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Abstract: Fluid therapy is the cornerstone of early supportive therapy in acute pancreatitis (AP).
Regrettably, the type of fluid is still debated among clinicians, despite recent evidence from random-
ized controlled trials (RCTs). We aimed to incorporate all evidence from RCTs comparing lactated
Ringer’s solution (LR) with normal saline (NS) in adult and pediatric AP patients, with particular
emphasis on clinically relevant outcomes. We evaluated RCTs comparing intravenous fluid resuscita-
tion with LR to NS in adult or pediatric AP patients according to a prospectively registered protocol
(CRD42021224542). Moderate-to-severe AP (MSAP), mortality, length of hospitalization (LoH), need
for intensive care, the incidence of systemic (organ failure, OF) and local complications (in total),
necrosis and pseudocyst formation were analyzed separately. Risk ratio (RR) and median difference
(MD) were calculated with 95% confidence intervals (CI) using a random effect model. Risk of bias
and quality of evidence were assessed. Altogether, 8 eligible RCTs were found, including 557 patients
(LR: 278; NS: 279). LR reduced the risk of MSAP by 31% (RR: 0.59, 95% CI: 0.36-0.97, high quality)
and the risk of death by 62% (RR: 0.48; 95% CI: 0.24-0.98, very low quality). LR was associated with
a significantly lower risk of need for intensive care (RR: 0.50, 95% CI: 0.33-0.77), OF (RR: 0.78, 95%
CI: 0.61-0.99) and local complications (RR: 0.64, 95% CI: 0.46-0.89). No significant risk reduction
was observed for LoH (MD: —0.57 days, CI: —1.33-0.19), necrosis, pseudocyst and inflammatory
parameters by LR compared to NS. LR reduces severity, mortality, need of intensive care and systemic
and local complications in AP.
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1. Introduction

The significance of acute pancreatitis (AP) lies in its relatively high incidence, rising
prevalence and the economic burden it poses on society [1-4]. The general consensus on
diagnostic criteria and severity assessment resulted in high-quality research and recent
therapeutic advances [5]. To date, no specific therapy exists, except the elimination of the
etiological factor [6-8], but it is clear that curbing systemic inflammation results in better
outcome [9]. This underlines the importance of initial management.

It is widely acknowledged that fluid therapy is the cornerstone of early supportive
therapy for AP. Nonetheless, the amount and type of fluid is still debated among clinicians,
despite recent evidence from randomized controlled trials (RCTs) [10,11]. Albeit initial re-
sults were encouraging [12,13], the use of colloids as routine resuscitation fluid was proven
to be harmful both in critically ill patients [14,15] and in severe acute pancreatitis [16]. Still,
the best choice among available crystalloids was not established. Lactated Ringer’s solution
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(LR) came into focus after Wu et al. conducted an RCT using LR for goal-directed fluid
therapy in AP [17]. They hypothesized that a balanced crystalloid may have advantages
over normal saline (NS), since acidosis can contribute to the worsening of AP [18,19]. Ina
study published by Hoque et al., in vitro experiments confirmed the immunomodulatory
effects of lactate [20]. Based on these results, several investigator-initiated RCTs were
published between 2018 and 2022 around the world.

The worldwide effort of individual researchers and our experience shows [21,22]
that physicians involved in pancreatitis care need further affirmation on the superiority
of LR to NS. Several meta-analyses attempted to summarize the currently available evi-
dence [16,23-29]. As multiple trials were published after the last search was conducted
for these systematic reviews [30,31], a more comprehensive analysis could be decisive in
this question.

We aimed to incorporate all the evidence from RCTs comparing LR with NS in adult
and pediatric AP patients in a meta-analysis, with particular emphasis on clinically impor-
tant outcomes, including mortality, severity and local and systemic complications.

2. Materials and Methods
2.1. Protocol, Registration and Reporting

The protocol was prospectively registered on PROSPERO (CRD42021224542). Data
were mainly reported as median and interquartile; therefore, we used median difference
instead of mean difference, as previously stated. We followed the recommendations of
the ‘Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)’
group [32].

2.2. Eligibility Criteria

RCTs, regardless of the participants” age and length of follow-up, reporting on the
effects of LR compared to NS in AP were considered eligible. Non-randomized trials and
cohort studies and studies addressing the prevention of AP were excluded. We assessed
the following outcomes: severity; mortality; length of hospital stay (LoH); organ failure
(defined by the Atlanta classification as systemic complication, OF); local complications,
including necrosis and pseudocyst formation; need for intensive care unit (ICU) admission;
systemic inflammatory response syndrome (SIRS); C-reactive protein (CRP; mg/dL) level;
and, additionally, the amount of fluid administered.

2.3. Systematic Search, Selection and Data Extraction

MEDLINE (via PubMed), EMBASE, Scopus, Web of Science and Cochrane Central
Register of Controlled Trials (CENTRAL) were searched until 2nd of September 2022 using
the following search key: (acute pancreatitis) AND (ringer* OR hartmann*). Only the
title, abstract and keywords were searched in the Scopus database. No other filters or
restrictions were applied. Citations were exported to a citation manager software (EndNote
X9, Clarivate Analytics, Philadelphia, PA, USA). The selection was conducted following the
recommendations of the PRISMA 2020 Statement, by two independent review authors (K.O.
and A.P.) using a predetermined set of rules. Disagreements were settled by consensus. The
rate of agreement was determined by calculating Cohen’s kappa coefficient [33] (k = 0.96
for title, k = 0.96 for abstract and k = 1.0 for full text).

Prespecified pieces of information were extracted to a Microsoft Excel sheet by K.O.
and validated by A.P.

2.4. Risk of Bias Assessment

The Revised Risk of Bias Assessment Tool (RoB 2) was used. Detailed results are
presented in Figure S1 (references in Table S2).
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2.5. Statistical Analysis

Analyses were made with R [34], using the meta [35,36] and metamedian [37] packages.

For binary outcomes, the risk ratio (RR) with 95% confidence interval (CI) was used
for the effect measure. To calculate the RR, the total number of patients in each group and
those with the event of interest were extracted from each study. Raw data from the selected
studies were pooled using a random effect model with the Mantel-Haenszel method. For
the pooled results, the exact Mantel-Haenszel method (no continuity correction) was used
to handle zero cell counts [38]. In case of continuous outcomes, the median difference
(MD) with 95% CI was calculated as effect size. The extracted values to estimate the MD
and its variance were the sample size, the median, the lower and upper quartiles, and the
minimum and maximum values in the two groups, if available. To estimate the median
and its variance in studies reporting mean and standard deviation, the distribution was
assumed to be normal. The sampling variance of the medians was estimated by the QE
method (“Meta-Analysis of the Difference of Medians” 2020), and the random effect model
was used to summarize the median differences. The Hartung—Knapp adjustment was
applied to avoid false positive findings [39,40].

