
INTRODUCTION 

Endoscopic retrograde cholangiopancreatography (ERCP) is 
a common procedure performed for the nonoperative man-
agement of a variety of biliopancreatic disorders. Despite vast 
advances in techniques, relative safety, and clinical efficacy, 
post-ERCP pancreatitis (PEP) remains one of the most serious 
and frequent complications of this procedure, with an incidence 
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ranging from 2%-10% depending on the patient population 
and outcome definitions.1-3 Although majority of PEP cases are 
mild, a significant number of patients may develop severe pan-
creatitis that necessitates management in the intensive care unit 
and prolonged hospital stay.1,4 

Since PEP continues to be a serious problem, there is an on-
going interest in identifying reliable prophylactic measures for 
PEP or in reducing its severity. Multiple prospective trials em-
ploying multivariate analysis have identified an array of patient- 
and procedure-related risk factors that are associated with an 
increased risk of PEP.5-12 The exact mechanisms by which these 
factors cause PEP is not well understood and may include me-
chanical factors from instrumentation, chemical, or hydrostatic 
injury related to contrast instillation, and thermal injury from 
electrocoagulation/electrocautery incision during therapeutic 
interventions.8,13 

Commonly employed preventive measures include phar-
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macological measures, such as intravenous somatostatin,14 

gabexate,15 octreotide,16 and rectal nonsteroidal anti-inflam-
matory drugs (NSAIDs),17-21 or interventional strategies, such 
as wire-guided cannulation22 and prophylactic pancreatic duct 
(PD) stent placement.23,24 The cascade of events leading to the 
development of PEP involves three major successive steps: (1) 
inciting events, (2) zymogen activation, and (3) inflammation 
due to a variety of cytokine pathways.13 Current prevention 
strategies aim to either reduce the impact of inciting events by 
employing interventional modifications or by inhibiting the 
inflammatory end-products of zymogen activation through 
pharmacological agents, such as NSAIDs. 

Zymogen activation in acinar cells is a critical step in ini-
tiating the inflammatory cascade that results in pancreatitis. 
Therefore, an effective means of inhibiting zymogen activation 
via an external stimuli can potentially arrest the inflammatory 
cascade, thereby preventing the development of PEP. In a novel 
animal study conducted by Orabi et al.,25 the authors found that 
early events in zymogen activation leading to PEP are induced 
through the calcium-activated phosphatase calcineurin. In ad-
dition, PEP is dependent on acinar cell calcineurin in vivo. The 
same investigators also showed that PEP does not occur in cal-
cineurin-knockout mice globally. These elegant animal studies 
suggest that calcineurin is critical in zymogen activation, and 
its inhibition can potentially arrest the progression of events 
that lead to PEP. In support of these preliminary findings, a 
large multi-center study involving patients who had undergone 
ERCP after liver transplantation showed that the consumption 
of tacrolimus, a calcineurin inhibitor, reduced the risk of PEP 
by 79%.26 Tacrolimus is primarily used as an immunosuppres-
sant in transplant recipients. It is a macrolide produced by 
Streptomyces tsukubaensis. It binds to an intracellular protein, 
FKBP-12. A complex consisting of tacrolimus-FKBP-12, calci-
um, calmodulin, and calcineurin is subsequently formed, which 
inhibits the phosphatase activity of calcineurin.27 

Building on this emerging body of evidence, an intervention-
al pilot study was conducted to explore the feasibility, safety, 
and preliminary efficacy of oral tacrolimus (cumulative dose of 
4 mg) in the prevention of PEP by comparing two prospective 
cohorts. 

