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Abstract
Background  Post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis is a common complication, and its 
prevention remains challenging. Although aggressive infusion of lactated Ringer’s solution (hereafter Lactated Ringer’s) 
has shown preventive effects, the efficacy of standard infusion rates remains unclear.
Aim  To evaluate whether lactated Ringer’s administered at a standard rate reduces the incidence or severity of post-ERCP 
pancreatitis compared with non-lactated Ringer’s solutions.
Methods  This single-center retrospective study compared patients who received non-lactated Ringer’s solutions before Janu-
ary 2019 with those who received lactated Ringer’s after January 2019, at a standard rate. The outcomes were post-ERCP 
pancreatitis incidence, severity, C-reactive protein (CRP) level, and systemic inflammatory response syndrome (SIRS).
Results  Of 1194 patients included (median age, 71 years; 60% male), pancreatitis occurred in 5.6% (30/529) of the non-
lactated Ringer’s group and 5.3% (35/665) of the lactated Ringer’s group (P = 0.76). Severe or moderately severe pancreatitis 
occurred in six patients each in both groups (approximately 1%). Mean CRP level at 24 h was similar between the groups 
(1.26 vs. 1.44 mg/dL, P = 0.75), and SIRS rates at 24/48 h did not differ significantly (P = 0.61 and 1.00). Multivariate analysis 
identified pancreatic injection, naïve papilla, and female sex as independent risk factors; fluid type was not associated with 
outcome (OR 1.09, P = 0.76).
Conclusions  Lactated Ringer’s at a standard infusion rate did not reduce the incidence or severity of post-ERCP pancreatitis 
compared with a non-lactated Ringer’s solution. Further research is required to optimize fluid therapy for preventing this 
complication.

Keywords  Post-ERCP pancreatitis · Endoscopic retrograde cholangiopancreatography · Lactated ringer’s solution · Fluid 
therapy

Introduction

Post-endoscopic retrograde cholangiopancreatography 
(ERCP) pancreatitis is a significant and potentially life-
threatening complication of ERCP [1]. Various strategies 
have been proposed for the prevention of this complication, 
including rectal administration of diclofenac [2], placement 
of pancreatic stents [3], administration of nitroglycerin [4], 
and aggressive fluid infusion [5–9]. Aggressive fluid infu-
sion is considered beneficial for mitigating dehydration 
caused by inflammation associated with pancreatitis.
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In an initial randomized controlled trial (RCT) reported 
in 2014, aggressive fluid administration (3 mL/kg/hour dur-
ing the procedure, followed by a 20 mL/kg bolus imme-
diately after, and then 3 mL/kg/hour for 8 h) significantly 
reduced the incidence of post-ERCP pancreatitis compared 
with standard-dose hydration (1.5 mL/kg/hour during and 
after the procedure) (0% vs. 17%; P = 0.016) [5]. Subse-
quent RCTs and systematic reviews have consistently con-
firmed the protective effect of aggressive hydration without 
an increase in complications such as fluid overload [6–9]. 
Based on these findings, clinical guidelines recommend 
aggressive intravenous hydration as a preventive strategy 
[10–12].

The American Society for Gastrointestinal Endoscopy 
(ASGE) guidelines advocate aggressive hydration for the 
prevention of post-ERCP pancreatitis, and recommend its 
use even in unselected patients, although the supporting 
trials mainly enrolled younger individuals less prone to 
fluid overload. In real-world practice, aggressive hydration 
is often avoided in elderly or comorbid patients, and both 
the Japanese and the European Society of Gastrointestinal 
Endoscopy (ESGE) guidelines advise caution in these pop-
ulations [10–12]. In addition to the infusion volume, the 
choice of fluid type is also an important consideration in 
the prevention of post-ERCP pancreatitis. Lactated Ring-
er’s solution is generally preferred over saline because of 
its favorable metabolic and anti-inflammatory profile, and 
is endorsed by both ASGE and ESGE. However, evidence 
regarding its benefit at standard infusion rates remains 
inconclusive [13].

In this study, we aimed to assess the preventive effects of 
lactated Ringer’s solution without rapid infusion on post-
ERCP pancreatitis by examining the incidence and severity 
of post-ERCP pancreatitis during the two aforementioned 
periods (pre- and post-2019).

Methods

Study Design

This single-center retrospective study was conducted using 
the medical records of 1915 patients who underwent ERCP 
at Kobe University Hospital between June 2017 and June 
2020. All patients treated during the specified period were 
included, while cases that did not conform to the institutional 
clinical pathway (n = 554) and post-operative cases (n = 167) 
were excluded. As a result, 1194 patients were deemed eli-
gible and categorized into two groups based on the type of 
intravenous fluid administered: non-lactated Ringer’s solu-
tion group (n = 529) and lactated Ringer’s solution group 
(n = 665). This categorization formed the basis for the 
primary analysis. A secondary analysis was conducted on 
patients who developed post-ERCP pancreatitis. A summary 
of the study flow is presented in Fig. 1. The study protocol 
received approval from the Kobe University Hospital Ethics 
Committee (No. B230154) and was conducted in accord-
ance with the Declaration of Helsinki. The requirement for 
informed consent was waived due to the retrospective nature 
of the study. All the authors had full access to the study data, 
reviewed the findings, and approved the final manuscript.

