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Abstract
Background & Aims—Pancreatitis is the most common serious complication of endoscopic
retrograde cholangiopancreatography (ERCP). We performed a pilot study to determine whether
aggressive peri-procedural hydration with lactated Ringer’s solution reduces the incidence of
pancreatitis following ERCP.

Methods—Patients who underwent first-time ERCP were randomly assigned to groups (2:1) that
received aggressive hydration with lactated Ringer’s solution (3 cc/kg/hr during the procedure, a
20 cc/kg bolus after the procedure, and 3cc/kg/hr for 8 hours following the procedure, n=39) or
standard hydration with the same solution (1.5 cc/kg/hr during and for 8 hrs after procedure,
n=23). Serum levels of amylase, visual analog pain scores (scale of 0–10), and volume overload
were assessed at baseline and 2, 8, and 24 hrs after ERCP. The primary endpoint, post-ERCP
pancreatitis was defined as hyperamylasemia (level of amylase > 3 times the upper limit of
normal) and increased epigastric pain (≥3 points on visual analog scale) persisting for ≥24 hrs
after the procedure. Secondary endpoints included hyper-amylasemia, increased pain, and volume
overload.

Results—None of the patients who received aggressive hydration developed post-ERCP
pancreatitis, compared with 17% of patients who received standard hydration (P=.016).

Hyperamylasemia developed in 23% of patients who received aggressive hydration vs 39% of
those who received standard hydration (P=.116, non-significant); increased epigastric pain
developed in 8% of patients who received aggressive hydration vs 22% of those who received
standard hydration (P=.146, non-significant). No patients had evidence of volume overload.
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Conclusions—Based on a pilot study, aggressive intravenous hydration with lactated Ringer’s
solution appears to reduce the development of post-ERCP pancreatitis and is not associated with
volume overload. ClinicalTrials.gov number, NCT 01758549
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INTRODUCTION
Pancreatitis is the leading complication of endoscopic retrograde cholangiopancreatography
(ERCP), resulting in considerable morbidity and, rarely, in death. Numerous trials studying
a variety of agents (e.g., octreotide, corticosteroids, protease inhibitors), have failed to
demonstrate a significant benefit in reduction of post-ERCP pancreatitis1-2, although rectal
indomethacin has recently been shown to significantly decrease post-ERCP pancreatitis in
high-risk patients3.

Hydration is a mainstay of treatment for acute pancreatitis, independent of etiology4.
Experiments in animal models demonstrate that pancreatic microvascular hypoperfusion
leads to necrosis5. Clinical studies of fluid resuscitation in patients with acute pancreatitis
suggest that hemoconcentration and decreased systemic perfusion are associated with
increased risk of pancreas necrosis and unfavorable outcome6.

We hypothesized that aggressive intravenous hydration with lactated Ringer’s solution
would diminish the risk of post-ERCP pancreatitis, and performed a randomized controlled
trial to test this hypothesis.

METHODS
Study Design

Patients were enrolled at the Los Angeles County + University of Southern California
Medical Center following approval by the University of Southern California Health Sciences
Institutional Review Board. The study was registered with clinical trials.gov (NCT
01758549). Informed consent was obtained from all patients prior to enrollment and
randomization. All authors had access to the study data and reviewed and approved the final
submission.

Patients
Only inpatients were included to ensure close follow-up and a controlled environment.
Those undergoing ERCP for standard clinical indications such as choledocholithiasis, bile
duct leak, and biliary obstruction were included. Patients with active cholangitis or sepsis
were excluded as they required aggressive intravenous hydration. Patients with chronic
pancreatitis and active gallstone pancreatitis were also excluded as it would not have been
possible to interpret the outcomes in these patients.

Patients at increased risk of fluid overload were also excluded. This included patients with
cardiac insufficiency (New York Heart Association Class II or greater heart failure), renal
insufficiency (creatinine clearance <40ml/minute), liver dysfunction, or respiratory
insufficiency (room air oxygen saturation <90%). Patients with clinical signs of fluid
overload including peripheral or pulmonary edema or those with electrolyte disturbances
such as hypernatremia (Na+ >150mEq/L) or hyponatremia (Na+<130mEq/L) were excluded.
Additionally, pregnant women were excluded as they are prone to retention of sodium and
water, and patients greater than 70 years old were excluded as they are at greater risk of
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undiagnosed cardiac or renal insufficiency. To eliminate patients at very low risk for post-
ERCP pancreatitis those who had previously undergone ERCP with sphincterotomy were
excluded.

