic complications and organ failure
[16] (Table 2).

Mechanisms
Although the exact mechanism of PEP is not known, several
hypotheses have been proposed. Leading explanations identify
mechanical trauma to the papillary orifice, hydrostatic injury, and
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The mechanical trauma theory proposes that injury to the papillary
orifice may cause sphincter of Oddi spasm or edema of the pancreatic
orifice, thereby leading to obstruction of pancreatic juice outflow, and
promoting pancreatic injury and inflammation. Papillary injury can
occur during ERCP by prolonged or repeated attempts at cannulating
the pancreatic duct , multiple contrast injections into the pancreatic
duct [17], or thermal injury from electrocautery current during
sphincterotomy [18].
The theory of hydrostatic injury is based on the possibility that overinjection of the pancreatic duct disrupts pancreatic cellular membranes
and tight junctions between cells. As a result, intra-ductal contents
backflow into the interstitial space and cause pancreatic injury [19].
Chemical injury from ionic high-osmolarity contrast media
was suspected as a cause of pancreatic injury, but a meta-analysis of
controlled trials did not show a significant difference between different
contrast media [20, 21]. Regardless of the instigating mechanism, the
conventional theory for progression of pancreatic injury to pancreatitis
Mild

Moderate

Severe

- Elevation in serum
- Hospitalization of four to
amylase concentration
ten days
more than three times
upper normal level
- At least 24 hours after the
procedure
- Requiring admission or
prolongation of planned
admission to two to three
days

- Hospitalization for more
than ten days,
- Patients with
hemorrhagic pancreatitis,
- Patients with newly
developed phlegmon or
pseudocyst, or
- Patients who require
intervention such as
percutaneous drainage or
surgery

Table 1: Consensus Criteria Grading System for Acute Pancreatitis.
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Mild

Moderate

- Lacking both organ failure - Transient organ failure
(organ failure <2 days),
and local or systemic
complications
- Local complications1,
and/or exacerbation of
co-existent disease

Severe

Protease inhibitors

- Presence of persistent
organ failure (> or =2
days)

• 6 meta-analyses that included RCTs
• Initial meta-analysis suggested efficacy
• No overall benefit in 5 updated meta-analyses

Octreotide

• Bai 2008: 15 RCTs, no benefit with octreotide
• Zhang 2009: 18 RCTs, benefit if dose >0.5 mg
• Omata 2010: 17 RCTs, benefit with octreotide

Glyceryl trinitrate

• Chen 2010: 9 RCTs, benefit with GNT

Local complications include acute peripancreatic fluid collections, pseudocysts,
acute pancreatic or peripancreatic necrotic collection, and walled-off necrosis.

1

Table 2: Revised Atlanta Severity Classification for Acute Pancreatitis.
Operator related Patient-related
factors
factors

Procedure-related factors

Low case volume Suspected SOD1
Female gender
Previous pancreatitis
Younger age
Female Gender

Pre-cut sphincterotomy
Pancreatic duct injection
SOD manometry
Pancreatic sphincterotomy
Minor papilla sphincterotomy
Difficult cannulation
Biliary balloon sphincteroplasty
Ampullectomy

1

for suspected bile duct stones if they were younger than age 60 and no
stones were found [29].

Prevention

Sphincter of Rddi dysfunction.
Table 3: Consensus-based risk factors for post-ERCP pancreatitis.

dictates that premature activation of proteolytic enzymes leads to autodigestion of pancreatic cells. The resulting decrease in acinar duct
secretion decreases protective flushing activity of the pancreatic duct,
thereby activating the inflammatory cascade, ultimately leading to
pancreatitis.