Patients and Data Collection

Patient demographic and clinical data, including age, sex, 
body temperature, heart rate, respiratory rate, white blood 
cell count, and levels of C-reactive protein (CRP), amylase, 
pancreatic amylase, lipase, and total bilirubin, were retro-
spectively collected. Furthermore, details pertaining to the 
ERCP procedure, such as indications for the procedure, pres-
ence of cholangiography, pancreatic injection, periampullary 

Fig. 1   Inclusion and exclusion 
criteria. We reviewed 1,915 
ERCP cases (June 2017–June 
2020). After excluding those not 
following the clinical pathway 
(n = 554) and post-operative 
cases (n = 167), 1,194 remained 
for primary analysis. Of these, 
65 developed post-ERCP pan-
creatitis; 5 lacking 48-h blood 
data were excluded, leaving 60 
for secondary analysis. ERCP 
endoscopic retrograde cholan-
giopancreatography
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diverticulum, endoscopic sphincterotomy (EST), endoscopic 
papillary balloon dilation (EPBD), placement of bile duct 
stents, placement of pancreatic duct stents, administration of 
diclofenac, occurrence and severity of post-ERCP pancreati-
tis, and intraoperative and postoperative complications, were 
retrospectively collected. Additionally, computed tomogra-
phy (CT) images were reviewed in cases where post-ERCP 
pancreatitis was clinically suspected.

ERCP Procedure

At our institution, initial biliary cannulation was primarily 
attempted using a contrast-assisted technique, and guidewire 
manipulation, when required, was performed by an assis-
tant physician. Endoscopic procedures were performed by 
operators with varying levels of experience, ranging from 
trainees to experts. In this study, a trainee was defined as a 
physician who had performed fewer than 200 ERCP proce-
dures independently. Based on a subset analysis of the study 
cohort, trainees performed approximately 85% of the ERCP 
procedures.

Clinical Pathway

At our institution, a clinical pathway—a standardized plan 
for hospitalization and treatment—is employed for patients 
undergoing ERCP. This pathway encompasses established 
protocols that delineate the types and infusion rates of intra-
venous fluids. Prior to January 2019, the clinical pathway 
mandated the use of a hypotonic glucose electrolyte solu-
tion consisting of 5% dextrose, 0.2% sodium chloride, and 
20 mEq/L potassium chloride, administered at a rate of 
60 mL/hour. In January 2019, the protocol was revised to 
specify the administration of 80 mL/hour of lactated Ring-
er’s solution (Fig. 2). Consequently, patients who received 
the hypotonic glucose-electrolyte solution were classified 
as the non-lactated Ringer’s solution group, whereas those 

who received lactated Ringer’s solution were classified 
into the lactated Ringer’s solution group. According to this 
pathway, all patients were routinely hospitalized for one day 
after ERCP for clinical observation. Blood tests, including 
measurements of amylase, lipase, and CRP, were performed 
in all patients at 2 and 24 h after ERCP. In the absence of 
post-ERCP pancreatitis or other complications, the total 
volume of intravenous fluid administered during the rou-
tine post-ERCP hospitalization period was approximately 
2000 mL in both groups. Administration of fluid boluses 
was not included in this protocol and was therefore not 
performed in the study. Additionally, rectal diclofenac was 
administered at the discretion of the attending physician and 
was limited to patients considered to be at high risk for post-
ERCP pancreatitis.

Definition of Post‑ERCP Pancreatitis

Post-ERCP pancreatitis was diagnosed based on the Cotton 
classification. While the original definition uses serum amyl-
ase, we used serum lipase as a more sensitive biomarker, and 
defined post-ERCP pancreatitis by the presence of the fol-
lowing three criteria: (1) new or worsened upper abdominal 
pain consistent with pancreatitis, (2) serum lipase levels ≥ 3 
times the upper limit of normal, and (3) prolongation of 
hospitalization by at least two additional days attributable 
to pancreatitis [14]. The severity of post-ERCP pancreatitis 
was classified as mild, moderately severe, or severe, also 
based on the revised Atlanta classification. Severe pancreati-
tis was defined as persistent organ failure, moderately severe 
pancreatitis was defined as organ failure that resolved within 
48 h and/or the presence of local or systemic complications 
without persistent organ failure, and mild pancreatitis was 
defined as the absence of organ failure and local or sys-
temic complications [15]. Systemic inflammatory response 
syndrome (SIRS) is diagnosed when at least two of the fol-
lowing four criteria are met: (1) body temperature > 38 ℃ 

Fig. 2   Clinical pathway. Infu-
sions started at 9:00 a.m. on 
the day of ERCP. Hypotonic 
glucose–electrolyte solution 
ended at 4:00 p.m. on the fol-
lowing day; lactated Ringer’s 
ended at 12:00 p.m. on the fol-
lowing day. ERCP endoscopic 
retrograde cholangiopancrea-
tography
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or < 36 ℃, (2) heart rate > 90 beats per minute, (3) respira-
tory rate > 20 breaths per minute or PaCO2 < 32 mmHg, 
and (4) white blood cell count > 12,000/mm3 or < 4000/
mm3 [16].

