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Abstract

Background: Acute pancreatitis is one of the most common complications of endoscopic retrograde cholangiopancreatography
(ERCP). Studies suggest that intrapancreatic calcium has an important role in activating pancreatic enzymes; in addition, elevated
intraductal pressure is required for development of pancreatitis. Magnesium sulfate (MS), as a calcium antagonist and a muscle
relaxant of the Oddi sphincter, is suggested to reduce the incidence and severity of post-ERCP-pancreatitis (PEP) in this article.
Methods: We included 270 patients who referred for ERCP between March 2017 and March 2018. They were enrolled into MS
(2 g) and placebo (normal saline) groups, administered 1 hour before and 6 hours after the procedure. The ERCPs were done by
fellows of gastroenterology under supervision of expert physicians. The incidence and severity of PEP were followed.

Results: PEP was seen in 12 (8.9%) patients in the MS group and 17 (12.6%) in the placebo group (P value=0.33). The incidence
of PEP in high risk patients group (P value=0.017).

Conclusion: Although the usage of MS was not able to prevent PEP in all patients enrolled in this study, but it could significantly
reduce the incidence of PEP in high risk patients of intervention group in comparison with placebo group. The median length of
hospital stay was also significantly lower in new drug group in contrast to placebo.
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Introduction

Post-ERCP-pancreatitis (PEP) is one of the most common
and overwhelming complications of endoscopic retrograde
cholangiopancreatography (ERCP). The incidence of PEP
is estimated at 3-10% in systematic review articles.'?
Some other articles have reported the overall incidence of
PEP to be up to 15%.** There are some known risk factors
for PEP such as age under 35 years, female gender, normal
serum bilirubin level, Sphincter of Oddi dysfunction
(SOD), difficult cannulation and history of previous
PEP*$ Mechanical, chemical and microbial agents can
trigger pancreatic enzymes to be activated, resulting in
pancreatitis. Papillary manipulation is the most common
cause of increasing intraductal pressure, leading to PEP
Some drugs such as somatostatin and gabexate mesylate
prevent PEP by relaxing the sphincter of Oddi.® Activation
of pancreatic enzymes is calcium dependent.” Magnesium
ions are calcium antagonists, so they can theoretically
inhibit pancreatic enzyme activation.”’ The physiologic
rationale for the effect of magnesium sulfate (MS) on
reduction of the frequency and severity of pancreatitis
has been depicted in several previous studies.® As an
instance, there are some studies emphasizing the role of
high calcium concentration in pancreatitis. They have also
claimed that magnesium supplementation can antagonize
the pathological signals of calcium ions by reducing the

concentration and fluctuation of intracellular calcium.
Having reduced calcium ions, magnesium ions can
inhibit the premature activity of elastase and trypsin in
pancreatic acini." In addition, MS can relax the sphincter
of by stimulating cholecystokinin release. So, it can
decrease the pancreatic intraductal pressure through
this mechanism.!> Moreover, MS has been introduced as
a purgative agent for precipitating the intestinal transit
of pancreatic enzymes."”” PEP might lead to multi-organ
failure and even death. So, finding ways to reduce the Oddi
frequency and intensity of PEP is crucial and well worth
the study.'*"® There are huge numbers of clinical trials
evaluating the effect of non-steroidal anti-inflammatory
drugs (NSAIDs)'" gabexate mesylate,” epinephrine,’
glyceryl trinitrate,' risperidone? and pancreatic stenting
on the reduction of PEP, but the results are controversial
and non-reproducible, necessitating more new studies
in this field. Among the mentioned strategies, NSAIDs
and pancreatic stenting are the most acceptable approach
in American and European guidelines.* To answer the
mentioned question, we decided to evaluate the effect of
MS on decreasing the frequency and intensity of PEP.