To estimate 2, we used the restricted maximum likelihood method. Statistical hetero-
geneity across trials was assessed by means of the Cochrane Q test and the I? values [41].

Forest plots were used to graphically summarize the results. Where applicable, we
reported the prediction interval (i.e., the expected range of effects of future studies), fol-
lowing the recommendations of IntHout et al. [40]. Due to the low number of studies,
publication bias was not evaluated. For all outcomes, statistical significance was defined as
p-value <0.05.

2.6. Determination of Quality of Evidence

We used the ‘Grading of Recommendations Assessment, Development and Evaluation’
(GRADE) working group’s recommendation for assessing the quality of the evidence.
Detailed results are presented in Table S1.

3. Results
3.1. Study Selection

Altogether, 1004 records were identified by the systematic search, and 1 additional
record was found during the overview of the references and citations of eligible studies
and the meta-analyses of the same topic [42]. After the selection process shown in Figure 1,
eight eligible studies were identified, reported on by six full texts [17,30,31,43—45] and three
conference abstracts [42,46,47]. Abstracts by Vasudevan and Reddy are considered multiple
reports of the same RCT.

The main characteristics of the included studies are depicted in Table 1.
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Table 1. Main characteristics of the included studies *: the abstracts published by Vasudevan and Reddy et al. refer to the same RCT, hence the total number
of patients analyzed is 557. Abbreviations: LR: lactated Ringer’s solution; NS: normal saline; SD: standard deviation; IQR: interquartile range; SIRS: systemic
inflammatory response syndrome; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; PCT: procalcitonin; LoH: length of hospitalization; OF: organ

failure; HCO3: bicarbonate; ICU: need for intensive care; BUN: blood urea nitrogen; IL-6: interleukin-6.

Data . . Sample Size Age o Baseline SIRS . . .
Author, Year Country Source Recruitment Period LR/NS Mean + SD/Median (IQR) Males (%) 1 (%) Fluid Administration Protocol Reported Outcomes
Goal-directed; 20 mL/kg for 30 min, SIRS, CRP, ESR, PCT, LoH, local
Choosakul, . Nov 2015- LR:54.8 +20.4 LR: 71 LR: 8 (35) ! ’ ¢ ¢ e L
) Thailand full text 23/24 : . . followed by 3 mL/kg/h; compl., OF, mortality, severity,
2018 [43] Dec 2016 NS:48.3 +13.6 NS: 52 NS: 10 (42) BUN controlled fluid infused 24h
Goal-directed; 1000 mL 10% dextrose; chlrl?sl, ng’ ;:Se%i;p rlrf(')i?aclai‘iy
de-Madaria, . Feb 2013- LR:63.8 £19.1 LR: 52 LR:9 (47) 15 mL/kg for 60 min and 1.2 mL/kg/h AT Aos o ’
2017 [44] Spain full text Mar 2015 19721 NS: 61.4 + 15.5 NS: 42 NS: 14 (67) or 10 mL/kg for 60 min and LoH, ICU, fluid infused 24h,
nutritional support,
1mL/kg/h . .
invasive treatment
Farrell, LR:12.1 +4.5 LR: 43 LR: 6 (16) . . . SIRS, CRP, BUN, LoH, severity,
2018 [47] UsA abstract no data 38/38 NS: 123 + 5.3 NS: 50 NS: 7 (18) 1.5 times maintenance fluid local compl., time to full feeds
Karki, Oct 2018- LR: 96 LR: 12 (46) 1000 mL 5% dextrose; 10 mL/kg for SIRS, CRP, local compl., LoH,
2022 [30] Nepal full text Jun 2019 26/25 4133+ 1417 NS: 4 NS: 14 (64) 15mL/kg/h mortality, severity
Jan 2019- LR:54.6 £ 179 LR: 52 Goal-directed; 1000 mL in the first CRP, pH, HCO3, local compl.,
Kayhan, 2021 [31] - Turkey full text Sep 2019 67/65 NS: 563 + 17.2 NS: 48 NA 60 min; 3 mL/kg/h OF, severity, LoH
SIRS, LoH, ICU, local compl.,
OF, severity, mortality,
Lee, Sep 2018- LR:42.3 £ 14.0 LR: 55 . hyperchloremia, recurrence,
2020 [45] USA full text Aug 2019 61/60 NS: 43.5 + 14.2 NS: 49 NA 10 mL/kg bolus; 3 mL./kg/h need for intervention, fluid
infused 24h, fluid before
randomization
. LoH, severity, IL-6, need for
* _ _ . ’ g ',
Reddy *, India abstract Jul 2012 25/25 45.8 +16.5 56 NA . anl‘ dlre;ted, 20 m L/kg bolus', intervention, infective compl.,
2014 [42] Jun 2013 individualized maintenance fluid A
OF, fluid infused 7 days
. LoH, local compl., ICU, OF,
* — - . , 7 ’ i
Vazs(;llc;e[\jlzr]l ! India abstract ]]?;;122%1123 25/25 mean: 41.64 66 NA Goal dlrgc_t; ?I;E(;II(I; I/'{‘kg bolus, inf(;cti\./e compl.., need
or intervention
Goal-directed and standard subgroups;
20 mL/kg bolus for 30 min, 3 mL/kg/h SIRS, CRP, local compl., LoH,
Wu, May 2009- LR: 50 (40-73) LR: 44 LR: 6 (32) = X S R
2011 [17] USA full text Feb 2010 19/21 NS: 54 (40-60) NS: 68 NS: 4 (19) for 8-12 h, after either 20 mL/kg bolus ICU, OF, mortality, infection,

and 3 mL/kg/h or no bolus and
1.5mL/kg/h

fluid before randomization
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Identification of studies via other methods