Endpoints

The primary endpoint was the incidence of post-ERCP pan-
creatitis. Secondary endpoints included the severity of post-
ERCP pancreatitis, CRP levels, and SIRS at 24 and 48 h 
post-ERCP.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics (version 29.0.1) and R software (version 4.3.3), with 
all P values reported as two-sided. Relationships between 
categorical variables were assessed using the chi-square 
test or Fisher’s exact test, as appropriate. Logistic regres-
sion analysis was also applied for binary outcomes. To 
compare continuous variables such as age, an independent-
samples t-test assuming equal variances was conducted. 
The required sample size was calculated for a two-group 
comparison of proportions using a two-sided chi-squared 
test with a significance level of 0.05 and a power of 80% 
(β = 0.2). Based on a previous RCT in which the incidence of 
post-ERCP pancreatitis was 6.7% in the aggressive normal 
saline group and 3.0% in the aggressive lactated Ringer’s 
solution group [7], we hypothesized that a similar differ-
ence might exist between lactated and non-lactated Ringer’s 
solutions when administered at a standard infusion dose. The 
calculations indicated that approximately 528 patients per 
group (1054 in total) were required to detect such a differ-
ence. The final study cohort included 529 and 665 patients 
in the non-lactated and lactated Ringer’s solution groups, 
respectively, which exceeded the required sample size. To 
adjust for potential confounding factors due to differences in 
baseline characteristics and procedural factors, we applied 
inverse probability of treatment weighting (IPTW) using 
propensity scores estimated using logistic regression. The 
dependent variable was group assignment (non-lactated 
Ringer’s solution vs. lactated Ringer’s solution), and inde-
pendent variables included age, sex, presence of sphinc-
ter of Oddi dysfunction (SOD), administration of rectal 
diclofenac, history of ERCP, post-ERCP pancreatitis, acute 
pancreatitis, chronic pancreatitis, elevated bilirubin level, 
presence of a pre-existing bile duct stent, prior endoscopic 
sphincterotomy (EST), emergency procedure, pancreatic 
duct injection, use of the double guidewire technique, can-
nulation time > 15 min, endoscopic papillary balloon dila-
tion (EPBD), use of precut, and performance of cholangio-
scopy. Unstabilized weights were used, as the distribution 
of the calculated weights was stable and free of extreme 

values (median: 1.82; interquartile range: 1.69–2.32; mean: 
2.00; maximum: 4.43). Covariate balance before and after 
weighting was evaluated using absolute standardized mean 
differences (SMDs), with values < 0.1 considered accepta-
ble. Weighted logistic regression analysis was performed to 
assess the association between fluid type and the incidence 
of post-ERCP pancreatitis. Statistical significance was set 
at P < 0.05.

Results

Clinical Background in Primary Analysis.

The clinical background of the patients is summarized in 
Table 1. While the non-lactated Ringer’s solution group 
demonstrated a higher incidence of a history of post-ERCP 
pancreatitis and cholecystectomy, no other significant differ-
ences were identified in baseline characteristics, including 
risk factors for post-ERCP pancreatitis as delineated in the 
ASGE guidelines [1, 17]. The non-lactated Ringer’s solution 
group had a higher frequency of ERCP procedures such as 
the double-guidewire technique, endoscopic papillary bal-
loon dilation (normal or large) and bile duct stone removal. 
Conversely, the lactated Ringer’s solution group underwent 
biliary drainage, biliary biopsy/cytology, and cholangios-
copy more frequently.

Primary Analysis

No statistically significant difference in the incidence of 
post-ERCP pancreatitis was observed between the non-
lactated and lactated Ringer’s solution groups (5.6% vs. 
5.3%, P = 0.76). Similarly, no significant differences were 
observed in the incidence of other complications includ-
ing bleeding, bile duct perforation, post-ERCP cholangitis, 
and pancreatic fistula (Table 2). No infusion-related com-
plications were observed in either group. Even when the 
analysis was restricted to cases involving naïve papillae, 
no significant difference in the incidence of post-ERCP 
pancreatitis was observed (11.1% [21/188] vs. 10.5% 
[25/239], P = 0.81) (Table 3). Moreover, when the analy-
sis was further limited to patients with a naïve papilla who 
underwent ERCP for biliary indications—thereby exclud-
ing procedures performed for diagnostic or therapeutic 
purposes involving the pancreatic duct—no significant 
difference in the incidence of post-ERCP pancreatitis was 
observed (8.0% [10/124] vs. 6.9% [12/173], P = 0.81). 
Among all patients with a naïve papilla, pancreatic duct 
injection occurred in 60.4% (258/427) and pancreatic duct 
stents were placed in 25.3% (108/427). In contrast, in the 
subset of patients with a naïve papilla who underwent 
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ERCP for biliary indications only, pancreatic duct injec-
tion occurred in 45.1% (134/297), and prophylactic pan-
creatic duct stents were placed in 5.7% (17/297).