Materials and Methods
The present study is a prospective, randomized and
double-blind controlled trial on the efficacy of MS in
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reduction of PEP frequency and intensity along with
the length of hospital stay. The study was designed and
performed under the supervision of the Iranian Registry
of Clinical Trials [IRCTID: IRCT20180310039017N1
(https://www.irct.ir/trial/30177)], and was approved by the
ethics committee of Tehran University of Medical Sciences
(TUMS). Patients older than 18 years and candidate for
ERCP who referred to the gastroenterology ward of Imam
hospital, a teaching referral hospital, in Tehran, Iran
between March 2017 and March 2018 were enrolled in
the study after accepting and signing a written informed
consent. Patients with renal failure and glomerular
filtration rate (GFR)<60, heart block, bradycardia,
hypotension, baseline amylase more than three-folds the
normal ceiling, abnormal baseline serum magnesium
level, myasthenia gravis or other neuromuscular diseases,
cirrhosis child C, pregnancy, breast feeding, renal stone
(calcium or magnesium phosphate), history of Billroth
IT and other surgeries leading to difficulty in access to
papilla, unsuccessful ERCPs after the procedure and
hypersensitivity to magnesium were excluded from the
study. Any reaction to MgSO, infusion such as hypotension
or flushing which made healthcare providers aware of the
drug (confounding with blinding) was considered as an
exclusion criterion, too. Patients’ refusal to participate
in the trial was another disqualifying factor excluding
them from the study. All patients received intravenous
(IV) fluid Ringer lactate (3 cc/kg) during ERCP, 20 cc/
kg stat just after the procedure and 8 cc/kg/h for the
next 8 hours after the procedure. They all took rectal
indomethacin 100 mg immediately after ERCP. Patients in
the study were randomly allocated into the placebo and
drug groups using block randomization to make equal
sample sizes. To randomize patients into treatment and
placebo groups, a computer program was designed to
perform block randomization by obtaining the random
numbers and assigning random numbers to each patient
in each group. A block size of 4 was used in this computer
program. This program made patients, nurses, physicians,
endoscopists and other health care workers related to the
treatment program unaware of patients’ allocation to drug
and placebo arms. The patients were randomly assigned
to undergo an infusion of 2 g MS (5 cc of MgSO, 20%)
as drug or 5 cc saline 3% as placebo by micro set over 30
minutes, an hour before and 6 hours after ERCP. Both the
drugand placebo were 50 cc of transparent liquid in similar
vials. The drug information on the vials was concealed
and vials were labeled with codes which were used by the
computer program for allocation to each arm. The patients
were visited by a physician unaware of study groups, 6
hours and 24 hours after the procedure. The procedures
were performed by fellows of gastroenterology of the
hospital under supervision of well-experienced attending
physicians. The fellows were instructed to deliver the scope
to the attending physician after 2 unsuccessful attempts
for cannulation. Statistical analyses were performed at the
center of TUMS. Codes were broken only at the end of
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the study. Any complaint of abdominal pain compatible
with pancreatitis was evaluated by physical examination,
serum level of amylase and lipase. Patients who fulfilled
two items of the Atlanta criteria® were considered to
have PEP: abdominal pain compatible with pancreatitis,
amylase or lipase more than three-folds the normal ceiling
and imaging indicating pancreatitis. Patients with PEP
were stratified into three groups of mild, moderate and
severe pancreatitis based on the Atlanta criteria. Patients
with no organ failure, organ failure lasting for no more
than 48 hours and organ failure remaining unchanged
without any improvement for more than 48 hours or
persistent systemic inflaimmatory response syndrome
(SIRS) were assigned to the groups of mild, moderate
and severe pancreatitis, respectively. The major risk
factors were SOD, previous history of PEP, difficult or
failed cannulation (more than 3 attempts), pancreatic
duct (PD) contrast injection, pancreatic sphincterotomy,
precut sphincterotomy, biliary sphincterotomy of patients
harboring suspicion of SOD and ampullectomy. The
minor risk factors were female gender, age <40, normal
serum bilirubin, normal common bile duct (CBD) size,
history of recurrent pancreatitis, PD brush cytology,
contrast injection and endoscopic papillary large bile
duct dilation (EPLBD) of intact sphincter. Patients with at
least one major risk factor or two minor risk factors were
considered high risk for PEP.” PD stenting and chronic
pancreatitis were considered factors with protective effects
on PEP. The sample size was calculated at 135 participants
for each group of the controlled trial based on a relevant
study,” taking the probability of PEP occurrence into
assumption which was considered as 10 and 2 in the
placebo and intervention arms, respectively, and also
considering the probability of type I and II errors as 0.05
and 0.2, respectively.” Normal distribution of data was
analyzed by the Shapiro-Wilk test. Qualitative variables
for the two groups (MS and control) were presented as
mean (standard deviation, SD) and quantitative variables
were introduced as numbers (percentages). Comparison
between the two study groups in terms of consequences
was made using the T and Chi-square tests to determine
odds ratio (OR) and relative risk (RR) for PEP with 95%
confidence intervals (Cls). Additionally, we used a logistic
regression model to estimate the association between
the study groups and high risk conditions with PEP
progression after adjusting for other variables. Survival
analysis was used for calculation of median time and
hazard ratio (HR). The Stata software version 13 was used
for final statistical analysis of the data.