METHODS 

Study design 
This was a prospective interventional pilot study performed 

from January 1, 2018 to December 31, 2018. Patients aged >18 
years in whom therapeutic ERCP was indicated during the 
study period were considered for the study. Patients with a prior 
history of acute or chronic pancreatitis, coagulopathy, past his-
tory of allergy to tacrolimus, or a medically unfit status for the 
procedure were excluded. In addition, patients with a history of 
sphincterotomy and surgically altered anatomy, such as gastro-
jejunostomy, were excluded from the study. Detailed informed 
consent was obtained from all patients. The rationale, benefit, 
and safety of the intervention were thoroughly explained to all 
patients. This study was approved by the institutional ethics 
committee after due diligence. Patient demographics, such 
as age, sex, comorbidities, and indications for ERCP, were re-
corded in a pre-designed proforma. Patients who consented to 
receive the drug were included in the Tac group, whereas the 
remaining patients were included in the control group. Patients 
in the tacrolimus group received two doses of 2 mg oral tacroli-
mus (PanGraf tacrolimus capsules; Panacea Biotech, New Del-
hi, India) at 8 PM on the preceding day and at 8 AM on the day 
of ERCP. The procedure was performed within 2 hours of the 
morning dose, and a blood sample for assessment of serum tac-
rolimus levels was drawn at the time of ERCP. Tacrolimus was 
estimated using chromatography techniques at the same labo-
ratory for all samples. Patients in the control group underwent 
the procedure in accordance with the institutional protocol. 

Institutional protocol and technical considerations for the 
procedure 
All ERCP procedures were performed by a single experienced 
endoscopist in the dedicated therapeutic endoscopy laboratory 
under general anesthesia. The choice of anesthetic agent was 
left to the discretion of a designated anesthesiologist who was 
present throughout the duration of all procedures. A standard 
adult ERCP scope (TJF Q180V; Olympus, Tokyo, Japan) with 
an outer diameter of 13.7 mm and a channel diameter of 4.2 
mm was used. All procedures were performed in an endosco-
py suite under fluoroscopic guidance (FlexaVision; Shimad-
zu, Kyoto, Japan). Biliary cannulation was attempted using a 
wire-guided cannulation technique in all cases. The procedure 
for the biliary cannulation was in accordance with the hospital 
protocol. When selective biliary cannulation was unsuccessful, 
needle-knife sphincterotomy was performed using a nee-
dle-knife sphincterotome (G24885; Cook Medical Inc., North 
Carolina, USA). Difficult biliary cannulation was character-
ized by at least two of the following: more than 10 attempts at 

666



cannulation, changing accessories for cannulation, more than 
10 minutes of cannulation, or the need for a pre-cut sphincter-
otomy in cases of failed cannulation. All patients with difficult 
biliary cannulation and/or inadvertent PD contrast instillation 
received rectal NSAIDs, 100 mg of diclofenac suppository in 
particular, after the procedure. Prophylactic PD stenting (single 
pigtail, plastic stent, 5 Fr diameter) was performed in addition 
to rectal NSAIDs in all patients who had inadvertent PD can-
nulation or inadvertent contrast instillation into the PD. Tech-
nical details of the ERCP procedure, such as the time taken for 
cannulation, number of attempts at cannulation, inadvertent 
PD cannulation, contrast injection, and sphincterotomy, which 
were known to enhance the risk of PEP, were meticulously re-
corded by the endoscopist immediately after each procedure. 

Outcome measures and study procedure 
All patients were closely followed-up for complications related 
to ERCP, such as bleeding, infections, and PEP. Follow-ups were 
conducted by an independent investigator who was blinded 
to the group allocation. Serum amylase and lipase levels were 
measured 12 and 24 hours post-ERCP. PEP was defined severe 
abdominal pain with an acute onset or worsening that necessi-
tated an unplanned extended hospital stay of a minimum of 48 
hours and an elevated serum amylase/serum lipase level of ≥3 
times the upper limit of normal. Pancreatitis was classified as 
mild, moderate, or severe according to the established guide-
lines.28 The rate of PEP was compared between the two groups. 
All known confounders, such as age, sex, past history, difficult 
biliary cannulation, PD injection, rectal NSAIDs, and prophy-
lactic PD stenting, were also compared between the two groups. 
To assess the dosing and pharmacokinetics of the drug, serum 
trough levels of tacrolimus were measured at the time of the 
procedure and were correlated with the outcome measures at 
the end of the study. 