Regarding risk factors associated with post-ERCP pan-
creatitis (Table 4), univariate analysis identified pancreatic 
injection, naïve papilla, SOD, female sex, and double-guide-
wire method. Conversely, elevated serum bilirubin levels, 
the presence of a preplaced bile duct stent, post-EST, and 
emergency procedures were recognized as protective fac-
tors. Multivariate analysis, which incorporated these vari-
ables along with the type of infusion, revealed that only pan-
creatic injection, naïve papilla, and female sex remained as 
significant risk factors, with no protective factors identified. 
Infusion type was neither a risk nor protective factor.

Given the significant imbalances in several baseline char-
acteristics between the groups and the inclusion of numerous 
covariates in the multivariate model, IPTW was employed, 
using propensity scores to mitigate potential confounding 
factors and prevent model overfitting. Following IPTW 
adjustment, weighted logistic regression analysis revealed no 
significant difference in the incidence of post-ERCP pancre-
atitis between the non-lactated and lactated Ringer’s solution 
groups (odds ratio [OR]: 1.09, 95% confidence interval [CI]: 
0.64–1.83, P = 0.76). Covariate balance before and after 
weighting is depicted in the Fig. 3. Notably, all covariates 
demonstrated an acceptable balance even before weighting, 
with absolute SMDs below 0.1. Nonetheless, IPTW was per-
formed to further reduce residual confounding and enhance 

Table 1   Patient’s characteristics and ERCP(ERCP Endoscopic retrograde cholangiopancreatography) procedure according to fluid type

(%) indicates the proportion of cases with specific clinical features of each case associated with the fluid type before and after ERCP
a ERCP Endoscopic retrograde cholangiopancreatography, bSD Standard deviation

All patients 
(n = 1194)

Fluid type

Non-lactated 
Ringer’s solution 
(n = 529)

Lactated
Ringer’s solution  
(n = 665)

P value

Age (years), average ± SDb 69.6 ± 11.8  69.8 ± 11.0 69.7 ± 11.9 0.89
Sex 0.20
Male 715 (59.9%) 306 (57.8%) 409 (61.5%)
Female 479 (40.1%) 223 (42.2%) 256 (38.5%)
Naïve papilla 427 (35.8%) 188 (35.5%) 239 (35.9%) 0.89
History of post-ERCP pancreatitis 53 (4.4%) 32 (6.0%) 21 (3.2%) 0.02
History of acute pancreatitis 148 (12.4%) 68 (12.9%) 80 (12.0%) 0.67
History of chronic pancreatitis 151 (12.6%) 62 (11.7%) 89 (13.4%) 0.39
Suspected sphincter of oddi dysfunction 2 (0.2%) 1 (0.2%) 1 (0.2%) 0.87
Elevation of Bilirubin 259 (21.7%) 111 (21.0%) 148 (22.3%) 0.61
Rectal diclofenac 18 (1.5%) 12 (2.3%) 6 (0.9%) 0.06
Peripapillary diverticulum 183 (15.3%) 72 (13.6%) 101 (15.2%) 0.88
Post-cholecystectomy 242 (20.3%) 130 (24.6%) 112 (16.8%) 0.001
Emergency examination 170 (14.2%)  82 (15.5%) 88 (13.2%) 0.27
Cannulation time 15 min ~  184 (15.4%) 87 (16.4%) 97 (14.6%) 0.38
Endoscopic sphincterotomy 281 (23.5%) 117 (22.1%) 164 (24.7%) 0.30
Endoscopic pancreatic sphincterotomy 69 (5.8%) 28 (5.3%) 41 (6.2%) 0.52
Endoscopic papillary (large) 
balloon dilation

37 (3.1%) 24 (4.5%) 13 (2.0%) 0.01

Precut 20 (1.7%) 10 (1.9%) 10 (1.5%) 0.61
Double guidewire method 111 (9.3%) 63 (11.9%) 48 (7.2%) 0.001
Pancreatic injection 451 (37.8%) 207 (39.1%) 244 (36.7%) 0.39
Intraductal ultrasonography 180 (15.1%) 85 (16.1%) 95 (14.3%) 0.39
Biliary drainage 688 (59.5%) 285 (53.8%) 403 (60.6%) 0.02
Pancreatic drainage 238 (19.9%) 105 (19.8%) 133 (20.0%) 0.95
Biliary cytology / biopsy 200 (16.8%) 66 (12.5%) 134 (20.2%) 0.001
Pancreatic cytology / biopsy 84 (7.0%) 40 (7.0%) 44 (7.0%) 0.53
Bile duct stone removal 314 (26.3%) 160 (30.2%) 154 (23.2%) 0.006
Cholangioscopy 55 (4.6%) 16 (3.0%) 41 (6.2%) 0.011
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the robustness of causal inference; IPTW distribution was 
stable without extreme values (Fig. 3).

