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Abstract

AIM: To assess the efficacy of allopurinol to prevent
hyperamylasemia and pancreatitis after endoscopic
retrograde cholangiopancreatography (PEP).

METHODS: One hundred and seventy patients were
enrolled and randomized to two groups: a study group
(n = 85) who received 300 mg of oral allopurinol
at 15 h and 3 h before endoscopic retrograde
cholangiopancreatography (ERCP) and a control group
(n = 85) receiving an oral placebo at the same times.
Main Outcome Measurements included serum amylase
levels and the number severity of the episodes of

pancreatitis. Serum amylase levels were classified as
normal (< 150 IU/L) or hyperamylasemia (> 151 IU/L).
Episodes of PEP were classified following Ranson’s
criteria and CT severity index.

RESULTS: Gender distribution was similar between
groups. Mean age was 53.5 + 18.9 years for study
group and 52.8 + 19.8 years for controls. Also, the
distribution of benign pathology was similar between
groups. Hyperamylasemia was more common in the
control group (P = 0.003). Mild PEP developed in two
patients from the study group (2.3%) and eight (9.4%)
from control group (P = 0.04), seven episodes were
observed in high-risk patients of the control group (25%)
and one in the allopurinol group (3.3%, P = 0.02). Risk
factors for PEP were precut sphincterotomy (P = 0.02),
pancreatic duct manipulation (P = 0.002) and multiple
procedures (P = 0.000). There were no deaths or side
effects.

CONCLUSION: Oral allopurinol before ERCP decreased
the incidences of hyperamylasemia and pancreatitis in
patients submitted to high-risk procedures.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Pancreatitis is the most common complication of
endoscopic retrograde cholangiopancreatography
(ERCP)"™", with the reported incidence ranging from
1.8% to 7.2% in most prospective series” . However,
the reported incidence can be up to 30%, depending
on the criteria used to diagnose pancreatitis, the type
and duration of patient follow-up and the type of case
mix"". More commonly, hyperamylasemia occurs in up
to 30% of patients undergoing ERCP"",

The generally accepted criteria for the diagnosis of
post-ERCP pancreatitis (PEP) were proposed in 1991
during a consensus workshop. These criteria include
the new onset of pancreatic-type abdominal pain
associated with at least a threefold increase in serum
amylase or lipase occurring within 24 h after an ERCP.
The pain symptoms need to be severe enough to require
admission to a hospital or to extend the length of stay
of patients who are already hospitalized”z]. Most of the
episodes of acute pancreatitis are catalogued as mild.
However, based on the presence of organ failure or local
complications, acute severe pancreatitis occurs after 0.3%
to 0.6% of ERCP procedures“u’”’m.

Numerous attempts have been made to find a
pharmacologic agent that could be used to reduce the
incidence and severity of PEP. An ideal agent should
be highly effective in reducing PEP, safe for the patient,
well tolerated, relatively affordable and not require a
prolonged administration time. Unfortunately, nearly
all of the agents investigated have fallen short of these
goals, but several agents have shown some promisem’mj.
An early step in the pathogenesis of acute pancreatitis
is capillary endothelial injury manifested by an increase
in capillary permeabilitym’lsl. Subsequent research has
suggested that this capillary injury might be mediated
by oxygen-derived free radicals'”*". Xanthine oxidase
catalyzes the conversion of hypoxanthine to xanthine,
which generates an oxygen-derived free radical. This
catalyst is commonly derived from a ubiquitous inactive
precursor, xanthine dehydrogenase, which is present
in the pancreas and the intestinal mucosa. Xanthine
dehydrogenase is converted to xanthine oxidase by
the proteolytic cleavage of a peptide fragment. These
findings have prompted attempts at the prevention of
pancreatitis by treatment with free radical scavengers (e.g
superoxide dismutase, dimethyl sulfoxide or catalase),
protease inhibitors (e.g. gabexate) or xanthine oxidase
inhibitors (e.g. allopurinol) —

The efficacy of oral allopurinol to reduce PEP
has been investigated in an iz vivo animal model™.
Pretreatment was not only associated with a significant
(sixfold) reduction in the incidence of pancreatitis, but
when pancreatitis did occur it was less severe. Other
animal models using pretreatment with allopurinol have
demonstrated a significant reduction in the progression
of histological pancreatic injury and in the severity of
experimental pancreatitis in dog and rat models”.
These findings in animals supported the need for human
studies on the utility of allopurinol pretreatment to
reduce the incidence of hyperamylasemia and PEP.

