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The incidence of clinically significant pancreatitis after endoscopic retrogradeAbstract
cholangiopancreatography (ERCP) ranges from 1–13.5%. It is more common
after therapeutic procedures such as sphincterotomy or balloon dilatation of the
sphincter, and diagnostic procedures such as biliary or pancreatic manometry. The
severity of post-ERCP pancreatitis may vary from very mild to extremely severe
disease with multiple organ failure and fatal outcome. Several factors including
papillary oedema, injection of hyperosmolar contrast-material, introduction of
previously activated enzymes during repeated cannulation, bacterial contamina-
tion and thermal injury from endoscopic sphincterotomy have been implicated as
triggering factors that initiate the sequential cascade of pancreatic autodigestion
and release of proinflammatory cytokines leading to acute pancreatitis. Recovery
from post-ERCP pancreatitis is usually rapid when the injury is confined to the
pancreas. However, systemic production of inflammatory mediators may lead to
the development of more serious manifestations including multiorgan failure.

A wide range of pharmacological agents has been tested in experimental and
clinical trials, but the results have been largely disappointing. Several drugs are
discussed in this review, but only somatostatin and gabexate (gabexate mesilate)
have consistently shown a moderate beneficial effect. In clinical trials, both
gabexate and somatostatin appear equally effective in reducing the incidence of
pancreatitis by two-thirds compared with controls. However, both drugs need to
be given by continuous infusion for about 12 hours and this makes them less
cost-effective than conventional treatment. One potential strategy is to reserve
these drugs for high-risk patients undergoing ERCP. Preliminary studies have
shown encouraging results with nitroglycerin, antibacterials and heparin. How-
ever, these observations need to be corroborated in a rigorous fashion in large,
randomised, double-blind, controlled trials. If these drugs are found to be effective
in further trials, it may become cost-effective to use them routinely for the
prevention of post-ERCP pancreatitis. Despite the theoretical benefits, interleu-
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kin-10 has not shown a consistent benefit in clinical trials. It is probable that other
cytokine inhibitors or modulators may become available for future trials to
prevent pancreatitis or more probably, to reduce the severity of pancreatitis.
Further research also should focus on developing newer molecules or the use of a
combination of currently available drugs to prevent pancreatitis in high-risk
patients undergoing therapeutic ERCP procedures.

Endoscopic retrograde cholangiopancreatogra- This review of pharmacological prevention of
post-ERCP pancreatitis aims to be selective, includ-phy (ERCP) is an endoscopic technique that has
ing the most important studies, rather than exhaus-been in use for more than 30 years for imaging
tive.biliary and pancreatic ducts. ERCP is a valuable

technique in the management of pancreatic and bili-
1. Incidence and Risk Factors forary diseases because it allows the physician to per-
Post-Endoscopic Retrogradeform therapeutic procedures (e.g. gallstone extrac-
Cholangiopancreatographytion, biliary drainage, stent placement) at the time of
(ERCP) Pancreatitisdiagnosis.[1,2] In experienced hands, the success rate

of ERCP is around 95% but it is associated with a
Asymptomatic hyperamylasaemia is seen in

serious complication rate of 3–5%. The major com-
about 25–75% of patients after ERCP and it is

plications associated with ERCP include acute pan-
considered clinically insignificant.[8,9] Data from re-

creatitis, bleeding and perforation. Of these, acute cent prospective studies suggest that the frequency
pancreatitis is a cause for major concern because of of clinically significant pancreatitis after ERCP may
the associated morbidity and occasional mor- range between 1–13.5%, and it is more common
tality.[3,4] A key pathological feature of acute pan- after therapeutic procedures such as sphincterotomy
creatitis is an inflammatory reaction, which may or balloon dilatation and diagnostic procedures such
begin as a localised process with a propensity to as biliary or pancreatic manometry.[10,11] The severi-
amplify and induce a generalised systemic in- ty of acute post-ERCP pancreatitis may vary from
flammatory response. In a significant subset of pa- very mild to extremely severe disease with multiple
tients, oedema of the pancreas is associated with organ failure and fatal outcome.
extensive local and systemic effects including fea- A combination of several technical and patient
tures of multiple organ failure, which is ultimately factors may play a role in the onset of pancreatic
responsible for the associated morbidity and mor- injury after ERCP. Important technical factors in-
tality. Gallstones and alcohol are responsible for clude papillary trauma and oedema caused by re-
approximately 80% of acute pancreatitis episodes in peated probing with a cannula or guide wire (espe-
the US. Besides post-ERCP pancreatitis, other less cially in patients where biliary or pancreatic cannu-
common predisposing conditions include hyper- lation is difficult), hydrostatic injury of the
lipidaemia, medications, infections, trauma, hyper- pancreatic acinar cells caused by excessive injection
calcaemia, ischaemia and toxins. Irrespective of the of hyperosmolar contrast-material, pancreatic
cause, the symptoms of acute pancreatitis are some- sphincterotomy, precut sphincterotomy and balloon
what similar, but the severity and complications dilation of the biliary sphincter.[12,13] Experience of
may vary depending on the cause.[5-7] the endoscopist is also one of the important factors
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that may determine the incidence of post-ERCP tivation of trypsinogen or activation by co-localisa-
pancreatitis. Patient characteristics that increase the tion of trypsinogen with cathepsin B (a lysosomal
risk of post-ERCP pancreatitis are female gender, hydrolase known to activate trypsinogen) in cyto-
age >55 years, normal serum bilirubin, suspected plasmic vacuoles have been proposed as potential
sphincter of Oddi dysfunction, non-dilated bile duct mechanisms.[15,16]

and previous post-ERCP pancreatitis. The mecha- Activation of trypsinogen leads to a cascade
nism by which these variables predispose to pan- events including oxidative stress, nuclear transloca-
creatitis after ERCP remains unclear.[12,13]

tion of nuclear factor kappa B (NFκB) and subse-
Since ERCP is widely performed, it is likely that quent generation and release of inflammatory med-

both diagnostic and therapeutic ERCP will be per- iators such as tumour necrosis factor (TNF), inter-
formed by endoscopists with varying expertise. leukin (IL)-1, platelet activating factor (PAF),
However, recent developments in other imaging bradykinin, nitric oxide, etc., by the acinar cell.[17]

modalities, including magnetic resonance cholangi- This results in the recruitment of more cytokine
opancreatography (MRCP) and endoscopic ultra- producing polymorphonuclear leucocyte (PMN)
sound (EUS), may reduce the need for diagnostic cells and macrophages. The end result is an overpro-
ERCP. In addition, use of pancreatic stenting in duction of inflammatory mediators, amplification of
carefully selected patients and use of nonionic, low the inflammatory reaction and apoptosis of pancre-
osmolarity contrast media may reduce the incidence atic cells.[18,19] These inflammatory mediators may
or severity of pancreatitis.[14] A detailed discussion also spill over into the general circulation producing
on ‘patient and operator’ factors is beyond the scope a systemic inflammatory response.
of this review, which focuses on pharmacological