Identification of via and registers
Records identified from: Records removed before
.5 Databases (n = 5): screening: R ds identified from:
Tg PubMed (n=217) Duplicate records (n = 507) eco;Ns L e_ln e _rgm.
£ Embase (n = 332) > Records ma_rked as ineligible Orgaiislaﬁgrfg (‘n =) 0)
8 CENTAAL (n-50) Records removed fof it Gitaton searching (n - 1
Web of Science (n = 164) reasons (n=0)
Record: d R d: luded
naan — iy
Reports sought for retrieval . Reports not retrieved Reports sought for retrieval N Reports not retrieved
2 (n=24) g (n=0) (n=1) > (n=0)
[
o
[
; . !
o . N R 1 luded:
Reports ass(is:egi )for eligibility Rﬁi‘;‘?ﬁfo?éil,“f‘(i‘i ) Reports ass(e:s:e%tor eligibility . o ons (= 0)
Duplicate record of eligible
study — no additional
information (n = 8)
Non-randomized (n = 1)
B Studies included in review
g (n=9)
E Reports of incluc;ed studies
Figure 1. Flow diagram of study selection process.
3.2. Study Characteristics
The main characteristics of the included studies are collected in Table 1. Altogether,
557 patients were enrolled in the 8 RCTs we found eligible. Seven out of the eight studies
were conducted on adult patients. The study by Farrell et al. enrolled exclusively pediatric
patients with a mean age of 12 years. Two multicenter studies were included in our
analysis, both of which were conducted in the United States of America [17,47]. AP was
defined using the Atlanta Classification in the majority of the studies, while Wu and
Reddy/Vasudevan et al. did not provide information on diagnostic criteria. Most studies
used goal-directed fluid protocols, with an initial bolus and continuous fluid administration
until toleration of an oral diet. Only two studies reported on fluid administration prior to
randomization [17,45]. Reported outcomes are listed in Table 1.
3.3. Quantitative Synthesis
Main findings for all outcomes included in the meta-analyses are summarized in
Table 2.
Table 2. Effect sizes, heterogeneity and quality of evidence for outcomes included in the meta-
analyses. Abbreviations: AP: acute pancreatitis. Significant results are highlighted in bold.
Overall Effect Heterogeneity
Outcome Studies  Patients GRADE Importance
RR/MD 95% CI r ? r
Moderate-to-severe AP 3 293 0.59 0.36-0.97 0.045 0% 0.692 @Ii;ehEB critical
Mortality 5 299 0.48 0.24-0.98 0047 0% 0979 OO0 critical
Very low
Length of o DPPO s
hospitalization (days) 8 557 —0.57 —1.33-0.19 0.120 35.7%  0.100 Moderate critical
Organ failure 6 430 0.78 0.61-0.99 0046 0% o0se P00 critical
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Table 2. Cont.
Overall Effect Heterogeneity
Outcome Studies  Patients GRADE Importance
RR/MD 95% CI r 2 P
Need for intensive care 4 251 0.50 0.33-0.77 0.014 0% 0.861 SSO0 1mp0rta.n.t but
Low not critical
Local complications 4 351 0.64 0.46-0.89 0.023 0% 0.856 1\/%) ?é‘iie critical
Necrosis 7 420 0.70 0.40-1.23 0176 0% o068 O critical
Pseudocyst 3 174 0.96 0.11-8.68 0950 0% 0659 P90 important but

Low not critical

SIRS at 24 h 6 374 0.77 0.33-1.82 0473  32% 0204 - of limited
importance

SIRS at 48 h 4 273 0.92 0.92-2.92 0827  31% 0224 - of limited
importance

SIRS at 72 h 3 212 0.69 0.35-1.33 0135 0% 0777 - of limited
importance

CRP at 48 h (mg/L) 3 232 -51.03 -231.90-129.84 0350  859% <0.1 - of limited
importance

Fluid administered 24 h 3 208 —152.12  —1024.68-720.45 0530  10.3% 0.300 - oflimited
importance

3.4. Severity and Mortality of Acute Pancreatitis

Across three studies, lactated Ringer’s solution (LR) reduced the risk of MSAP by 31%
(RR: 0.59, 95% CI: 0.36-0.97, p = 0.045; I?: 0%, p = 0.692; high quality, Table 2, Figure S2).
Farrell et al. reported a similar incidence of severe AP in both groups (11% in LR, 5% in
NS, p = 0.67) [47]. Reddy et al. also did not find a difference in severity (p = 0.77) [42].
Additionally, Kayhan et al. assessed severity with the Modified CT Severity Index besides
the Atlanta Classification, which was similar in the two groups (p = 0.238) [31].

Five studies reported on in-hospital mortality, but only three patients died in the
whole study population. LR fluid therapy was associated with a significantly lower risk
of death compared to NS (RR: 0.48; 95% CI: 0.24-0.98, p = 0.047; 12: 0%, p = 0.979; very
low quality, Table 2, Figure S3). Additionally, Choosakul et al. provided data for 30-day
mortality, which were identical to in-hospital mortality [43].

3.5. Length of Hospitalization and Need for Intensive Care

Patients infused with LR and NS had similar LoH (MD: —0.57, 95% CI: —1.33-0.19,
p = 0.120; 1?: 35.7%, p = 0.100; moderate quality, Table 2, Figure S4). Data were available
for eight studies, including the only pediatric study, published by Farrell et al. [47]. They
reported the number of patients discharged at 48 and 72 h and found that patients from
the LR group were discharged sooner. Lee et al. also reported the 72-hour discharge rate,
which was higher among patients infused with LR (44% vs. 28.3%) [45].

Nevertheless, across four studies, LR fluid therapy significantly reduced the need for
intensive care by 50% (RR: 0.50, 95% CI: 0.33-0.77, p = 0.014; 12: 0%, p = 0.861; low quality,
Table 2, Figure S5).

3.6. Complications

In the Revised Atlanta Classification, systemic complications of AP are defined as
respiratory, cardiovascular or renal organ failure (OF). Therefore, data on the occurrence of
OF were pooled. Across six studies, LR reduced the development of OF by 22% (RR: 0.78,
95% CI: 0.61-0.99, p = 0.046; 12: 0%, p = 0.842; low quality, Table 2, Figure S6).