One randomized clinical trial has reported positive
clinical results”™, whereas three have reported negative
outcomes” . Given the findings of these published
clinical results, the beneficial animal data and the practical
benefits of allopurinol’s potential use for prevention of
hyperamylasemia and PEP, we designed a randomized
clinical trial to compare the rates of these symptoms seen
with treatment using either allopurinol or a placebo.

MATERIALS AND METHODS

Trial design and patient selection

This was a randomized clinical trial carried out in
patients who underwent ERCP within a six-month
period (July through December 2007) at the Endoscopy
and Gastroenterology Departments of the High
Specialty Medical Unit, Specialties Hospital of the
Western National Medical Center of the Mexican
Institute of Social Security. From the 300 candidates for
ERCP, only 170 met the trial criteria. Patients needed
to be over 18 years old and undergoing ERCP due to
suspected bile duct obstruction with intact papilla of
Vater. No patients were enrolled in the study if they had
clinically evident acute pancreatitis or hyperamylasemia
(> 150 TU/L) before the procedure or if they had
ingested nonsteroid anti-inflammatory drugs (NSAIDS)
within a week prior to assessment. Patients submitted
to diagnostic, therapeutic or failed ERCP 12 mo before
the inclusion in the study were not admitted nor were
those who had undergone previous endoscopic or
surgical sphincterotomy. Patients were also excluded if
they were being treated with anticoagulants or platelet
antiagregants, such as acetyl salicylic acid and placitaxel
or with a prothrombin time with a difference of >
5 s against the blind sample taken no eatlier than 72 h
before the study. We also eliminated patients who were
allergic or hypersensitive to allopurinol or hydrosoluble
contrast solutions or those with active hemorrhages of
peptic origin. Additional exclusion ctiteria included a
hemoglobin level of less than 8 g/dL; a platelet count
of less than 60 X 10”/L; relative neutropenia (absolute
neutrophil count < 2.0 x 10”/L); significant renal
dysfunction (serum creatinine level, > 200 umol/L);
decompensated cirrhosis; a known or suspected
pregnancy or presence of lactation; current or recent
use of allopurinol (within 48 h); current use of drugs
with a known interaction with allopurinol, including
cyclophosphamide, chlorpropamide, azathioprine/
mercaptopurines, or probenecid and an inability to
swallow or absorb oral medication.

Main outcome measurements

We included 170 patients in this study. Randomization
was performed at the Department of Gastrointestinal
Endoscopy by using computer-generated random
numbers. Allopurinol and the placebo were similar in
presentation and packed in appropriate containers with
the identification code. The drug or placebo was only
administered after informed consent was obtained.
Eighty-five patients were randomly assigned to the study
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group receiving 600 mg of allopurinol divided in two oral
doses before the procedure (300 mg at 15 h and 300 mg
at 3 h before ERCP) and 85 patients were assigned to the
control group receiving two doses of an oral placebo at
the same time. Blood samples were drawn from all patients
to determine serum amylase levels before the procedure
and 2 h later and classified as normal level (< 150 TU/L);
ot hyperamylasemia (> 151 TU/L). If the amylase serum
level was > 151 IU/L and there was no evidence of acute
pancreatitis (abdominal pain, nausea or vomiting), patients
were started on a liquid diet and discharged 8 h to 24 h
after the endoscopic procedure. If the serum amylase
was above 600 UI/L or three times above the normal
value and the patient had a sharp pain irradiating to the
back and nausea or vomiting, the diagnosis of PEP was
established in the absence of radiological evidence of a
pneumoperitoneum or emphysema in the retroperitoneal
space through a plain radiologic examination of the
abdomen or CT scan. These patients were managed in the
hospital with fasting, hydration with crystalloid solutions,
antiemetics (metoclopramide) and analgesics. Pancreatitis
episodes were classified according to Ranson’s prognostic
criteria and CT severity index™.