Intervention
Immediately prior to ERCP, subjects were randomly assigned in a 2:1 ratio to receive
aggressive intravenous hydration versus standard peri-procedural fluids. A concealed
computer-generated block randomization schedule was used. Randomization was stratified
by patient sex and the protocol called for the randomization of 30 women and 30 men.
Patients in the aggressive hydration arm received intravenous lactated Ringer’s solution at a
rate of 3.0cc/kg/hour during the procedure, a bolus of 20cc/kg immediately after the
procedure, followed by a post-procedure rate of 3cc/kg/hr for 8 hours. Those in the standard
group received intravenous lactated Ringer’s solution at a rate of 1.5cc/kg/hour during the
procedure and for 8 hours after the procedure without a bolus. Patients in the standard
hydration arm who developed post-ERCP pancreatitis at 2 or 8 hours were given a bolus of
20cc/kg followed by a rate of 3cc/kg/hour. Patients in the aggressive arm who reported no
pain at 8 hours had their fluids decreased to 1.5cc/kg/hour and diet advanced. Fluids in both
groups were stopped when the patients tolerated a normal diet.

Endpoints
The primary endpoint was post-ERCP pancreatitis, defined as hyperamylasemia (amylase >
three times the upper limit of normal (390 U/L)) and pancreatic pain (epigastric abdominal
pain radiating to the back scored by patient as development of or increase of pain ≥3 on a
0-10 visual analog pain scale and persisting for ≥24 hours after ERCP). In those who had
pain prior to the procedure, pancreatic pain was defined as an increase of ≥3 on the 0-10
visual-analogue scale. Secondary endpoints included the components of the post-ERCP
pancreatitis criteria, hyperamylasemia and pancreatic pain. Computed tomography or other
imaging studies were not routinely performed in patients diagnosed with post-ERCP
pancreatitis.

The total length of hospitalization of all patients, whether or nor they developed pancreatitis
was also compared. Additionally, a physical assessment for fluid overload, which was
defined by the development of ankle or upper extremity edema, ascites, pulmonary rales,
and/or decreased oxygen saturation, was performed at 2, 8, and 24 hours following ERCP.
Patient demographics, procedure details, vital signs, laboratories, and fluid and analgesic
administration post-ERCP were prospectively collected.

Statistical Analysis
As this is the first study to examine the impact of fluids to prevent post-ERCP pancreatitis
the analytic goal was to assess feasibility and safety and estimate the size of the treatment
effect to power future trials. Based on previous multicenter trials of therapeutic ERCP in
teaching programs we assumed that the rate of post-ERCP pancreatitis would be 15.1%.1

The Institutional Review Board limited total enrollment to 60 patients. Thus, we adopted a
2:1 randomized design to test our hypothesis that aggressive hydration with lactated
Ringer’s solution would prevent post-ERCP pancreatitis. According to our a priori
calculations, this sample size allowed us to demonstrate a significant difference assuming an
absolute decrease of post-ERCP pancreatitis of 15% with a two-sided alpha = 0.05 and a
power of 80%. A total of 62 patients were enrolled because 2 patients who were enrolled
had unsuspected prior sphincterotomy, in violation of the enrollment criteria. These 2
patients were included in the primary intention-to-treat analysis but not in a secondary per-
protocol analysis.
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Descriptive statistics for participant characteristics and outcomes were computed. Due to
skew in data medians and interquartile ranges were computed for continuous outcomes. A
Fisher’s exact test was used to test the primary outcome, post-ERCP pancreatitis, and
secondary outcomes, hyperamylasemia, and pancreatic pain. Given a non-normal
distribution and small sample size, a nonparametric Mann-Whitney U test was used to test
differences in continuous data (days of hospitalization, amylase at 2 and 8 hours). Hodges-
Lehman estimates were computed for the confidence interval of the difference of medians.

RESULTS
Patients

Among the 171 patients screened, 71 met the inclusion criteria: 9 declined participation and
62 were enrolled (Figure 1). Two patients were found after randomization to standard fluids
to have an unsuspected prior sphincterotomy but were included in the intention-to-treat
analysis. Baseline characteristics of the study groups were similar (Table 1). The mean age
was 44+15 years, 78% were Hispanic, and 75% were undergoing ERCP for bile duct stones.