Results

A total of 300 patients who referred to Imam Khomeini
hospital, a teaching referral hospital, in Tehran, Iran
for ERCP from March 2017 to March, were initially
included in the study. Of these, 24 patients did not have
the requirements to enter the study and 6 patients did
not accept to participate in the study (Figure 1). Finally, a
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Figure 1. Flow Diagram of Participants in 2-Group Parallel Randomized Trial.

total of 270 patients (135 in each arm) were eligible for the
study and randomly received MS or placebo. The baseline
demographics and clinical characteristics of each group of
patients and the patients’ characteristics which make them
high risk for PEP are presented in Table 1. As could be
seen, the mean age of patients in the placebo and treatment
groups was 58.08+17 and 56.48+15.78, respectively
and the difference was not statistically significant (P
value=0.18). According to Table 1, 51.8% of participants
in the placebo group and 56.3% of patients in the drug
group were females and there was not any statistically
significant gender difference between the groups (95%
CI: 0.87-1.35, RR: 1.08, P value=0.46). Fortunately, no
reaction to MS was reported during this study and no
patient was excluded because of side effects of the new
introduced drug. The number of patients under 40 years
was not found to be statistically different in the two
groups of placebo and drug according to the findings in
Table 1 (95% CI: 0.57-1.59, RR:0.96, P value=0.87). The
Chi-square test was performed to examine the difference
between the prevalence of high risk characteristics in the
two groups of patients. This test revealed no statistically
significant difference between the prevalence of high risk

characteristics of the two groups (Table 1, P value>0.05)
except for normal serum bilirubin level which was seen
to be significantly higher in the drug group, (56 versus
42; 95%CI: 0.96-1.83, RR: 1.33, P value=0.079). Baseline
demographic data were evaluated in high risk patients of
the placebo and intervention groups and are presented
in Table 2. As could be seen, there was no significant
difference between the mean age of high risk patients of the
placebo group (51.91+3.28, M=51.91+18.3) compared
with the drug group (52.83+3.02, M=52.83+17.82, P
value=0.3). Also, the results reported in high risk patients
of the placebo and drug groups indicate that the difference
between the mentioned risk factors for PEP, such as the
number of females and patients under 40 years, was not
statistically significant (Table 2, P value=0.89 and 0.17,
respectively). More elaborately, among high risk patients,
73.3% of patients in the placebo arm and 74.3% of patients
in the treatment arm were females (Table 2, 95% C: 0.82—
1.24, RR: 1.01, P value=0.89). Also, 36.6% of the placebo
group and 25.6% of the drug group were under 40 years of
age (Table 2, 95% CI: 0.42-1.16, RR: 0.7, P value=0.17).
The indications for ERCP are depicted in Table 3. As
we can see, all of the indications were therapeutic and
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Table 1. Baseline Demographic Characteristics and Risk-Related Characteristics of Each Group of Participants

Participants’ Characteristics Pla((::l:z 3(;5'-;) up I\?"S=G]r;) :)p RR P Value
Baseline Demographic
Mean age (years) (SD) 58.08 (+17.065) 56.48 (+15.783) = 0.186
Gender (Female) (n) (%) 70 (51.85) 76 (56.3) 1.085 0.464
Number of patients less than 40 years old (%) 25 (18.5) 24 (17.8) 0.96 0.874
Risk-Related Characteristics
9