Details concerning the endoscopic procedure,
specifying the difficulty for cannulation, number of
pancreatic duct injections, sphincterotomies, characteristics
of the bile duct, presence of choledocolithiasis, as
well as defining whether the procedure was diagnostic
or therapeutic (endoprosthesis placement or stone
extraction). Patients were classified as low-risk for the
development PEP or those male and older than 50 years
old, when the procedure was diagnostic or therapeutic
with sphincterotomy, biliary or pancreatic stenting and
stone extraction or presence of chronic pancreatitis.
Otherwise, patients were considered as high-risk for the
development of PEP in the case of female gender and
younger than 50 years old, those submitted to pancreatic
duct manipulation or precut sphincterotomy, multiple
endoscopic procedures, difficult or failed cannulation
and patients with suspected sphincter of Oddi
dysfunction"', Other complications such as perforation,
bleeding and infection, were recorded.

Statistical analysis

The results are shown as percentages and as means with
standard deviations. Statistical inference was tested using
chi-squared or Fisher’s exact test for qualitative variables,
while Student’s # test was used for quantitative vatiables.
To explore the risk factors, the relative risks and 95%
confidence intervals were estimated. P < 0.05 was
considered statistically significant. Finally, the reduction
in absolute risk (ARR), the reduction in relative risk
(RRR) and number needed to treat (NNT) were analyzed
to estimate factors needed to prevent an episode of
pancreatitis.

Ethical considerations

The research protocol was reviewed and approved by
the Research and Ethics Committees of our Institution.
All patients signed informed consent forms before
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Allopurinol  Placebo P
n =85 n = 85
Age 535+£189 528+19.8 0.82
Gender M/F 36/49 34/51 0.86
Diagnosis
Benign
Choledocholitiasis 65 35 0.51
Iatrogenic injury of the biliary tract 11 14 0.48
Chronic pancreatitis 3 1 0.31
Chronic hepatopathy 2 2 0.60
Sphincter of oddi dysfunction 2 2 0.60
Mirizzi’s syndrome 1 0 0.50
Malignant
Pancreatic adenocarcinoma 11 12 0.82
Cholangiocarcinoma 4 5 0.50
Periampullary carcinoma 2 2 0.60
Gallbladder cancer 0 1 0.50
Normal cholangiography 8 b 0.48
Failed procedure 6 6 0.61
Total 85 85

taking part in the study. The study was financed with
funds from the Department of Gastroenterology,
Gastrointestinal Endoscopy and the Medical Research
Unit in Clinical Epidemiology of the Medical Center.

RESULTS

The patients participating in the trail comprised 70 men
(41.2%) and 100 women (58.8%). The study group had
36 men and 49 women; in the control group there were
34 men and 51 women. The average age for the study
group was 53.5 = 18.9 years and for the control group
it was 52.8 * 19.8 years. Basal amylase levels were 50.8
+ 19.3 U/dL for the study group and 46.9 + 16.1 U/dL
for the control group.

A benign diagnosis for both groups was reported
in 108 patients (63.5%): 54 in the study group and
54 in the control group. Malignant diseases were
diagnosed in 17 and 20 cases respectively (21.8%).
Normal cholangiography was determined in eight and
five cases respectively (7.6%) and difficult or failed
ERCP occutrred in six patients in each group (7%). The
diagnoses reached are shown in Table 1. No significant
statistical differences were found between groups, and
there were no differences in the procedural details
described in Table 2. Twenty-three patients developed
hyperamylasemia (> 151 IU/L), five (5.8%) from the
study group and eighteen (21.1%) from the control
group (P = 0.003). Ten patients developed pancreatitis,
two from the study group (2.3%) and eight from the
control group (9.4%; P = 0.04). In all cases amylase
levels were above 600 IU/L (range 771 to 8886 IU/L).
These patients were classified according to Ranson’s
criteria at admission and at 48 h by CT Severity index as
having mild pancreatitis (less than 3 positive signs and
Balthazar’s A an B without necrosis, severity index of 0
to 1 points). They were handled conservatively and all
did well. All patients were discharged within three days
of starting the treatment.
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Allopurinol group Placebo group P