Statistical analyses 
Statistical analyses were performed using the IBM SPSS ver. 
20 (IBM Corp., Armonk, NY, USA). Quantitative data are re-
ported as mean±standard deviation, while categorical data are 
reported as numbers and percentages. The incidence of PEP 
was compared between the two groups using the chi-squared 
test or Fisher exact test. Independent two-sample t-test and 
Mann-Whitney U-test were used for parametric and nonpara-
metric variables, respectively, and categorical variables were 
analyzed using the chi-square test or Fisher exact test in the 

univariate analysis. Statistical significance was set at p<0.05. 

Ethical statements 
This study was reviewed and approved by the Amrita Institute 
of Medical Sciences Institutional Review Board (IRB No: DM/
MCh/2015/33). All the patients signed an informed consent 
prior to the enrollment into the study. A contemporaneous 
cohort of patients who did not receive the drug were studied as 
controls.

RESULTS 

Baseline characteristics of the study population 
A total of 99 patients were included in the study, of which 48 
patients were included in the Tac group, while 51 patients were 
included in the control group. Table 1 presents the baseline pa-
tient characteristics of the participants in this study. The mean 
age of the population was 57.44±16.65 years, with a male to 
female ratio of 1.35. The indications for ERCP were predomi-
nantly nonmalignant (n=60, 60.6%), including choledocholithi-
asis with or without cholangitis and biliary strictures. Malignant 
indications (n=39, 39.3%) included cholangiocarcinoma, peri-
ampullary cancer, and secondary malignant biliary strictures. A 
major comorbidity observed was diabetes mellitus, which was 
seen in 36 patients (36.3%) with a mean HbA1c of 7.8±4.8 gm/
dL. Sphincterotomy was performed in 94 patients (94.9%) and 
biliary cannulation was deemed difficult in 39 patients (39.3%). 
Inadvertent PD cannulation and contrast instillation were per-
formed in 21 patients (21.2%). All patients with difficult biliary 
cannulation and inadvertent PD contrast injection received 
prophylactic rectal NSAIDs (n=38, 38.4%). Prophylactic PD 
stenting was performed in 20 patients (20.2%). Overall, PEP 
was observed in 12 patients (12.1%), and all of them had mild 
pancreatitis with no mortality within 30 days after ERCP. 

Baseline characteristics of the Tac group 
The Tac group had a mean age of 59.44±15.31 years (range, 
16−87 years), with a male to female ratio of 1.28. Biliary cannu-
lation was difficult in 16 patients (33.3%). Postprocedure com-
plications were noted in six patients. Among them, two (4.1%) 
had postprocedure cholangitis, while the other four (8.3%) had 
PEP. 

Baseline characteristics of the control group 
The control group had a mean age of 55.57±17.76 years (range, 
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13-90 years) with a male to female ratio of 1.42. Biliary cannu-
lation was difficult in 19 patients (37.3%) in the control group. 
Postprocedure complications were seen in nine patients (17.6%), 
with one patient having postprocedure cholangitis and the re-
maining eight patients (15.7%) having PEP. 

Outcome analysis 
Both the Tac and the control groups were comparable. There 
were no statistically significant differences in terms of patient 
demographics, indications, and comorbidities. The incidence 
of PEP was found to be almost half of that observed in the con-
trols (four out of 48 patients [8.3%] in the Tac group and eight 
out of 51 patients [15.7%] in the control group, p=0.24). There 
were no statistically significant differences in the distribution of 
known confounders, such as difficult biliary cannulation, inad-
vertent PD cannulation, and sphincterotomy between the two 
groups, as shown in Table 1. Those who received rectal NSAIDs 
in the two groups were also comparable (20 patients [41.7%] 
in the Tac group vs. 18 patients [35.2%] in the control group, 

p=0.82). 
Univariate and multivariate analyses for the predictors of PEP 

were performed. However, none of the factors included in this 
study, such as age, sex, indication, rectal NSAIDs, difficult can-
nulation, PD stent, and PD cannulation, were found to be sig-
nificantly associated with the incidence of PEP, as seen in Table 
2. Seven patients (14.6%) underwent prophylactic PD stenting 
in the Tac group compared to the 13 patients (25.4%) in the 
control group. No adverse events due to intake of tacrolimus 
were observed in this study. All of the patients who had PEP 
only had mild disease and were thus managed conservatively. 
There was no difference in the mean hospital stay between the 
two groups (3.4±2.8 vs. 4.2±3.9 days, p=0.82).  

