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Abstract

Objective: Pancreatitis is the most frequently observed complication after endoscopic retrograde chola ngiop ancre atogr aphy.  Several preventive methods for 
post-endoscopic retrograde chola ngiop ancre atogr aphy pancreatitis have been developed. A pilot study was conducted to determine whether aggressive peripro-
cedural hydration with lactated Ringer’s solution reduces the incidence of post-endoscopic retrograde chola ngiop ancre atogr aphy pancreatitis.

Methods: The study included 32 patients who required endoscopic retrograde chola ngiop ancre atogr aphy for diagnostic or therapeutic purposes. Patients were 
randomized (1 : 1) to receive either aggressive hydration with lactated Ringer’s solution (n = 16) or standard hydration with the same solution (n = 16). Oral 
intake was stopped after midnight and endoscopic retrograde chola ngiop ancre atogr aphy began at 10:00 am. Hourly fluid requirements of patients in the aggres-
sive hydration group were calculated based on the 4-2-1 formula (4 mL/kg/h for the first 10 kg, 2 mL/kg/h for the next 10 kg, and 1 mL/kg/h thereafter) and 
fluid requirements of 10 hours were met in 2 hours from 08:00 to 10:00 am before endoscopic retrograde chola ngiop ancre atogr aphy.  At the 4th and 24th hours 
following endoscopic retrograde chola ngiop ancre atogr aphy,  serum amylase and lipase levels, volume overload, and other complications were assessed. Acute 
pancreatitis was defined and ranked in accordance with the 2012 Atlanta Classification criteria.

Results: Of all patients, 34% (11/32) developed pancreatitis after endoscopic retrograde chola ngiop ancre atogr aphy,  compared with 12.5% (2/16) in the aggres-
sive hydration group and 56.3% (9/16) in the standard hydration group. Pancreatitis was significantly less prevalent in the aggressive hydration group (P = .009). 
All observed cases of pancreatitis were mild.

Conclusion: According to this pilot study, aggressive hydration with lactated Ringer's solution reduces the risk of post-endoscopic retrograde chola ngiop ancre 
atogr aphy pancreatitis.
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INTRODUCTION
Endoscopic retrograde chola ngiop ancre atogr aphy (ERCP) is a diagnostic and therapeutic procedure widely used for pancreatobiliary disorders 
such as stone removal and treatment of biliary obstruction. The ERCP has the highest risk of complications and mortality of all the mainstay 
endoscopic modalities, with post-ERCP pancreatitis (PEP) being the most common complication after sedation-related adverse events.1 In low-risk 
patients, it occurs at a rate of 2%-4%, while in high-risk patients it occurs at a rate of 8%-40%.2,3

Abdominal discomfort after ERCP is common in the diagnosis of PEP. Clinical diagnosis, in conjunction with serum amylase and/or lipase, is 
required to distinguish between PEP and other complications. The PEP is managed similarly to acute pancreatitis, with intravenous fluid therapy 
being the most critical step.4

The degree of difficulty of ERCP, ampulla type, the number of attempts required to achieve selective biliary cannulation, biliary cannulation 
method, and the length of time required to complete the process are predictors of difficult ERCP and potential PEP.5 Prevention strategies for PEP 
include pharmacologic prophylaxis and procedural techniques. The study aimed to evaluate the efficacy of aggressive hydration (AH) with lactated 
Ringer’s solution (LRS) in preventing PEP at a single center.
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METHODS
The Clinical Research Ethics Committee of the MersinUniversity 
Faculty of Medicine approved the study (Date: 09/03/2017, No: 
2017/58). All patients who took part in the study signed a consent form 
indicating their understanding of the study's purpose.

Patients
A total of 32 patients with diagnostic or therapeutic ERCP indications 
were included in the study. Patients with sepsis, who require severe 
intravenous hydration, were excluded. Patients with renal insufficiency 
(creatinine clearance < 40 mL/min), severe liver disease (albumin < 3 
mg/dL), heart failure worse than New York Heart Association class 2, 
electrolyte imbalance, peripheral edema, pulmonary edema, or acid were 
excluded. Pregnant women, with an ERCP history or contrast allergy, 
and those under the age of 18 and over the age of 70 were also excluded.