Pla(c: l:: 5;")’“!’ "(’:18:‘3’;';’ Confidgesnfe(lzrllterval RR P value
Major risk factors
SOD, n (%) 0(0) 1(0.7) 0.123-72.998 3 0.499
History of PEP, n (%) 0(0) 1(0.7) 0.123-72.998 3 0.499
PD cannulation more than 3 times, n (%) 6(27.3) 13 (40.6) 0.848-5.532 2.166 0.106
Difficult cannulation n (%) 10 (7.4) 7(5.2) 0.274-1.784 0.7 0.455
Ampullectomy , n (%) 0(0) 1(0.7) 0.123-72998 3 0.499
Minor risk factors
Normal CBD size, n (%) 19 (14.1) 20 (14.8) 0.588-1.881 1.052 0.862
Normal serum bilirubin level, n (%) 42 (31.1) 56 (41.5) 0.967-1.838 1.33 0.0792
History of recurrent pancreatitis, n (%) 0 (0) 1(0.7) 0.123-72.998 3 0.32
PD cannulation, n (%) 22 (16.2) 32(23.7) 0.893-2.368 1.454 0.132
EPLBD of intact sphincter, n (%) 0 (0) 0 (0) — — —
Contrast injection in PD, n (%) 1(0.7) 2(1.5) 0.183-21.796 2 0.569
Age under 40 25 (18.5) 24 (17.8) 0.578-1.593 0.96 0.874
Being female 70 (51.85) 76 (56.3) 0.871-1.353 1.085 0.464
2. No risk factor
o0 sem osms
E’Zgﬁ:‘ez&?zf:;”g;(o/") 8(5.9 7(5.2) 0.326-2.345 0.875 o
Total number of high risk patients based on one 60 (44.44) 74 (54.8) 0.967-1.572 1273 0.090

major risk factor or 2 minor risk factors, n (%)

MS, Morphine sulfate; RR, Relative risk; SOD, Sphincter of Oddi dysfunction; PEP, Post-ERCP-pancreatitis; PD, Pancreatic duct; EPLBD, Endoscopic papillary large
balloon dilation.
*Not Applied high risk.

Table 2. Evaluation of Demographic Data Among High Risk Patients.

Patient’s Risks Gender (Female)- n (%)  Age Under 40, n (%) Mean Age (y)

High risk patients in the placebo group (SD) (n=60) 44 (73.3) 22 (36.67) 51.91 (+18.301)

High risk patients in the drug group (SD) (n=74) 55 (74.32) 19 (25.68) 52.834 (+17.822)

P value 0.896 0.171 0.3

95% Cl 0.827-1.241 0.42-1.167 51.91+3.288 52.834+3.029
RR 1.013 0.7 —

RR, Relative risk.

choledocholithiasis was the most common indication
for ERCP in both groups of participants with or
without cholangitis. The ERCPs were performed by
fellows of gastroenterology under supervision of expert
endoscopists of Imam Khomeini hospital, Tehran, Iran.
The PEP prevalence in patients who received MS and
placebo was 8.9% (12 patients) and 12.6% (17 patients),
respectively as depicted in Table 4 (95%CI: 0.31-1.48, OR:
0.68, P value=0.33). According to Table 4, the proportion
of subjects who had PEP did not differ statistically by drug

or placebo (P value=0.33). PEP severity was mild in all
patients (100%) of the MS group and 14 patients (82.4%)
of the placebo group. Three patients (17.6%) of controls
had moderate PEP. Totally, the difference between PEP
severity in the two groups of patients as presented in
Table 4 was not statistically significant (P value=0.19).
Neither severe pancreatitis nor death was reported in the
two arms. Details of pancreatitis intensity for each arm of
patients are presented in Table 4. The incidence of PEP
among patients at risk for PEP separately in the MS and
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placebo groups was evaluated to assess the effect of MS
in patients with high risk characteristics of PEP. The final
results are also seen in Table 4 which show a significant
decrease in PEP prevalence in participants with high risk
characteristics for PEP in the MS arm in contrast to the
placebo group (10.81% (8 patients out of 74 patients)
versus 26.67% (16 patients out of 60 patients), respectively;
95% CI: 1.18-7.61, OR:3, P value=0.017). Based on the
data, MS in high risk patients is more likely to decrease the

Table 3. Indications of ERCP in Each Group of Patients

incidence of PEP in comparison with patients without risk
factors for PEP. The statistics for low risk patients are also
shown in Table 4. As could be seen, the decrease in PEP
among low risk patients of both groups was not significant
(95% CI: 0.02-1.77, OR: 0.019, P value=0.26). Based on
binary logistic regression which is presented in Table 5,
there was not any statistical significant difference between
the two arms of patients receiving placebo or drug in
terms of the incidence of PEP after adjusting for factors