Interestingly, the mean tacrolimus levels were significantly 
lower in all patients who had PEP as compared to those who 
did not (3.30±0.44 ng/mL vs. 6.98±3.15 ng/mL, p=0.001), as 
shown in Figure 1. A receiver operating characteristic curve 
analysis was performed and the area under the curve of serum 
tacrolimus levels for the prevention of PEP was found to be 0.918 

Table 1. Baseline characteristics of the Tac and control groups in the study population
Baseline characteristic Total (n=99) Tac group (n=48) Control group (n=51) p-value
Age (yr) 57.44±16.65 59.44±15.31 55.57±17.76 0.335
Female sex 42 (42.4) 21 (43.8) 21 (41.2) 0.796
Diabetes mellitus 36 (36.3) 17 (35.4) 19 (37.3) 0.849
Indication 0.389
 Malignant 39 (39.3) 21 (43.8) 18 (35.3)
 Nonmalignant 60 (60.6) 27 (56.3) 33 (64.7)
Difficult biliary cannulation 35 (35.3) 16 (33.3) 19 (37.25) 0.820
Sphincterotomy 94 (94.9) 44 (91.7) 50 (98.0) 0.348
PD cannulation 21 (21.2) 13 (27.1) 8 (15.7) 0.164
PD stenting 20 (20.2) 7 (14.6) 13 (25.4) 0.096
Rectal NSAID 38 (38.4) 20 (41.7) 18 (35.2) 0.744
Postprocedure pain 19 (19.1) 7 (14.6) 12 (23.5) 0.133
Lab parameter
 Urea (mg/dL) 24.45±15.56 24.04±13.80 24.87±17.32 0.337
 Creatinine (mg/dL) 1.08±0.40 1.11±0.41 1.05±0.38 0.491
 Total bilirubin(mg/dL) 8.28±9.90 9.59±11.32 7.05±8.29 0.068
 AST (IU/L) 92.81±90.62 93.70±86.44 91.98±95.24 0.441
 ALT (IU/L) 99.04±94.48 98.02±98.24 100.01±91.77 0.202
 Albumin (g/dL) 3.47±0.64 3.44±0.63 3.51±0.65 0.991
 ALP (IU/L) 315.50±242.71 311.19±233.76 319.55±253.10 0.491
 Mean peak amylase (U/L) 287.37 275.46 298.82 0.969
Post-ERCP pancreatitis 12 (12.1) 4 (8.3) 8 (15.7) 0.133

Values are presented as mean±standard deviation or number (%) unless otherwise indicated.
PD, pancreatic duct; NSAID, nonsteroidal anti-inflammatory drugs; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phos-
phatase; ERCP, endoscopic retrograde cholangiopancreatography.
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Table 2. Univariate analysis of factors that are associated with the incidence of post-ERCP pancreatitis
Variable With pancreatitis (n=12) Without pancreatitis (n=87) p-value
Age (yr) 57±16.49 57±16.76 0.712
Sex 0.565
 Male 7 (58.3) 50 (57.5)
 Female 5 (41.7) 37 (42.5)
Diabetes mellitus 4 (33.3) 32 (36.7) 0.512
Indication 0.177
 Malignant 4 (33.3) 35 (40.2)
 Nonmalignant 8 (66.7) 52 (59.7)
Difficult biliary cannulation 7 (58.3) 28 (32.2) 0.070
PD cannulation 1 (8.3) 20 (22.2) 0.476
PD stenting 1 (8.3) 19 (21.8) 0.939
Rectal NSAID 5 (41.6) 33 (37.9) 0.191
Lab parameter
 Urea (mg/dL) 28.17±12.54 23.95±15.92 0.547
 Creatinine (mg/dL) 1.13±0.40 1.07±0.40 0.353
 Total bilirubin (mg/dL) 9.49±10.10 8.11±9.93 0.414
 AST (IU/L) 93.06±66.43 92.78±93.78 0.700
 ALT (IU/L) 106.35±77.97 98.04±96.88 0.851
 Albumin (g/dL) 3.53±0.51 3.47±0.66 0.638
 ALP (IU/L) 348.24±226.34 310.98±245.77 0.479
 eGFR score 65.40±19.00 72.56±26.83 0.697
Values are presented as mean±standard deviation or number (%).
ERCP, endoscopic retrograde cholangiopancreatography; PD, pancreatic duct; NSAID, nonsteroidal anti-inflammatory drugs; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; eGFR, estimated glomerular filtration rate.
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Fig. 1. Comparison of the mean trough serum tacrolimus levels be-
tween patients with PEP and those without (p=0.001). PEP, post-en-
doscopic retrograde cholangiopancreatography pancreatitis.

