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Abstract

Pancreatitis is the most common complication after 
endoscopic retrograde cholangio-pancreatography 
(ERCP); the reported incidence of this complication 
varies from less than 1% to 40%, but  a rate of 4%-8% 
is reported in most prospective studies involving non-
selected patients. Differences in criteria for defining 
pancreatitis, methods of data collection, and patient 
populations (i.e. number of high-risk patients included 
in the published series) are factors that are likely to 
affect the varying rates of post-ERCP pancreatitis. The 
severity of post-ERCP pancreatitis (PEP) can range from 
a minor inconvenience with one or two days of added 
hospitalization with full recovery to a devastating illness 
with pancreatic necrosis, multiorgan failure, permanent 
disability, and even death. Although, most episodes 
of PEP are mild (about 90%), a small percentage of 
patients (about 10%) develop moderate or severe 
pancreatitis. In the past, PEP was often viewed as an 
unpredictable and unavoidable complication, with no 
realistic strategy for its avoidance. New data have aided 
in stratification of patients into PEP risk categories and 
new measures have been introduced to decrease the risk 
of PEP. As most ERCPs are performed on an outpatient 
basis, the majority of patients will not develop PEP 
and can be discharged. Alternatively, early detection of 
those patients who will go on to develop PEP can guide 
decisions regarding hospital admission and aggressive 
management. In the last decade, great efforts have 
been addressed toward prevention of this complication. 
Points of emphasis have included technical measures, 
pharmacological prophylaxis, and patient selection. 
This review provides a comprehensive, evidence-based 
assessment of published data on PEP and current 
suggestions for its avoidance.
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DEFINITIONS

Different methodologies and definitions partially account 
for variations in post-endoscopic retrograde cholangio-
pancreatography (ERCP) pancreatitis rates. Follow-up of  
patients (by phone) will detect some patients with pain 
who are hospitalized elsewhere or mild patients who 
stayed at home. Prospective studies commonly have post-
ERCP pancreatitis (PEP) rates two to three times higher 
than those noted in retrospective studies. However, a 
variety of  criteria have been used to define early or milder 
pancreatitis[1]. More severe forms of  PEP are obvious and 
rarely escape notice. Up to 75% of  asymptomatic patients 
have elevations in serum amylase and lipase after diagnostic 
or therapeutic ERCP, whereas, others develop significant 
abdominal pain without hyperamylasemia; neither of  
these entities are diagnosed as clinical pancreatitis[2,3]. 
Other patients fall into an overlap group, with pain that is 
consistent with pancreatitis but with borderline elevation 
of  serum markers of  pancreatitis or with substantial 
elevations of  serum markers of  pancreatitis combined with 
minimal pain that does not clearly indicate pancreatitis; 
these patients may be variably considered as having, or 
as not having, pancreatitis. In an effort to standardize 
the definition of  PEP, a consensus conference held in 
1991 proposed criteria that have become widely accepted. 
According to that consensus the pancreatitis is graded 
as mild, moderate, or severe, depending on the number 
of  days of  hospitalization required and on the level of  
necessary intervention[4]: (1) Mild: serum amylase at least 
three times normal at more than 24 h after the procedure, 
requiring admission or prolongation of  planned admission 
to 2-3 d; (2) Moderate: hospitalization of  4-10 d; and (3) 
Severe: hospitalization of  more than 10 d, or hemorrhagic 
pancreatitis, phlegmon or pseudocyst, or required 
intervention (percutaneous drainage or surgery).

The above definitions have been used in most but 
not all recent studies. If  a serum amylase elevation of  
more than 5 times that of  the upper normal limit is used 
to define PEP[5], this will reduce the apparent rate of  
pancreatitis. Serum lipase elevation has also been used, 
which may be less sensitive but more specific than serum 
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Pancreatic stent

Figure 1  Endoscopic view of 

pancreatic 4 french stent after 

pancreatic sphincterotomy.

amylase. If  elevations of  either lipase or amylase are 
considered, the apparent PEP rates may be higher[6]. 

Pathogenesis
In normal conditions, pancreatic digestive enzyme 
activation occurs mainly within the duodenum. In 
experimental models of  acute pancreatitis, it has been 
suggested that digestive enzyme activation might occur 
within acinar cells. This has been shown in the early stages 
of  acute pancreatitis induced by secretagogues or by 
diet

[7]. There is co-localization of  digestive enzymes and 
lysosomal hydrolases within large cytoplasm vacuoles[8]. As 
the lysosomal enzyme cathepsin B is known to be capable 
of  activating trypsinogen and trypsin can activate the 
remaining digestive enzyme zymogens, the co-localization 
phenomenon could result in intravacuolar digestive 
enzyme activation[9].

During diagnostic and therapeutic ERCP, the pancreas 
is exposed to multiple potentially damaging factors. 
The exact mechanisms by which these factors trigger 
pancreatitis are unknown. Response to injury commonly 
occurs over the subsequent 2-12 h. These inciting factors 
include mechanical, hydrostatic, chemical, enzymatic, and 
microbiological etiologies. 

RISK FACTORS AND PREVENTION OF 

POST-ERCP PANCREATITIS

Mechanical factors
Cannulation trauma. Direct contact from the endoscope 
rarely causes pancreatitis. Cannulation trauma to the papilla 
can cause edema and focal trauma, which may narrow the 
papillary orifice, thus creating an obstacle to the flow of  
pancreatic juice[10]. Moderate-to-difficult cannulation was 
an independent risk factor in the prospective, multicenter 
study of  Freeman et al

[11]. Difficulty found sometimes in 
cannulating the papillae may be due to specific pathology 
(scar, stone, tumor) or variant anatomy (such as with 
diverticula). Aggressive cannulation techniques are believed 
to be more traumatic and potential for duct or ampullary 
perforation or submucosal injection[12]. 
How to overcome cannulat ion t rauma? Some 
cannulation-induced trauma is probably unavoidable. 
Gentle probing is of  course advocated. Softer tipped 
instruments seem logical, but have never been formally 
compared to more rigid tipped ones. Once cannulation is 
begun, traumatic manipulation of  the papilla should be 
kept to a minimum[12]. Visible bleeding or edema suggest 
excessive trauma. Prolonged probing in an unsuccessful 
direction should be avoided. If  cannulation is not achieved 
quickly, instruments that may facilitate cannulation, such as 
tapered tipped cannulas, sphincterotomes, guidewires, and/
or placement of  a pancreatic guidewire or stent to assist 
biliary cannulation, should be considered. If  cannulation 
is still not achieved, the endoscopist must balance the 
need for deep cannulation and use of  more aggressive 
techniques such as precutting against the possible 
provocation of  complications. Also, consideration should 
be given to terminate non-urgently indicated procedures. 

