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Abstract

Introduction Acute pancreatitis poses a significant health risk due to the potential for pancreatic necrosis and multi-
organ failure. Fluid resuscitation has demonstrated positive effects; however, consensus on the ideal intravenous fluid
type and infusion rate for optimal patient outcomes remains elusive.

Methods A comprehensive literature search was conducted using PubMed, Embase, the Cochrane Library, Scopus,
and Google Scholar for studies published between 2005 and January 2023. Reference lists of potential studies were
manually searched to identify additional relevant articles. Randomized controlled trials and retrospective studies
comparing high (=20 ml/kg/h), moderate (= 10 to < 20 ml/kg/h), and low (5 to < 10 ml/kg/h) fluid therapy in acute
pancreatitis were considered.

Results Twelve studies met our inclusion criteria. Results indicated improved clinical outcomes with low versus
moderate fluid therapy (OR=0.73; 95% CI [0.13, 4.03]; p=0.71) but higher mortality rates with low compared

to moderate (OR=0.80; 95% Cl [0.37, 1.70]; p=0.55), moderate compared to high (OR=0.58; 95% CI [0.41, 0.81],
p=0.001), and low compared to high fluids (OR=0.42; 95% CI [0.16, 1.10]; P=0.08). Systematic complications
improved with moderate versus low fluid therapy (OR=1.22; 95% Cl [0.84, 1.78]; p=0.29), but no difference was found
between moderate and high fluid therapy (OR=0.59; 95% Cl [0.41, 0.86]; p=0.006).

Discussion This meta-analysis revealed differences in the clinical outcomes of patients with AP receiving low,
moderate, and high fluid resuscitation. Low fluid infusion demonstrated better clinical outcomes but higher mortality,
systemic complications, and SIRS persistence than moderate or high fluid therapy. Early fluid administration yielded
better results than rapid fluid resuscitation.
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Introduction

Acute pancreatitis (AP) is an acute inflammation of the
pancreas and one of the leading global causes of hospi-
talization for gastrointestinal complications [1]. Heckler
et al. indicated that approximately 20% of AP cases usu-
ally progress to severe pancreatitis, leading to pancreatic
necrosis and multi-organ failure; hence, the reason for
the continued increase in mortality rate is currently esti-
mated to be 40% [2]. For instance, pancreatic necrosis is
mainly characterized by fluid loss due to hypoperfusion,
splanchnic vasoconstriction, and reduced blood flow into
the pancreas [3]. Accordingly, reduced blood flow pre-
mediates compromised microcirculation within the pan-
creas, which plays a significant role in the development of
necrotizing pancreatitis.

Over the years, fluid resuscitation or adequate fluid
resuscitation has been labeled as the main management
approach for the early onset of acute pancreatitis, cou-
pled with early oral feeding and pain management [4, 5].
For instance, with its significant role in minimizing mor-
tality, scholars have suggested that early fluid resuscita-
tion seamlessly prevents and limits pancreatic necrosis,
inhibits prevalent multi-organ failure, minimizes the sys-
temic inflammatory response, and enhances microcircu-
lation in the pancreas [6].

Despite fluid resuscitation showing phenomenal treat-
ment outcomes, there are yet exorbitant uncertainties in
choosing the most appropriate fluid type and volumetric
rates that maximize patient outcomes when adminis-
tered. Blood products, colloids such as albumin, gelatin
solutions, hydroxyethyl starch, and crystalloids, including
normal saline and Ringer’s lactate, are considered fluid
types for achieving fluid resuscitation [7-9]. Generally
balanced crystalloid such as Ringer’s lactate is considered
ideal for aggressive fluid replacement therapy for criti-
cally ill patients including those with AP [10].

Notwithstanding, the rate of fluid resuscitation is the
epitome of controversy since literature has witnessed the
administration of either low, moderate, or high rates of
fluid resuscitation, which contribute to different clinical
outcomes. Proponents of high fluid therapy position that
high-rate fluid resuscitation therapy significantly reduces
mortality in patients with pancreatitis [11]. On the other
hand, opponents of the latter argue that high-rate fluid

Table 1 PICOS frameworks applied in the study
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therapy potentially causes fluid overload, further worsen-
ing or precipitating respiratory and cardiac failure [12].
Moreover, studies investigating the clinical outcomes of
low-rate fluid resuscitation reported better clinical out-
comes, including bolstered tissue perfusion, minimized
mortality, systemic inflammatory response syndrome,
and reduced hospital stay [5]. The discrepancy in infu-
sion rates of intravenous resuscitation fluid therapy is
also evident across some of the major guidelines of the
international association. For instance, renowned guide-
lines, IAP/APA evidence-based guidelines for managing
acute pancreatitis, and American College of Gastroen-
terology guidelines for managing acute pancreatitis also
show contradictions concerning fluid therapy infusion
rates [13, 14]. Similarly, systematic reviews have high-
lighted the uncertainties and discrepancies attributed to
fluid resuscitation administration rates in patients with
acute pancreatitis.