Risk Factors
Careful evaluation of a patient’s risk for developing PEP is an
essential component of pre-ERCP evaluation for a number of reasons.
Patients with one or more factors that increase the probability of
developing PEP risk must be counseled about their heightened
risk. Alternative tests such as endoscopic ultrasound or magnetic
resonance cholangiopancreatography may be an option for high-risk
patients, particularly if the goal of the procedure is diagnostic rather
than therapeutic. Prophylactic strategies could be employed to reduce
risk of pancreatitis in high-risk patients with a strong indication for
therapeutic ERCP.
Although multiple investigators have assessed the factors predicting
PEP in individual studies, the studies are limited by significant
heterogeneity in design, variation in PEP definition used, and candidate
predictor variables studied [3,4,7,13,22,23]. Prior reviews have proposed
a number of consensus-based factors that increased the risk of PEP
(Table 3) [24,25]. However, when examined in larger prospective clinical
studies, the role of these consensus-based factors in increasing risk of
PEP is inconsistent. For instance, large prospective studies published in
the 1990’s identified lower case volume as an independent risk-factor
for post-ERCP pancreatitis [3, 4]. Two large prospective studies in the
subsequent decade failed to confirm this association [7,26]. Similarly,
studies have yielded conflicting data regarding the risk of PEP after
pre-cut sphincterotomy, biliary and pancreatic sphincterotomy, and
sphincter of Oddi manometry [3,4,7,9,22,23,27,28].
In considering the totality of published data on the issue, a metaanalysis of 15 prospective clinic trials identified the following patientrelated and procedure-related factors as predictors of PEP risk:
suspected sphincter of Oddi dysfunction, female gender, previous PEP,
pre-cut sphincterotomy, and pancreatic duct injection [23].
The risk of pancreatitis may increase synergistically in patients with
multiple risk factors. For instance, multivariate regression yielded a 27%
risk for PEP among patients who underwent biliary sphincterotomy
Pancreatic Dis Ther
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Table 4: Pharmacologic agents that have been evaluated in multiple randomized
trials of post-ERCP pancreatitis prevention.

To date, numerous endoscopic and pharmacologic interventions
have been studied in an attempt to reduce the occurrence of PEP.
Among these, placement of prophylactic pancreatic stents and nonsteroidal anti-inflammatory agents are the two interventions with the
most robust evidence supporting efficacy in PEP prevention. Other
interventions have either shown no evidence of efficacy, demonstrated
conflicting results, or have not been rigorously evaluated in multiple
large randomized trials (Table 4) [30-47].

Prophylactic Pancreatic Duct Stents
The rationale behind pancreatic duct stenting for prophylaxis
of PEP is based on the mechanical trauma theory, with prophylactic
pancreatic duct stenting presuming to remove the effect of obstruction
to pancreatic duct.
Meta-analyses of randomized and non-randomized trials have
consistently demonstrated a reduction in the incidence of PEP with
placement of prophylactic pancreatic stents [48,49]. In the most recent
meta-analysis of 8 randomized clinical trials and 10 non-randomized
trials, the absolute risk reduction in the incidence of PEP with
prophylactic pancreatic duct stenting was 13.3%, which translates to a
number needed to treat of 8 patients to prevent one episode of PEP
[48-51]. However, pancreatic stent placement does carry risks, such as
occlusion, migration, perforation, infection, duodenal erosions, and
development of stent-induced pancreatic duct strictures [52,53]. If a
prophylactic pancreatic duct stent does not pass spontaneously, repeat
endoscopy may be required. Failed attempts at pancreatic duct stenting
may increase risk of pancreatitis compared to no attempt at stenting
the pancreatic duct [54]. As a result, controversy exists regarding the
criteria for utilization of prophylactic pancreatic duct stenting.
Randomized trials have used varying indications for prophylactic
pancreatic duct stenting, ranging from the stenting of all patients
undergoing ERCP, to restricting stent placement to patients with select
high risk criteria [48]. A cost-effectiveness analysis using a thirdparty payer perspective identified a strategy of reserving prophylactic
pancreatic stenting for high risk patients to have the highest incremental
cost-effectiveness ratio when compared to a strategy of placing
prophylactic pancreatic stents in all patients undergoing ERCP, or not
placing prophylactic stents at all [55]. In this setting as before, consensus
is lacking regarding which patient’s to consider at high risk for PEP.
For instance, a survey of 54 advanced endoscopists revealed significant
disagreements in indications for prophylactic stent placement. While
all of the physicians surveyed indicated they would place a stent after
ampullectomy or pancreatic sphincterotomy, 30-40% of endoscopists
did not feel a pancreatic stent was necessary in patients with prior PEP
or suspected sphincter of Oddi dysfunction, factors which had been
identified as increasing risk for PEP [56].
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A second area of controversy is the optimal stent diameter for
prophylactic pancreatic stents, where the aim is to maximize PEP
prevention whilst maintaining a high stent migration rate Stent
diameters varied from 3 French to 7 French in randomized trials
assessing the efficacy of pancreatic stents. Although 5 French stents
may be easier to place than 3 French stents, the larger stents may have
a lower spontaneous migration rate into the duodenum. On the other
hand, the smaller 3 French stents are less likely to be visible on X-ray,
and may pose an increased risk of migration into side branches. In a
retrospective analysis, PEP rates were similar in patients who received
4 French or 5 French stents but spontaneous migration rate was
significantly higher in the 4 French group [57]. More recently however, a
randomized trial comparing 5 French to 3 French stents was terminated
early for futility, since no difference was noted in the primary outcome
of stent migration [58]. Three French stents do not appear to impart a
large advantage in migration rate, and are significantly more difficult to
place, limiting their suitability in the setting of prophylactic pancreatic
stenting. The published data therefore appears to favor use of 4 French
or 5 French calibers for prophylactic stenting.