Secondary Endpoint

Among the 65 cases of post-ERCP pancreatitis, 5 were 
excluded because of missing CRP and/or SIRS data. We 
further analyzed 60 patients with post-ERCP pancreatitis, 
comprising 28 in the non-lactated Ringer’s solution group 
and 32 in the lactated Ringer’s solution group. The clinical 
characteristics of the patients are shown in the Table 5. No 
significant differences were observed in the background 
characteristics between the two groups. Regarding the 

ERCP procedure, the non-lactated Ringer’s solution group 
exhibited a higher frequency of pancreatic injection and 
cholangiography. The severity of post-ERCP pancreatitis 
was categorized as follows: in the non-lactated Ringer’s 
solution group, 23 cases were mild and 5 were moderately 
severe, with no severe cases; in the lactated Ringer’s solu-
tion group, 25 cases were mild, 6 were moderately severe, 
and 1 was severe. No statistically significant difference 
in the severity of post-ERCP pancreatitis was observed 
between the groups (P = 0.63). The mean serum CRP level 
at 24 h post-ERCP was higher in the non-lactated Ring-
er’s solution group (1.26 ± 1.78 vs. 1.44 ± 2.45), with no 
significant difference (P = 0.75). At 48 h post-ERCP, the 

Table 2   Complications 
of ERCP(ERCP 
Endoscopic retrograde 
cholangiopancreatography)

(%) indicates the proportion of cases with specific clinical features of post-ERCP pancreatitis cases with 
fluid type
a ERCP endoscopic retrograde cholangiopancreatography

All patients 
(n = 1194)

Fluid type

Non-lactated 
Ringer’s solution  
(n = 529)

Lactated 
Ringer’s solution 
(n = 665)

P value

Post-ERCP pancreatitis incidence 65 (5.4%) 30 (5.6%) 35 (5.3%) 0.76
Severity of post-ERCP pancreatitis 0.72
Mild 53 (4.4%) 24 (4.5%) 29 (4.4%)
Moderately severe 11 (0.9%) 6 (1.1%) 5 (0.8%)
Severe 1 (0.1%) 0 (0.0%) 1 (0.1%)
Local complications
Bleeding 7 (0.6%) 4 (0.8%) 3 (0.5%) 0.49
Bile duct perforation 4 (0.3%) 1 (0.2%) 3 (0.5%) 0.44
Post-ERCP cholangitis 24 (2.0%) 9 (1.7%) 15 (2.3%) 0.54
Pancreatic fistula 5 (0.4%) 2 (0.4%) 3 (0.5%) 0.85

Table 3   Complications 
of ERCP(ERCP 
Endoscopic retrograde 
cholangiopancreatography) in 
Patients with Naïve Papilla

(%) indicates the proportion of cases with specific clinical features of post-ERCP pancreatitis cases with 
fluid type
a ERCP endoscopic retrograde cholangiopancreatography

All patients 
(n = 427)

Fluid type

Non-lactated 
Ringer’s solution 
(n = 188)

Lactated 
Ringer’s solution 
(n = 239)

P value

Post-ERCP pancreatitis incidence 46 (10.8%) 21 (11.1%) 25 (10.5%) 0.81
Severity of post-ERCP pancreatitis 0.94
Mild 38 (8.9%) 17 (9.0%) 21 (8.8%)
Moderately severe 8 (1.9%) 4 (2.1%) 4 (1.7%)
Severe 0 (0.0%) 0 (0.0%) 0 (0.0%)
Local complications
Bleeding 5 (1.2%) 4 (2.1%) 1 (0.4%) 0.17
Bile duct perforation 1 (0.2%) 0 (0.0%) 1 (0.4%) 1.00
Post-ERCP cholangitis 7 (1.6%) 3 (1.6%) 4 (1.7%) 1.00
Pancreatic fistula 3 (0.7%) 2 (1.1%) 1 (0.7%) 0.59
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Table 4   Risk factor analysis 
of post-ERCP(ERCP 
Endoscopic retrograde 
cholangiopancreatography) 
pancreatitis

* The odds ratio was adjusted for type of infusion, and each risk factors for post-ERCP pancreatitis
a ERCP endoscopic retrograde cholangiopancreatography, bEST endoscopic sphincterotomy, cSOD sphinc-
ter of Oddi dysfunction, dEPBD endoscopic papillary balloon dilation

Univariate OR
(95%CI)

P Value Multivariate OR
(95%CI)

P* Value

Type of infusion 0.92 (0.56–1.53) 0.86 0.97 (0.57–1.63) 0.90
Pancreatic injection 3.71 (2.18–6.34)  < 0.001 1.93 (1.02–3.67) 0.04
Naïve papilla 4.75 (2.75–8.23)  < 0.001 2.54 (1.06–6.09) 0.04
Elevation of Bil 0.35 (0.15–0.82) 0.02 0.41 (0.17–1.00) 0.05
Preplaced bile duct stent 0.20 (0.10–0.40)  < 0.001 0.65 (0.24–1.72) 0.38
Post ESTb 0.25 (0.13–0.48)  < 0.001 0.77 (0.30–1.96) 0.58
Emergency examination 0.28 (0.09–0.90) 0.03 0.44 (0.13–1.48) 0.19
SODc 17.6 (1.01–285.02) 0.043 5.56 (0.32–96.18) 0.24
Female 1.92 (1.16–3.18) 0.01 1.99 (1.18–3.36) 0.01
Double guidewire method 2.14 (1.01–4.24) 0.03 0.91 (0.43–1.94) 0.81
Age < 40 years old 1.16 (0.15–8.95) 0.88
Cannulation time > 15 min 1.55 (0.84–2.86) 0.16
History of post ERCP pancreatitis 1.88 (0.72–4.89) 0.20
History of acute pancreatitis 1.65 (0.86–3.17) 0.13
History of chronic pancreatitis 1.12 (0.54–2.31) 0.77
EPBDd 1.56 (0.47–5.22) 0.47
Precut 1.96 (0.45–8.63) 0.37
Cholangioscopy 0.51 (0.15–2.60) 0.51