n = 85 n = 85

Procedural details

Total procedural time (min) 37.8+11.9 382+124 082

Cannulation time (min) 154 +£55 156 +5.6 0.81

Pancreatic cannulation and 24 (24.7) 18 (21.1) 0.18

injection

Number of injections 1.23 £ 0.42 1.27+044  0.60

Acinarization 9 (10.5) 9 (10.5) 0.58
Invasive diagnostics

Cytology 15 (17.6) 17 (20) 0.42

Intrabiliary biopsy 2(2.3) 2(23) 0.69
Therapeutics

Any Therapeutics 71 (83.5) 74 (87) 0.51

Precut sphincterotomy 15 (17.6) 18 (21.1) 0.56

Biliary sphincterotomy 20 (23.5) 17 (20) 0.57

Stone extraction 29 (34.1) 27 (31.7) 0.74

Biliary stenting 32 (37.6) 37 (43.5) 0.43

Pancreatic stenting 2(2.3) 3(3.5) 0.64
End points

Hyperamylasemia 5(5.8) 18 (21.1) 0.003

Pancreatitis 2(2.3) 8(9.4) 0.049

PEP in low-risk procedures  1/55 (1.8) 1/57 (1.7) 0.70

PEP in high-risk procedures 1/30 (3.3) 7/28 (25) 0.02
ERCP morbidity

Bleeding 2(2.3) 2(2.3) 0.69

Perforation 1(1.1) 0 0.50

The analysis of the risk factors for the development
of PEP revealed that Gender (P = 0.52, RR, 0.83, CI
95% 0.24-3.1), age |younger or older than 50 years old
(P = 0.31, RR, 0.38, CI 95% 0.04-3.12)] and etiology (P
=0.18, RR, 0.77, CI 95% 0.46-1.29) were not statistically
different between groups. When sphincterotomy or
biliary stenting was performed, no risk of developing
acute pancreatitis was observed (P = 0.31, RR, 0.38,
CI 95% 0.04-3.12). Otherwise, we observed a marked
tendency to favor the development of acute pancreatitis
if precut sphincterotomy was performed (P = 0.022, RR,
4.9, CI 95% 1.3-18.19), if there was instrumentation of
the pancreatic duct (P = 0.002, RR 9.3, CI 95% 1.91-45.4)
or if multiple endoscopic procedures such as pre-
cut sphincterotomy plus pancreatic duct manipulation
plus biliary stenting during the same ERCP were
performed, (P = 0.000, RR 14.8, CI 95% 3.0-73.00).
PEP was observed in eight patients submitted to high-
risk procedures (Table 2), one (3.3%) corresponded in
the allopurinol group and seven (25%) patients for the
control group (P = 0.02). In contrast, two episodes of
PEP were observed in patients submitted to low-risk
procedures, one (1.8%) from the allopurinol group and
one (1.7%) from the control group (P = 0.70).

We found an ARR of 21.7%, with an RRR of 86.8%
and an NNT of 4.6 patients submitted to high-risk
ERCP procedures to avoid a clinically evident episode
of pancreatitis. Major complications were observed in
four patients (two from each group) consisting of mild
to moderate bleeding which required blood transfusion
and resolved without surgical intervention and one
perforation was obsetrved in a patient of the study group

treated surgically without complications or mortality. No
adverse events were recorded with the use of allopurinol
ot the placebo.

DISCUSSION

Xanthine oxidase (XO) was first discovered in milk

over a century ago and in rat serum nearly 70 years
[35,36] . .

ago . This enzyme is now known to be present

in many different tissues and in a wide range of

P Tt is a cytosolic

species from bacteria to humans
metalloflavoprotein that is predominantly responsible
for the oxidation of endogenous purines and exogenous
ethanol™ ", Granger and colleagues demonstrated that
XO was an important source of the oxidative stress
associated with ischemia and reperfusion””. This enzyme
has since been implicated in the pathogenesis of a wide
spectrum of diseases™ and it is thought to be the most
important source of oxygen-derived free radicals and
cell damage during reoxygenation of hypoxic tissues and
pancreatitism’m. A number of studies in animal models
conducted during the past two decades have highlighted
the potential benefit of XO inhibition in a range of
clinical settings. Thus, clinical studies have shown that
it is safe and effective for the treatment of gout and
tumor-lysis syndrome (a life-threatening constellation of
metabolic abnormalities resulting from spontaneous or
treatment-related tumor necrosis or fulminant apoptosis)
and to reduce complications such as postoperative
arrhythmias, myocardial infarction and associated
mortality after cardiovascular surgery””.