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)
The rationale behind use of NSAIDs in prevention of PEP stems
from their ability to inhibit a number of pathways involved in the
pathogenesis of acute pancreatitis, including phospholipase A2 activity,
prostaglandin synthesis, and neutrophil-endothelial cell attachment
[59]. Experimental data supporting their beneficial effects in acute
pancreatitis along with their low cost and ease of administration have
spurred a number of clinical trials evaluating their efficacy in prevention
of PEP [60-65].
In the most recently published meta-analysis of 10 randomized
controlled trials, administration of NSAIDs was associated with a
6% absolute risk reduction in incidence of PEP, which translates to
a number needed to treat of 17 [66]. The studies varied significantly
in terms of which NSAID was used as well as dose, route, timing of
administration and indications for administration of NSAIDs. The
largest multicenter randomized trial of 602 patients utilized rectal
indomethacin at a dose of 100 mg administered immediately after
ERCP in high risk patients [63]. Over 80% of patients in this study
also received a prophylactic pancreatic stent. The major indication for
ERCP was suspected sphincter of oddi dysfunction. In this study, rectal
indomethacin was associated with a 7.7% absolute risk reduction in
post-ERCP pancreatitis rates. In post hoc analyses, rectal indomethacin
appeared to be more efficacious than prophylactic pancreatic stents,
and cost-benefit analysis favored a strategy of indomethacin alone for
post-ERCP pancreatitis prevention [62]. The post hoc results are best
viewed as hypothesis generating, and further investigation is necessary
before a strategy of rectal NSAIDs without pancreatic duct stenting can
be recommended for post-ERCP pancreatitis prevention.
In summary, acute pancreatitis remains the most common major
complication of ERCP. Use of alternative imaging modalities like
magnetic resonance cholangiopancreatography should be utilized
preferentially for diagnostic purposes when pancreaticobiliary therapy
is not anticipated. Among patients undergoing ERCP, pancreatic stents
and NSAIDs should be considered to reduce risk of post-procedure
pancreatitis. Further investigation is necessary to define the optimal
indications for prophylaxis and the ideal prophylactic strategy.
Acknowledgement
Dr. Shah was supported by an NIH T32 (5T32DK007568–21).