Pancreatic stent placement has been shown to be 

the most effective technique to prevent PEP[13] (Figure 
1). Pancreatic stents negate papillary orifice narrowing 
and maintain the flow of  pancreatic juice[14]. Short-term 
pancreatic stent placement should be considered for 
higher-risk patients if  pancreatic ductal anatomy is suitable, 
appropriate equipment is available, and the endoscopist 
is familiar with the technique. In particular, pancreatic 
stent placement should be considered in the following 
circumstances: before pre-cut (access) papillotomy; 
before or after biliary sphincterotomy for sphincter of  
Oddi dysfunction (SOD), pancreatic sphincterotomy, 
endoscopic papillectomy; after manometry or pancreatic 
instrumentation for suspected SOD, balloon dilation of  
the intact biliary sphincter, pancreatic brush cytology; 
and after a difficult cannulation or repeated pancreatic 
duct injections of  contrast in patients with other risk 
factors. If  pancreatic stent placement is advisable and 
the pancreatic duct is accessed first, we advocate stent 
placement early in the procedure. It is preferable that the 
prophylactic pancreatic stent should be of  small diameter 
(3-4 French) and tailored to the diameter and configuration 
of  the duct and to the depth to which a guidewire can 
be inserted. Placement of  a longer stent is possible 
after guidewire placement to mid body or tail, whereas, 
a short stent (2-3 cm) can be placed if  only 2-3 cm  
of  the length of  the guidewire can be inserted. In general, 
3F or 4F stents are preferable for normal ducts as they 
include less ductitis than ≥ 5F stents. Prophylactic stents 
for insertion into normal ducts which we usually use are 
≥ 6 cm long, small diameter (3F), unflanged on the inner 
end, with a duodenal pigtail to prevent inward migration. 
Alternatively, if  the main pancreatic duct has an ansa 
contour and/or a deep guidance can not be passed, we 
advocate placement of  a stent 2-3 cm up the duct with 
anchoring via intraductal ½ pigtail or a single inner flange. 
It is important that the inner tip of  the stent should be in a 
relatively straight portion of  the duct and not pushed into 
a bend or turn in the duct. If  desired, longer stents can 
be partially pulled out after insertion to adjust the inner 
end of  the stent to the configuration of  the duct and to 
promote spontaneous passage. Pancreatic stents generally 
should be left in place for a minimum of  2-3 d but should 
be removed endoscopically (repeat pancreatography 
usually not required) within 2-3 wk from a normal duct 
if  spontaneous passage is not documented by a plain 
abdominal radiograph. Use of  such prophylactic pancreatic 
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Table 1  Studies assessing efficacy of pancreatic stents in prevention of post-ERCP pancreatitis

First author/yr Study design Patients  n Pancreatitis rate without and 
     with pancreatic stent

P

Without (%) With (%)

Smithline 1993[15] RCT Pre-cut biliary ES, SOD,

small ducts

  93 18 14    0.299

Tarnasky 1998[16] RCT Biliary ES for SOD   80 26   7    0.03

Elton 1998[17] Retrospective, case control Pancreatic ES for all 

indications

194 12.50   0.70 < 0.003

Fogel 2002[18] Retrospective, case control Biliary +/- pancreatic ES 

for SOD

436 28.20 13.50 < 0.05

Norton 2002[19] Retrospective, case control Endosopic ampullectomy   28 11.10 20 > 0.05

Fazel 2003[20] RCT Difficult cannulation,
biliary ES, SOD

  76 28   5 < 0.05

Freeman 2004[21] Prospective, case control All attempted major 

papilla PD stents in high-

risk therapeutic ERCP

225 66.70 14.40    0.06

Catalano 2004[22] Retrospective, case control Endoscopic ampullectomy 103 16.70   3.30    0.10

RCT: randomized controlled trial; ES: endoscopic sphincterotomy; SOD: sphincter of Oddi dysfunction; PD: pancreatic duct. 

stents in large referral centers have shown a significant 
reduction in rates of  PEP including severe cases (Table 
1)[15-23].
Endoscopic sphincterotomy (ES). During ES and 
stone removal, the ampullary area may be traumatized 
by the sphincterotome per se or by the associated 
extraction devices (balloons and baskets). This may 
obstruct the pancreatic duct orifice. Performance of  
biliary sphincterotomy for biliary stones or malignant 
biliary obstruction has not been associated with significant 
added independent risk of  pancreatitis in most large-
scale prospective multivariate analyses[11,24,25]. This was 
highlighted by a Japanese group [7], who showed that, 
although the frequency of  biliary ES-induced pancreatitis 
was significantly higher than that of  diagnostic PEP, 
the frequency of  severe pancreatitis at 48-72 h was 
significantly lower within the group of  patients who had 
undergone biliary ES. It is thought that biliary ES lowers 
the pancreatic intraductal pressure. However, there is some 
limited manometry data to support this concept. 

Pancreatic sphincterotomy in the setting of  SOD or 
idiopathic pancreatitis was associated with a higher rate of  
pancreatitis (up to 29%) and was found to be a significant 
risk factor for PEP in a large multivariate study (OR 3.1: 
95% CI [1.6, 5.8])[11]. The risk of  severe pancreatitis was 
low in that study (< 1%), probably because many patients 
had chronic pancreatitis and/or nearly all patients had a 
pancreatic stent placed to enhance drainage. 

During biliary and pancreatic sphincterotomy, direct 
heat transfer to adjacent pancreatic parenchyma may cause 
injury. Thermo-couple analysis of  adjacent parenchymal 
temperature has not been reported. Additionally, edema at 
the sphincterotomy site is obvious by endoscopic viewing 
up to 10 d after sphincterotomy[26]. Such edema in the 
pancreatic orifice may produce obstruction to the flow of  
pancreatic juice. 
How to overcome? Biliary ES should be oriented 
towards 11:00 to 1:00 O'clock position (i.e. away from 

the pancreatic orifice). Excess cautery should be avoided 
near the pancreatic orifice (this tends to occur if  too 
much cutting wire is inside the bile duct). Cutting then 
proceeds slowly with excessive local cautery. Pancreatic 
stents are recommended for all high risk biliary ES, PES or 
precutting patients.

Studies evaluating pure cutting current for biliary 
ES show slightly reduced PEP rates but slightly higher 
bleeding rates[26-28]. Overall the trade off  has not been 
thought to be beneficial. Automatic current delivery 
systems are increasingly used to decrease rapid "zipper" 
cutting[29]. To date, they have not been shown to modify 
the rate of  post-procedure pancreatitis.