TNF and IL-1 are the key proinflammatory cyto-prevention of post-ERCP pancreatitis.
kines and, in addition, these cytokines play an im-
portant role in the apoptosis of acinar cells. Most of2. Pathophysiology of Acute Pancreatitis
the IL-1 and TNF are produced after the onset of
acute pancreatitis by the invading leucocytes, inA great deal of information, based on animal
amounts several orders of magnitude higher thanmodels, has emerged over the past few years on the
then their concentration in the serum. However, onlyearly events in the pathogenesis of acute pancrea-
a proportion of patients with acute pancreatitis willtitis. It is now accepted that various causes of acute
demonstrate IL-1 or TNF in the serum because ofpancreatitis converge at a common point that initi-
rapid clearance of these cytokines by the liver. Theates a cascade of pathological events resulting in
detection of TNF in the systemic circulation duringacute pancreatitis. However, the cascade of events is
acute pancreatitis suggests very severe disease andcomplex and how each event leads to the next is
portents a poor prognosis. IL-1 and TNF are alsopoorly understood. The central pathophysiological
produced in other organs, such as the liver, spleenmechanism of acute pancreatitis is believed to be
and lungs, with the production in the pancreas pre-intracellular activation of digestive enzymes.[14] In-
ceding that in the distant sites. These cytokines aretracellular activation of trypsinogen is thought to be
actively involved in the propagation of pancreatican early and critical event in pathogenesis of acute
injury and may ultimately determine the severity ofpancreatitis. This in turn leads to premature activa-
pancreatitis. An overwhelming amount of evidencetion of other zymogens causing injury of the acinar
also suggests that IL-1 and TNF are responsible forcell. The predominant mechanism for the activation

of trypsinogen in the acinar cell is unclear. Autoac- the induction of systemic consequences of pancreat-
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ic injury including fever, shock, tissue hypoperfu- neutrophil depletion has been shown to reduce the
severity of pancreatic damage.[27,28]sion, metabolic acidosis, acute respiratory distress

syndrome (ARDS) and cardiac dysfunction. In ex- The inflammatory cells infiltrating the pancreas
perimental models of acute pancreatitis, animals that also produce IL-10, a major anti-inflammatory cyto-
lack IL-1-receptor, TNF-receptor or both had im- kine. IL-10 inhibits the production of proinflam-
proved survival compared with wild-type animals. matory cytokines by activated PMN cells and
Moreover, knockout animals that lack TNF recep- macrophages. In experimental models of acute pan-
tors showed no apoptosis during acute pancreatitis. creatitis, administration of IL-10 before or after the
Similarly, animals given cytokine inhibitors have induction of pancreatitis attenuates the severity of
shown a favourable outcome.[14,20-22]

pancreatitis and reduces pancreatic necrosis. One of
the suggested mechanisms of action of IL-10 is theIL-1 and TNF are also the primary inducers of
inhibition of local release of TNF by macrophages.IL-6 and IL-8. Numerous studies have found a
The production and release of IL-10 occurs in multi-strong correlation between the circulating levels of
ple organs even when acute pancreatitis is limited toIL-6 and IL-8 with the severity of acute pancreatitis,
the pancreas. IL-10 also regulates the pancreatic,complications including multiorgan failure and mor-
lung and liver production of TNF, and attenuatestality. In the future, routine measurement of IL-6
pancreatic inflammation and multiple organ failureafter the onset of acute pancreatitis may help in early
associated with severe pancreatitis. IL-10 may exertidentification of patients who need more aggressive
its beneficial effects by down regulating the expres-resuscitation and monitoring.[23,24] In addition to the
sion of cell adhesion molecules (intercellular adhe-above-mentioned cytokines, local production of
sion molecule [ICAM]-1 and vascular cell adhesionPAF by pancreatic acinar cells and the invading
molecule [VCAM]-1) and controlling the release ofleucocytes, macrophages and platelets enhances lo-
IL-1and IL-8.[29,30]

cal exocrine secretion, and increases both local and
systemic inflammatory responses. PAF is a key me- Other mediators that are being increasingly
diator in PMN cell activation, chemotaxis, super- recognised for their role in acute pancreatitis and
oxide release and degranulation, and may also play a deserve a brief mention are substance P and the
role in initiating the production of other inflamma- complement component C5a. Substance P, a well-
tory mediators such as prostaglandins and leuko- known mediator of pain, is proinflammatory
trienes. In experimental models of acute pancrea- neuropeptide that is released in many tissues from
titis, pretreatment with PAF antagonists has been the nerve ending. It acts via membrane-bound natu-
shown to ameliorate the severity and complications ral killer (NK)-1 receptors and play an important
of acute pancreatitis and reduce mortality.[25,26] All role acute pancreatitis. Knockout animals that are
of these cytokines (TNF, IL-8, IL-6 and PAF) are deficient in NK1 receptors are protected against
involved in expression and up regulation of cell pancreatitis and the associated lung injury, and those
adhesion molecules on both leucocytes and vascular deficient in inhibitors of substance P are more sus-
endothelium, which in turn facilitates neutrophil ceptible to pancreatitis and associated lung injury.
adhesion and migration into the tissues where they C5a is generated from C5 as a part of both the
subsequently differentiate, release cellular enzymes classical and the alternate pathways of complement
and propagate the inflammation. In animal models activation. In experimental models, animals that do
of acute pancreatitis, antagonism of leucocyte adhe- not express C5 or lack C5a receptors exhibit more
sion and migration by the use of antibodies or by severe acute pancreatitis and associated lung injury
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than wild-type controls. The mechanisms by which severity of pancreatitis. Recovery from post-ERCP
substance P and C5a exert their effects are still pancreatitis is rapid when the injury is confined to
rudimentary.[31,32] The major cytokine mediators of the pancreas. However, systemic production of in-
acute pancreatitis and their effects are summarised flammatory mediators may lead to the development
in table I. of more serious manifestations especially multior-

gan failure. There is generally a delay of 3–7 hoursIt is important to remember that the cascade of
between the injury to the pancreas caused by ERCPevents that lead to pancreatitis usually take place
and the onset of symptoms. Serum lipase and amy-within a short period of time (in minutes) and this
lase levels increase within the first 4 hours andmay explain why cytokine modulators have to be
return to their normal values within 72 hours in mostgiven prophylactically to prevent or reduce the
patients with mild pancreatitis. Acute pancreaticERCP-induced pancreatitis.
injury is associated with an increase in IL-6 within
12–48 hours followed by an increase in C-reactive3. Pancreatitis After ERCP
protein (CRP) 24–48 hours later. IL-6 and CRP
levels usually peak at 48 hours and 72 hours, respec-The characteristic clinical features of acute pan-
tively. Patients with severe pancreatitis show ancreatitis, irrespective of aetiology, include acute epi-
earlier rise in IL-6 and CRP levels, in addition to agastric or left side abdominal pain often radiating to
higher peak, compared with those who have mildthe back, nausea, vomiting and anorexia. On physi-
pancreatitis. Similarly, a higher serum IL-1 and IL-8cal examination, patients may exhibit marked ten-
level immediately after the onset of injury is predic-derness in the epigastrium with or without guarding,
tive of the severity of post-ERCP pancreatitis.[33,34]

tachycardia, fever, tachypnea or hypovolaemia de-
This may imply that the severity of the pancreatitispending on the severity of pancreatitis. Serum amy-
is set very early in the course of this disease and,lase and lipase levels are often markedly elevated,
hence, the evolution of acute pancreatitis may bebut the levels may not always correlate with the
predictable. Moreover, these findings suggest that
drugs aimed at preventing or modifying ERCP-in-
duced pancreatitis must be administered early, pref-
erably before the ERCP, to be beneficial.[35]