Pancreatic Dis Ther
ISSN:2165-7092 PDT, an open access journal

References
1. Cotton PB, Lehman G, Vennes J, Geenen JE, Russell RC, et al. (1991)
Endoscopic sphincterotomy complications and their management: an attempt
at consensus. Gastrointest Endosc 37: 383-393.
2. Rabenstein T, Schneider HT, Hahn EG, Ell C (1998) 25 years of endoscopic
sphincterotomy in Erlangen: assessment of the experience in 3498 patients.
Endoscopy 30: A194-201.
3. Loperfido S, Angelini G, Benedetti G, Chilovi F, Costan F, et al. (1998) Major
early complications from diagnostic and therapeutic ERCP: a prospective
multicenter study. Gastrointest Endosc 48: 1-10.
4. Freeman ML, Nelson DB, Sherman S, Haber GB, Herman ME, et al. (1996)
Complications of endoscopic biliary sphincterotomy. N Engl J Med 335: 909918.
5. Masci E, Toti G, Mariani A, Curioni S, Lomazzi A, et al. (2001) Complications
of diagnostic and therapeutic ERCP: a prospective multicenter study. Am J
Gastroenterol 96: 417-423.
6. Rabenstein (2000) Analysis of the risk factors associated with endoscopic
sphincterotomy techniques: preliminary results of a prospective study,
with emphasis on the reduced risk of acute pancreatitis with low-dose
anticoagulation treatment. Endoscopy 32: 10-19.
7. Freeman ML, DiSario JA, Nelson DB, Fennerty MB, Lee JG, et al. (2001)
Risk factors for post-ERCP pancreatitis: a prospective, multicenter study.
Gastrointest Endosc 54: 425-434.
8. Vandervoort J, Soetikno RM, Tham TC, Wong RC, Ferrari AP Jr, et al. (2002)
Risk factors for complications after performance of ERCP. Gastrointest
Endosc 56: 652-656.
9. Christensen M, Matzen P, Schulze S, Rosenberg J (2004) Complications of
ERCP: a prospective study. Gastrointest Endosc 60: 721-731.
10. Cheng CL, Sherman S, Watkins JL, Barnett J, Freeman M, et al. (2006) Risk
factors for post-ERCP pancreatitis: a prospective multicenter study. Am J
Gastroenterol 101: 139-147.
11. Cheon YK, Cho KB, Watkins JL, McHenry L, Fogel EL, et al. (2007) Frequency
and severity of post-ERCP pancreatitis correlated with extent of pancreatic
ductal opacification. Gastrointest Endosc 65: 385-393.
12. Williams EJ, Taylor S, Fairclough P, Hamlyn A, Logan RF, et al. (2007) Risk
factors for complication following ERCP; results of a large-scale, prospective
multicenter study. Endoscopy 39: 793-801.
13. Wang P, Li ZS, Liu F, Ren X, Lu NH, et al. (2009) Risk factors for ERCPrelated complications: a prospective multicenter study. Am J Gastroenterol
104: 31-40.
14. Cotton PB (2006) Analysis of 59 ERCP lawsuits; mainly about indications.
Gastrointest Endosc 63: 378-382.
15. Testoni
(2000)
Incidence
of
post-endoscopic
retrograde
cholangiopancreatography/sphincterotomy pancreatitis depends upon
definition criteria. Dig Liver Dis 32: 412-418.
16. Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, et al. (2013)
Classification of acute pancreatitis--2012: revision of the Atlanta classification
and definitions by international consensus. Gut 62: 102-111.
17. Johnson (1997) Evaluation of post-ERCP pancreatitis: potential causes noted
during controlled study of differing contrast media. Midwest Pancreaticobiliary
Study Group. Gastrointest Endosc 46: 217-222.
18. Ratani RS, Mills TN, Ainley CC, Swain CP (1999) Electrophysical factors
influencing endoscopic sphincterotomy. Gastrointest Endosc 49: 43-52.
19. Sherman S, Hawes RH, Troiano FP, Lehman GA (1992) Pancreatitis following
bile duct sphincter of Oddi manometry: utility of the aspirating catheter.
Gastrointest Endosc 38: 347-350.
20. George S, Kulkarni AA, Stevens G, Forsmark CE, Draganov P (2004) Role of
osmolality of contrast media in the development of post-ERCP pancreatitis: a
metanalysis. Dig Dis Sci 49: 503-508.
21. Sherman S (1994) ERCP and endoscopic
pancreatitis. Am J Gastroenterol 89: 303-305.