Owing to its perceived safety, wide and ready availabil-
ity, low cost, and simplicity, intravenous fluid therapy in
the treatment of acute pancreatitis, this study sought to
address the knowledge gap pertaining to the lack of con-
clusive evidence for an informed fluid resuscitation infu-
sion rate that maximizes clinical outcomes for patients
with pancreatitis. In this context, the current systematic
review and meta-analysis aimed to systematically col-
late and appraise evidence through outcome assessments
on the efficacy of low, moderate, or high infusion rates
of fluid resuscitation to inform on the most appropriate
infusion choice for acute pancreatitis patients.

Methodology

Search criteria

The present systematic review and meta-analysis was
performed according to the Cochrane Collaboration
Search Strategy and Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) protocols
[15, 16].

Eligibility: inclusion and exclusion criteria

The PICOTS framework provided the selection criteria
used in this study. The included studies were conducted
for at least ten years (Table 1).

POPULATION Acute pancreatitis patients

INTERVENTION Fluid resuscitation infusion rates & types (low vs. moderate vs. high & early/slow vs. rapid) in acute pancreatitis

COMPARISON Comparisons will be performed among studies reporting high vs. low fluid resuscitation, moderate vs. high
fluid resuscitation, low vs. moderate resuscitation, and finally, early/slow vs. rapid fluid infusion.

OUTCOMES The main outcomes of the present study include systemic anti-inflammatory response syndrome (SIRS),
improved clinical outcomes, mortality incidences, and local complications including persistent organ failure.

TIMING English language articles published from 2005 to January 2023

SETTING & DESIGN RCTs, non-randomized controlled trials, retrospective cohorts, and prospective cohorts.
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Exclusion criteria
The following

meta-analysis:

studies were excluded from the

+ Abstract, ongoing investigations, case studies,
personal opinions, encyclopedias, and studies
reporting outcomes irrelevant to the current topic.

Search strategy

A detailed literature search was electronically performed
by two investigators (DW and GH) on the following
medical databases: PubMed, Embase, Cochrane Library,
Scopus (Medline), and Google Scholar to identify eli-
gible studies. The literature search was limited to studies
reporting the outcomes of studies performed on humans,
focusing on recent publications. The following keywords
were used in the electronic databases: acute pancreatitis,
fluid resuscitation, and fluid therapy. Additionally, a man-
ual search was performed on the selected sources’ refer-
ence lists to identify potential studies.

Study selection & data extraction

Two authors (SC and RK) independently selected eligible
studies and extracted data from all articles selected for
inclusion using a standard data extraction form. All cita-
tions were electronically retrieved from biomedical data-
bases, after which they were scrutinized by the author
(SC and RK), where studies that met the inclusion crite-
ria were not included in the present study. A systematic
approach was deployed during the study selection and
data extraction. First, duplicates were excluded. Second,
the authors critiqued the titles and abstracts of eligible
studies to filter and eliminate studies inconsistent with
the inclusion criteria. Third, the studies were subjected
to full-text analysis to ascertain their consistency with
inclusion requirements. Finally, the author resolved con-
flicts arising from the studies through dialogue.

Two authors (SC and RK) independently extracted
data from eligible studies using standard data extraction
forms. Data extracted from the studies included study
name, country of origin, number of participants, com-
parisons, and their respective outcomes.

Risk of bias & study methodological quality assessment

The reviewers deployed a tool developed by the Cochrane
Collaboration to assess the risk of bias in the included
studies based on the following seven key domains: ran-
dom sequence generation, allocation concealment, blind-
ing of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective report-
ing, and other risk factors. Each of the bias domains was
categorized as either “high,” “unclear;” or “low” risk based
on the author’s judgment of the assessment criteria. The
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risk of bias assessment was performed independently;
however, a senior reviewer was consulted in case of any
differences between investigators.

Regarding the quality of evidence of each included
study, the GRADE assessment criteria were used, and the
overall quality of the studies was deemed low, moderate,
or high, depending on the scores on the five domains:
study limitation, consistency, directness, precision, and
publication bias (Table 2).