4. Pharmacological Agents for the
Prevention of Post-ERCP Pancreatitis

Historically, every pharmaceutical agent shown
to be effective in preventing post-procedure pan-
creatitis has met with scepticism as initial favoura-
ble results have invariably been followed by contra-
dictory reports. Currently, there is no proven therapy
to prevent ERCP-induced pancreatitis. The ideal
prophylactic agent would have the following char-
acteristics: (i) be effective in majority of patients;
(ii) be inexpensive; (iii) able to be administered on
the day of the procedure, and preferably 30–60

Table I. Inflammatory mediators and their effects

Cytokine Activity Systemic effects
mediator

TNF Proinflammatory, ARDS, shock
leucocyte activation,
induces other mediators

IL-1 Proinflammatory, ARDS, shock
leucocyte activation,
induces other mediators

IL-6 Leucocyte activation Acute phase response,
stimulates synthesis of
C-reactive protein

IL-8 Leucocyte activation and
chemotaxis

PAF Leucocyte activation and ARDS, shock
chemotaxis

IL-10 Anti-inflammatory, inhibits Attenuates pacreatic and
production of lung injury, maintains
proinflammatory cytokines homeostasis
IL-1 and TNF

ARDS = acute respiratory distress syndrome; IL = interleukin; PAF
= platelet activating factor; TNF = tumour necrosis factor.
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minutes before the procedure; (iv) not require pro- in preventing post-ERCP pancreatitis. Somatostatin
longed administration after the procedure; and (v) infusion was started 30 minutes before ERCP and
have no effects on the sphincter of Oddi motility. continued for 12 hours after the procedure. The
The search for such an ideal agent for the prevention frequency of clinical pancreatitis was significantly
of pancreatic injury after ERCP has been ongoing lower in patients given somatostatin compared with
since the beginning of ERCP itself. Although a wide those receiving placebo (3% vs 10%). In addition,
range of pharmacological agents have been tested in there was a significant decrease in the frequency of
experimental and clinical trials, the results have post-ERCP abdominal pain requiring analgesia with
been largely disappointing. Several drugs are dis- the use of somatostatin. The authors concluded that
cussed in this review; however, only somatostatin prophylactic treatment with somatostatin reduced
and gabexate (gabexate mesilate) have consistently the frequency of post-ERCP pancreatitis.
shown a moderate beneficial effect. Andriulli and colleagues[38] performed a meta-

analysis including 12 clinical trials on the use of
4.1 Somatostatin somatostatin. These studies included 321 patients

treated with somatostatin and 325 controls. AcuteSomatostatin is a peptide hormone which is pre-
pancreatitis developed in 5.6% of patients receivingsent in the human body in two molecular forms:
somatostatin and 13.5% of controls (p < 0.001, oddssomatostatin-14 and somatostatin-28 (consisting of
ratio [OR] 0.38). Post-procedural increase of serum14 and 28 amino acids, respectively). It exerts di-
amylase levels was noted in 44.9% of somatostatinverse biological effects through interaction with five
recipients and 55.0% of controls (p = 0.008). Thir-specific subtypes of somatostatin receptors in its
teen percent of those receiving somatostatin devel-target tissues. Since the half-life of somatostatin is
oped abdominal pain compared with 31.6% of con-1.1–3 minutes, to be effective, continuous intrave-
trols (p < 0.001). The number of patients who had tonous administration of somatostatin is necessary.
be treated with somatostatin to prevent one singleBoth somatostatin-14 and somatostatin-28 bind with
episode of acute pancreatitis was 13. In this meta-a high affinity to all somatostatin receptors sub-
analysis, somatostatin infusion was associated withtypes.[36] Somatostatin is a potent inhibitor of pan-
improvements in all three outcomes including, acutecreatic secretion and is the most extensively studied
pancreatitis, hyperamylasaemia and pancreaticagent for the prophylaxis of post-ERCP pancreatitis.
pain.[38]

The efficacy of somatostatin in preventing post-
The disadvantage of using somatostatin in allERCP pancreatitis may be due to its multiple effects,

patients who undergo ERCP is the need for a contin-including inhibition of exocrine pancreatic secre-
uous 12-hour intravenous infusion and, hence, over-tion, reduction of sphincter of Oddi contractions,
night hospitalisation. This increases the cost of themodulation of cytokine cascade and also possibly
procedure and makes it prohibitive for routine use.cytoprotection. The clinical utility of somatostatin
In a recent study, Andriulli et al.[39] examined thefor prevention of post-ERCP pancreatitis has been

demonstrated by several controlled trials; however, efficacy of short-term infusion (30 minutes before
in many of these studies sample size was not suffi- and 2 hours after ERCP) of somatostatin and found
cient to show a significant beneficial effect. that it was ineffective. The findings of this study, as

well as other previous studies, suggest that somatos-Poon et al.[37] performed a prospective, random-
tatin needs to be given over 12-hour period to beised, double blind, placebo-controlled study in 220

patients to evaluate the effectiveness of somatostatin effective. Selective use of 12-hour infusion of so-
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matostatin in high-risk patients is likely to be more patients. All medications were administered approx-
cost-effective, but this needs to be investigated in imately 30 minutes before the procedure. The fre-
controlled trials. quency of pancreatitis after ERCP and the mean

length of hospitalisation were similar in all three
groups. The results of this trial indicated that neither4.2 Octreotide
octreotide nor hydrocortisone prevented ERCP-in-

Octreotide is the long-acting octapeptide ana- duced pancreatitis. Finally, Andriulli et al.[38] per-
logue of somatostatin. Like somatostatin, it inhibits formed a meta-analysis on ten studies that used
basal and stimulated pancreatic secretion, and exerts octreotide for the prevention of post-ERCP pancrea-
its effects through interaction with somatostatin re- titis. Data were derived from 423 patients treated
ceptor. However, octreotide binds with a high affini- octreotide and 430 controls. Outcome measures
ty only to somatostatin receptor types 2 and 5.[36]

evaluated were the incidence of acute pancreatitis,
Unlike somatostatin, octreotide may stimulate and hyperamylasaemia and pancreatic pain. Acute pan-
increase the pressure of sphincter of Oddi. Octreo- creatitis developed in 7.6% of patients who received
tide can be administered either subcutaneously or prophylactic octreotide and 5.6% of controls (p =
intravenously. In addition, a slow-release intramus- 0.2). Although octreotide was associated with a re-
cular depot preparation is currently available. Clin- duced risk of post-ERCP hyperamylasaemia, it had
ical trials have not shown a consistent benefit with no effect on acute pancreatitis and pain.[38]

octreotide and its use for the prevention of post- These studies showed that octreotide, despite the
ERCP pancreatitis remains controversial. ease of administration and direct costs lower than