Pre-cut (access) papillotomy. The pre-cut technique 
has many variations: standard needle-knife inserted at 
the papillary orifice with upward cutting, needle-knife 
‘‘fistulotomy’’ by starting the incision above the papillary 
orifice, and wedging a pull-type sphincterotome into 
the papillary orifice or pancreatic duct. Any of  these 
techniques has the potential to injure the pancreatic 
sphincter. There are different opinions as to whether the 
added risk of  a pre-cut is because of  the maneuver itself  
or because of  the prolonged effort at cannulation that 
often precedes it[29-34]. However, in multivariate analyses, 
even after adjusting for other variables, such as the 
number of  pancreatic injections and the difficulty level 
of  cannulation, precut has been associated with a higher 
independent risk of  pancreatitis, especially in multicenter 
studies that include endoscopists with varying experience 
and in which pancreatic stents are placed infrequently[24]. 
In a meta-analysis, pre-cut papillotomy was associated 
with an increased risk of  pancreatitis[35]. By contrast, in 
many series from tertiary referral centers, the complication 
rate for pre-cut sphincterotomy was not different from 
that for standard sphincterotomy[30,33,36]. There are two 
possible explanations for this discrepancy. One is that 
an apparent low risk of  pre-cut sphincterotomy may 
reflect case selection, such that pre-cutting is used only 
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for patients at relatively low risk (e.g. older patients 
with obstructive jaundice) and with favorable anatomy, 
including a prominent papilla, whereas, standard traction 
sphincterotomy is performed in many other higher-risk 
circumstances, such as suspected SOD, only after free 
cannulation is achieved. The other explanation, also likely 
to be valid, is that the outcome of  pre-cut papillotomy 
is highly operator dependent. However, an endoscopist 
found that, despite increasing success at pre-cutting 
as experience accumulated, the complication rate did 
not decrease (14%, mostly pancreatitis, including some 
severe ones) when pre-cutting was performed without 
pancreatic stent insertion in patients with an average 
risk[37]. Complications of  pre-cut sphincterotomy may also 
vary with the indication for the procedure; in a multicenter 
study in which a pancreatic stent was seldom placed, 
precut papillotomy was associated with a higher overall 
rate of  pancreatitis (15.3%); but, when performed for 
SOD, the rate was 35.3% (25% severe) compared with 
11.3% (2% severe) for other indications (P = 0.01)[38]. In 
contrast, a subsequent study showed that needle-knife 
papillotomy over a pancreatic stent placed during the early 
stages of  the procedure was shown to be substantially 
safer than conventional pull-type sphincterotomy without 
a pancreatic stent in patients with SOD[18]. Overall, the 
data thus suggest that traditional methods of  pre-cut 
papillotomy are potentially injurious to the pancreas, albeit 
effective in experienced hands and probably safer than 
a protracted effort at cannulation. The benefit of  pre-
cut papillotomy should be weighed in each case against 
the risks arising from further attempts at cannulation and 
pancreatic manipulation, and in relation to the option of  
simply terminating the procedure and referring the patient 
to an endoscopist with more experience.
What should be done? Pre-cut should be used for biliary 
access only if  the indication for therapy is relatively clear 
and the endoscopist is experienced in pre-cut techniques. 
Placement of  temporary pancreatic stent before or after 
cutting should be strongly considered.
Balloon dilatation of  the biliary sphincter. Balloon 
dilation of  the biliary sphincter was introduced as an 
alternative to sphincterotomy for extraction of  bile duct 
stones and is widely performed in some centers in Europe 
and Asia, although infrequently been used in the United 
States. A number of  randomized trials from referral centers 
in countries other than the United States have shown total 
complication rates to be equivalent to or less than those 
for sphincterotomy. Most of  the studies showed decreased 
bleeding rates, but increased pancreatitis rates. However, 
these studies generally involved older patients with larger 
stone burdens, a subgroup in which the risk of  pancreatitis 
is relatively low[39-47]. In a multicenter, multivariate analysis 
from the United States, involving younger patients with 
bile duct stones (frequently identified in conjunction 
with laparoscopic cholecystectomy), balloon dilation was 
found to be one of  only 4 independently significant risk 
factors, with OR 4.5: 95% CI [1.5, 13.5] and a frequency 
of  post-ERCP pancreatitis of  16.1%[11]. In a randomized 
controlled trial of  treatment of  bile duct stones involving 
337 patients in the United States, pancreatitis occurred in 
15.4% (5.1% severe) after balloon dilation vs 0.8% (none 

severe) after pull-type sphincterotomy (P < 0.01), with two 
deaths from severe pancreatitis after balloon dilation[48]. A 
study from Germany also found a high rate of  pancreatitis 
after papillary balloon dilation[49]. 
Recommendations. Balloon dilation (without prior 
biliary ES) for extraction of  bile duct stones should not be 
recommended as a standard approach, especially in high 
risk subjects, unless there is a definite contraindication to 
sphincterotomy (e.g. patients with severe coagulopathy)[48]. 
Also, we recommend temporary pancreatic stent placement.
Endoscopic ampullectomy. Endoscopic papillectomy 
(ampullectomy) is increasingly performed for excision 
of  adenomas and other lesions involving the papilla. 
Techniques include en bloc and piecemeal snare excision, 
with or without injection of  saline solution to lift the 
lesion; biliary or pancreatic sphincterotomy; and pancreatic 
stent placement. The risk of  pancreatitis as a result of  
thermal injury from papillectomy is substantial: rates 
in retrospective series range from 6% to 17%[50,51]. The 
pancreatitis can be severe and fatal.
Recommendations. In a retrospect ive study of  
papillectomy in 103 patients at 4 centers, placement of  a 
pancreatic stent was associated with a lower frequency of  
pancreatitis (3.3% vs 17%; P = 0.1)[22]. Placing the stent 
before ampullectomy makes the resection more difficult. 
Placement after resection requires pancreas cannulation 
in a traumatized zone. Secretin and/or methylene blue 
assistance may be needed. 
Manometr y of  the bi l iar y and/or pancreat ic 
sphincters. ERCP with manometry of  the bil iary 
and/or pancreatic sphincters is performed to diagnose 
sphincter of  Oddi dysfunction. Initial studies reported 
a high rate of  post-procedure pancreatitis. Continuous 
water perfusion (without aspiration) was used with early 
manometry catheters, and the duct entered was not 
determined or reported. These factors likely account 
for some cases of  perfusion-related hydrostatic injury, 
particularly those occurring after placement of  the catheter 
in the pancreatic duct[52]. In a randomized trial, use of  
the aspirating technique during pancreatic manometry 
significantly reduced the frequency of  pancreatitis (4%) 
when compared with perfusion manometry without 
aspiration (31%)[53]. A similar study of  biliary manometry 
found no difference in the frequency of  hyperamylasemia 
or pancreatitis between aspirated and non-aspirated 
manometry groups, suggesting that perfusion injury is 
a factor only when the pancreatic duct is perfused[54]. 
Most authorities agree that only aspiration manometry 
should be done in the pancreas. Microtransducer (solid 
state) manometry catheters are an alternative to perfusion 
systems that eliminate the risk of  perfusion injury to the 
pancreas. The frequency of  pancreatitis when manometry 
was performed with a microtransducer catheter was 3.1% 
vs 13.8% for perfusion (non-aspiration) manometry in 
a randomized trial (P < 0.05)[55]. Microtransducer use is 
limited because of  higher cost and aspiration catheters 
alternatives. Additionally, Freeman study showed that PEP 
was equally frequent when comparing suspected SOD 
treated empirically with manometry guided therapy[38].

In summary, aspiration type pancreatic manometry 
does not appear to add PEP risk to the patients at already 
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Figure 2  Severity of post-ERCP pancreatitis according to the extent of pancreatic duct opacification.  Retrospective analysis of database with 14431 patients with no or 
normal pancreatogram (groupⅠ: no pancreatogram or failed pancreatogram, group Ⅱ: pancreatogram of the head only, group Ⅲ: pancreatogram of head/body only, group 
Ⅳ: pancreatogram including tail)[69]

.

high risk who can benefit from manometry evaluation.
Recommendation. Use any manometry catheters for 
the biliary studies. Use aspiration manometry catheter for 
pancreatic work. Temporarily stent the pancreatic duct, 
even if  manometry is normal[18].