Allopurinol has high oral bioavailability (80%-90%),
a rapid onset of action (peak circulating level reached
in 0.5-2 h) and a 70% hepatic transformation to a long-
lasting active metabolite (oxypurinol, with a half-life of
15 h)*”. These pharmacokinetic attributes mean a single
oral dose of allopurinol before ERCP could conceivably
prevent PEP, because the drug targets those changes that
contribute to the initial triggering of pancreatitisl42’43j.
Allopurinol is also an inexpensive generic drug with an
excellent safety record and is not included in the catalog
of drugs inducing pancreatitis'™’.

Four randomized clinical trials have been published in
full to date (Table 3): a negative study from Budzyniska
et a™ (n = 300), a positive study from Greece™ (2 = 250),
a negative study from the USAP? (» = 701) and the most
recent study published by Romagnuolo ef al™| from
Canada (# = 586) with negative results. In the present
study, we demonstrated that the use of allopurinol led to a
significant reduction in the incidence of hyperamylasemia
(5.8% ws 21.1% in placebo-treated controls, P = 0.003)
and acute pancreatitis (2.3% 25 9.4%, P = 0.04). According
to the particular patient’s conditions, type of endoscopic
procedure or multiple procedures, patients were divided
as low and high risk for the development of PEP. The
incidence was similar between patients submitted to low-
risk procedures. In contrast, the difference was statistically
significant in high-risk procedures, favoring the use of
allopurinol (incidence 3.3% in the study group versus 25%
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Study (year), SCvs n Dose, Allopurinol vs placebo Percentage Comment
MC, country mg PEP rates high risk’
Budzyniska et al™ 300 4007 12.1% vs 7.9%; 12 vs 8 0% 3-arm study, with third arm (z = 100) given prednisone
(2001) SC, Poland
Kastinelos et al™ (2005) 250 1200°  3.2% vs 17.8%; 4 vs 21 0% 2 patients with suspected SOD
SC, Greece
Mosler et al™ (2005) 701 900*  13.0% vs12.1%;46vs42  70.2% 4% absolute benefit in high-risk patients; 4% absolute harm in
MC, USA average risk
Romagnuolo et al™ 586 300° 55% vs4.1%;16vs12  11.3% Harm in average risk patients; benefit in high-risk patients
(2008) MC, Canada
Current study (2009) 170 600° 2.3% vs 9.4%; 2 vs 8 34.1% 21.7% absolute benefit in patients with high-risk procedures
SC, Mexico favoring allopurinol, no difference in low-risk procedures
Raw pooled 2007 (1008 vs 999) - 7.9% vs 9.1%; 80 vs 91 - 1.2% difference (95% CI, 3.2% to 2.0%)

!As defined in this protocol, namely sphincter manometry and/or pancreatic therapy. Other higher-risk cases (e.g. precut sphincterotomy or suspected
SOD) were not considered; 200 mg 15 h before, 200 mg 3 h before; %600 mg 15 h before, 600 mg 3 h before; 4600 mg 4 h before, 300 mg 1 h before; 300 mg1
h before; “300 mg 15 h before, 300 mg 1 h before; SC: Single centre; MC: Multicenter.

in the control group, P = 0.02). Fortunately, all episodes
of acute pancreatitis wete catalogued as mild and there
were no deaths.

Thetre was variability in the doses used in the
previous studies and in the baseline rates of PEP in the
control (placebo) groups (some of which are out of
the usual range reported), but these differences do not
appear to completely explain the heterogeneity in the
results. There remains a possibility for a threshold effect
or a minimally effective dose for allopurinol, given that
the positive study™ used the highest dose (1200 mg);
however, there does not seem to be a clear dose-
response relationship as the larger negative studies” ™
used different lower doses (300, 400 and 900 mg;
Table 3). The four earlier studies all checked formally
or informally for interactions, presenting the active
treatment and placebo PEP rates in different subgroups.
None found significant interactions between diagnostic
and therapeutic procedures. The most detailed analyses
of this type were found in the studies by Mosler e# al
and Romagnuolo ¢ a/””. Both demonstrated a benefit
in the reduction of the episodes of acute pancreatitis as
well as the severity when analyzing high-risk patients or
those requiring sphincter of Oddi manometry ot planned
pancreatic therapy. Mosler ez al® demonstrated that
allopurinol reduced the incidence of PEP from 27% to
23% in the high-risk group (4% absolute risk reduction)
and also reduced harm (8% wversus 12% PEP) in the non-
high-risk group (Table 3). Romagnuolo ¢ a/™ found that,
for non-high-risk patients, the crude rate of PEP was
5.4% in the allopurinol group and 1.5% in the placebo
group (P = 0.017 favoring the placebo, indicating harm
associated with alloputinol), whereas in the high-risk group
the PEP rates were 6.3% in the allopurinol group and 23%
in the placebo group (P = 0.050 favoring allopurinol). It is
also necessary to note that more patients in the allopurinol
group (44% vs 34% P = 0.02) required pancreatic duct
injection as well as more injections (two zersus one, P = 0.01).
However, confounding was not confirmed statistically,
and correcting for pancreatic injection in a stratified
model still showed a nonsignificant trend toward
harm for allopurinol in the non-high-risk subgroup. If