In a large multicentre, prospective, controlled somatostatin, was ineffective as a prophylactic agent
trial (2102 patients from 11 centres), Tulassay and for the prevention of post-ERCP pancreatitis at the
colleagues[40] studied the efficacy of octreotide for dosages used. It is possible that the reduction in
the prevention of pancreatitis after ERCP and endo- pancreatic secretion by octreotide may be offset by
scopic sphincterotomy. In this study, patients in the the inhibition of outflow caused by an increase the
treatment arm received subcutaneous octreotide pressure of the sphincter of Oddi. This may be one
0.1mg before and 45 min after ERCP, but the pro- of the explanations for the discrepancy in the effi-
phylactic use of octreotide did not reduce the fre- cacy between somatostatin and its long acting ana-
quency of post-ERCP pancreatic injury.[40] Similar logue octreotide. The route of administration and the
conclusions were drawn by Testoni et al.[41] in a dosage are other potential reasons.
multicentre, randomised, controlled trial in 114 pa-
tients. In this study, subcutaneous octreotide 200µg 4.3 Gabexate
was administered 8 hourly, starting 24 hours before
the ERCP. Post-procedure pancreatitis occurred in Gabexate is a synthetic, nonantigenic, 417-dal-
12% of patients treated with octreotide and 14.3% of ton, protease inhibitor. It has a half-life of 55 secon-
controls. Similarly, the two groups showed no sig- ds, is widely distributed and is eliminated in inactive
nificant differences in the incidence or severity of form by the kidneys. The parent compound of gabe-
pancreatitis. In a three-arm, multicentre, random- xate is aprotinin, a 6513-dalton molecule. Gabexate
ised, controlled trial, Manolakopoulos et al.[42] com- has effects on trypsin, kallikrein and plasmin,
pared the efficacy of subcutaneous octreotide 100µg thrombin, phospholipase A2 and C1 esterase. Stud-
with intravenous hydrocortisone 100mg or placebo ies in experimental animals and humans have dem-
for the prevention of post-ERCP pancreatitis in 354 onstrated that prophylactic administration of gabex-
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ate prevented acute pancreatitis.[43-45] In addition, in with gabexate infusion prohibit its routine use. A
both animals and humans, gabexate has an inhibito- recent study examined the comparative efficacy of
ry action on the sphincter of Oddi.[46] short-term infusion (30 minutes before and 2 hours

after ERCP) of somatostatin, gabexate and placebo,In a multicentre, randomised, double-blind, pla-
and found similar rates of pancreatitis (11.5%, 8.1%cebo-controlled study, Cavallini et al.[47] examined
and 6.5%, respectively) suggesting that both drugsthe efficacy of gabexate for the prevention of post-
were ineffective when used in this fashion in high-ERCP pancreatitis in 435 patients. Patients received
risk patients.[39] Moreover, in the same report, thea continuous intravenous infustion of gabexate 1g
authors performed another meta-analysis that indi-starting 30–90 minutes before the ERCP and for 12
cated that short-term infusion (<4 hours) of gabexatehours after the procedure. In this study, patients
may not reduce the incidence of post-ERCP pan-receiving gabexate had a lower incidence of acute
creatitis.pancreatitis (2% vs 8%) than those receiving place-

These trials show that both gabexate and somato-bo. In addition, those patients in the gabexate group
statin are equally effective when used as a 12-hourwho developed pancreatitis had mild pancreatitis
infusion. Both drugs reduce the incidence of post-that resolved with medical measures only. In con-
ERCP pancreatitis to one third that of controltrast, one-third of patients with acute pancreatitis in
groups. However, gabexate is less cost-effectivethe placebo group developed necrotising pancrea-
than somatostatin and, unlike somatostatin, gabex-titis.[47]

ate has not been approved for clinical use in many
In a meta-analysis of six studies (duration of

countries including the US. In those countries where
infusion varied significantly between these studies),

gabexate is available for clinical use, it should prob-
Andriulli et al.[38] examined the incidence of acute

ably be reserved for those patients at greatest risk of
pancreatitis, hyperamylasaemia and pancreatic pain

developing post-ERCP pancreatitis.[48]

in 311 patients who received gabexate and 369
controls. Acute pancreatitis developed in 1.6% of

4.4 Interleukin-10
patients in the gabexate group and 6.5% of controls
(OR 0.27, p = 0.001). The incidence of hyperamy- As mentioned in section 2, IL-10 is a major anti-
lasaemia and pancreatic pain was also significantly inflammatory cytokine that can limit the severity of
lower in the gabexate group. Thus, gabexate was acute pancreatitis in experimental models. In a ran-
associated with significant improvements in all domised, double-blind, placebo-controlled, single
three outcomes. This meta-analysis showed that 27 centre study in 137 patients, Deviere et al.[49] evalu-
patients had to be treated with gabexate to prevent ated the effectiveness of IL-10 for the prevention of
one single episode of acute pancreatitis. The adverse post-ERCP pancreatitis. In this study, recombinant
effects of gabexate are generally mild, and included human IL-10 was given as a single intravenous
nausea, vomiting, abdominal discomfort, headache injection at a dose of 4 or 20 mg/kg 30 minutes
and allergic reactions.[37,47]

before the procedure. The incidence of pancreatitis
However, like somatostatin, gabexate is very ex- was significantly higher in the placebo group than

pensive as a prophylactic agent since it needs to be the group receiving IL-10 (24% vs 9%, p = 0.04).
given as an infusion for 12 hours after ERCP, which Two episodes of severe pancreatitis were observed
requires overnight hospitalisation. Since the majori- in the placebo group and none in IL-10 group.
ty of ERCPs are performed on an outpatient basis, Moreover, IL-10 was well tolerated without any
the costs (cost of drug + hospitalisation) associated adverse effects. However, no significant differences
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in plasma IL-6, IL-8, TNF or CRP levels were tate cannulation of the common bile duct and help
observed. remove small gallstones from the bile ducts through

intact papillae. The effects of nitroglycerin on theMore recently, Dumot et al.[50] conducted a ran-
sphincter of Oddi muscle last for approximately 15domised, double-blind, placebo-controlled study in
minutes.200 patients to evaluate the safety and efficacy of

low dose IL-10 for the prevention of ERCP-induced In a randomised, double-blind, placebo-control-
pancreatitis. A single dose of recombinant human led study, Sudhindran et al.[53] evaluated the effect
IL-10 8 µg/kg was given intravenously 15 minutes of prophylactic treatment with nitroglycerin 2mg
before the procedure. Unlike the previous study, the administered sublingually 5 minutes before ERCP
incidence of pancreatitis was not significantly dif- in 186 patients who presented for elective ERCP.
ferent in patients who received IL-10 (11% vs 9%, p The incidence of pancreatitis was lower in the nitro-
= 0.7) compared with those who received placebo. glycerin group than the placebo group (8% vs 18%,
This study showed that IL-10 at the 8 µg/kg dose p = 0.05) but mean serum amylase values were
was not effective in reducing the incidence or sever- similar in the two groups. More than 50% patients
ity of ERCP-induced pancreatitis. who received nitroglycerin had significant hypoten-