Contrast media
Hydrostatic factors. Injection pressure and the amount of  
contrast media or other fluid injection into the pancreatic 
duct, contribute to ductal epithelial or acinar injury. 
Acinarization occurs when the volume injected into the 
pancreatic duct exceeds the ductal capacity. Approximately 
2 mL is adequate to fill the main pancreatic duct and 
secondary branches [56]. Quantitation of  the volume 
injected appears to be of  limited clinical value, as contrast 
tends to spill into the duodenum. However, the greatest 
elevations of  total serum amylase activity and the highest 
frequencies of  elevation occurred after complete filling 
of  the acini[57,58]. Skude et al

[57] in a series of  219 patients 
reported that pancreatic enzyme level elevation after ERCP 
correlated directly with the extent of  opacification of  the 
pancreatic duct system. Increases in intraductal pressure 
and filling of  side branches may result in leakage of  the 
pancreatic secretions into the circulation. In support of  
this proposal was the finding that serum amylase did 
not rise in patients with open pancreatojejunostomies. A 
high injection pressure and a larger injection volume into 
the pancreatic duct are known to cause higher and more 
prolonged hyperamylasemia in dogs[59]. The results of  
our large study[60] show clearly that increased frequency 
of  PEP correlates directly with extent of  opacification 
of  the pancreatic duct system (Figure 2A and 2B). The 
highest frequency of  PEP occurred after complete filling 
of  the pancreatic duct. The extent of  pancreatic duct 
opacification was a significant risk factor for PEP by 
uni- and multivariate analysis. In a relatively small study  
(n = 1223), there was a tendency toward increased PEP 
in patients in whom the pancreatic duct was opacified to 
the tail compared with those in whom only the duct in 
the head of  the gland was visualized[61]. In another small 
study, Chen et al

[62] reported that there was no statistically 

significant difference in the rate of  pancreatitis between 
the patients who had a pancreatogram (n = 117) and those 
who did not (n = 93), 4.3 % vs 6.5%. They proposed that 
this was due to multiple attempts at cannulation of  the bile 
duct alone which caused sufficient mechanical trauma at 
the pancreatic orifice without injection of  the pancreatic 
duct. 
What to do? The endoscopist must balance the need for 
specific duct visualization against the possible provocation 
of  complications. For biliary cases, the pancreas injections 
should be minimized. Entry into the pancreatic duct can 
not be avoided in many cases, but injection filling should 
be limited to the head. In setting with suboptimal pancreas 
visualization (obesity, overlying stool, gases or barium in 
right upper quadrant colon, etc), extra care should be taken 
to limit pancreas filling.

For repeated pancreas entry, aspirate out injected 
contrast. Guide-wire cannulation may be used to avoid 
repeated, undue opacification of  the pancreatic ductal 
system. Placement of  a pancreatic stent can help block 
pancreas re-entry. Reducing the injection pressure can 
minimize the risk of  either submucosal injections or 
acinarization. Quality fluoroscopic imaging is needed to 
monitor pancreas filling.
Chemical factors. The contrast media used for 
pancreatography can provoke pancreatitis. Contrast media 
are differentially visualized from the surrounding tissue 
because of  their iodine content. The osmolality and ionic 
nature of  the contrast media are believed to be the major 
factors responsible for many of  the adverse effects that 
occur after intravascular administration[63]. 
How to overcome? Investigators have used low-
osmolality agents, usually non-ionic, in attempt to reduce 
PEP. Most studies including a meta-analysis failed to show 
reduced PEP rates from the newer, more expensive lower 
osmolality agents[63]. 
Allergy to contrast media. ERCP contrast media 
reactions are believed to be rare. The low frequency of  
allergic reactions is probably based on the slow absorption 
of  the contrast media and also on the low dose of  the 
agent administered. A multicenter study by Lasser et al

[64] 
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showed that the administration of  methylprednisolone 
before the intravenous contrast injection lowered the 
incidence of  adverse reactions from ionic agents to a level 
similar to that reported from other series with nonionic 
media. However, whether or not allergic reactions may 
cause pancreatitis is presently unknown.
How to overcome? Many centers give antihistamine and 
oral or Ⅳ corticosteroids to patients who report iodine 
allergies. However, there have been no randomized studies 
to evaluate the necessity or efficacy of  this practice.
Enzymatic factors: According to the duodenal reflux 
pathogenic theory of  acute pancreatitis, activated intestinal 
enzymes carried into the pancreatic ductal system by 
ERCP maneuvers would promote autodigestion. Current 
contrast agents do not activate trypsinogen in pancreatic 
juice. Previous prophylactic studies using old protease 
inhibitors failed to demonstrate any beneficial effects in 
preventing acute pancreatitis. More recently, gabexate 
mesilate, a low molecular weight protease inhibitor, has 
been shown to have a prophylactic effect on ERCP-
induced pancreatitis[65].
Chemokines. Some studies [66-68] have indicated the 
potential usefulness of  ERCP as a model for studying 
the early inflammatory response in acute pancreatitis. 
Kiviniemi et al

[66] found that, in uncomplicated PEP cases, 
acute phase response is measured by serum C reactive 
protein (CRP) levels did not parallel the serum amylase 
or lipase levels. However, Blanchard et al

[69] hypothesized 
that cytokines may be produced primarily by pancreatic 
parenchymal cells. Reasoning that ductal epithelium is 
the cell type most likely to be exposed to noxious stimuli 
in common causes of  pancreatitis, such as ERCP and 
passage of  a gallstone, they examined the response of  
well-differentiated pancreatic ductal adenocarcinoma cell 
lines to stimuli known to stimulate cytokine production in 
other cells. CAPAN-1 and CAPAN-2 cells were incubated 
with endotoxins or TNF-alpha and the supernatant was 
assayed for production of  IL-1, IL-6, and IL-8 by ELISA. 
The cells were assayed for activation of  the transcription 
factor NF-kappa B by electrophoretic mobility shift assay. 
These authors found no detectable production of  IL-1 
by either cell line. CAPAN-1 cells had a concentration-
dependent production of  IL-6 and IL-8 in response to 
both endotoxins and TNF-alpha. CAPAN-2 cells had a 
concentration-dependent production of  IL-6 and IL-8 in 
response to TNF-alpha. They had a low-level expression 
of  IL-8 which was unaffected by any concentration of  
lipopolysaccharide (LPS) and no detectable production of  
IL-6 in response to LPS. On the basis of  these findings 
the authors concluded that pancreatic duct cells may play 
an active part in the pathogenesis of  acute pancreatitis 
through the production of  cytokines. More recently, 
Pezzilli et al

[70], found that ERCP maneuvers significantly 
increase serum levels of  CRP, amyloid A and IL-6 also 
in patients who did not develop acute pancreatitis, thus 
confirming the data of  Blanchard et al

[69]. Unfortunately, 
prospective double blinded randomized studies failed to 
show benefit of  IL-10 in suppressing PEP. Further studies 
are needed.
Microbiological factors. Most studies do not find that 
infections play a role in PEP unless severe pancreatitis 

with necrosis occurs. Antibiotic prophylaxis is reserved 
for patients with high risk (immunosuppressed or cardiac 
prosthetic valves)[71,72].
Patient risk factors. Patient risk factors are now 
increasingly recognized. High-risk patients may develop 
PEP independent of  the type of  endoscopic procedure 
performed; moreover, the risk of  pancreatitis escalates 
when multiple risk factors occur in the same patient or 
technique related risk factors occur during the procedure. 
High-risk patients include those with normal serum 
bilirubin, female gender, recurrent abdominal pain, absence 
of  biliary ductal dilatation, and conditions suggesting 
possible sphincter of  Oddi dysfunction, all increase the 
risk of  pancreatitis by up to 10-fold[10]. In these patients, 
diagnostic ERCP should be avoided in routine practice and 
magnetic resonance cholangiopancreatography (MRCP) 
or detailed CT imaging should be alternatively used. When 
ERCP is clearly indicated, either diagnostic or therapeutic, 
these high-risk patients should be informed about the 
specific risk of  post-procedure pancreatitis and the 
potential measures to decrease risks.