Fig. 3   Covariate balance and IPTW distribution. a Standardized 
mean difference (SMDs) of covariates before and after inverse proba-
bility of treatment weighting (IPTW) based on propensity scores. All 
covariates achieved an acceptable balance after weighting, with the 
SMDs reduced to below 0.1. b Box plot of IPTW distribution. The 

median weight was 1.83 (interquartile range: 1.69–2.32), the mean 
was 2.00, and the maximum was 4.43. No extreme weights were 
observed and the distribution was within an acceptable range, indicat-
ing the stability of the weighting procedure
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mean serum CRP level was 4.67 ± 5.15 mg/dL in the non-
lactated Ringer’s solution group and 4.26 ± 4.69 mg/dL 
in the lactated Ringer’s solution group, also showing no 
significant difference (P = 0.75). At 24 h post-ERCP, one 
case of SIRS was observed in the non-lactated Ringer’s 
solution group, whereas three cases were identified in 
the lactated Ringer’s solution group; however, this differ-
ence was not statistically significant (P = 0.61). At 48 h 
post-ERCP, SIRS was present in one case both in the non-
lactated Ringer’s solution group and the lactated Ringer’s 
solution group, with no significant difference between the 
groups (P = 1.00) (Table 6). Even when limited to cases 
with naïve papillae, the severity of post-ERCP pancreatitis 

did not significantly differ between the groups (P = 0.71), 
with moderately severe cases observed in four patients 
(22.2%) in the non-lactated Ringer’s solution group and 
four patients (17.4%) in the lactated Ringer’s solution 
group, and no severe cases in either group. SIRS positivity 
was also comparable between the groups at 24 h (0.0% vs. 
8.7%, P = 0.50) and 48 h (5.6% vs. 4.3%, P = 1.00) post-
ERCP. The mean CRP level at 24 h was 0.75 ± 0.99 mg/
dL in the non-lactated Ringer’s group and 1.34 ± 2.74 mg/
dL in the lactated Ringer’s group (P = 0.39), while at 48 h 
it was 3.52 ± 3.09 mg/dL and 4.41 ± 4.56 mg/dL, respec-
tively (P = 0.48) (Table 7).

Table 5   Characteristics 
and ERCP(ERCP 
Endoscopic retrograde 
cholangiopancreatography) 
procedures among patients 
with post-ERCP pancreatitis, 
according to fluid type

(%) indicates the proportion of cases with specific clinical features of each case associated with the fluid 
type before and after ERCP
a ERCP Endoscopic retrograde cholangiopancreatography, bSD Standard deviation

Characteristics and ERCP procedure All patients 
(n = 60)

Fluid type

Non-lactated 
Ringer’s solution 
(n = 28)

Lactated 
Ringer’s solution 
(n = 32)

P value

Age (years), Average (SDb) 68.8 ± 10.1 69.1 ± 9.5 68.3 ± 11.1 0.77
Sex 0.33
Male 26 (43.3%) 14 (50.0%) 12 (37.5%)
Female 34 (56.7%) 14 (50.0%) 20 (62.5%)
Naïve papilla 42 (70.0%) 19 (67.9%) 23 (71.9%) 0.74
History of post-ERCP pancreatitis 5 (8.3%) 2 (7.1%) 3 (8.6%) 1.00
History of acute pancreatitis 11 (17.7%) 8 (28.6%) 3 (8.6%) 0.06
History of chronic pancreatitis 8 (18.3%) 6 (21.4%) 2 (6.3%) 0.08
Suspected sphincter of Oddi dysfunction 1 (1.7%) 0 (0.0%) 1 (3.1%) 1.00
Elevation of Bilirubin 6 (10.0%) 3 (10.7%) 3 (8.6%) 1.00
Rectal diclofenac administration 5 (8.3%) 4 (14.3%) 1 (3.1%) 0.11
Peripapillary diverticulum 12 (20.0%) 6 (21.4%) 6 (18.8%) 0.80
Post-cholecystectomy 11 (17.7%) 5 (17.9%) 6 (18.8) 1.00
Emergency examination 3 (5.0%) 1 (3.6%) 2 (6.3%) 1.00
Cannulation time 15 min ~  12 (20.0%) 5 (17.9%) 7 (21.9%) 0.76
Endoscopic sphincterotomy 12 (20.0%) 5 (17.9%) 7 (21.9%) 0.76
Endoscopic pancreatic sphincterotomy 11 (17.7%) 5 (17.9%) 6 (18.8%) 1.00
Endoscopic papillary (large) 
balloon dilation