Larger trials and, more importantly, dose op- sion requiring intravenous infusion of crystalloids.
timisation studies are necessary to identify the role Although prophylactic treatment with nitroglycerin
of IL-10 as a prophylactic agent for prevention of decreased the incidence of pancreatitis following
post-ERCP pancreatitis. Since IL-10 is effective for ERCP, the protective effect was highest in the diag-
24 hours after a single intravenous injection, hos- nostic ERCP group and in the group in which cho-
pitalisation is not necessary for patients undergoing langiography alone was performed.[53]

therapeutic ERCP on an ambulatory basis. There- Patients who undergo diagnostic ERCP alone are
fore, IL-10, if its efficacy is proven in larger trials, is generally considered to have a low risk for post-
potentially more cost-effective than either gabexate procedure pancreatitis. Moreover, diagnostic ERCP
or somatostatin as prophylactic agent for the preven- is being supplanted by other noninvasive technolo-
tion of post-ERCP pancreatitis.[49] On the basis of gies (e.g. MRCP) in many centres. Although the
limited data, IL-10 cannot be recommended for the ease of administration and cost considerations make
prevention of post-ERCP pancreatitis outside clin- nitroglycerin an attractive prophylactic agent, the
ical trials. enthusiasm for this drug should be reserved until

more studies corroborate these favourable results. In
4.5 Nitroglycerin addition, benefit should be shown in patients who

are at an increased risk for developing post-ERCP
Nitroglycerin (glyceryl trinitrate) is a rapid and

pancreatitis.
short acting organic nitrite used extensively for
cardiovascular diseases. Nitroglycerin has a power-

4.6 Corticosteroidsful relaxant effect of smooth muscles. Sublingual
administration of nitroglycerin produces effects
within one to two minutes which can last up to 30 The anti-inflammatory properties of corticoster-
minutes. Nitroglycerin can produce a reduction in oids may have a beneficial effect in patients with
the basal tone of the sphincter of Oddi and decrease acute pancreatitis.[54] In addition, in animal models,
the resistance to bile flow.[51,52] This dilating effect corticosteroids have shown indirect inhibitory ef-
of nitroglycerin on the sphincter of Oddi can facili- fects on trypsin activation and phospholipase A2,
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which in turn may reduce the severity of acute pared with 9.4% in the group that did not (p =
pancreatitis.[55,56] 0.009).[62] This observation merits further confirma-

tion. Moreover, if antibacterials are found to beIn a retrospective study of 824 patients who were
effective in a larger study, the subgroup that benefitsgiven oral or intravenous corticosteroids before
most from antibacterial prophylaxis should be iden-ERCP for iodine sensitivity, the incidence of post-
tified. On the basis of the current evidence, routineERCP pancreatitis was found to be significantly
use of antibacterial prophylaxis before ERCP cannotlower in the group that received corticosteroids
be recommended.compared with those who did not.[57] Moreover, the

benefit was more obvious in the corticosteroid group
who had undergone therapeutic procedures.[57]

4.8 Heparin
However, the enthusiasm generated by this study
was dampened by a large, prospective trial that

In animal models of acute pancreatitis, heparinshowed no benefit of corticosteroids in preventing
improves pancreatic microcirculation, inhibits pan-post-procedure pancreatitis.[58] In this randomised,
creatic proteases, and significantly improves thedouble blind study, 535 patients were given hydro-
course and severity of acute pancreatitis. Heparincortisone 100mg or placebo by intravenous infusion
has been shown to inhibit the proinflammatory ef-immediately before ERCP. The incidence of acute
fects of TNF and IL-1. It also inhibits the interac-pancreatitis was 5.7% in patients treated with hydro-
tions between cell adhesion molecules expressed oncortisone and 4.9% in the placebo group (p = NS).[58]

leucocytes, platelets and endothelial cells. The anti-This study clearly showed that prophylactic use of
inflammatory effect of heparin does not depend oncorticosteroids has no role for the prevention of
its anticoagulant properties, as it can be observedpost-ERCP pancreatitis.
even at concentrations much lower than those re-
commended for therapeutic anticoagulation. In addi-

4.7 Antibacterials tion, unfractionated heparin may be a more potent
inhibitor of inflammation than low molecular
weight heparin.[63,64]It has been suggested that enteric bacteria may

play a role in the pathogenesis of post-ERCP pan- In a prospective, nonrandomised study of 805
creatitis. In experimental animals, antibacterials patients, heparin (both low molecular weight and
have shown to reduce the severity of pancreatitis unfractionated) was administered to 268 (32.9%)
and improve survival.[59-61] In patients with obstruc- patients for various clinical reasons. The frequency
tive jaundice and pseudocysts, intravenous antibac- of acute pancreatitis was significantly lower in the
terials are given routinely prior to ERCP to prevent heparin group than the control group, 3.4% vs 7.9%
biliary and pancreatic sepsis. However, there are (p = 0.005), and this effect could not be attributed to
only limited data on the role of antibacterial prophy- other known or suspected confounders.[65] More-
laxis for the prevention of post-ERCP pancreatitis. over, heparin did not increase the risk of haemor-

In a prospective, randomised, controlled study of rhage after endoscopic sphincterotomy.[65] Despite
321 patients, Raty et al.[62] showed that ceftazidime the promising results of this nonrandomised study,
2g intravenously 30 minutes before ERCP signifi- prophylactic administration of heparin cannot be
cantly reduced the incidence of post-ERCP pancrea- recommended at present and further prospective,
titis. The incidence of pancreatitis in the group that randomised, controlled studies are needed to verify
received antibacterial prophylaxis was 2.5% com- these observations.
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4.9 Nifedipine There is experimental and clinical evidence to
suggest that loxiglumide (a cholecystokinin-A-re-

Nifedipine is a dihydropyridine calcium channel ceptor antagonist) may be beneficial in the manage-
antagonist with antianginal and antihypertensive ment of acute pancreatitis or painful attacks of
properties. Nifedipine is a potent relaxer of smooth chronic pancreatitis.[72-74] However, to our know-
muscles and acts by reducing intracellular calcium ledge, there have been no studies to determine
concentrations. Cannulation-induced sphincter of whether prophylactic use of this drug can prevent or
Oddi spasm with a temporary pancreatic duct ob- reduce the severity of post-ERCP. A summary of
struction is one possible mechanism for post-ERCP currently available drugs is provided in table II.
pancreatitis. Nifedipine is known to relax the
sphincter of Oddi, thus possibly inhibiting or reduc- 5. Conclusion
ing pancreatic injury after ERCP ± endoscopic

Specific therapy for the prevention of post-ERCPsphincterotomy.[66,67]

pancreatic injury has eluded therapeutic endos-In a randomised, double-blind, placebo-control-
copists for decades. Although at present there are noled study, 166 adult patients undergoing ERCP with
drugs in widespread use for prevention of post-or without endoscopic sphincterotomy were ran-
ERCP pancreatitis, there is evidence to suggest thatdomised to receive either nifedipine 20mg three
somatostatin and gabexate are probably effective intimes daily (i.e. 8 hourly intervals) or placebo during
reducing the incidence and severity of post-ERCPthe day of the procedure.[68] The first dose was given
pancreatitis. However, in addition to being expen-3–6 hours before the procedure and all patients
sive and cumbersome to administer, these drugs arereceived antibacterials before ERCP. The incidence
not currently approved or available for this indica-of acute pancreatitis was similar in the nifedipine
tion. Preliminary studies show encouraging resultsand placebo group (4% in each group). Necrotising
with nitroglycerin, antibacterials and heparin. How-pancreatitis developed in 2% of patients in the nifed-

ipine group and 1% in the placebo group. There was
also no difference in the incidence of pain and
hyperamylasaemia between the two groups.[68] This
study showed that despite its potential inhibitory
effect on sphincter of Oddi motility, nifedipine has
no role for the prevention of post-ERCP pancrea-
titis.