Placebo Group

Magnesium Group

- o o
Indications =135) (=135) 95% ClI RR P Value Total, n (%)
CBD stone with or without 82 (60.7) 83 (61.5) 0.836-1.224 1.012 0.9 165 (61.1)
cholangitis, n (%)

Periampullary tumor, n (%) 28 (20.7) 17 (12.6) 0.349-1.055 0.607 0.077 45 (16.7)
Cholangiocarcinoma, n (%) 6 (4.4) 10 (7.4) 0.623-4.456 1.666 0.308 16 (5.9)
CBD stricture (trauma, surgery, bile
leak, billoma, undetermined), n (%) 9(6.7) 11 (8.1) 0.523-2.854 1.222 0.642 20 (7.4)
Parasites, n (%) 4 (3.0) 2 (1.5) 0.093-2.684 0.5 0.418 6(2.2)
Metastasis, n (%) 3(2.2) 4 (3.0) 0.304-5.844 1.333 0.702 7 (2.6)
Carolli disease, n (%) 1(0.7) 2 (1.5) 0.183-21.796 2 0.569 3(1.1)
PSC, n (%) 2 (1.5) 4 (3.0 0.372-10.737 2 0.418 6(2.2)
Pancreatic duct stone- n (%) 0(0) 2(1.5) 0.242-103.186 5 0.297 2(0.7)
RR, Relative risk; CBD, Common bile duct; PSC, Primary sclerosing cholangitis.
Table 4. Pancreatitis Incidence and Severity and their Relation with Risk Assessment of PEP in Each Group of Patients.
. Placebo Group Magnesium Group o Total
PEP Characteristics (=135) (n=135) 95% CI OR (1=270) P Value
PEP Incidence
Post-ERCP-Pancreatitis n (%) 17 (12.6) 12 (8.9) 0.31-1.48 0.68 29(10.7) 0.33
Median of hospitalization days
; . (25%percentile-
(25%percentile-75%percentile) 75%percentile)
3 2 Placebo o 0.04
)3 Magnesium
2-2
PEP severity
Placebo Group Magnesium Group .
Post-ERCP- Pancreatitis Severity with PEP with PEP 95% CI OR Total with PEP- 5\ e
(n=29)
(n=17) (n=12)
Mild, n (%) 14 (82.4) 12 (100) 0.86 NaN-infinity 26 (89.6)
Moderate, n (%) 3(17.6) 0 (0) 0 0-NaN 3(10.3) 0.19
Severe, n (%) 0(0) 0(0) NaN NaN-NaN 0(0)
PEP Incidence in High Risk Patients
Placebo group Magnesium group Total
(No. of High (No. of High (No. of High
Post-ERCP-Pancreatitis, n (%) Risks = 60) Risks=74) 95% ClI OR Risks=134) P Value
(No. of Low (No. of Low (No. of Low
Risks=75) Risks=61) Risks=136)
Incidence of PEP in high risks, n (%) 16 (26.67) 8(10.81) 1.18-7.61 3 24 (17.9) 0.017
Incidence of PEP in low risks, n (%) 1(1.3) 4 (6.56) 0.02-1.77 0.019 5(3.6) 0.26

PEP, Post-ERCP-Pancreatitis; ERCP, Endoscopic retrograde cholangiopancreatography.

Table 5. Logistic Regression of Risk Factors
Variables Compared Characteristic SE Odds Ratio 95% CI P Value
Trial Drug vs placebo 0.4124 0.56 0.2494-1.2556 0.16
Risk High risk vs low risk 0.5127 6.13 2.2468-16.7625 0.0004
Trial x risk Drug & high risk 0.4747 0.33 0.1315-0.8452 0.02

SE, standard error; NaN, Not a Number (Null data).
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(95% CI: 0.24-1.25, OR: 0.56, P value=0.16). However,
as we can see in Table 5, high risk characteristics of PEP
increased the odds of PEP (95% CI: 2.24-1.25, OR: 6.13, P
value =0.0004). So, there was an interaction effect between
taking MS and being high risk for PEP in reduction of PEP
incidence (95% CI: 0.13-0.84, OR: 0.33, P value=0.02). As
a result, having high risk characteristics for PEP could be
said to be a modifier of the effect of MS on the incidence
of PEP.