Local complications were also assessed according to the Revised Atlanta Classification.
LR fluid therapy reduced local complications by 36% (RR: 0.64, 95% CI: 0.46-0.89, p = 0.023;
12: 0%, p = 0.856; moderate quality, Table 2, Figure S7). Data were sufficient for the separate
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analysis of necrosis and pseudocyst, but did not permit the quantitative analysis of the risk
of walled-off necrosis and peripancreatic fluid collection. No statistically significant associ-
ation was found between LR fluid therapy and the development of necrosis (RR: 0.70, 95%
CI: 0.40-1.23, p = 0.176; 1?: 0%, p = 0.618; low quality, Table 2, Figure S8) or pseudocysts (RR:
0.78, 95% CI: 0.61-8.68, p = 0.950; I2: 0%, p = 0.659; low quality, Table 2, Figure S9) during
the course of AP. The incidence of walled-off necrosis and peripancreatic fluid collection
were reported by Choosakul and Karki et al. with no significant differences [30,43].

3.7. Systemic Inflammation

No statistically significant association was identified between LR and the development
of SIRS at any time point (Table 2, Figure 510). Furthermore, across 3 studies, no association
was found between LR and CRP levels at 48 h from initiation of fluid therapy (Table 2,
Figure S11). A total of 2 studies reported CRP levels at 24 h and 1 at 72 h (Figure S11).

3.8. Additional Outcomes

We deemed it important to compare the amount of fluid administered in the study
groups, as it could influence the main outcomes. Four studies reported the amount of fluid
administered in each study group, and no statistically significant differences were found
(Table 2, Figure S12).

Additional outcomes reported by the eligible studies are listed in Table 1.

4. Discussion

Asno pharmacological therapy is available, currently the cornerstone of initial manage-
ment is fluid therapy [5,48,49]. The rate and fluid type, however, are far from unambiguous
for the average clinician. Recently, the results of the Waterfall trial were published, assess-
ing aggressive fluid resuscitation in AP [11]. Early termination was initiated after the first
interim analysis, as fluid overload—the main safety outcome—was significantly more fre-
quent in the aggressive resuscitation group (20.5% vs. 6.3%). However, it must be noted that
strict eligibility criteria resulted in a patient population without significant dehydration.

Regarding the type of resuscitation fluid reviews, expert opinion pieces and even
recent guidelines highlight the potential benefit of LR in AP [10,50-52]. However, their
reasoning may be insufficient to convince physicians to change an affordable, widely used
crystalloid for another.

Even though isotonic, normal saline is not a balanced crystalloid solution [53]. Caused
by its different strong ion concentration to plasma, NS infusion may result in hyper-
chloremic acidosis and promote kidney injury [54]. In vitro data suggest that extracellular
acidosis is a danger signal, resulting in the activation of innate immunity [55]. Acidosis in
the context of AP was also described as a factor negatively influencing the outcome [18,19].
In contrast, LR is a balanced crystalloid, where lactate acts as a buffer to prevent acidosis.
Lactate has been shown to moderate inflammation through the TLR4 pathway, negatively
influencing NLRP3 inflammasome and interleukin-1f3 production [20]. Furthermore, ex-
tracellular calcium supplementation by LR infusion could also mitigate lipotoxic injury,
preventing necrosis [56].

Although both LR and NS solutions were administered frequently in clinical settings
for over a century, few clinical trials addressed the specific question of LR versus NS. Since
2018, evidence on the superiority of LR to NS in clinical settings is available from large
RCTs conducted on both critically ill [54] and non-critically ill inpatients [57]. However,
changes in everyday practice are gradual.

Leading researchers in the field may think it evident that the fluid of choice in the
initial phase of AP is LR, but the slow translation of scientific results into clinical practice
and delayed adoption of evidence-based practices are also observable in this matter [58,59].
A survey of 1054 physicians from 94 countries conducted in 2021 showed that still almost
one third of doctors (31%) prefers NS or other solutions, but not LR [60]. Surprisingly,
29% of doctors actively managing AP patients preferred other solutions rather than LR
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according to this survey [60]. It is also of note that older physicians and doctors treating
AP patients for at least 10 years tend to neglect the recommendations on LR use in AP.

Most of the articles reviewing evidence in AP highlight the positive effect of LR fluid
therapy on CRP levels and SIRS. It is eminent that the pathophysiology of AP revolves
around trypsinogen activation and the generalization and escalation of the inflammatory
response, resulting in organ failures and adverse outcomes [5]. Since LR may have anti-
inflammatory effects, based on in vitro and animal research [20,56], it was a sensible choice
until clinical trials and meta-analyses provide firm evidence. All RCTs assessing the specific
question in focus—and involved in our meta-analysis—were designed focusing on the
mediation of systemic inflammation assessed by SIRS and CRP levels. Although our
workgroup has previously shown that CRP levels are associated with severity in AP [21],
information on clinically relevant outcomes, such as severity, mortality and complications,
was needed to provide direct evidence on the benefits of LR in AP. The quality of evidence
for our results reflects that the available RCTs were not designed for these outcomes.

Although several types of crystalloid solutions are used in clinical practice, except
one observational study comparing PlasmaLyte and NS, no evidence is available. Igbal
et al. found that PlasmaLyte use was associated with significantly shorter LoH, fewer SIRS
at 48 h and a lower 30-day readmission rate [61]. Based on these findings, the benefits
demonstrated by LR and PlasmaLyte could be attributed to their balanced nature and lack
of acidosis caused by hyperchloremia. However, it should be further investigated whether
LR is superior to other types of balanced crystalloid solutions in AP. Otherwise, the current
statements exclusively recommending LR for resuscitation in AP should be modified. In
our opinion, this would promote the use of balanced crystalloids, rather than NS, in AP
care and result in better outcomes generally.

4.1. Strengths and Limitations

We conducted a comprehensive meta-analysis with clinically relevant outcomes in
focus on the benefit of LR fluid therapy, rather than NS, in AP. Compared to the previously
published meta-analyses on this topic, an additional 3 RCTs were included in our analysis,
totaling 8 studies with 557 patients. The scope of our review was not limited to adult
patients, as fluid therapy in pediatric AP is also of critical importance. Besides previously
assessed outcomes, we were able to analyze CRP levels and pseudocyst formation. As data
were frequently published as median and quartiles, the use of median difference, rather
than mean difference, decreases imprecision by limiting the use of estimated values.

Our study has several limitations, as well. Despite the increased number of studies, the
optimal information size was not reached for several outcomes. This, and other limitations
of the included studies—including the risk of bias—are reflected by the grade of evidence,
which was low or very low in five out of eight assessed outcomes.

4.2. Implications

Translating scientific results to daily practice has crucial importance. LR should be
the standard choice for initial fluid resuscitation in AP, using a goal-directed approach and
close surveillance of volume status.