4.10 Other Agents

In addition to the drugs already discussed in this
section, various other pharmacological agents have
been investigated for the prevention of post-ERCP
pancreatitis, including calcitonin, glucagon, allop-
urinol and low osmolality contrast agents.[10,69-71]

These agents have either failed to prevent pancrea-
titis or produced inconsistent results in clinical
trials.

Table II. Efficacy of drugs to prevent post-endoscopic retrograde
cholangiopancreatography (ERCP) pancreatitis

Drug Route of administration Evidence of Cost
efficacy

Somatostatin IV infusion for 12h +++ $$$

Octreotide SC, IV or IM – $$

Gabexate IV infusion for 12h +++ $$$$

Interleukin-10 Single IM injection ± $$

Nitroglycerin Sub-lingual + $

Corticosteroids IV injection or IM – $

Antibacterials IV injection + $

Heparin SC ± $

Nifedipine IM – $

Other agents – – $
IM = oral; IV = intravenous; Other agents = calcitonin, allopurinol,
glucagon, low osmolality contrast agents etc; SC = subcutaneous;
– indicates no benefit; ± indicates conflicting data; + indicates
possible but minimal data; +++ indicates probable; $ indicates least
expensive; $$$$ indicates most expensive (cost is based on the
cost of drugs and hospitalisation, and does not take into
consideration the cost of managing patients who develop post-
ERCP pancreatitis).

 Adis Data Information BV 2003. All rights reserved. Drugs 2003; 63 (17)



1810 Pande & Thuluvath

10. Freeman ML, Nelson DB, Sherman S, et al.  Complications ofever, these observations need to be corroborated in a
endoscopic biliary sphincterotomy. N Engl J Med 1996; 335:

rigorous fashion in large, randomised, double-blind, 909-18

11. Sherman S, Ruffolo TA, Hawes RH, et al.  Complications ofcontrolled trials using standardised methodology
endoscopic sphincterotomy: a prospective series with empha-and definitions. If these drugs are found to be effec-
sis on the increased risk associated with sphincter of Oddi

tive in further trials, it may become cost-effective to dysfunction and nondilated bile ducts. Gastroenterology 1991
Oct; 101 (4): 1068-75use them routinely for the prevention of post-ERCP

12. Freeman ML, DiSario JA, Nelson DB, et al.  Risk factors for
pancreatitis. Despite the theoretical benefits, two post-ERCP pancreatitis: a prospective, multicenter study. Gas-

trointest Endosc 2001 Oct; 54 (4): 425-34randomised, controlled trials produced conflicting
13. Akashi R, Kiyozumi T, Tanaka T, et al.  Mechanism of pancrea-results with anti-inflammatory cytokine IL-10. It is

titis caused by ERCP. Gastrointest Endosc 2002 Jan; 55 (1):
probable that other cytokine inhibitors or modula- 50-4

14. Fogel EL, Eversman D, Jamidar P, et al.  Sphincter of Odditors may become available for future trials to pre-
dysfunction: pancreaticobiliary sphincterotomy with pancreat-vent pancreatitis or, more probably, to reduce the
ic stent placement has a lower rate of pancreatitis than biliary

severity of pancreatitis. Further research also should sphincterotomy alone. Endoscopy 2002; 34: 280-5

15. Lerch MM, Gorelick FS. Early trypsinogen activation in acutefocus on developing newer molecules or use of a
pancreatitis. Med Clin North Am 2000 May; 84 (3): 549-63

combination of currently available drugs to prevent
16. Halangk W, Lerch MM, Brandt-Nedelev B, et al.  Role of

pancreatitis in high-risk patients undergoing thera- cathepsin B in intracellular trypsinogen activation and the
onset of acute pancreatitis. J Clin Invest 2000 Sep; 106 (6):peutic ERCP procedures.
773-81

17. Gukovsky I, Gukovskaya AS, Blinman TA, et al.  Early NF-
kappa B activation is associated with hormone-induced pan-Acknowledgements
creatitis. Am J Physiol 1998; 275: G1402-14

18. Beger HG, Gansauge F, Mayer JM. The role of immunocytes inNo sources of funding were used to assist in the prepara-
acute and chronic pancreatitis: when friends turn into enemies.tion of this manuscript. The authors have no conflicts of
Gastroenterology 2000 Mar; 118 (3): 626-9interest that are directly relevant to the content of this manu-

19. Mayer J, Rau B, Gansauge F, et al.  Inflammatory mediators in
script.

human acute pancreatitis: clinical and pathophysiological im-
plications. Gut 2000 Oct; 47 (4): 546-52

20. Formela LJ, Galloway SW, Kingsnorth AN. Inflammatory med-References
iators in acute pancreatitis. Br J Surg 1995 Jan; 82 (1): 6-13

1. Guelrud M. Endoscopic retrograde cholangiopancreatography.
21. Giroir BP. Pancreatitis, cytokines, and SIRS: deja vu all over

Gastrointest Endosc Clin N Am 2001 Oct; 11 (4): 585-601
again? Crit Care Med 1999 Apr; 27 (4): 680-1

2. Devereaux CE, Binmoeller KF. Endoscopic retrograde cho-
22. Giroir BP. Mediators of septic shock: new approaches for inter-langiopancreatography in the next millennium. Gastrointest

rupting the endogenous inflammatory cascade. Crit Care MedEndosc Clin N Am 2000 Jan; 10 (1): 117-33
1993 May; 21 (5): 780-9

3. Aliperti G. Complications related to diagnostic and therapeutic
23. Norman J. The role of cytokines in the pathogenesis of acuteendoscopic retrograde cholangiopancreatography. Gastrointest

pancreatitis. Am J Surg 1998 Jan; 175 (1): 76-83Endosc Clin N Am 1996 Apr; 6 (2): 379-407
24. Denham W, Norman J. The potential role of therapeutic cyto-4. Freeman ML. Procedure-specific outcomes assessment for en-

kine manipulation in acute pancreatitis. Surg Clin North Amdoscopic retrograde cholangiopancreatography. Gastrointest
1999 Aug; 79 (4): 767-81Endosc Clin N Am 1999 Oct; 9 (4): 639-47