Intervention
Patients were randomized (1 : 1) to receive either AH with LRS (n = 16) 
or standard hydration (SH) with the same solution (n = 16). Oral intake 
of all patients was stopped after midnight and ERCP started at 10:00 
am. The hourly fluid requirements of patients in the AH group were cal-
culated based on the 4-2-1 formula (4 mL/kg/h for the first 10 kg, 2 mL/
kg/h for the next 10 kg, and 1 mL/kg/h thereafter) and the 10-hour fluid 
requirement was met in 2 hours from 08:00 to 10:00 am before ERCP. 
The SH group did not receive intravenous hydration after midnight until 
10:00 am. Standard hydration therapy was stated as 1.5 mL/kg/h. From 
ERCP initiation to oral intake, both groups received an 8-hour intrave-
nous infusion of LRS at a rate of 1.5 mL/kg/h. İntravenous hydration 
was stopped in both groups as soon as patients tolerated a normal diet.

Endpoints
Post-ERCP pancreatitis was the primary endpoint. The definition and 
severity classification of acute pancreatitis was determined using the 
2012 Atlanta Classification criteria.6 This necessitates at least 2 of the 3 
following diagnostic criteria: The condition is diagnosed by abdominal 
pain, a 3-fold increase in serum amylase or lipase levels, and imaging 
abnormalities consistent with acute pancreatitis. Mild disease is devoid 
of organ failure and local or systemic complications, moderate disease 
has temporary organ failure (<48 hours) or local/systemic complica-
tions, and severe disease has persistent single or multiple organ fail-
ure (>48 hours).6 Secondary endpoints were isolated hyperamylasemia 
and/or hyperlipasemia that did not meet the criteria for acute pancreati-
tis. Serum amylase and lipase levels were measured 4th and 24th hours 
following the procedure.

Wire-guided cannulation technique was used in all patients. An expe-
rienced endoscopist (EA) performed all ERCP procedures. The opera-
tion’s difficulty level was expressed as easy or difficult (cannulation 

period of > 10 min. expresses difficult cannulation). A physical exami-
nation for fluid overload and other ERCP complications was also 
performed on the 4th and 24th hours after the procedure. Patient demo-
graphics, procedure specifications, vital signs, and laboratory results 
were prospectively recorded.

Statistical Analysis
Repeated measurements will be taken at the 4th and 24th hours of 
the procedure in 2 groups, AH and SH. It was decided to include 32 
patients in the study, with an effect size of 1, 0.05 type I error, 0.80 
power, and 16 of the required sample size in each group.

The Shapiro–Wilk test was used to determine whether continuous mea-
surement controls were normally distributed. Student's t-test was used 
to compare group differences in continuous variables. Descriptive sta-
tistics, the mean, and standard deviation values were provided. For dif-
ferences between categorical variables, the Pearson chi-square test was 
utilized. As descriptive statistics, numbers and percentage data were 
provided. In addition, a 2-way analysis of variance in repeated mea-
sures was used to assess the differences between measurements made 
at different times in the groups. The Greenhouse–Geisser criterion was 
used to assess the sphericity assumption of the variance-covariance 
matrices. As descriptive statistics, the mean and standard deviation 
values were provided. P < .05 was taken as statistical significance.

RESULTS
Twelve of the 32 patients included in the study were male, and 20 of 
them were female. While the mean age of the 32 participants was 48.7 
± 15.2 years, the mean age of females was 50.8 ± 17.2 years and the 
mean age of males was 45.3 ± 11.2 years. Bile duct stone was diag-
nosed in 84.4% (n = 27) of patients, and malignant biliary strictures in 
15.6% (n = 5) (See Table 1).

The operation was easy in 21 patients (65.6%), it was difficult in 5 
patients (15.6%), and unsuccessful in 6 patients (18.7%). While 

MAIN POINTS

• Pancreatitis following endoscopic retrograde chola ngiop ancre atogr 
aphy (ERCP) is a common complication that can be avoided by intra-
venous hydration.

• There have been numerous strategies developed to prevent post-ERCP 
pancreatitis (PEP).

• In comparison to other PEP prevention strategies, this strategy is safe, 
inexpensive, and easy to administer.