Further studies assessing fluid therapy in AP should be carried out in international
collaboration to be adequately powered to elevate the level of evidence for specific outcomes
if deemed necessary.

5. Conclusions

Lactated Ringer’s solution reduced severity, mortality, need for intensive care, or-
gan failure and local complications in acute pancreatitis. We recommend the exclusive
use of lactated Ringer’s solution as the primary resuscitation fluid in the early phase of
acute pancreatitis.



Biomedicines 2023, 11, 321 9of11

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390 /biomedicines11020321/s1; Figure S1. Results of risk of bias
assessment with RoB 2 tool; Figure S2. Moderate-to-severe acute pancreatitis; Figure S3. In-hospital
mortality; Figure S4. Length of hospital stay; Figure S5. Need for intensive care; Figure S6. Organ
failure; Figure S7. Local complications; Figure S8. Necrosis; Figure S9. Pseudocyst; Figure S10.
Systemic inflammatory response syndrome; Figure S11. C-reactive protein levels (mg/dL) at 24,
48 and 72 h after randomization; Figure S12. Amount of fluid administered in the first 24 h after
randomization; Table S1. Detailed results of GRADE assessment. Table S2. References of the
included studies.

Author Contributions: Conceptualization, K.O. and A.P.; Methodology, PM.; Software, PM.; Valida-
tion, A.P.; Formal Analysis, P.M.; Data Curation, K.O.; Writing—Original Draft Preparation, K.O.;
Writing—Review & Editing, A.P. and PH.; Visualization, PM.; Supervision, A.P.; Funding Acquisition,
A.P. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by National Research, Development and Innovation Office Grant
FK138929 and the Cystic Fibrosis Trust Strategic Research Center Grant NU000600, both awarded
to A.D.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the exclusive usage of already published data.

Informed Consent Statement: Not applicable.
Data Availability Statement: The data presented in this study are available in the supplementary material.

Acknowledgments: The authors would like to thank Noémi Gede, Zs6fia Vinké and Anna Edua
Ocskay for their contribution.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

Xiao, A.Y.; Tan, M.L.; Wu, L.M.; Asrani, V.M.; Windsor, J.A.; Yadav, D.; Petrov, M.S. Global incidence and mortality of pancreatic
diseases: A systematic review, meta-analysis, and meta-regression of population-based cohort studies. Lancet Gastroenterol.
Hepatol. 2016, 1, 45-55. [CrossRef]

Li, C.-L,; Jiang, M.; Pan, C.-Q.; Li, J.; Xu, L.-G. The global, regional, and national burden of acute pancreatitis in 204 countries and
territories, 1990-2019. BMC Gastroenterol. 2021, 21, 332. [CrossRef]

Szentesi, A.; Toth, E.; Balint, E.; Fanczal, J.; Madacsy, T.; Laczko, D.; Ignath, 1; Balazs, A.; Pallagi, P.; Maléth, |J.; et al. Analysis of
Research Activity in Gastroenterology: Pancreatitis Is in Real Danger. PLoS ONE 2016, 11, e0165244. [CrossRef]

Parniczky, A.; Lantos, T.; Toth, EM.; Szakdcs, Z.; Godi, S.; Hagendorn, R.; Illés, D.; Koncz, B.; Marta, K.; Miko, A.; et al.
Antibiotic therapy in acute pancreatitis: From global overuse to evidence based recommendations. Pancreatology 2019, 19, 488-499.
[CrossRef]

Lee, PJ.; Papachristou, G.I. New insights into acute pancreatitis. Nat. Rev. Gastroenterol. Hepatol. 2019, 16, 479-496. [CrossRef]
Zadori, N.; Gede, N.; Antal, J.; Szentesi, A.; Alizadeh, H.; Vincze, A.; Izbéki, F.; Papp, M.; Czako, L.; Varga, M.; et al. EarLy
Elimination of Fatty Acids iN hypertriglyceridemia-induced acuTe pancreatitis (ELEFANT trial): Protocol of an open-label,
multicenter, adaptive randomized clinical trial. Pancreatology 2020, 20, 369-376. [CrossRef]

Ocskay, K.; Juhasz, M.E,; Farkas, N.; Zadori, N.; Szako, L.; Szakacs, Z.; Szentesi, A.; Eréss, B.; Miklos, E.; Zemplényi, A;
et al. Recurrent acute pancreatitis prevention by the elimination of alcohol and cigarette smoking (REAPPEAR): Protocol of a
randomised controlled trial and a cohort study. BMJ Open 2022, 12, €050821. [CrossRef]

Meczker, A.; Handk, L.; Parniczky, A.; Szentesi, A.; Er6ss, B.; Hegyi, P. Analysis of 1060 Cases of Drug-Induced Acute Pancreatitis.
Gastroenterology 2020, 159, 1958-1961.€1958. [CrossRef]

Kylanpad, L.; Rakonczay, Z., Jr.; O'Reilly, D.A. The clinical course of acute pancreatitis and the inflammatory mediators that drive
it. Int. J. Inflam. 2012, 2012, 360685. [CrossRef]

Garg, PK.; Mahapatra, S.J. Optimum Fluid Therapy in Acute Pancreatitis Needs an Alchemist. Gastroenterology 2021, 160, 655-659.
[CrossRef]

de-Madaria, E.; Buxbaum, J.L.; Maisonneuve, P.; Garcia Garcia de Paredes, A.; Zapater, P.; Guilabert, L.; Vaillo-Rocamora, A.;
Rodriguez-Gandia, M.A.; Donate-Ortega, ].; Lozada-Herndndez, E.E.; et al. Aggressive or Moderate Fluid Resuscitation in Acute
Pancreatitis. N. Engl. ]. Med. 2022, 387, 989-1000. [CrossRef]

Klar, E.; Foitzik, T.; Buhr, H.; Messmer, K.; Herfarth, C. Isovolemic hemodilution with dextran 60 as treatment of pancreatic
ischemia in acute pancreatitis. Clinical practicability of an experimental concept. Ann. Surg. 1993, 217, 369-374. [CrossRef]


https://www.mdpi.com/article/10.3390/biomedicines11020321/s1
https://www.mdpi.com/article/10.3390/biomedicines11020321/s1
http://doi.org/10.1016/s2468-1253(16)30004-8
http://doi.org/10.1186/s12876-021-01906-2
http://doi.org/10.1371/journal.pone.0165244
http://doi.org/10.1016/j.pan.2019.04.003
http://doi.org/10.1038/s41575-019-0158-2
http://doi.org/10.1016/j.pan.2019.12.018
http://doi.org/10.1136/bmjopen-2021-050821
http://doi.org/10.1053/j.gastro.2020.07.016
http://doi.org/10.1155/2012/360685
http://doi.org/10.1053/j.gastro.2020.12.017
http://doi.org/10.1056/NEJMoa2202884
http://doi.org/10.1097/00000658-199304000-00008