Risk Factors for Post-ERCP Pancreatitis
Risk factors for post-ERCP pancreatitis, as defined by the current American Society for
Gastrointestinal Endoscopy guidelines, were similar in the two groups.7 None of the patients
had the following four risk factors: suspected Sphincter of Oddi dysfunction, a history of
prior post-ERCP pancreatitis, pancreatic sphincterotomy, or balloon dilatation of the biliary
sphincter. The proportion of patients with each of the other four high-risk factors for post-
ERCP pancreatitis in each study group are shown in Table 2. In addition, difficult
cannulation, defined as >10 cannulation attempts, occurred in 3 (13%) of the standard
hydration group and 4 (10%) of the aggressive hydration group. Pancreatic stents were used
in 1 (4%) of the patients in the standard hydration group and 2 (5%) of those in the
aggressive hydration group. Trainees were involved in every case and participated in all
aspects of the procedures.

Primary Outcome
Patients in the aggressive hydration group received a median of 3.8 liters of lactated
Ringer’s solution compared to 2.2 liters in the standard group (p <0.001)(Table 3). Post-
ERCP pancreatitis developed in 0 of 39 patients in the aggressive hydration group vs. 4
(17%) of the 23 patients in the standard hydration group (95% CI of difference 5.8, 35.9%;
p=0.016). The duration of hospitalization was prolonged to at least 2 days in all patients with
post-ERCP pancreatitis. Two episodes of pancreatitis were mild, one moderate, and one
severe, based on the consensus grading system for post-ERCP pancreatitis reported by
Cotton et al8.

Hyperamylasemia (>390 U/L) was seen in 9 (23%) of 39 patients who received aggressive
hydration compared to 9 (39%) of 23 who received standard fluids (95% CI of difference
−8, 40%; p=0.15). Median amylase values at 8 hours were 200 U/L in the standard fluids
group and 138 U/L in the aggressive hydration group (95% CI of difference −9 U/L, 317 U/
L; p =0.10). Pancreatic pain occurred in 22% of the standard hydration group and 8% of
those who received aggressive hydration (95% CI of difference −5%, 33%; p=0.12). None
of the patients in either group developed clinical evidence of fluid overload. Median
duration of hospitalization was not significantly different between the study groups (Table
3).
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DISCUSSION
This study, the first randomized trial of aggressive hydration to reduce the incidence of post-
ERCP pancreatitis, found that aggressive hydration with lactated Ringer’s solution was
associated with a significant decrease in post-ERCP pancreatitis. Hyperamylasemia and
persistent epigastric pain, the individual criteria used to define post-ERCP pancreatitis, were
also less frequent in those who received aggressive hydration, though the difference was not
statistically significant. Variation in the results for these primary and secondary endpoints
are not surprising because patients may meet individual criteria without meeting both
criteria for post-ERCP pancreatitis.

ERCP is one of the few events which reliably induce pancreatitis in a substantial number of
patients. Clinical trials have shown that markers of inadequate fluid resuscitation including
elevated hematocrit, creatinine, and BUN are associated with the development of organ
failure6. Aggressive fluid resuscitation to restore volume status is recommended in patients
with pancreatitis4. In experimental models of pancreatitis, regional hypoperfusion correlates
with more severe inflammation5. Agents which improve pancreatic microcirculation reduce
histopathologic damage in animal models of pancreatitis9. Prophylactic administration of
these agents is even more effective in preventing tissue damage than administration after
initiation of pancreatitis.

Recent randomized work suggests that hydration with lactated Ringer’s solution as opposed
to saline may decrease the likelihood of systemic inflammatory response syndrome10. An
acidic environment favors trypsinogen activation and development of pancreatitis in
experimental models11. Lactated Ringer’s solution is less likely to induce metabolic acidosis
than saline, which may explain its potential protective effect. Additionally, lactate may
stimulate an anti-inflammatory immune response12.

Prior medical therapy of post-ERCP pancreatitis has aimed to curb exocrine stimulation and
the inflammatory cascade with mixed results. Recently, Elmunzer et al demonstrated that
rectal indomethacin decreases the risk of post-ERCP pancreatitis in high-risk patients3.At
the time of the study rectal indomethacin was not yet available on our hospital formulary.
Additionally, investigators have shown that wire-guided cannulation and the use of
pancreatic stents in high-risk cases decrease the risk of pancreatitis13-14. Both of these
technical approaches were used in our trial with no differences between the two groups in
the proportions receiving each technique. The wire-guided approach was used in all patients.
However, given the uncertainty regarding which specific patients benefit most from
pancreatic stent placement coupled with the fact that many patients in our underserved
population fail to return for follow-up procedures to remove pancreatic stents, our practice is
to place pancreatic stents only in the highest risk patients (e.g., precut sphincterotomy,
repeated pancreatic duct injection).15-17 Thus, only about 5% of patients received pancreatic
duct stents. Certainly, if a larger proportion of patients had received pancreatic stents it may
have impacted our results, potentially decreasing the rate of pancreatitis in the standard
hydration group. Future larger studies will be needed to assess the potential benefit of
multiple interventions (e.g., aggressive hydration, pancreatic duct stent placement, rectal
indomethacin).