• Further studies in high-risk patients are required to optimize the 
procedure

Table 1. Features, Diagnoses, and Laboratory Findings of the Patients

Aggressive 
Hydration 

(n = 16)

Standard 
Hydration 

(n = 16) Statistics
P

Age 47.5 ± 15.3 49.9 ± 15.6 .659
Gender (female/male) 12/4 8/8 .144
Indication (stone/malignant) 12/4 14/2 .674
Urea 26 ± 9.70 26 ± 9.21 1.000
Creatinine 0.65 ± 0.16 0.67 ± 0.15 .683
Hematocrit 36.98 ± 4.01 36.51 ± 5.22 .781

Table 2. Features of the Operation

Aggressive 
Hydration (n = 16)

Standard 
Hydration (n = 16) Statistics

P
Difficulty (easy/uneasy) 9/3 12/2 .589
Unsuccessful 4 2 .500
Precut 9 9 1.000
Pancreatic cannulation 3 7 .127
Number of pancreatic 
cannulations

2.33 ± 2.31 3.57 ± 2.37 .468

Pancreas opaque 2 1 1.000
Duodenal diverticulum 2 0 .484
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pancreatic cannulation was used an average of 2.33 ± 2.31 times in 3 
patients in the AH group, it was used an average of 3.57 ± 2.37 times 
in 7 patients in the SH group. In addition, although cannulation of 
the pancreas was more frequent in the SH group compared to the AH 
group, there was no statistically significant difference (P = .127 and 
P = .468, respectively) (See Table 2).

Eleven (34.3%) of the 32 patients developed pancreatitis. There was a 
statistically significant difference between the groups in the incidence of 
pancreatitis (P = .009). Two (12.5%) patients in the AH group developed 
PEP, compared with 9 (56.3%) patients in the SH group (See Figure 1).

Administration of contrast material to the pancreas and pancreatic can-
nulation has been associated with the occurrence of PEP. It was found 
to be unrelated to the difficulty of the operation, as well as age, gen-
der, diagnosis, precut, and the presence of a diverticulum. With the 
exception of pancreatitis, none of the patients experienced either fluid 
overload or other complications. Pancreatitis was present in all of the 
patients in a mild form. The patients were discharged from the hospital 
within 48-72 hours.

In terms of hyperamylasemia and hyperlipasemia, there was a signifi-
cant difference between the AH and the SH groups. Hyperamylasemia 
occurred in half of the AH group and in 93.8 % of the SH group 
(P = .015), whereas hyperlipasemia occurred in 25% of the AH group 
and in 81.3 % of the SH group (P = .001) (See Table 3).

When lipase results were analyzed, it was found that only the SH group 
had statistically significant differences between repeated measure-
ments (P = .039). Only the initial measurement values in the SH group 
were found to be significantly lower than the measurement values at 
the 4th and 24th hours (P = .007 and P = .017, respectively).

Although the initial measurements were higher in the SH group than in 
the AH group, the difference was thought to be coincidental when the 
variations in lipase measurements at different time points in the groups 
were examined. However, the measurement values of the SH group were 
higher at the 4th and 24th-hour measurements, and the differences were 
statistically significant (P = .016 and P = .09, respectively) (see Figure 2).

When the amylase findings were analyzed, it was found that there were 
statistically significant differences between the repeated measurements 
of the 2 groups (P = .001 and P = .001, respectively). When the differ-
ence in amylase levels between the groups was compared at different 
times, it was found that while the measurement values in the SH group 
were lower than those in the AH group at first, they were higher in the 

Figure 1. Pancreatitis rates in groups.

Table 3. Complications Relevant to the Operation

Aggressive 
Hydration (n = 16)

Standard 
Hydration (n = 16) Statistics

P
Fluid overload 0 0 1.000
Pancreatitis 2 9 .009
Hyperlipasemia 4 13 .001
Hyperamylasemia 8 15 .015
Other 0 0 1.000

Figure 2. Distribution between groups of repeated lipase measurements.

Figure 3. Distribution between groups of repeated amylase measurements.
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SH group at the 4th and 24th hours (P = .009 and P = .003, respectively) 
(See Figure 3).

DISCUSSION
The most common complication of ERCP is acute pancreatitis.2 The 
PEP is treated similarly to acute pancreatitis, with intravenous fluid 
therapy being the most crucial step in the treatment of acute pancreati-
tis.4 To avoid PEP, numerous preventive strategies have been devised. 
This randomized, controlled study demonstrates that AH with LRS 
before ERCP decreases the incidence and severity of PEP.