Biomedicines 2023, 11, 321 10 of 11

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Schmidt, J.; Fernandez-del Castillo, C.; Rattner, D.W.; Lewandrowski, K.B.; Messmer, K.; Warshaw, A.L. Hyperoncotic ultrahigh
molecular weight dextran solutions reduce trypsinogen activation, prevent acinar necrosis, and lower mortality in rodent
pancreatitis. Am. J. Surg. 1993, 165, 40—44; discussion 45. [CrossRef]

Myburgh, J.A.; Finfer, S.; Bellomo, R.; Billot, L.; Cass, A.; Gattas, D.; Glass, P; Lipman, J.; Liu, B.; McArthur, C.; et al. Hydroxyethyl
starch or saline for fluid resuscitation in intensive care. N. Engl. ]. Med. 2012, 367, 1901-1911. [CrossRef]

Bion, J.; Bellomo, R.; Myburgh, J.; Perner, A.; Reinhart, K.; Finfer, S. Hydroxyethyl starch: Putting patient safety first. Intensive
Care Med. 2014, 40, 256-259. [CrossRef]

Di Martino, M.; Van Laarhoven, S.; Ielpo, B.; Ramia, ].M.; Manuel-Vazquez, A.; Martinez-Perez, A.; Pavel, M.; Miranda, P.B.;
Orti-Rodriguez, R.; de la Serna, S.; et al. Systematic review and meta-analysis of fluid therapy protocols in acute pancreatitis:
Type, rate and route. HPB 2021, 23, 1629-1638. [CrossRef]

Wu, B.U.; Hwang, ].Q.; Gardner, T.H.; Repas, K.; Delee, R.; Yu, S.; Smith, B.; Banks, P.A.; Conwell, D.L. Lactated Ringer’s Solution
Reduces Systemic Inflammation Compared with Saline in Patients with Acute Pancreatitis. Clin. Gastroenterol. Hepatol. 2011, 9,
P710-P717.el. [CrossRef]

Bhoomagoud, M.; Jung, T.; Atladottir, J.; Kolodecik, T.R.; Shugrue, C.; Chaudhuri, A.; Thrower, E.C.; Gorelick, F.S. Reducing
extracellular pH sensitizes the acinar cell to secretagogue-induced pancreatitis responses in rats. Gastroenterology 2009, 137,
1083-1092. [CrossRef]

Noble, M.D.; Romac, J.; Vigna, S.R.; Liddle, R.A. A pH-sensitive, neurogenic pathway mediates disease severity in a model of
post-ERCP pancreatitis. Gut 2008, 57, 1566-1571. [CrossRef]

Hoque, R.; Farooq, A.; Ghani, A.; Gorelick, E; Mehal, W.Z. Lactate reduces liver and pancreatic injury in Toll-like receptor-
and inflammasome-mediated inflammation via GPR81-mediated suppression of innate immunity. Gastroenterology 2014, 146,
1763-1774. [CrossRef]

Parniczky, A.; Kui, B.; Szentesi, A.; Balazs, A.; Szfics, A.; Mosztbacher, D.; Czimmer, J.; Sarlés, P.; Bajor, J.; Godi, S.; et al. Prospective,
Multicentre, Nationwide Clinical Data from 600 Cases of Acute Pancreatitis. PLoS ONE 2016, 11, e0165309. [CrossRef]

Gadj, S.; Eréss, B.; Gyombér, Z.; Szentesi, A.; Farkas, N.; Parniczky, A.; Sarlos, P; Bajor, ].; Czimmer, ].; Miko, A.; et al. Centralized
care for acute pancreatitis significantly improves outcomes. J. Gastrointestin. Liver Dis. 2018, 27, 151-157. [CrossRef]

Aziz, M.; Ahmed, Z.; Weissman, S.; Ghazaleh, S.; Beran, A.; Kamal, F.; Smith, W.L.; Assaly, R.; Nawras, A.; Pandol, S.J.; et al.
Lactated Ringer’s vs. normal saline for acute pancreatitis: An updated systematic review and meta-analysis. Pancreatology 2021,
21,1217-1223. [CrossRef]

Chen, H,; Lu, X.R;; Xu, B.Q.; Meng, C.; Xie, D. Lactated Ringer Solution Is Superior to Normal Saline Solution in Managing Acute
Pancreatitis an Updated Meta-analysis of Randomized Controlled Trials. J. Clin. Gastroenterol. 2022, 56, E114-E120. [CrossRef]
Gu, Y.Y; Wang, J.L.; Chen, Z.N.; Wang, S.; Liu, X.Z. Meta-analysis of lactated Ringer’s solution and normal saline for management
of acute pancreatitis. World Chin. J. Dig. 2021, 29, 1292-1297. [CrossRef]

Guzman-Calderon, E.; Diaz-Arocutipa, C.; Monge, E. Lactate Ringer’s Versus Normal Saline in the Management of Acute
Pancreatitis: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Dig. Dis. Sci. 2022, 67, 4131-4139.
[CrossRef]

Igbal, U.; Anwar, H.; Scribani, M. Ringer’s lactate versus normal saline in acute pancreatitis: A systematic review and meta-
analysis. J. Dig. Dis. 2018, 19, 335-341. [CrossRef]

Vedantam, S.; Tehami, N.; De-Madaria, E.; Barkin, J.A.; Amin, S. Lactated Ringers Does Not Reduce SIRS in Acute Pancreatitis
Compared to Normal Saline: An Updated Meta-Analysis. Dig. Dis. Sci. 2022, 67, 3265-3274. [CrossRef]

Zhou, S.; Buitrago, C.; Foong, A.; Lee, V.; Dawit, L.; Hiramoto, B.; Chang, P.; Schilperoort, H.; Lee, A.; de-Madaria, E.; et al.
Comprehensive meta-analysis of randomized controlled trials of Lactated Ringer’s versus Normal Saline for acute pancreatitis.
Pancreatology 2021, 21, 1405-1410. [CrossRef]

Karki, B.; Thapa, S.; Khadka, D.; Karki, S.; Shrestha, R.; Khanal, A.; Shrestha, R.; Paudel, B.N. Intravenous Ringers lactate versus
normal saline for predominantly mild acute pancreatitis in a Nepalese Tertiary Hospital. PLoS ONE 2022, 17, €0263221. [CrossRef]
Kayhan, S.; Akyol, B.S.; Ergul, M.; Baysan, C. The effect of type of fluid on disease severity in acute pancreatitis treatment. Eur.
Rev. Med. Pharmacol. Sci. 2021, 25, 7460-7467.