2 (3.3%) 1 (3.6%) 1 (3.1%) 1.00

Precut 2 (3.3%) 1 (3.6%) 1 (3.1%) 1.00
Double guidewire method 9 (15.0%) 5 (17.9%) 4 (12.5%) 0.49
Pancreatic injection 41 (68.3%) 23 (82.1%) 18 (56.3%) 0.03
Cholangiography 34 (56.7%) 12 (42.9%) 22 (68.8%) 0.04
Intraductal ultrasonography 16 (26.7%) 7 (25.0%) 9 (28.1%) 0.79
Biliary drainage 20 (33.3%) 7 (25.0%) 13 (40.6%) 0.20
Pancreatic drainage 23 (38.3%) 13 (46.4%) 8 (25.0%) 0.08
Biliary biopsy/ cytology 15 (25.0%) 4 (14.3%) 11 (34.4%) 0.08
Pancreatic biopsy/ cytology 10 (16.7%) 6 (21.4%) 4 (12.5%) 0.49
Bile duct stone removal 12 (20.0%) 6 (21.4%) 6 (18.8%) 0.80
Cholangioscopy 2 (3.3%) 1 (3.6%) 1 (3.1%) 1.00
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Discussion

In this study, we examined the effect of fluids adminis-
tered at a standard infusion rate on the prevention of post-
ERCP pancreatitis. To our knowledge, no previous study 
has been conducted to specifically evaluate the efficacy 
of a standard dose of lactated Ringer’s solution in this 
context. Our analysis did not show a statistically signifi-
cant difference in the incidence of post-ERCP pancreatitis 
between the different fluid types. This finding indicates 
that under standard infusion conditions, the type of fluid 

used may not significantly influence the risk of post-ERCP 
pancreatitis.

Lactated Ringer’s solution is widely considered advan-
tageous in the treatment of acute pancreatitis, primarily 
because of its composition as an extracellular fluid, which 
contributes to maintaining effective microcirculatory perfu-
sion, an essential factor in preventing pancreatic ischemia 
and mitigating disease severity. In addition, it is less likely to 
induce metabolic acidosis and has anti-inflammatory proper-
ties. Experimental studies have shown that lactate activates 
G-protein-coupled receptor 81 (GPR81), which subsequently 
inhibits the activation of the NLRP3 inflammasome, reduces 

Table 6   Severity of 
post-ERCP(ERCP 
Endoscopic retrograde 
cholangiopancreatography) 
pancreatitis, SIRS and mean 
C-reactive protein at 24 or 48 h 
after ERCP

(%) indicates the proportion of cases with specific clinical features of post-ERCP pancreatitis cases with 
fluid type
a ERCP Endoscopic retrograde cholangiopancreatography, bSIRS Systemic inflammatory response syn-
drome

All patients 
(n = 60)

Fluid type

Non-lactated 
Ringer’s solution 
(n = 28)

Lactated 
Ringer’s solution 
(n = 32)

P value

Severity of post-ERCP pancreatitis 0.63
Mild 48 (80.0%) 23 (82.1%) 25 (78.1%)
Moderate 11 (18.3%) 5 (17.9%) 6 (18.8%)
Severe 1 (1.7%) 0 (0.0%) 1 (3.1%)
SIRSb positive
At 24 h after ERCP 4 (6.7%) 1 (3.6%) 3 (9.4%) 0.61
At 48 h after ERCP 3 (5.0%) 1 (3.6%) 1 (3.1%) 1.00
Mean C-reactive protein
At 24 h after ERCP 1.26 ± 1.78 1.44 ± 2.45 0.75
At 48 h after ERCP 4.67 ± 5.15 4.26 ± 4.69 0.75

Table 7   Severity of 
Post-ERCP(ERCP 
Endoscopic retrograde 
cholangiopancreatography) 
Pancreatitis, SIRS(SIRS 
Systemic inflammatory 
response syndrome) and Mean 
C-Reactive Protein Levels at 24 
and 48 h After ERCP in Patients 
with Naïve Papilla

(%) indicates the proportion of cases with specific clinical features of post-ERCP pancreatitis cases with 
fluid type
a ERCP Endoscopic retrograde cholangiopancreatography, bSIRS Systemic inflammatory response syn-
drome

All patients  
(n = 41)

Fluid type

Non-lactated 
Ringer’s solution 
(n = 18)

Lactated 
Ringer’s solution 
(n = 23)

P value

Severity of post-ERCP pancreatitis 0.71
Mild 33 (80.5%) 14 (77.8%) 19 (82.6%)
Moderate 8 (19.5%) 4 (22.2%) 4 (17.4%)
Severe 0 (0.0%) 0 (0.0%) 0 (0.0%)
SIRS positive
At 24 h after ERCP 2 (4.9%) 0 (0.0%) 2 (8.7%) 0.50
At 48 h after ERCP 2 (4.9%) 1 (5.6%) 1 (4.3%) 1.00
Mean C-reactive protein
At 24 h after ERCP 0.75 ± 0.99 1.34 ± 2.74 0.39
At 48 h after ERCP 3.52 ± 3.09 4.41 ± 4.56 0.48
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interleukin-1β production, and alleviates pancreatic inflam-
mation [13]. Because of these anti-inflammatory mecha-
nisms, lactated Ringer’s solution is the preferred fluid for 
studies evaluating the efficacy of aggressive hydration proto-
cols. Consequently, several clinical guidelines advocate the 
use of lactated Ringer’s solution to prevent post-ERCP pan-
creatitis. However, in the present study, no significant benefit 
was observed in the prevention of post-ERCP pancreatitis. 
This prompts the question of why lactated Ringer’s solu-
tion, which has shown both mechanistic and limited clinical 
benefits, did not provide an advantage in our study. One 
potential explanation is that the anti-inflammatory effects 
of lactated Ringer’s solution may not be fully realized at 
a standard infusion rate, likely necessitating a higher total 
volume or more rapid administration to achieve a clinically 
meaningful benefit.