sphincterotomy-induced

22. Cotton PB, Garrow DA, Gallagher J, Romagnuolo J (2009) Risk factors for
complications after ERCP: a multivariate analysis of 11,497 procedures over
12 years. Gastrointest Endosc 70: 80-88.

Fluid Therapy in Acute Pancreatitis

Volume 3 • Issue 2 • 1000115

Citation: Zouhairi ME, Swartz D, Shah T (2013) Post-ERCP Pancreatitis: Mechanisms, Risk Factors, and Prevention. Pancreatic Dis Ther 3: 116.
doi:10.4172/2165-7092.1000116

Page 4 of 4
23. Masci E, Mariani A, Curioni S, Testoni PA (2003) Risk factors for pancreatitis
following endoscopic retrograde cholangiopancreatography: a metaanalysis. Endoscopy 35: 830-834.

46. Bai Y, Gao J, Shi X, Zou D, Li Z (2008) Prophylactic corticosteroids do not
prevent post-ERCP pancreatitis: a meta-analysis of randomized controlled
trials. Pancreatology 8: 504-509.

24. Badalov N, Tenner S, Baillie J (2009) The Prevention, recognition and
treatment of post-ERCP pancreatitis. JOP 10: 88-97.

47. Oh HC, Cheon YK, Cho YD, Do JH (2011) Use of udenafil is not associated
with a reduction in post-ERCP pancreatitis: results of a randomized, placebocontrolled, multicenter trial. Gastrointest Endosc 74: 556-562.

25. Mallery JS, Baron TH, Dominitz JA, Goldstein JL, Hirota WK, et al. (2003)
Complications of ERCP. Gastrointest Endosc 57: 633-638.
26. Testoni PA, Mariani A, Giussani A, Vailati C, Masci E, et al. (2010) 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 105: 1753-1761.
27. Cennamo V (2010) Can early precut implementation reduce endoscopic
retrograde cholangiopancreatography-related complication risk? Metaanalysis of randomized controlled trials. Endoscopy 42: 381-388.
28. Singh P (2005) Is sphincter of Oddi manometry a risk factor for pancreatitis?
A different view. Curr Gastroenterol Rep 7: 141-146.
29. Mehta SN, Pavone E, Barkun JS, Bouchard S, Barkun AN (1998) Predictors
of post-ERCP complications in patients with suspected choledocholithiasis.
Endoscopy 30: 457-463.
30. Shah TU, Liddle R, Branch MS, Jowell P, Obando J, et al. (2012) Pilot study
of aprepitant for prevention of post-ERCP pancreatitis in high risk patients: a
phase II randomized, double-blind placebo controlled trial. JOP 13: 514-518.
31. Zheng M, Chen Y, Bai J, Xin Y, Pan X, et al. (2008) Meta-analysis of prophylactic
allopurinol use in post-endoscopic retrograde cholangiopancreatography
pancreatitis. Pancreas 37: 247-253.