Ischemia and reperfusion damage is caused by impaired microcircu-
lation, which is the fundamental mechanism underlying pancreatitis 
pathogenesis. The release of cytokines and inflammatory mediators 
causes increased capillary permeability, which leads to a decrease in 
intravascular volume, altered microcirculation, and hemodynamic dys-
function. Fluid resuscitation has been proposed to maintain hemody-
namics in patients with acute pancreatitis, and it reduces mortality and 
sequelae including pancreatic necrosis, organ damage, and systemic 
inflammatory response syndrome (SIRS).7,8 When compared with the 
SH protocol, the AH protocol may be more effective in reducing SIRS 
rates, increasing clinical improvement rates, decreasing hemoconcen-
tration, and shortening the length of hospital stays in patients with 
acute pancreatitis.8,9

In the treatment of acute pancreatitis, LRS is superior to normal saline 
(NS) in the following ways: NS may cause a high chloride load, which 
may cause kidney damage.10 Acidosis caused by NS may promote 
inflammation, which can lead to trypsinogen activation due to the 
acidic environment.11,12 Lactate has been shown to suppress inflamma-
tion by negatively regulating TLR induction of the NLRP3 inflamma-
some and IL1 production via ARRB2 and GPR81.13

Comparing LRS with NS for fluid resuscitation has been the subject of 
several research. In the SMART trial, Semler et al14 found that IV fluid 
administration with LRS in critically ill patients resulted in a lower 
composite mortality rate from any cause, supplemental renal replace-
ment therapy when compared to NS. Several small randomized con-
trolled trials comparing LRS and NS in patients with acute pancreatitis 
have yielded contradictory outcomes. As opposed to de-Madaria et al.15 
Wu et al16 found higher SIRS reduction at 24 hours; in both studies, 
LRS was linked to lower C-reactive protein levels. In recent meta-anal-
yses, SIRS rates did not differ between LRS and NS patients; however, 
LRS patients had reduced hospital stay, lower rates of intensive care 
admission and local complications than NS patients.17-20

While hydration is the cornerstone of acute pancreatitis treatment, the 
current study adds to the evidence that AH with LRS may be an effec-
tive PEP-preventative approach. Numerous studies and meta-analyses 
have demonstrated the importance of hydration in preventing PEP.21-27 
Buxbaum et al21 conducted the first randomized trial of AH to reduce 
the risk of PEP and discovered that AH with LRS decreased the risk of 
PEP (95% confidence interval (CI): 5.8%-35.9%; P = .016). The statis-
tical significance of this difference is consistent with our findings. In 
contrast to Buxbaum et al.21 amylase and lipase levels were statistically 
lower in the AH group at the 4th and 24th hours in the current study. 
Wu et al26 conducted a meta-analysis on 10 randomized controlled 
trials involving 2200 patients. According to this meta-analysis, AH 
decreases the frequency of PEP and hyperamylasemia compared to SH.

Several strategies for PEP prevention have been researched. Meta-
analyses indicate that prophylactic pancreatic duct stenting reduces 

the incidence of PEP by approximately 60%.28,29 However, the suc-
cess rate depends on the operator's ability to perform rapid pancreatic 
duct cannulation and the pancreas's ductal anatomy. In addition, it may 
not be cost-effective when used in conjunction with stents. To prevent 
the development of PEP, it is appropriate to prefer non-invasive tech-
niques. The effectiveness of nonsteroidal anti-inflammatory drugs has 
also been demonstrated. According to a recent meta-analysis, the com-
bination of LRS and indomethacin is 94% more effective than mono-
therapy.30 Lactated Ringer’s is effective on its own, but its effectiveness 
is enhanced when combined with other preventive measures. However, 
the cost is a limitation.

There are some limitations to the current study. To ensure the patients' 
safety after AH, they were selected according to rather strict inclusion 
criteria. Consequently, patients with significant comorbid diseases 
were excluded, limiting the generalizability of the findings. This cir-
cumstance prevented us from assessing the safety of AH therapy in 
high-risk patients. Compared with current studies, pancreatitis rates 
are higher in our study. We believe that the higher frequency of PEP 
in our study than in the literature is due to the use of frequent precuts, 
a quite high number of pancreatic cannulations, and the 2012 Atlanta 
Classification criteria for defining pancreatitis. Furthermore, we believe 
that the small sample size of our study increases heterogeneity.

CONCLUSION
Randomized controlled trials and meta-analyses indicate that aggres-
sive periprocedural hydration with lactated Ringer’s solution reduces 
the risk of PEP. Compared with other prevention strategies, this tech-
nique is safe, inexpensive, and easy to implement. To evaluate the 
method’s efficacy and modify the fluid treatment's dosage and duration, 
larger and better-designed studies are necessary.
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