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM]J 2021, 372, n71.
[CrossRef]

McHugh, M.L. Interrater reliability: The kappa statistic. Biochem. Med. 2012, 22, 276-282. [CrossRef]

Team, R.C. R: A Language and Environment for Statistical Computing, v4.0.3; R Foundation for Statistical Computing: Vienna,
Austria, 2020.

Schwarzer, G.; Carpenter, J.R.; Ricker, G. Meta-Analysis with R; Springer: Cham, Switzerland, 2015; pp. XII, 252. Available online:
https:/ /link.springer.com/book/10.1007 /978-3-319-21416-0 (accessed on 1 December 2022).

Schwarzer, G. Meta: General Package for Meta-Analysis, v5.2.0; 2022. Available online: https://mirror.ibcp.fr/pub/CRAN/web/
packages/meta/meta.pdf (accessed on 1 December 2022).

McGrath, S.; Zhao, X.; Steele, R.; Benedetti, A. Metamedian: Meta-Analysis of Medians, v0.1.5; 2020. Available online: https:
/ /cran.r-project.org/web/packages/metamedian/metamedian.pdf (accessed on 1 December 2022).


http://doi.org/10.1016/s0002-9610(05)80402-7
http://doi.org/10.1056/NEJMoa1209759
http://doi.org/10.1007/s00134-013-3167-6
http://doi.org/10.1016/j.hpb.2021.06.426
http://doi.org/10.1016/j.cgh.2011.04.026
http://doi.org/10.1053/j.gastro.2009.05.041
http://doi.org/10.1136/gut.2008.148551
http://doi.org/10.1053/j.gastro.2014.03.014
http://doi.org/10.1371/journal.pone.0165309
http://doi.org/10.15403/jgld.2014.1121.272.pan
http://doi.org/10.1016/j.pan.2021.06.002
http://doi.org/10.1097/MCG.0000000000001656
http://doi.org/10.11569/wcjd.v29.i22.1292
http://doi.org/10.1007/s10620-021-07269-8
http://doi.org/10.1111/1751-2980.12606
http://doi.org/10.1007/s10620-021-07153-5
http://doi.org/10.1016/j.pan.2021.07.003
http://doi.org/10.1371/journal.pone.0263221
http://doi.org/10.1136/bmj.n71
http://doi.org/10.11613/BM.2012.031
https://link.springer.com/book/10.1007/978-3-319-21416-0
https://mirror.ibcp.fr/pub/CRAN/web/packages/meta/meta.pdf
https://mirror.ibcp.fr/pub/CRAN/web/packages/meta/meta.pdf
https://cran.r-project.org/web/packages/metamedian/metamedian.pdf
https://cran.r-project.org/web/packages/metamedian/metamedian.pdf

Biomedicines 2023, 11, 321 11 of 11

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

The Handbook of Research Synthesis and Meta-Analysis, 2nd ed.; Cooper, H.; Hedges, L.V.; Valentine, J.C. (Eds.) Russell Sage
Foundation: New York, NY, USA, 2009.

Knapp, G.; Hartung, J. Improved tests for a random effects meta-regression with a single covariate. Stat. Med. 2003, 22, 2693-2710.
[CrossRef]

IntHout, J.; Ioannidis, ].P.A.; Rovers, M.M.; Goeman, J.J. Plea for routinely presenting prediction intervals in meta-analysis. BM]
Open 2016, 6, e010247. [CrossRef]

Higgins, J.P.T.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539-1558. [CrossRef]

Reddy, Y.R; Talukder, S.; Yadav, T.D.; Siddappa, PK.; Kochhar, R. Effect of intravenous fluid resuscitation on inflammatory
markers of acute pancreatitis and its clinical outcome. United Eur. Gastroenterol. |. 2014, 2, 132-135. [CrossRef]

Choosakul, S.; Harinwan, K.; Chirapongsathorn, S.; Opuchar, K.; Sanpajit, T.; Piyanirun, W.; Puttapitakpong, C. Comparison of
normal saline versus Lactated Ringer’s solution for fluid resuscitation in patients with mild acute pancreatitis, A randomized
controlled trial. Pancreatology 2018, 18, 507-512. [CrossRef]

de-Madaria, E.; Herrera-Marante, I.; Gonzalez-Camacho, V.; Bonjoch, L.; Quesada-Vazquez, N.; Almenta-Saavedra, I.; Miralles-
Macia, C.; Acevedo-Piedra, N.G.; Roger-Ibanez, M.; Sanchez-Marin, C.; et al. Fluid resuscitation with lactated Ringer’s solution
vs. normal saline in acute pancreatitis: A triple-blind, randomized, controlled trial. United Eur. Gastroenterol. |. 2018, 6, 63-72.
[CrossRef]

Lee, A.; Ko, C.; Buitrago, C.; Hiramoto, B.; Hilson, L.; Buxbaum, J.; Grp, N.-L.S. Lactated Ringers vs. Normal Saline Resuscitation
for Mild Acute Pancreatitis: A Randomized Trial. Gastroenterology 2021, 160, 955. [CrossRef]

Vasu De Van, P.; Verma, G.R,; Bhalla, A.; Kalra, N.; Basha, J.; Appasani, S.; Chhabra, P.; Manrai, M.; Sinha, S.K.; Singh, K,;
et al. Does the type of fluid used in resuscitation matter in the clinical course of acute pancreatitis? Indian |. Gastroenterol. 2013,
32, A110. [CrossRef]

Farrell, PR.; DesPain, A.W.; Farmer, PF,; Farrell, L.M.; Greenfield, B.; Rogers, M.; Hornung, L.; Kim, E.; Pearman, R.; Neway, B.;
et al. Mitigating the Inflammatory Response in Acute Pancreatitis; A Randomized Clinical Control Trial Comparing the Effects of
Lactated Ringers and Normal Saline. Gastroenterology 2022, 162, S140-5141. [CrossRef]

IAP/APA. Evidence-based guidelines for the management of acute pancreatitis. Pancreatology 2013, 13, e1-e15. [CrossRef]
Crockett, S.D.; Wani, S.; Gardner, T.B.; Falck-Ytter, Y.; Barkun, A.N. American Gastroenterological Association Institute Guideline
on Initial Management of Acute Pancreatitis. Gastroenterology 2018, 154, 1096-1101. [CrossRef]

Boxhoorn, L.; Voermans, R.P.,; Bouwense, S.A.; Bruno, M.].; Verdonk, R.C.; Boermeester, M.A.; van Santvoort, H.C.; Besselink,
M.G. Acute pancreatitis. Lancet 2020, 396, 726-734.