25. Curtis LD. Lexipafant (BB-882), a potent PAF antagonist in5. Mergener K, Baillie J. Acute pancreatitis. BMJ 1998 Jan 3; 316
acute pancreatitis. Adv Exp Med Biol 1996; 416: 361-3(7124): 44-8

26. Kingsnorth AN, Galloway SW, Formela LJ. Randomized, doub-6. Steinberg W, Tenner S. Acute pancreatitis. N Engl J Med 1994
le-blind phase II trial of Lexipafant, a platelet-activating factorApr 28; 330 (17): 1198-210
antagonist, in human acute pancreatitis. Br J Surg 1995 Oct; 827. Calleja GA, Barkin JS. Acute pancreatitis. Med Clin North Am
(10): 1414-201993 Sep; 77 (5): 1037-56

27. Frossard JL, Saluja A, Bhagat L, et al.  The role of intercellular8. Skude G, Wehlin L, Maruyama T, et al.  Hyperamylasaemia
adhesion molecule 1 and neutrophils in acute pancreatitis andafter duodenoscopy and retrograde cholangiopancreatography.
pancreatitis-associated lung injury. Gastroenterology 1999Gut 1976 Feb; 17 (2): 127-32
Mar; 116 (3): 694-7019. Fjosne U, Waldum HL, Romslo I, et al.  Amylase, pancreatic

isoamylase and lipase in serum before and after endoscopic 28. Inoue S, Nakao A, Kishimoto W, et al.  Anti-neutrophil anti-
pancreatography. Acta Med Scand 1986; 219 (3): 301-4 body attenuates the severity of acute lung injury in rats with

 Adis Data Information BV 2003. All rights reserved. Drugs 2003; 63 (17)



Pharmacological Prevention of Post-ERCP Pancreatitis 1811

experimental acute pancreatitis. Arch Surg 1995 Jan; 130 (1): 45. Pederzoli P, Cavallini G, Falconi M, et al.  Gabexate mesilate vs
93-8 aprotinin in human acute pancreatitis (GA.ME.P.A.): a pro-

spective, randomized, double-blind multicenter study. Int J29. Cook JW, Karakozis S, Kim D, et al.  Interleukin-10 attenuates
Pancreatol 1993 Oct; 14 (2): 117-24proinflammatory cytokine production and improves survival in

lethal pancreatitis. Am Surg 2001 Mar; 67 (3): 237-41 46. Di Francesco V, Mariani A, Angelini G, et al.  Effects of
gabexate mesilate, a protease inhibitor, on human sphincter of30. Van Laethem JL, Eskinazi R, Louis H, et al.  Multisystemic
Oddi motility. Dig Dis Sci 2002 Apr; 47 (4): 741-5production of interleukin 10 limits the severity of acute pan-

creatitis in mice. Gut 1998 Sep; 43 (3): 408-13 47. Cavallini G, Tittobello A, Frulloni L, et al.  Gabexate for the
31. Bhatia M, Saluja AK, Hofbauer B, et al.  Role of substance P prevention of pancreatic damage related to endoscopic retro-

and the neurokinin 1 receptor in acute pancreatitis and pan- grade cholangiopancreatography. Gabexate in digestive endos-
creatitis-associated lung injury. Proc Natl Acad Sci U S A copy: Italian Group. N Engl J Med 1996 Sep 26; 335 (13):
1998 Apr 14; 95 (8): 4760-5 919-23

32. Bhatia M, Saluja AK, Singh VP, et al.  Complement factor C5a 48. Ziebert JJ, Bjorkman DJ. Protease inhibitors for prevention of
exerts an anti-inflammatory effect in acute pancreatitis and ERCP pancreatitis: can we afford the price of success? Am J
associated lung injury. Am J Physiol Gastrointest Liver Physi- Gastroenterol 1997 Jun 1; 92 (6): 1067-8
ol 2001 May; 280 (5): G974-8 49. Deviere J, Le Moine O, Van Laethem JL, et al.  Interleukin 10

33. Messmann H, Vogt W, Holstege A, et al.  Post-ERP pancreatitis reduces the incidence of pancreatitis after therapeutic endo-
as a model for cytokine induced acute phase response in acute scopic retrograde cholangiopancreatography. Gastroenterolo-
pancreatitis. Gut 1997 Jan; 40 (1): 80-5 gy 2001 Feb; 120 (2): 498-505

34. Messmann H, Vogt W, Falk W, et al.  Interleukins and their 50. Dumot JA, Conwell DL, Zuccaro Jr G, et al.  A randomized,
antagonists but not TNF and its receptors are released in post- double blind study of interleukin 10 for the prevention of
ERP pancreatitis. Eur J Gastroenterol Hepatol 1998 Jul; 10 (7): ERCP-induced pancreatitis. Am J Gastroenterol 2001 Jul; 96
611-7 (7): 2098-102

35. Haber GB. Prevention of post-ERCP pancreatitis. Gastrointest 51. Staritz M, Poralla T, Ewe K, et al.  Effect of glyceryl trinitrate on
Endosc 2000 Jan; 51 (1): 100-3 the sphincter of Oddi motility and baseline pressure. Gut 1985

36. de Herder WW. Somatostatin and somatostatin analogues: diag- Feb; 26 (2): 194-7
nostic and therapeutic uses. Curr Opin Oncol 2002 Jan 1; 14 52. Luman W, Pryde A, Heading RC, et al.  Topical glyceryl
(1): 53-7 trinitrate relaxes the sphincter of Oddi. Gut 1997 Apr; 40 (4):

37. Poon RT, Yeung C, Lo CM, et al.  Prophylactic effect of 541-3
somatostatin on post-ERCP pancreatitis: a randomized con-

53. Sudhindran S, Bromwich E, Edwards PR. Prospective random-
trolled trial. Gastrointest Endosc 1999 May 1; 49 (5): 593-8

ized double-blind placebo-controlled trial of glyceryl trinitrate
38. Andriulli A, Leandro G, Niro G, et al.  Pharmacologic treatment in endoscopic retrograde cholangiopancreatography-induced

can prevent pancreatic injury after ERCP: a meta-analysis. pancreatitis. Br J Surg 2001 Sep; 88 (9): 1178-82
Gastrointest Endosc 2000 Jan 1; 51 (1): 1-7

54. Imahori SC, Studley JG, Schenk Jr WG. Experimental acute
39. Andriulli A, Clemente R, Solmi L, et al.  Gabexate or somatosta-

pancreatitis in dogs and effects of steroids: a light and electron
tin administration before ERCP in patients at high risk for

microscopic study with reference to pathogenesis. Pathol Res
post-ERCP pancreatitis: a multicenter, placebo-controlled,

Pract 1984 May; 178 (5): 483-90
randomized clinical trial. Gastrointest Endosc 2002; 56:

55. Studley JG, Schenk Jr WG. Pathophysiology of acute pancrea-488-95
titis: evaluation of the effect and mode of action of steroids in40. Tulassay Z, Dobronte Z, Pronai L, et al.  Octreotide in the
experimental pancreatitis in dogs. Am J Surg 1982 Jun; 143prevention of pancreatic injury associated with endoscopic
(6): 761-4cholangiopancreatography. Aliment Pharmacol Ther 1998