It is also important to use caution when performing 
pancreatography in patients with homozygeous alpha-
1-anti trypsin deficiency[73]; two cases of  hemorrhagic 
pancreatitis with one death following ERCP have been 
reported in patients with this genetic abnormality. 

Physician risk factors. Adequate ERCP training is 
difficult to obtain in the average 2-3 years GI fellowship 
training program. Cannulation of  the desired duct in more 
than 90% of  cases and ability to provide biliary drainage 
is necessary for competence in ERCP. Trainees rarely 
achieve biliary cannulation competence with less than 200 
cases[74]. Our experience is that 400-500 cases are needed 
to gain a high skill level. Nevertheless many trainees state 
that they plan to perform ERCP in private practice despite 
limited training

[75]. PEP rates have not been reported from 
such settings. Univariate analysis showed that higher case 
volume per endoscopist was unexpectedly associated with 
a higher rather than a lower rate of  pancreatitis. However, 
in the multivariate model, after adjustment for case mix, 
endoscopist case volume showed no effect on the rate 
of  pancreatitis[11]. Previous multicenter studies have also 
failed to show a significant correlation between ERCP 
case volumes and pancreatitis rates, although they have 
shown a consistent correlation with bleeding rates, overall 
complication rates and rates of  severe complications[38,76]. 
It is possible that none of  the participating endoscopists in 
the study of  Freeman et al

[11] reached the threshold volume 
of  ERCPs above which pancreatitis rates would diminish. 
The recent report by Shyham et al showed that patients 
who undergo ERCP in high-volume centers have a shorter 
length of  stay and lower procedural failure rates than those 
undergoing ERCP at low-volume hospitals. They stated 
that these findings have important implications for health 
care policy decision-making and resource utilization[77].
Assessments for PEP. Bedside assessment alone has 
been shown to be suboptimal in assessing for development 
of  pancreatitis[78]. A combined clinical and laboratory 
assessment has been shown to be most sensitive and 
specific[76-80]. Ideally, a test is needed which is readily 
available, inexpensive, with rapid results available, and 
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patients are separated into patients with no PEP (for early 
discharge) and those with PEP (needing hospitalization).

Category 1: Pancreatic enzymes as markers of pancreatic 

injury
Serum amylase. Serum pancreatic enzymes rise in reaction 
to manipulations during ERCP in the majority of  
patients[81]. In the absence of  clinical pancreatitis, serum 
amylase levels peak at 90 min to 4 h after ERCP and 
return to normal levels within 48 h. With PEP, the serum 
amylase is elevated more quickly and/or to a higher level. 
A test with high predictive value, helps rule out PEP and 
permits earlier hospital discharge. In the study by Gottlieb 
et al

[78] prospectively evaluated 231 patients in whom serum 
amylase and lipase determinations were made 2 h after 
ERCP. Serum amylase below 276 IU/L (normal, 40-125 
IU/L), and serum lipase below 1000 IU/L (normal, 
4-24 IU/L) at 2 h after ERCP were highly predictive in 
ruling out pancreatitis with negative predictive values of  
0.97 and 0.98 respectively. Testoni et al

[79] evaluated 409 
patients who underwent endoscopic sphincterotomy 
and measured serum amylase levels. Post-procedural 
hyperamylasemia (> 220 IU/L) occurred in 192 of  the 409 
patients (46.9%). Twenty-four hours after the procedure, 
the amylase level was still more than five times that of  the 
upper normal limit (URL) in 26 (6.3%) patients. However, 
only 19 patients were considered to have developed 
post-procedural pancreatitis. Using serum amylase levels 
greater than 5 times the URL as a cut-off,  they found that 
sensitivity of  elevated serum amylase levels in predicting 
PEP was 26% at 2 h, 68% at 4 h and 100% at 8 h. In 
a study from Australia, 263 patients underwent ERCP 
and/or endoscopic sphincterotomy, and a 4-h post-ERCP, 
serum amylase level was tested and found to be a rapid and 
useful predictor of  pancreatitis: Thomas and Sengupta[80] 

proposed an algorithm for patient management based on 
stratification by the 4-h serum amylase level. If  the amylase 
level is less than 1.5 times the URL (negative predictive 
value 100%), the patient could be safely discharged home. 
If  the amylase level is greater than 3.0 times the URL 
(positive predictive value 36.8%), the patient should be 
admitted to the hospital. If  the value falls between 1.5 
and 3.0 times the URL, clinical assessment, concerns or 
risk factors should govern decisions on management. Two 
studies have reported that serum amylase levels greater 
than 4-5 times the URL at 24 h and the presence of  upper 
abdominal pain are more predictive of  PEP. This does not 
help in patient management for the first 23 h[5,82].

In conclusion, a post-ERCP serum amylase level drawn 
2-8 h after the procedure is a  relatively rapid and reliable 
predictor of  pancreatitis. The ideal time and cut-off  is still 
uncertain, but studies suggest that a 4-h level greater than 
4 times the URL is most practical and reliable. The above 
strategy is one that could be employed in the management 
of  outpatient ERCPs[80]. 

A bedside urine amylase (RapignostTM) was evaluated 
in predicting acute pancreatitis. Kemppainen et al

[83], found 
that the RapignostTM test was 79% sensitive and 89% 
specific for the diagnosis of  acute pancreatitis. Hegewald  
et al

[84] focused mainly on patients with hyperamylasemia 
after ERCP. They found that RapignostTM was highly 

specific for excluding pancreatitis at 0 h and 16-24 h (100%), 
but not as sensitive (78%) in predicting hyperamylasemia. 
At 4 h, the sensitivity and specificity were lower: 50% and 
95%, respectively.  

Category 2: Markers of proteolytic activation
Trypsinogen activation peptide. Trypsinogen activation 
peptide (TAP) is generated in the pancreas when trypsi-
nogen is converted to its active form, trypsin. Plasma and 
urine levels of  TAP have been found to be elevated and 
predictive of  the development of  acute pancreatitis[85,86]. 
However, this f inding was not val idated in other 
reports[87,88].