(p=0.001), as demonstrated in Figure 2. Using the coordinates 
on the curve, an optimal cutoff of 3.38 ng/mL could prevent 
PEP with a sensitivity of 86.2% and a specificity of 83.3%. There 
was considerable variability in the serum tacrolimus levels in 
the Tac group (median, 6.7 ng/mL; range, 1.8−13.5; variance, 
10.2). There were no significant differences (age, sex, renal 
function tests, liver function tests, estimated glomerular filtra-
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Fig. 2. Receiver operating characteristic curve analysis for the effi-
ciency of tacrolimus in preventing post-endoscopic retrograde chol-
angiopancreatography pancreatitis. 
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target that can reliably and effectively arrest the inflammatory 
cascade despite inciting pancreatic injury. Initial promising an-
imal experiments conducted by Orabi et al.25 demonstrated that 
calcium signaling pathways had a central role, more specifically 
via the calcineurin receptor, which might activate zymogen and 
induce the subsequent enzymatic activity that led to inflam-
mation. Moreover, the same investigators showed the absence 
of PEP in calcineurin-knockout mice. Intraductal infusion 
of calcineurin inhibitors into PD prevented contrast-induced 
pancreatitis in mice, as demonstrated by histological findings, 
along with a decrease in amylase and interleukin 6 levels. In 
an interesting study by Law et al.,29 the incidence of PEP in 
liver transplant recipients was found to be substantially lower. 
Although they found a weak correlation between steroids and 
the incidence of PEP, subsequent studies failed to demonstrate 
this benefit.30 More recently, a large retrospective study showed 
a significant reduction in the risk of PEP with tacrolimus and 
rectal indomethacin consumption.26 In light of these findings 
and in conjunction with the study by Orabi et al.,25 it is possible 
that tacrolimus has a significant impact on the prevention of 
PEP. 

In our study, the rate of PEP among the Tac group was lower 
than that in the control group (8.3% vs. 15.7%). Age and sex 
distributions, along with comorbidities, were comparable be-
tween the two groups. The factors known to increase the risk 
of PEP, such as difficult biliary cannulation with multiple at-
tempts, instrumentation, inadvertent PD cannulation, contrast 

Table 3. Factors that potentially affect serum tacrolimus levels
Variable Tac ≤6.7 ng/mL (n=26) Tac >6.7 ng/mL (n=22) p-value
Age (yr) 58±17.87 60±12.51 0.671
Sex 0.550
 Male 16 (61.5) 11 (50)
 Female 10 (38.5) 11 (50)
Diabetes mellitus 8 (30.8) 9 (47.4) 0.257
Lab parameter
 Urea (mg/dL) 25.60±14.93 22.02±12.71 0.337
 Creatinine (mg/dL) 1.15±0.44 1.06±0.41 0.491
 Total bilirubin (mg/dL) 12.64±12.818 5.88±7.97 0.068
 AST (IU/L) 109.82±104.96 75.46±50.00 0.441
 ALT (IU/L) 114.11±103.86 70.78±63.86 0.202
 Albumin (g/dL) 3.40±0.69 3.38±0.51 0.991
 ALP (IU/L) 319.28±197.33 313.50±277.75 0.491
 eGFR score 68.70±28.00 71.80±29.44 0.629

Values are presented as mean±standard deviation or number (%).
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; eGFR, estimated glomerular filtration rate.

tion rate) between patients with high serum tacrolimus levels 
(>6.7 ng/mL) and those with low serum tacrolimus levels (≤6.7 
ng/mL) in this study, as shown in Table 3. 