48. Choudhary A, Bechtold ML, Arif M, Szary NM, Puli SR, et al. (2011) Pancreatic
stents for prophylaxis against post-ERCP pancreatitis: a meta-analysis and
systematic review. Gastrointest Endosc 73: 275-282.
49. Singh P, Das A, Isenberg G, Wong RC, Sivak MV Jr, et al. (2004) Does
prophylactic pancreatic stent placement reduce the risk of post-ERCP acute
pancreatitis? A meta-analysis of controlled trials. Gastrointest Endosc 60:
544-550.
50. Mazaki T, Masuda H, Takayama T (2010) Prophylactic pancreatic stent
placement and post-ERCP pancreatitis: a systematic review and metaanalysis. Endoscopy 42: 842-853.
51. Fazel A, Quadri A, Catalano MF, Meyerson SM, Geenen JE (2003) Does
a pancreatic duct stent prevent post-ERCP pancreatitis? A prospective
randomized study. Gastrointest Endosc 57: 291-294.
52. Smith MT, Sherman S, Ikenberry SO, Hawes RH, Lehman GA (1996)
Alterations in pancreatic ductal morphology following polyethylene pancreatic
stent therapy. Gastrointest Endosc 44: 268-275.
53. Sherman S, Hawes RH, Savides TJ, Gress FG, Ikenberry SO, et al. (1996)
Stent-induced pancreatic ductal and parenchymal changes: correlation of
endoscopic ultrasound with ERCP. Gastrointest Endosc 44: 276-282.

32. Lavy A, Karban A, Suissa A, Yassin K, Hermesh I, et al. (2004) Natural betacarotene for the prevention of post-ERCP pancreatitis. Pancreas 29: e45-50.

54. Freeman ML, Overby C, Qi D (2004) Pancreatic stent insertion: consequences
of failure and results of a modified technique to maximize success.
Gastrointest Endosc 59: 8-14.

33. Matsushita M, Takakuwa H, Shimeno N, Uchida K, Nishio A, et al. (2009)
Epinephrine sprayed on the papilla for prevention of post-ERCP pancreatitis.
J Gastroenterol 44: 71-75.

55. Das A, Singh P, Sivak MV Jr, Chak A (2007) Pancreatic-stent placement
for prevention of post-ERCP pancreatitis: a cost-effectiveness analysis.
Gastrointest Endosc 65: 960-968.

34. Räty S, Sand J, Pulkkinen M, Matikainen M, Nordback I (2001) Post-ERCP
pancreatitis: reduction by routine antibiotics. J Gastrointest Surg 5: 339-345.

56. Brackbill S, Young S, Schoenfeld P, Elta G (2006) A survey of physician
practices on prophylactic pancreatic stents. Gastrointest Endosc 64: 45-52.

35. Barkay O, Niv E, Santo E, Bruck R, Hallak A, et al. (2008) Low-dose heparin
for the prevention of post-ERCP pancreatitis: a randomized placebocontrolled trial. Surg Endosc 22: 1971-1976.

57. Pahk A (2011) Prophylactic Pancreatic Stents: Does Size Matter? A
Comparison of 4-Fr and 5-Fr Stents in Reference to Post-ERCP Pancreatitis
and Migration Rate. Dig Dis Sci 56: 3058-3064.

36. Schwartz JJ, Lew RJ, Ahmad NA, Shah JN, Ginsberg GG, et al. (2004) The
effect of lidocaine sprayed on the major duodenal papilla on the frequency of
post-ERCP pancreatitis. Gastrointest Endosc 59: 179-184.

58. Zolotarevsky E, Fehmi SM, Anderson MA, Schoenfeld PS, Elmunzer BJ, et
al. (2011) Prophylactic 5-Fr pancreatic duct stents are superior to 3-Fr stents:
a randomized controlled trial. Endoscopy 43: 325-330.

37. Deviere J (2001) Interleukin 10 reduces the incidence of pancreatitis
after therapeutic endoscopic retrograde cholangiopancreatography.
Gastroenterology 120: 498-505.

59. Gross V, Leser HG, Heinisch A, Schölmerich J (1993) Inflammatory mediators
and cytokines--new aspects of the pathophysiology and assessment of
severity of acute pancreatitis? Hepatogastroenterology 40: 522-530.

38. Kapetanos D, Kokozidis G, Christodoulou D, Mistakidis K, Sigounas D, et
al. (2007) A randomized controlled trial of pentoxifylline for the prevention of
post-ERCP pancreatitis. Gastrointest Endosc 66: 513-518.