In a study looking specifically at post-ERCP patients, 
urinary TAP was not found to be useful in predicting 
mild PEP. Banks et al

[89] prospectively enrolled 107 
consecutive patients in a study to evaluate the utility of  
urine TAP assay 4 h after the procedure. Ten of  the 107 
patients developed mild PEP; urinary TAP levels were not 
significantly increased.
Trypsinogen-2. In patients with acute pancreatitis, 
trypsinogen-2 has been found to be markedly elevated in 
the serum and urine. Several studies have investigated rapid 
urinary tryspsinogen-2 test strips that utilize monoclonal 
antibodies and immunochromatography[90]. These studies 
have shown high sensitivities and negative predictive 
values, suggesting that the urinary trypsinogen-2 test 
can exclude pancreatitis with high probability. Kylanpaa 
et al

[91] concluded that a negative urine dipstick test 6 h 
after the procedure was highly reliable for excluding PEP. 
Trypsinogen-2 levels in the serum as well as bound trypsin 
2-alpha-1-antitrypsin complex (trypsin 2-AAT) have also 
been investigated as potential markers[67]. Kemppainen  
et al

[92] prospectively evaluated 308 patients who underwent 
ERCP, 31 of  whom developed PEP. Blood samples for 
the assay of  trypsinogen-2, trypsin 2-AAT and amylase 
were collected at 1, 6, and 24 h after ERCP in all patients. 
The investigators found elevated trypsinogen-2 levels 
as early as 1 h after ERCP; this peaked at 6 h in patients 
with pancreatitis. Additionally, the rise in level seemed to 
correlate with the severity of  the pancreatitis. The trypsin 
2-AAT complex, however, did not show a clear rise until 
24 h after ERCP. The sensitivity of  a three-fold rise in 
trypsinogen 2 at 1 h was 74% and the specificity was 87%. 
These numbers were comparable to the 2-hour amylase and 
lipase elevations reported in the study by Gottlieb et al

[78].
A drawback of  using these markers is the lack of  

specificity, as many other conditions, including biliary 
and pancreatic malignancies, pseudocysts and cholangitis 
can cause elevations[93]. Despite this, an elevated serum 
trypsinogen-2 levels seen early in the course of  PEP holds 
promise as a marker that can rapidly detect and reliably 
gauge the severity of  PEP. 

Category 3: Markers of systemic inflammation
Several studies have focused on markers that measure 
the degree of  systemic inflammation as predictors of  the 
development of  PEP. Interleukins and CRP have been 
shown to be elevated in patients with acute pancreatitis[94]. 
These studies have shown that serum CRP is an accurate 
and readily available laboratory test for predicting severity 
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of  PEP, but it appears to be a late marker[66,68]. 
Oezcueruemez-Porsch et al

[67] evaluated a number of  
inflammatory markers and acute phase reactants, including 
procalcitonin, serum amyloid A, interleukin-1 receptor 
antagonist, solubilized tumor necrosis factor alpha receptor 
Ⅱ, interleukin-6, and interleukin-10 in 94 patients who 
underwent ERCP. Twelve patients developed PEP. The 
authors found that among all of  the parameters that were 
evaluated, only peak IL-6 and IL-10 showed significant 
correlations with clinical data, i.e. pain score and duration 
of  ERCP. They concluded that these two interleukins 
might prove useful for monitoring patients with PEP.
Pharmacological prevention. Ideally, an agent is needed 
to suppress or prevent an inflammatory response to 
the trauma of  ERCP. Pharmacological prevention of  
pancreatitis after ERCP or sphincterotomy has been 
studied extensively. Prophylactic efficacy of  octreotide, 
steroids, somatostatin, IL-10, gabexate mesilate, heparin, 
allopurinol, nifedipine, nitroglycerine and antibiotics has 
been studied. The ideal agent should be inexpensive, 
available and simple to administer before or immediately 
after ERCP.

The knowledge of  the mechanisms involved in 
the early phases of  acute pancreatitis plays a pivotal 
role in the search for pharmacological prophylaxis of  
PEP. As described, the inflammatory cascade in the 
acinar cells take place within a very short period of  
time and a delay of  only a few hours exists between the 
pancreatic injury induced by ERCP and the onset of  
pancreatitis. Drugs must therefore be able to prevent 
the trypsinogen activation to trypsin or modulate the 
severity of  pancreatitis within a short "therapeutic 
window". According to the suggested mechanism of  PEP 
occurrence, pharmacological prevention has therefore 
been mainly addressed to reduce the pancreatic secretion, 
prevent the intra-acinar trypsinogen activation, interrupt 
the inflammatory cascades, relax the sphincter of  Oddi, 
and prevent infection.
Reducing the amount of  intrapancreatic enzymes. 
Inhibition of  exocrine pancreatic secretion can be obtained 
by somatostatin and its synthetic analogue, octreotide. The 
hormone and its analogue affect the exocrine function both 
directly, by reducing the secretion of  digestive enzymes, 
and indirectly, by inhibiting secretin and cholecystokinin 
production. In addition to their antisecretory effects, 
somatostatin and octreotide have been demonstrated 
to modulate the cytokine cascade and may also have a 
cytoprotective effect on pancreatic cells, although the 
mechanism whereby these agents exert their cytoprotective 
effect is unknown[95]. Octreotide has a longer biological 
half  life. Experimental investigations have shown that 
both somatostatin and octreotide have a protective effect 
on animal models in experimental acute pancreatitis. 
Somatostatin has been administered for prophylactic 
purposes either by prolonged i.v. infusion or by a single 
bolus administration immediately before the ERCP 
procedure. In a large scale, multicenter, placebo controlled 
trial in 382 patients, Andriulli et al

[96], found that a single 
dose of  somatostatin at 750 µg, started 30 min before the 
procedure and continued for 2 h afterwards. Infusion was 
ineffective in preventing pancreatitis; pancreatitis occurred 

in 11.5% of  patients who received somatostatin vs 6.5% 
of  those given a placebo. A meta-analysis of  somatostatin, 
in which data from short- and long-term infusion studies 
were pooled, found somatostatin to be ineffective (OR 
0.68: 95% CI [0.44 1.04]; P = 0.075). Another study in 
372 patients found that pancreatitis was significantly less 
frequent (1.7%) in patients treated with a bolus or a 12-h 
infusion of  somatostatin compared with those given a 
placebo (9.8%)[97]. A recent study from Spain, showed 
that a bolus dose of  250 micrograms of  somatostatin 
administration immediately before introducing the catheter 
in the papilla of  Vater, does not help prevent post-ERCP 
acute pancreatitis[98].

Octreotide has the advantage of  a simple admini-
stration by subcutaneous injection. The simplest and 
cheapest prevention strategy, with a 100 µg subcutaneous 
bolus immediately before and one hour after ERCP 
and sphincterotomy, did not lower the incidence of  
post-ERCP hyperamylasemia or modify the risk of  
pancreatitis. This prophylactic approach aiming at inhibiting 
exocrine pancreatic secretion within the first hour after 
papillary manipulation did ensure a peak serum level 
of  hormone at the time of  papillary manipulation, and 
a subsequent subcutaneous dose was given to obtain a 
longer post-procedure effect. Subcutaneous injection 
of  0.2 mg of  octreotide three times daily for three 
days effectively reduced both the incidence of  post-
ERCP hyperamylasemia and pain [99]; however, 24-h 
prophylaxis using octreotide 30 min before the procedure 
did not reduce the incidence of  pancreatitis in selected 
patients at high risk of  PEP[5]. From 1991 up to now, 
all randomized clinical trials have been published with 
mainly disappointing results. A meta-analysis of  10 
clinical trials published before the year 2000 by Andriulli 
et al

[100] concluded that octreotide was only associated 
with a reduced risk of  post-ERCP hyperamylasemia but 
had no effect on acute pancreatitis and pain. The overall 
evidence in the literature suggests that somatostatin is 
likely to be effective in reducing the frequency of  post-
ERCP pancreatitis, whereas octreotide is not[101]. Whether 
the difference is related to the different effects of  the two 
agents on the motor function of  sphincter of  Oddi or to 
other reasons is unclear. Unfortunately, somatostatin is not 
available in the USA.
Preventing co-localization of  enzymes and lysosomal 
hydrolases. Prevention of  intra-acinar trypsinogen 
activation to trypsin and the subsequent inflammatory 
cascade may be achieved by using antiprotease agents. 
One of  the most promising agents regarding this issue 
is gabexate mesilate which was shown to be effective 
in preventing post-ERCP pancreatitis. In a prospective, 
multicenter, controlled trial involving 276 patients[102]