allopurinol is truly harmful for non-high-risk patients
undergoing ERCP (the adjusted subgroup OR was not
significant), the mechanism responsible is unclear. It
could be the result of an idiosyncratic reaction to the
medicine itself; one study did suggest that medications
with a history of inducing pancreatitis could increase the
risk of PEP",

Budzyfiska ez a/”", also included primarily non-
high-risk patients and showed a higher rate of PEP
with allopurinol. In contrast, the patients in the study
by Katsinelos ez a/”" were also primarily non-high-
risk patients and yet the study showed a significant
benefit for allopurinol. In our results, using 600 mg of
allopurinol we observed a significant reduction in the
episodes of mild acute pancreatitis (2.3% vs 9.4, P = 0.04),
but the difference was attributed to a beneficial effect of
allopurinol in patients submitted to high-risk procedures,
since in low-risk procedures the difference was not
statistically significant.

The debate still continues. In a recent meta-analysis
just published in September, 2008, Bai e# al*” concluded
that allopurinol may not be useful to prevent PEP.
However, they recognized the limitations of their meta-
analysis since it was a study-level analysis and the authors
denoted the difficulties in stratifying high-risk patients
and high-risk procedures because this information was
not available in reviewed trials™ ", To overcome the
limitations, they recommended the design of multicenter
trials with appropriate numbers of high-risk patients and
high-risk procedures.

In conclusion, extensive evidence supports a beneficial
effect of allopurinol in the prevention and severity of
experimental pancreatitis. Clinical evidence supports a
favorable effect of oral allopurinol in the prevention
of PEP in patients submitted to high-risk procedures.
Our results establish a reduction of the incidence of
asymptomatic hyperamylasemia and PEP, particularly in
patients submitted to high-risk procedures. More clinical
trials with different dosification and patient selection
are required to definitively determine any positive or
deleterious effect of oral allopurinol in the prevention of
PEP.
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COMMENTS

Background

Endoscopic retrograde cholangiopancreatography (ERCP) is a widely applied
method for the diagnosis and treatment of pancreatobiliary disease. Post-ERCP
pancreatitis is the most common postoperative complication of ERCP and its
prevention has become an urgent clinical challenge.

Research frontiers

ERCP is an indispensable method for the diagnosis and treatment of
pancreatobiliary disease, and pancreatitis is the most common postoperative
complication of it. There are some studies on drugs for preventing post-ERCP
pancreatitis, but their results remain debatable. Therefore, most endoscopy
centers do not give patients a conventional chemoprophylaxis.

Innovations and breakthroughs
This trail revealed that oral allopurinol 300 mg 15 and 3 h (600 mg) before
ERCP could reduce pancreatitis and hyperamylasemia.

Applications

Oral allopurinol 300 mg 15 and 3 h (600 mg) before ERCP can prevent post-
ERCP pancreatitis. Compared with other drugs, oral allopurinol is inexpensive,
convenient and has very few side-effects, and can be used as a protective drug
for preventing post-ERCP pancreatitis.

Peer review

This paper is interesting since aiming to demonstrate the effect, and possible
effectiveness, of allopurinol on the occurrence of post ERCP acute pancreatitis.
The design is well organized and the conclusion is that this drug has a
preventive effect on post ERCP - hyperamylasemia and pancreatitis, especially
in high risk patients.
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