Statistical analysis

All statistical analyses were performed using the
Cochrane Collaboration Review Manager software (Rev-
Man: version 5.4.1). Differences in dichotomous variables
were calculated using an odds ratio (OR) and respective
95% confidence intervals (CI); for continuous variables,
funnel plots, and forest plots were automatically gener-
ated using RevMan software. Heterogeneity between the
studies was statistically assessed using the Chi-squared
test, with significance set to a p-value of 0.10, and the
quantity of heterogeneity was measured using the I* sta-
tistic. Inconsistency and the degree of heterogeneity were
divided into four parts % to 40%, might not be necessary;
30-60%, moderate heterogeneity; 50-90%, substantial
heterogeneity; 75-100%, and considerable heterogeneity.
Two approaches were used in the present meta-analysis:
the random-effects model approach to examine inter-
study heterogeneity and the Mantel-Haeszel fixed-effects
model when no inter-study heterogeneity was estab-
lished. Otherwise, the Mantel-Haenszel random-effects
model was deployed when the studies presented sig-
nificant heterogeneity. Publication bias was evaluated by
visually inspecting funnel plots using Egger’s test on the
line of asymmetry [17].

Results

Literature search and selection results

In the initial literature review, 250 articles were identi-
fied in the databases, whereas 19 others were registered.
Forty-five duplicates were excluded before screening. At
the same time, automated tools marked 21 articles as
ineligible, as 13 others were removed for other reasons.
The remaining 190 articles were screened, leading to the
exclusion of 103 records. Eighty-seven remaining studies
were sought for retrieval, of which 32 still needed to be
retrieved. Fifty-five studies remained and were assessed
for eligibility: nine abstracts, 17 unpublished studies, 10
case studies, and seven irrelevant studies. Finally, only
12 studies that met the inclusion criteria were included

(Fig. 1).

Risk of bias of included studies
The studies included in this review were assessed for their
quality and risk of bias using Cochrane Collaboration’s



Page 4 of 15

(2024) 24:119

Kumari et al. BMC Gastroenterology

YbIH sA
TP <sA 21RISPO 'SA MOT [lzl Loz
‘dnoub s1es9pOW pue Mo| 0} paiedUIOd Se aINn|iey [eUSJ PUB UOI}  J3M|-| '$-0}-| '€ ‘pauOiUSW ellepe-ap
-edljdwlod Alojelidsal ‘ainjie) uebio asow papodal spiny ybiH SATLE> jou adAy pinj4 VN /9T uleds 10yod anbuug
MOJ "SA
91eJapowl ‘sA YbIH
K|9A1129dS3Y 9607 "SA %67 “SA %/'8 (OENhe
Ayjeron pue ‘'uonN|os s1e1de| [€2] LeoT
96 DAIIRAISSUOD) "SA 9/ 91RISPOIN 69| dnolb aAISSI0DY TSP <A s Jabury ‘auljes sg “|e 13 We||essaly
danjeyuebio 15y SATRT>  /|BWION) pIny Auy VN oLe VSN 104 'V pauwiyy
(96179 SN %/€8)
U/B3/Iut €< AddN
(9202 SN %90€)
U/B3/Iu € <A
(%E£°6/ SN %Y /8)
U/b3/|w €< uoissiupe nD)
(%8€L SN %98T) MOT "SA 91RISPON
y/|W €< :24njiey uebio ajdipny uopN|os
(T L1 SN%Y'TT) a1e10e| 596Uty 1y [a
Iy 210w padojanap a1el piny Yybiy yim juaiied N 10 QUIeS [PUWLION  /JW €3> 'SAIY/|W € < 716 eulyd  Apnisuoyod 610 “[e 19 I ue
‘JuawaA0IdWl [BD1UID pUR ‘SISOIDaU
oieasnued ‘uolyed)jduwod A1o3elidsal Ul 92U OU S| 19y B63/|w 07 1esspow [cal
(%111 "SA 9%6°9) dnoib aAIssa1bbe 0} paiedwod “SA BY/|w € ybIH By 020z "|e 1@ oigni
Se My 20w pado|aAap UoneIPAY SAISSaIBHB-UOU YIIM JUSIIRd  0ELS SA QPS8 UONIN|OS SUUBWLIBH  /|W 0T *SA BY/|W O 88 OJIXAN 1Dy  -I21uo-JejlenD
B/|W 0L MO| 'sA
By/1w 0z 21eI8pOony
"uojRIPAY PIEPURIS Ul 978 LE 'SA SYIS uonn|os BY/lw 0L [07] Loz "le 3R
panoidwi papiodas uoieIpAY oAIssaIbbe ul sjusiied 7z 0 %S'Sy  G86E 'SA 988y sJabuly pajelde]  'sasnjoq By/|w 0¢ o puejeyy 10y uioxeyansbuy
BY/IW 0L MOJ 'SA
B/|W 07 91eISPON
"UOI3RJIUSDUODOWRY JO JuawdolaAsp $s3| pue ‘'SY|S ‘Jusw uonn|os By/jw 01 [81]1/102
-on0idwdl [ed1ul]D JuUSNbaI) S10W PIMOYS UONRIPAY SAISSaIBBY 719G 'SAT 9/ s 9buly pajeioe ‘SA snjog by/|W 07 09 VSN 104 “|e 19 wnegxng
%€'9 SN %G°0C {PROISAO PIN|H
%80 'SA %E '€ Yiesd
%t'C 'SA %t/ 2iN|le] [eUay
€Y1 SN %88 'Y ¢L IR SIS
01/ 'SA9%6'E | Shiealoued BujzinoldaN dnoib y,/6y
0"/ | "SA 96177 :SIIeaIDURd 2I19ASS IO A|91RISPOIN uoneudsNsal pinj4 - /23 G| Ag pamoj|oy
99°| "SA 959°0 :2In|1e} UebIO AUe JUSISIAd 799 MOT MOT "SA 9}RI3PO  SNJOG BY/|W 0| "SA Iy OJIXAN
%9'L "SA 969°9 'SUOISSIWPY N D] U €8 uonnjos  /Byy/|w € Ag pamoj pue ‘uieds 6Ll ccoz e
2)DIPO *SA dAISSa1bby 91RISPO sJobuly pajelde] |0} snjog by/|w 0z 6t ‘Aley| ‘elpul 104 19 elepeN-2d
panIddal uibuo uonedijqnd jo
S3WOodINQ  SPINy Al |e3OL UOIUAAIBU| spiny Al Jo a1ey syuedpiyed jJo Anuno)y  ubisap Apnis  Jedp ‘gl Apnis