Machicado, J.D.; Papachristou, G.I. Intravenous fluid resuscitation in the management of acute pancreatitis. Curr. Opin.
Gastroenterol. 2020, 36, 409—416. [CrossRef]

Vivian, E.; Cler, L.; Conwell, D.; Cote, G.A.; Dickerman, R.; Freeman, M.; Gardner, T.B.; Hawes, R.H.; Kedia, P.; Krishnamoorthi,
R.; et al. Acute Pancreatitis Task Force on Quality: Development of Quality Indicators for Acute Pancreatitis Management. Am. J.
Gastroenterol. 2019, 114, 1322-1342. [CrossRef]

Reddy, S.; Weinberg, L.; Young, P. Crystalloid fluid therapy. Crit. Care 2016, 20, 59. [CrossRef]

Semler, M.W.; Self, W.H.; Wanderer, ].P.; Ehrenfeld, ].M.; Wang, L.; Byrne, D.W.; Stollings, J.L.; Kumar, A.B.; Hughes, C.G,;
Hernandez, A; et al. Balanced Crystalloids versus Saline in Critically Ill Adults. N. Engl. J. Med. 2018, 378, 829-839. [CrossRef]
Rajamaki, K.; Nordstrom, T.; Nurmi, K,; Akerman, K.E.; Kovanen, P.T.; O6rni, K.; Eklund, K.K. Extracellular acidosis is a novel
danger signal alerting innate immunity via the NLRP3 inflammasome. J. Biol. Chem. 2013, 288, 13410-13419. [CrossRef]
Khatua, B.; Yaron, J.R.; El-Kurdi, B.; Kostenko, S.; Papachristou, G.I,; Singh, V.P. Ringer’s Lactate Prevents Early Organ Failure by
Providing Extracellular Calcium. J. Clin. Med. 2020, 9, 263. [CrossRef]

Self, W.H.; Semler, M.W.; Wanderer, ].P.; Wang, L.; Byrne, D.W.; Collins, S.P; Slovis, C.M.; Lindsell, C.J.; Ehrenfeld, ].M.; Siew,
E.D.; et al. Balanced Crystalloids versus Saline in Noncritically 11l Adults. N. Engl. J. Med. 2018, 378, 819-828. [CrossRef]

Hegyi, P; Er6ss, B.; Izbéki, F.; Parniczky, A.; Szentesi, A. Accelerating the translational medicine cycle: The Academia Europaea
pilot. Nat. Med. 2021, 27, 1317-1319. [CrossRef]

Hegyi, P.; Petersen, O.H.; Holgate, S.; Eréss, B.; Garami, A.; Szakacs, Z.; Dobszai, D.; Balaské, M.; Kemény, L.; Peng, S.; et al.
Academia Europaea Position Paper on Translational Medicine: The Cycle Model for Translating Scientific Results into Community
Benefits. . Clin. Med. 2020, 9, 1532. [CrossRef]

Lluis, N.; Asbun, H.; Besselink, M.G.; Capurso, G.; Garg, PK.; Gelrud, A.; Khannoussi, W.; Lee, H.S.; Leppaniemi, A.; Lohr,
J.M.; et al. International multidisciplinary survey on the initial management of acute pancreatitis: Perspective of point-of-care
specialists focused on daily practice. J. Hepatobiliary Pancreat. Sci. 2022, 00, 1-13. [CrossRef]

Igbal, U.; Makar, M.; Shah, R.N.; Berger, A.L.; Bansal, A.B.; Khara, H.S. PlasmaLyte Improves Patient Outcomes Compared with
Normal Saline in the Treatment of Acute Pancreatitis. Pancreas 2020, 49, e44—e45. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1002/sim.1482
http://doi.org/10.1136/bmjopen-2015-010247
http://doi.org/10.1002/sim.1186
http://doi.org/10.1177/2050640614548980
http://doi.org/10.1016/j.pan.2018.04.016
http://doi.org/10.1177/2050640617707864
http://doi.org/10.1053/j.gastro.2020.10.044
http://doi.org/10.1007/s12664-013-0417-z
http://doi.org/10.1016/S0016-5085(22)60339-1
http://doi.org/10.1016/j.pan.2013.07.063
http://doi.org/10.1053/j.gastro.2018.01.032
http://doi.org/10.1097/MOG.0000000000000659
http://doi.org/10.14309/ajg.0000000000000264
http://doi.org/10.1186/s13054-016-1217-5
http://doi.org/10.1056/NEJMoa1711584
http://doi.org/10.1074/jbc.M112.426254
http://doi.org/10.3390/jcm9010263
http://doi.org/10.1056/NEJMoa1711586
http://doi.org/10.1038/s41591-021-01458-8
http://doi.org/10.3390/jcm9051532
http://doi.org/10.1002/jhbp.1201
http://doi.org/10.1097/mpa.0000000000001554

	Introduction 
	Materials and Methods 
	Protocol, Registration and Reporting 
	Eligibility Criteria 
	Systematic Search, Selection and Data Extraction 
	Risk of Bias Assessment 
	Statistical Analysis 
	Determination of Quality of Evidence 

	Results 
	Study Selection 
	Study Characteristics 
	Quantitative Synthesis 
	Severity and Mortality of Acute Pancreatitis 
	Length of Hospitalization and Need for Intensive Care 
	Complications 
	Systemic Inflammation 
	Additional Outcomes 

	Discussion 
	Strengths and Limitations 
	Implications 

	Conclusions 
	References