DISCUSSION 

Pancreatitis is a known complication of ERCP.2,3,11 The evolu-
tion of PEP from the initial pancreatic insult to the eventual 
local and systemic complications of pancreatitis is a multi-step 
process dependent on zymogen activation, enzymatic activa-
tion, and the release of a variety of mediators that ultimately 
sets in motion an inflammatory cascade that is self-propagating. 
Prophylactic measures that have been found useful thus far, are 
restricted to the interventional measures that soften the initial 
blow to the pancreas and those that reduce pancreatic injury 
below the threshold required for zymogen activation. Prophy-
lactic measures also include pharmacological agents that target 
inflammatory mediators that aid in propagating the inflamma-
tory cascade. However, these measures cannot be collectively 
exhaustive to eliminate the incidence of PEP. This may be due 
to two reasons. First, we are currently unable to accurately iden-
tify a threshold for zymogen activation that can reliably predict 
subsequent events in these patients. Second, our knowledge of 
the gamut of downstream inflammatory mediators is far from 
complete. Zymogen activation seems to be a point of conver-
gence that can theoretically be permissive to the propagation 
of inflammation. Therefore, it would be an ideal therapeutic 
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injection, and sphincterotomy, were equally distributed, with 
no statistically significant differences between the two groups. 
More importantly, the number of patients with difficult cannu-
lation who received PD stents and rectal NSAIDs was compara-
ble between the two groups.  

We also examined the serum trough Tac levels in patients 
who developed PEP, which were found to be significantly lower 
in patients with PEP than in those without (3.3 ng/mL vs. 6.98 
ng/mL, p=0.001). The optimal cutoff for trough tacrolimus 
levels to prevent PEP is unknown. In a retrospective study of 
liver transplant recipients, a trough tacrolimus level of 2.5 ng/
mL was found to lower the odds of PEP by 79%.26 Notably, only 
two patients (4.6%) had tacrolimus levels lower than 2.5 ng/mL; 
among these two, one patient developed PEP. The remaining 
three patients who developed PEP in the Tac group had levels 
exceeding 2.5 ng/mL. In this study, using the receiver operating 
characteristic analysis, an optimal cutoff of 3.38 ng/mL was de-
termined which could prevent PEP, with a sensitivity of 86.2% 
and specificity of 83.3%. However, it should be mentioned that 
there was considerable variability in the trough tacrolimus 
levels in this study (range, 1.8−13.5; variance, 10.2). This can 
be further explained by the fact that oral tacrolimus has been 
shown to exhibit erratic absorption with varying bioavailability 
in healthy volunteers.27,31 These observations suggest that the 
pharmacokinetic properties of oral tacrolimus, such as optimal 
dosage, ideal trough tacrolimus level, and safety, are important 
aspects that merit further study. 

This study is the first clinical trial to assess the feasibility 
and safety of oral tacrolimus for the prevention of PEP. The 
relatively higher rate of PEP, albeit mild in severity and with-
out mortality within 30 days after ERCP, in our patient cohort 
is an important finding. A relatively higher incidence of PEP 
was noted by some investigators in large university hospitals 
and tertiary referral centers. This may be related to the higher 
proportion of patients with prior unsuccessful attempts at can-
nulation, difficult cannulation, and complicated disease with 
multiple comorbidities being referred to these centers.32 The 
more liberal use of PD stenting and rectal NSAIDs can be a 
potential intervention for future practice. Although oral tacro-
limus at a cumulative dose of 4 mg was found to be feasible and 
safe, its efficacy in preventing PEP has to be assessed further in 
a larger sample size. In addition, isolated case reports of acute 
pancreatitis among renal transplant recipients, which could 
possibly be attributed to tacrolimus, was described in the liter-
ature.33,34 Although rare, this is an important aspect that merits 

consideration in future studies on the use of tacrolimus in the 
prevention of PEP. 

In conclusion, this pilot study clearly demonstrates that oral 
tacrolimus at a dose of 4 mg can safely prevent PEP in patients 
undergoing ERCP. Further randomized studies with larger sam-
ple sizes can help establish an ideal trough tacrolimus level that 
can reliably prevent PEP following ERCP procedures. 
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