Our results need to be interpreted cautiously given that this was a pilot study designed
primarily to assess feasibility and safety of aggressive hydration and to inform decisions on
design of future trials. Due to the small sample size and the relatively high rate of
pancreatitis in the control group, we cannot rule out the possibility that the significant
benefit of aggressive hydration reflects a Type 1 error, in which the null hypothesis (that the
two treatments are not different) is rejected despite the fact that it is true. In addition,
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differences between study groups in characteristics that may impact the primary outcome
may occur more frequently in small randomized trials. Potential confounding factors were
relatively similar in the two study groups; p values were >0.25 for all comparisons and small
differences of <10% were seen favoring both the aggressive hydration arm (e.g., normal
bilirubin) and the control arm (e.g., pancreatic duct injections). Larger randomized trials are
needed to confirm our findings and provide more precision on estimates of treatment effect
with aggressive hydration. Larger trials also will help determine if aggressive hydration can
reduce post-ERCP pancreatitis severity, as it is likely that aggressive fluids may act at least
in part by attenuating pancreatic inflammation, and to assess the role of aggressive fluid
hydration in the outpatient setting.

In conclusion, this prospective randomized trial suggests that aggressive hydration with
lactated Ringer’s solution reduces the incidence of post-ERCP pancreatitis. Larger trials of
this strategy are required to confirm our findings and provide more precise estimates of its
efficacy.
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FIGURE 1.
CONSORT DIAGRAM OF PATIENT FLOW THROUGH THE TRIAL
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TABLE 1

Selected Baseline characteristics

Standard
Hydration
(N=23)

Aggressive
Hydration
(N=39)

Age (mean ± SD) 45 ± 17 43 ± 14

Comorbidities N (%) 8 (34.8%) 11 (28.2%)

Hispanic ethnicity N (%) 18 (78.3%) 34 (78.3%)

Indication: bile duct stone
N (%)

17 (73.9%) 29 (74.4%)

Female gender 13 (56.5%) 19 (48.7%)

Total bilirubin (mean ±
SD)

4.2 ± 5.9 3.7 ± 3.8

Hematocrit (mean ± SD) 36 ± 4 37 ± 5

Creatinine (mean ± SD) 0.7 ± 0.2 0.7 ± 0.2

p > 0.25 for all comparisons
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TABLE 2

Risk Factors for Post-ERCP Pancreatitis based on 2012 ASGE Guidelines7

Standard
Hydration
(N=23)

Aggressive
Hydration
(N=39)

Normal bilirubin (≤1mg/dl) 6 (26.1%) 9 (23.1%)

Pancreatic duct injection 4 (17.4%) 10 (25.6%)

Precut Sphincterotomy 1 (4.3%) 1 (2.6%)

Young age (<30 yrs) 3 (13.0%) 4 (10.3%)

No patients in either group had prior post-ERCP pancreatitis, suspected Sphincter of Oddi dyfuncion, pancreatic sphincterotomy, or balloon
dilation of the biliary sphincter.

p > 0.25 for all comparisons
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TABLE 3

Results in the Study Groups

Standard
Hydration

(N=23)

Aggressive
Hydration

(N=39)

N (%) N (%) P value

Post-ERCP
Pancreatitis

4 (17%) 0 (0%) 0.016

Hyper-
amylasemia

9 (39.1%) 9 (23.1%) 0.146

Pancreatic pain 5 (21.7%) 5 (7.7%) 0.116

Median (IQR a ) Median (IQR) P value

2-Hour
amylase (U/L)

172 (596) 162 (296) 0.42

8-Hours
amylase (U/L)

200 (639) 138 (190) 0.10

Total fluids
during first 24
hours (L)

2.2 (2.1) 3.8 (1.5) <0.001

Hospitalization
(days)

4 (6) 3 (3) 0.41

a
Interquartile Range
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