The preventive efficacy of aggressive hydration using 
lactated Ringer’s solution has been substantiated in sev-
eral RCTs [5–9], consistently demonstrating its superior-
ity over standard-dose infusion. Nonetheless, the patient 
cohorts included in these RCTs were frequently younger and 
healthier than those typically encountered in clinical prac-
tice. Indeed, many RCTs may have excluded elderly patients 
and those at an elevated risk of complications from large-
volume hydration, such as individuals with compromised 
cardiac or renal function, resulting in study populations that 
do not fully represent routine clinical settings. This exclu-
sion likely reflects concerns about fluid overload and other 
adverse effects associated with aggressive hydration. Sup-
porting this concern, de Madaria et al. reported that aggres-
sive hydration protocols may lead to complications such as 
fluid overload in the management of acute pancreatitis [18]. 
Although prevention and treatment contexts differ, these 
findings highlight the inherent risks associated with aggres-
sive hydration strategies. Therefore, although aggressive 
hydration may be effective in reducing the risk of post-ERCP 
pancreatitis, its routine application may be limited in elderly 
patients and those with significant comorbidities owing 
to safety concerns. In Japan, patients undergoing ERCP 
in daily practice are frequently elderly and have multiple 
comorbidities. Accordingly, the Japanese clinical practice 
guidelines for the management of post-ERCP pancreatitis 
do not endorse aggressive hydration [11]. At our institution, 
we therefore adopted a standardized clinical pathway using 
standard-rate hydration in order to prioritize patient safety 
in this real-world population. Consequently, further research 
is warranted to develop improved hydration protocols that 
are both effective and feasible in these patient populations.

In our cohort, the overall incidence of post-ERCP pan-
creatitis was 5.4%, but it increased to 10.8% among patients 
with a naïve papilla, which is slightly higher than previously 
reported rates. One possible reason for this is that a substan-
tial number of procedures involved diagnostic or therapeutic 

interventions related to the pancreatic duct. In fact, among 
patients with a naïve papilla who underwent ERCP for bil-
iary indications only, the incidence was 7.4%. According to 
previous reports, the incidence of post-ERCP pancreatitis 
has been reported to be approximately 8% in average-risk 
patients, approximately 15% in high-risk patients [10], and 
around 10–11% in patients managed with standard hydration 
[7.8]. Taken together, these data indicate that the incidence 
observed in the present study falls within the expected range.

In our study, we identified pancreatic injection, naïve 
papilla, and female sex as risk factors for post-ERCP pan-
creatitis, consistent with previous reports. Furthermore, 
unmeasured confounding variables, such as operator expe-
rience or procedural complexity, may have influenced the 
outcomes. Therefore, these factors should be addressed in 
future prospective studies.

Our study has several limitations. First, the non-lactated 
and lactated Ringer’s solution groups were derived from dif-
ferent time periods, raising the possibility of unmeasured 
differences in operator techniques or procedural factors that 
could not be fully adjusted. Second, following the suspicion 
of post-ERCP pancreatitis, the determination of the type 
and volume of intravenous fluid was left to the discretion of 
individual physicians. This approach is based on the clini-
cal pathway at our institution, which focuses on the preven-
tion of post-ERCP pancreatitis; however, once pancreatitis 
is suspected, aggressive fluid administration is typically 
initiated as part of the standard treatment protocol. Third, 
although the total infusion volume was comparable between 
the groups, the infusion rates differed: 60 mL/hour in the 
non-lactated Ringer’s solution group and 80 mL/hour in the 
lactated Ringer’s solution group. Nevertheless, given that no 
preventive effect was observed even with a relatively faster 
infusion rate in the lactated Ringer’s group, the impact of 
this difference is considered limited. Furthermore, when 
calculated for a 60 kg body weight, the infusion rate in our 
study was approximately 1.0–1.3 mL/kg/hour, which is 
slower than the standard rate of 1.5 mL/kg/hour reported 
in the literature. This discrepancy likely reflects the retro-
spective design of the study and the fact that infusion rates 
were determined according to routine clinical practice and 
therefore may not fully align with those in previous reports.

In conclusion, the findings of our study suggest that 
administering lactated Ringer’s solution at a standard infu-
sion rate does not offer a significant benefit in preventing 
post-ERCP pancreatitis. Further research is required to opti-
mize the fluid therapy to prevent post-ERCP pancreatitis.
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