60. Wildenhain PM, Melhem MF, Birsic WI, Sell HW, Rao KN (1989) Acute
hemorrhagic pancreatitis in mice: improved survival after indomethacin
administration. Digestion 44: 41-51.

39. Katsinelos P, Kountouras J, Paroutoglou G, Beltsis A, Mimidis K, et al. (2005)
Intravenous N-acetylcysteine does not prevent post-ERCP pancreatitis.
Gastrointest Endosc 62: 105-111.

61. Cheon YK, Cho KB, Watkins JL, McHenry L, Fogel EL, et al. (2007) Efficacy
of diclofenac in the prevention of post-ERCP pancreatitis in predominantly
high-risk patients: a randomized double-blind prospective trial. Gastrointest
Endosc 66: 1126-1132.

40. Bang UC, Nøjgaard C, Andersen PK, Matzen P (2009) Meta-analysis:
Nitroglycerin for prevention of post-ERCP pancreatitis. Aliment Pharmacol
Ther 29: 1078-1085.
41. Chen B, Fan T, Wang CH (2010) A meta-analysis for the effect of prophylactic
GTN on the incidence of post-ERCP pancreatitis and on the successful rate
of cannulation of bile ducts. BMC Gastroenterol 10: 85.
42. Choi CW, Kang DH, Kim GH, Eum JS, Lee SM, et al. (2009) Nafamostat
mesylate in the prevention of post-ERCP pancreatitis and risk factors for
post-ERCP pancreatitis. Gastrointest Endosc 69: e11-18.
43. Jowell PS, Branch MS, Fein SH, Purich ED, Kilaru R, et al. (2011) Intravenous
synthetic secretin reduces the incidence of pancreatitis induced by
endoscopic retrograde cholangiopancreatography. Pancreas 40: 533-539.
44. Omata F, Deshpande G, Tokuda Y, Takahashi O, Ohde S, et al. (2010) Metaanalysis: somatostatin or its long-acting analogue, octreotide, for prophylaxis
against post-ERCP pancreatitis. J Gastroenterol 45: 885-895.
45. Zhang Y, Chen QB, Gao ZY, Xie WF (2009) Meta-analysis: octreotide
prevents post-ERCP pancreatitis, but only at sufficient doses. Aliment
Pharmacol Ther 29: 1155-1164.

Pancreatic Dis Ther
ISSN:2165-7092 PDT, an open access journal

62. Elmunzer, B.J (2012) Does Rectal Indomethacin Eliminate the Need for
Prophylactic Pancreatic Stent Placement in Patients Undergoing High-Risk
ERCP? Post hoc Efficacy and Cost-Benefit Analyses Using Prospective
Clinical Trial Data. Am J Gastroenterol 108: 410-415.
63. Elmunzer BJ, Scheiman JM, Lehman GA, Chak A, Mosler P, et al. (2012) A
randomized trial of rectal indomethacin to prevent post-ERCP pancreatitis. N
Engl J Med 366: 1414-1422.
64. Khoshbaten M, Khorram H, Madad L, Ehsani Ardakani MJ, Farzin H,
et al. (2008) Role of diclofenac in reducing post-endoscopic retrograde
cholangiopancreatography pancreatitis. J Gastroenterol Hepatol 23: e11-16.
65. Sotoudehmanesh R, Khatibian M, Kolahdoozan S, Ainechi S, Malboosbaf R,
et al. (2007) Indomethacin may reduce the incidence and severity of acute
pancreatitis after ERCP. Am J Gastroenterol 102: 978-983.
66. Ding X, Chen M, Huang S, Zhang S, Zou X (2012) Nonsteroidal antiinflammatory drugs for prevention of post-ERCP pancreatitis: a metaanalysis. Gastrointest Endosc 76: 1152-1159.

Fluid Therapy in Acute Pancreatitis

Volume 3 • Issue 2 • 1000115