Discussion

We can elaborately see in Table 4 that 12.6% of patients in
the placebo group and 8.9% of patients in the MS group had
PEP which revealed no statistically significant difference.
MS was not able to prevent PEP in all patients enrolled in
this study, but it could significantly reduce the incidence
of PEP in high risk patients. In addition, the severity of
PEP was not found to be decreased in high risk patients
of the MS group in contrast to placebo. There was not a
significant difference in terms of age and gender between
the two groups of patients. The aggregate percentage
of PEP in this study was 10.7%. The total percentage of
pancreatitis is a little higher than that reported by other
studies which is about 3-10%.' This difference is partially
explainable by the number of procedures which were
done by fellows of an educational center. Comparable
to our study, there are some studies demonstrating a
range of 1.6-15% for PEP*# As an instance, a study by
Fujita et al on the efficacy of intravenous Flurbiprofen
in reduction of PEP reported a total percentage of 11%
for PEP* Different percentages in several studies would
be explicable by various characteristics of patients, risk
factors and also the endoscopists’ experience. The severity
of PEP in the MS group was mild in 100% of patients; also,
the severity of PEP in the placebo group was mild in 14
patients out of 17 patients with PEP (82.4%) and moderate
in 3 patients out of 17 patients with PEP (17.6%). The
severity of PEP was not statistically different between
patients receiving placebo or MS. No severe case of PEP
was reported in either group. Although this study did not
result in a significant decrease in the number and severity
of PEP for patients receiving the drug in comparison with
those receiving placebo, it showed an effective reduction
in the rate of PEP in high risk patients. In comparison
with conclusions drawn from other studies that show the
incidence of PEP in high risk patients at approximately
17-40%, ** our study demonstrates similar results for
patients in the placebo group but much fewer PEPs in
the MS group. Overlooking the interaction effect of being
high risk for PEP on the efficacy of MS would result in
a big bias. If we had not considered the effect of high
risk factors on the performance of MS, no statistically
significant difference would have been detected between
using the drug or placebo in terms of PEP frequency.
When the effect of another variable, i.e. being high risk
for PEP is taken into account, the difference becomes
significant. However, there is still a question if the lack
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of efficacy of MS for all patients and low risk patients in
this study might be attributed to the low dose of MS and
the small sample size in this study or not. Another study
is conducted in Germany and Hungary on 502 patients.
The dose of MS is 4930 mg in that study. Additionally,
the length of hospital stay was found to be lower in PEP
patients of the MS group in contrast to the placebo group
and must be taken into account although the comparison
between 2 days and 3 days may not be logical. The
rationale for this result is the number of patients with high
risk characteristics for PEP in the MS group which had
a significantly lower incidence of PEP and consequently,
shorter hospital stay. Despite the possibility of performing
ERCPs as an outpatient procedure in private centers,
public and educational hospitals are encouraged to
hospitalize patients for at least 24 hours and reevaluate
patients afterwards for post-ERCP complications. So, the
length of hospital stay may be meaningless for centers
with an outpatient ERCP protocol but valuable for centers
that have a hospitalization protocol after ERCP. There is
a lack of publications on the efficacy of MS in reduction
of PEP. So, making a comparison with results from other
studies is not precisely possible. More studies in different
patient groups, with different dosages of this drug and
with variable schedules for administration are required
to extrapolate these results to others. Additionally, a study
design with stratification of serum level of magnesium
ions before and after drug injection is recommended to
precisely detect if serum magnesium level would affect the
reduction of the severity and incidence of PEP. It seems
that more studies with larger sample size are required to
better approximate the real population of patients needing
ERCP. To extrapolate these results to all patients requiring
ERCP, it is suggested to consider more long-term studies
in different centers with different levels of expertise as well
as various ethnic groups of patients.

In conclusion, prescribing 2 g of intravenous MS 1 hour
prior to and 6 hours after ERCP can reduce the incidence
of PEP in high risk patients but not its severity. More
studies about MS with larger sample sizes and different
protocols of prescription (higher doses and different
schedules of administration) are recommended to make
a definite conclusion.
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