56. Lium B, Ruud TE, Pillgram-Larsen J, et al.  Sodium taurocho-Nov; 12 (11): 1109-12
late-induced acute pancreatitis in pigs: pathomorphological41. Testoni PA, Bagnolo F, Andriulli A, et al.  Octreotide 24-h
studies of the pancreas in untreated animals and animals pre-prophylaxis in patients at high risk for post-ERCP pancreatitis:
treated with high doses of corticosteroids or protease inhibi-results of a multicenter, randomized, controlled trial. Aliment
tors. Acta Pathol Microbiol Immunol Scand [A] 1987 Nov; 95Pharmacol Ther 2001 Jul 1; 15 (7): 965-72
(6): 377-82

42. Manolakopoulos S, Avgerinos A, Vlachogiannakos J, et al.
57. Weiner GR, Geenen JE, Hogan WJ, et al.  Use of corticosteroidsOctreotide versus hydrocortisone versus placebo in the preven-

in the prevention of post-ERCP pancreatitis. Gastrointest En-tion of post-ERCP pancreatitis: a multicenter randomized con-
dosc 1995 Dec; 42 (6): 579-83trolled trial. Gastrointest Endosc 2002 Apr 1; 55 (4): 470-5

58. De Palma GD, Catanzano C. Use of corticosteriods in the43. Hirano T, Manabe T, Tobe T. Protection by gabexate mesilate
prevention of post-ERCP pancreatitis: results of a controlled(FOY) of the exocrine pancreas in rats with acute pancreatitis
prospective study. Am J Gastroenterol 1999 Apr; 94 (4): 982-5induced by a supramaximal dose of caerulein. J Gastroenterol

59. Schmid SW, Uhl W, Friess H, et al.  The role of infection inHepatol 1991 May-Jun; 6 (3): 260-4
acute pancreatitis. Gut 1999 Aug; 45 (2): 311-644. Ristkari SK, Ramo OJ, Kiviniemi H, et al.  The effect of

gabexate mesilate on the outcome of acute hemorrhagic pan- 60. Hayashi J, Kawarada Y, Isaji S, et al.  Therapeutic effects of
creatitis in pigs. Res Exp Med (Berl) 1989; 189 (1): 1-8 continuous intraarterial antibiotic infusion in preventing pan-

 Adis Data Information BV 2003. All rights reserved. Drugs 2003; 63 (17)



1812 Pande & Thuluvath

creatic infection in experimental acute necrotizing pancreatitis. 69. Odes HS, Novis BN, Barbezat GO, et al.  Effect of calcitonin on
Pancreas 1996 Aug; 13 (2): 184-92 the serum amylase levels after endoscopic retrograde cholangi-

opancreatography. Digestion 1977; 16 (1-2): 180-461. Mithofer K, Fernandez-del Castillo C, et al.  Antibiotic treat-
ment improves survival in experimental acute necrotizing pan- 70. Silvis SE, Vennes JA. The role of glucagon in endoscopic
creatitis. Gastroenterology 1996 Jan; 110 (1): 232-40 cholangiopancreatography. Gastrointest Endosc 1975 May; 21

62. Raty S, Sand F, Pulkkinen M, et al. Post-ERCP pancreatitis: (4): 162-3
reduction by routine antibiotics. J Gastrointest Surg 2001 Jul-

71. Budzynska A, Marek T, Nowak A, et al.  A prospective,
Aug; 5 (4): 339-45

randomized, placebo-controlled trial of prednisone and al-
63. Gabryelewicz A, Kosidlo S, Prokopowicz J, et al.  Does heparin

lopurinol in the prevention of ERCP-induced pancreatitis.
modify protease-antiprotease balance in acute experimental

Endoscopy 2001 Sep; 33 (9): 766-72
pancreatitis in rats. Hepatogastroenterology 1986 Apr; 33 (2):

72. Satake K, Kimura K, Saito T. Therapeutic effects of lox-79-82
iglumide on experimental acute pancreatitis using various64. Dobosz M, Wajda Z, Hac S, et al.  Nitric oxide, heparin and
models. Digestion 1999; 60 Suppl. 1: 64-8procaine treatment in experimental ceruleine-induced acute

pancreatitis in rats. Arch Immunol Ther Exp (Warsz) 1999; 47 73. Shiratori K, Takeuchi T, Satake K, et al.  Clinical evaluation of
(3): 155-60 oral administration of a cholecystokinin-a-receptor antagonist

65. Rabenstein T, Roggenbuck S, Framke B, et al.  Complications (loxiglumide) to patients with acute, painful attacks of chronic
of endoscopic sphincterotomy: can heparin prevent acute pan- pancreatitis: a multicenter dose-response study in Japan. Pan-
creatitis after ERCP? Gastrointest Endosc 2002 Apr; 55 (4): creas 2002 Jul; 25 (1): E1-5
476-83 74. Ochi K, Harada H, Satake K. Clinical evaluation of cholecys-

66. Guelrud M, Mendoza S, Rossiter G, et al.  Effect of nifedipine tokinin-a-receptor antagonist (loxiglumide) for the treatment
on sphincter of Oddi motor activity: studies in healthy volun- of acute pancreatitis: a preliminary clinical trial. Study Group
teers and patients with biliary dyskinesia. Gastroenterology of loxiglumide in Japan. Digestion 1999; 60 Suppl. 1: 81-5
1988 Oct; 95 (4): 1050-5

67. Khuroo MS, Zargar SA, Yattoo GN. Efficacy of nifedipine
therapy in patients with sphincter of Oddi dysfunction: a Correspondence and offprints: Dr Paul J. Thuluvath, Divi-
prospective, double-blind, randomized, placebo-controlled, sion of Gastroenterology, The Johns Hopkins Hospital,
cross over trial. Br J Clin Pharmacol 1992 May; 33 (5): 477-85

Room 429, 1830 E. Monument Street, Baltimore, MD 21205,68. Sand J, Nordback I. Prospective randomized trial of the effect of
USA.nifedipine on pancreatic irritation after endoscopic retrograde

cholangiopancreatography. Digestion 1993; 54 (2): 105-11 E-mail: pjthuluv@jhmi.edu

 Adis Data Information BV 2003. All rights reserved. Drugs 2003; 63 (17)


	Abstract 1799
	1. Incidence and Risk Factors for Post-Endoscopic Retrograde Cholangiopancreatography (ERCP) Pancreatitis 1800
	2. Pathophysiology of Acute Pancreatitis 1801
	3. Pancreatitis After ERCP 1803
	4. Pharmacological Agents for the Prevention of Post-ERCP Pancreatitis 1803
	4.1 Somatostatin 1804
	4.2 Octreotide 1805
	4.3 Gabexate 1805
	4.4 Interleukin-10 1806
	4.5 Nitroglycerin 1807
	4.6 Corticosteroids 1807
	4.7 Antibacterials 1808
	4.8 Heparin 1808
	4.9 Nifedipine 1809
	4.10 Other Agents 1809

	5. Conclusion 1809
	Acknowledgements 1810
	References 1810
	Correspondence 1812
	Email 1812