: the 
incidence of  pancreatitis was reduced four-fold in the 
treatment group compared with the placebo group (2% 
vs 8%). Another multicenter study by a Japanese group 
has demonstrated that a 6-h infusion was as effective 
as a 12-h infusion[65]. Overall, a meta-analysis study by 
Andriulli et al

[100] evaluating six clinical trials published 
between 1978 and 1996 showed that gabexate mesilate was 
effective in preventing post-ERCP pancreatitis. However, 
the same author did not find any beneficial effect of  the 
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drug administered in high-risk patients over a two-hour 
period, starting 30 min before the procedure[96]. A second 
meta-analysis from the investigators who performed the 
first meta-analysis suggested that when all studies were 
combined, gabexate was minimally effective (OR 0.58: 95% 
CI [0.34, 0.99]), with the number needed to treat being 35; 
in addition, gabexate given as a short-term infusion (< 4 h) 
was found to be ineffective[97].

Another new antiprotease agent is ulinastatin. A recent 
study from Japan concluded that administration of  low- 
and high-dose ulinastatin has similar effects to high-dose 
gabexate in the prevention of  PEP[103]. Further studies are 
awaited.

Based on their mechanisms of  action, both anti-
secretory and anti-protease agents may be beneficial only 
when administered before the procedure but do not seem 
to be able to prevent the inflammatory cascade, once 
activated, and, therefore, are likely to be ineffective if  used 
"on demand" when technique-related high-risk conditions 
have occurred. Moreover, available data show that these 
drugs are ineffective in high-risk subjects. Gabexate and 
ulinastatin are not available in the USA.
Blocking some steps of  the enzyme-activated 
inflammatory cascade. A variety of  agents that interrupt 
the inflammatory cascade at various points have been 
investigated. A role for corticosteroid in various forms has 
been investigated. Two studies (without adjustment for 
confounding variables or multivariate analysis) suggested 
that corticosteroids might be protective[104,105]. Subsequently, 
5 randomized controlled trials with large numbers of  
patients demonstrated no benefit, nor any trend toward a 
benefit, for various corticosteroid formulations, including 
methylprednisolone, hydrocortisone, and prednisone[106-110].

In a similar approach, it was hoped that xanthine 
oxidase inhibitors, such as allopurinol, might prevent PEP 
by inhibiting generation of  oxygen-derived free radicals. 

To date, there have been 3 large-scale, randomized, 
placebo-controlled studies of  allopurinol for prevention 

of  PEP in human subjects reported in the medical 
literature. Katsinelos et al

[111], reported that pretreatment 
with high-dose, orally administered allopurinol decreases 

the frequency of  PEP (3% in allopurinol group compared 
to 18% in placebo group). Moseler and colleagues, in 

another large-scale trial found no statistical difference in 
the frequency of  PEP in patients given allopurinol (13%) 
compared with those given a placebo (12%)[112]. Budzynska 

et al
[106] reported similar rates of  pancreatitis in 200 patients 

who received either allopurinol (12%) or placebo (8%). If  
one was to pool the results of  all 3 studies in a crude meta-
analysis, total rates of  pancreatitis in the allopurinol groups 

(62 of  579, 10.7%) and the placebo groups (71 of  565, 
12.6%) are not statistically different.The allopurinol dosage 
and the timing of  administration differ among all 3 studies: 
600 mg at 15 and 3 h before ERCP in the Katsinelos study, 

600 mg at 4 h and 300 mg 1 hour before ERCP in the 
Mosler study, and 200 mg at 15 h and 3 h before ERCP in 

the Budzynska study.
N-acetylcysteine a free radical scavenger inhibits 

capillary endothelial injury mediated by oxygen-derived 
free radicals. Two recent studies from Poland and Greece 
concluded that N-acetylcysteine failed to demonstrate any 

significant preventive effect on PEP, nor asymptomatic 
serum or urine amylase elevations[113,114].

An inhibitor of  the platelet activating factor diminished 
experimental acute pancreatitis. Unfortunately, human 
trials did not indicate any reduction in PEP.

Heparin has a direct inhibitory effect on pancreatic 
proteases in both plasma and pancreatic tissue and also 
improves pancreatic microcirculation during experimental 
pancreatitis. Administration of  heparin before the ERCP 
appeared to reduce the risk of  post-ERCP pancreatitis 
without an increased risk of  bleeding. Unfortunately, 
results from a well-designed prospective randomized 
controlled trial in 438 patients found that low-molecular 
weight heparin given 2 h before and 22 h after ERCP 
did not result in even a trend toward a protective effect 
against post-ERCP pancreatitis (8.8% vs 8.1%; P = 0.87); 
there also were two episodes of  bleeding in the treatment 
group[115]. 

More recently, attempts to block the inflammatory 
cascade have been carried out by using an anti-inflammatory 
cytokine, recombinant interleukin-10 with encouraging 
results in experimental models[116,117]. A randomized trial 
that included 144 higher-risk patients undergoing ERCP 
found lower rates of  pancreatitis in each of  two treatment 
groups (3% and 5%) vs the control group (11%) (P < 0.05); 
the distribution of  risk factors was somewhat imbalanced 
between the groups[118]. In contrast, another study of  
average-risk patients in which a lower dose of  IL-10 (8 
mcg/kg) was administered failed to demonstrate any 
significant difference, or any trend toward a difference, in 
the frequency of  pancreatitis in treated patients (11%) vs 
those given a placebo (9%)[119]. 

A simple agent for interrupting the inflammatory 
cascade, based partly on its ability to inhibit phospho-
lipase-A2, prostaglandins, or endothelial neutrophil 
attachment during acute pancreatitis is diclofenac, a 
nonsteroidal anti-inflammatory agent. In a prospective, 
randomized study of  average risk patients, diclofenac given 
as a rectal suppository immediately after ERCP decreased 
PEP[120]. Another prospective randomized study involving 
223 predominantly high-risk patients, the oral diclofenac 
form showed no benefit[121].
Reducing sphincter of  Oddi post-procedure pressure. 
Several agents have been used in an effort to relax the 
sphincter of  Oddi, promote pancreatic drainage and, 
thereby, prevent pancreatitis. Nifedipine, a calcium 
channel antagonist, was ineffective in two randomized 
control trials in average risk patients[122,123]. A topical spray 
of  lidocaine on the papilla has been proposed to have 
a relaxing effect, but a randomized trial in average-risk 
patients did not demonstrate efficacy[124]. Nitroglycerine 
was used in an attempt to relax the sphincter of  Oddi, 
facilitate cannulation, and prevent PEP. The results 
with nitroglycerine in two randomized trials were more 
encouraging. In one study, 186 patients at average risk for 
pancreatitis were randomized to sublingual nitroglycerine 
or placebo before ERCP, and a significant reduction 
in the frequency of  pancreatitis was observed in the 
nitroglycerine group (7.7% vs 17.8%; P < 0.05); the drug 
was primarily effective in patients undergoing diagnostic 
ERCP and in those who had cholangiography alone, which 
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Table 2  Pharmacalogical prevention of post-ERCP pancreatitis: 
targeted mechanisms, drug tested, quality of evidence, and 
overall results1

Mechanism Drug Evidence Average risk
patients

High risk
patients

Sphincter
spasm

Ca++ channel
blocker

Lidocaine
(topical)

Nitroglycerine 

B

B

B

Ineffective

Ineffective

Possibly effective 
in high dose

No data

No data

Ineffective

Infection Antibiotics B Possible effective No data

Contrast Nonionic 
contrast

A Ineffective Ineffective

Toxicity Corticosteroids A Ineffective Ineffective

Inflammatory Allopurinol B Ineffective Ineffective

PAF inhibitors A Ineffective Ineffective

Cascade IL-10 B Ineffective Ineffective

Heparin
derivatives

A Ineffective Ineffective

NSAID  B Possibly effective No data

Gabexate A Ineffective (≤ 6 h
infusion)

Ineffective

A Effective (12-h
infusion)

No data

Pancreatic
secretions

Octreotide A Ineffective No data

Somatostatin  A Ineffective (≤ 6-h
infusion)

No data

B Possibly effective
(12-24 h infusion)

PAF: Platelet activating factor; IL-10: interleukin 10; NSAID: non-steroidal 

anti-inflammatory drug. The level of evidence was graded by using a system 
adapted from Cook et al 17 as follows: Grade A supported by two or more 

randomized trials with P values < 0.05, appropriate methodology, and no 

conflicting results in the trials; Grade B supported by randomized trials with 
P values > 0.05, and/or inappropriate methodology, and/or inadequate 

sample sizes, and/or conflicting results among the trials; Grade C supported 
by non-randomized trials. 1Adapted from Freeman and Guda[5].

Table 3  Suggested strategies for avoiding post-ERCP pancreatitis

Risk factors Recommendations
Suspected SOD (sphincter
of Oddi manometry is to be
performed)

- Usage of an aspirating catheter technique 
is strongly recommended, particularly for 
pancreatic manometry.

- Stent the pancreas after.

- Do in high volume referral centers.

Difficult cannulation - Once cannulation is begun, traumatic 
manipulation of the papilla should be 
kept to a minimum.

- Placement of a pancreatic stents to assist 
biliary cannulation, should be considered.

Pre-cut sphincterotomy - Should be used for biliary access only 
if the indication for therapy is relatively 
clear and the endoscopist is experienced 
in pre-cut techniques. 

-  S t r o n g l y  c o n s i d e r  p l a c e m e n t  o f 
temporary pancreatic stent before or after 
cutting.

During traction biliary and
pancreatic sphincterotomy

- Biliary sphincterotomy should be 
oriented toward the region from 11:00 to 
1:00 o’clock on the papilla (i.e., away from 
the pancreatic orifice).
- Consider use of pure-cut current for 
pancreatic ES.

Balloon dilation of the intact
biliary sphincter for stone 
extraction

- Should be avoided in routine practice, 
unless the risk of sphincterotomy is 
unusually high (e.g., patients with severe 
coagulopathy).

- Stent the pancreas after.

Biliary stents - Generally should not be placed through 
an intact biliary sphincter in patients with 
suspected SOD

- When placing a plastic biliary stent > 7F 
for any reason, consider biliary ES first, to 
help prevent pancreatic orifice occlusion.

Pancreatic brush cytology - Consider temporary pancreatic stent 
placement.

Patients with hilar tumors - Biliary sphincterotomy is recommended 
before placement of transpapillary biliary 
stents.

Pancreatic duct injection - Pancreatic injection should be avoided 
if the indication for ERCP pertains to the 
biliary tract alone.

and/or Pancreatic

acinarization

- Avoid filling of the body and tail of the 
pancreas unless clinically needed.

- Over injection (acinarization) of the 
pancreas should be avoided.

- Use guidewire to aid view of duct 
entered (instead of repeat dye injection.

- Limit pancreatic filling in obese patients 
or  other  se t t ings  wi th  subopt imal 
fluoroscopic viewing.

High risk patients (normal
serum bilirubin, female 
gender, recurrent abdominal 
pain, absence of biliary 
dilatation, conditions 
suggesting possible sphincter 
of Oddi dysfunction, prior 
post-ERCP pancreatitis,
recurrent pancreatitis or 
absent  chronic pancreatitis)

-  C o n s i d e r  n o n - i n v a s i v e  i m a g i n g 
techniques such as MRCP, EUS, or 
laparoscopic cholecystectomy with intra-
operative cholangiography.

- Once a decision for ERCP need is made, 
the endoscopist should assess the risk 
profile of the patient and plan maneuvers 
and modify technique accordingly.

- Consider referral to a high volume 
centers with the capability to reliably 
place protective small caliber pancreatic 

stents

generally is of  low risk[125]. In the other study, 144 patients 
at average risk were randomized to a nitroglycerine patch 
or a placebo[126]. There was a significant reduction in the 
frequency of  pancreatitis in the nitroglycerine group (4% 
vs 15%; P = 0.03) and by multivariate analysis treatment 
with nitroglycerine was independently significant. 
Problems with both of  these studies include background 
rates of  pancreatitis in the control groups that seemed 
unusually high for low-to average-risk patient groups and 
limited assessment of  efficacy in high-risk patients. A 
recent prospective, randomized, placebo-controlled trial 
of  transdermal glyceryl trinitrate involving 318 patients did 
not show any improvement in the rate of  success in ERCP 
cannulation or prevention of  PEP in either average or 
high-risk patient groups[127].
Reducing the risk of  post-procedure infection. 
Administration of  antibiotics was postulated by one 
g roup of  invest igators to prevent pancreatit is by 
limiting secondary infection. A single randomized trial 
in 321 predominantly average risk patients compared 
prophylactically administered ceftazidime to placebo: 
the frequency of  PEP was significantly lower in the 
antibiotics-treated group (2.6% vs 9.4%; P = 0.009), a 
finding sustained in a multivariate analysis with a limited 
number of  potentially confounding variables[128]. There has 
been no confirmatory study of  this intriguing hypothesis. 
According to the guidelines of  the European Society of  

Gastrointestinal Endoscopy[129], antibiotic prophylaxis 
is recommended even in average risk patients in the 
case of  therapeutic retrograde cholangiopancreatograp
hy. However, the American Society of  Gastrointestinal 
Endoscopy does not recommend prophylactic antibiotics 
for average risk patients (Table 2). 

CAPSULE SUMMARY

Which test for early prediction of PEP?
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Although, no single available test has been shown to be 
100% reliable, serum amylase or lipase levels at 2-4 h 
greater than 4-5 times the URL in conjunction with clinical 
assessment are practical predictors. We request these tests 
mainly the morning after ERCP on hospitalized patients. 
We do not routinely draw post-ERCP inflammatory 
markers. 

Which prophylactic medical therapy?
At present there are no drugs in widespread use among 
those drugs mentioned above. A strategy of  routine 
chemoprevention in average risk patients would require 
a low cost agent to be cost-effective. However, a strategy 
of  chemoprevention only in high-risk cases could more 
readily be cost-effective, but up to now no drug has been 
definitely proven effective. Somatostatin and gabexate (not 
available in USA) six-hour infusion, suppository diclofenac 
and high dose transdermal or sublingual glyceryl trinitrate 
appear promising but need further studies in high- and 
low-risk patients. 

Suggested strategies for avoiding post-ERCP pancreatitis 
They are shown in Table 3.
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