SIPNIS PaPN|DUL JO SINISLDIDRIRYD Ay 19 AlewiwNg g a|qeL



Page 5 of 15

(2024) 24:119

Kumari et al. BMC Gastroenterology

‘ueblo Ju)sisiad Jo sa1el 191ealb PIeMO) puRl) B PIeIISUOWP 600C
pue (0°0>d ‘%0 "SA 81) dnoib uoIIeIDSNSAI A4S, 34} Ul 950U} 91e| 'sA Ajue3 ay edlsWY Apnis 871
uey} Ayjeniow Jayealb padusuadxs dnolb uoneldsnsal ale|, oy VN pINY AUy /|W €> SAIY/|W € < S JO S91BIS PalUN  9ADads0IRY ‘|e 19 Jauplen
Ae3s |exdsoy Jo yibua| pasnpal e pue ‘Jun aied (Y/6
-9AISUIIUI 3} O} UOISSILIPE JO 91el JaMO]| B Y 7/ 1e alnjiej ueblo  /jw € Zs) pidel
pa2NPaI Se [|9M Se U 7/ PUB 77 1B 'UOIIR}DSNSI 918 Yim pated  /a31e7 "SA (U/BY 18| 'SA A|1eg 1y edlBaWY Apnis 110z [67]
-WOD ‘SY|S PISEIIIP UM PIIBIDOSSE SeM UOIIRIDSNSAI AllRg  /|W € >) AlJe piny AUy /jw €> SAIY/|W € < ey josaeis payun  aAnoadsoney  [e 1 Jopulepy
%9E Y SN %E9 0F
‘dnoib aAIssa1bbe-uou ueyy
Adelayy Juawade|dal [euas 210w pPaAIada Anolb aAIssIODbY
%987 SA%9E9L  9LEE SA LOSY
‘SpINjy 9AIsSa1bbe  dAIssaIbbeuON MOT 'SA 9)}RISPOIN izd|
-UoU UeY3 [y 210w padojanap spiny aAIss21D6e YIm sjuslled  SA 9AIsS6BY piny Auy VN 6/1 eulyd 104 8107 “|e1@aA09
06€°0 | UOIIRIDSNSDI MOT 'SA %6'G | UONRHISNSI YbIH
Ayjeyopn
05€°7Z UOIIBIISNSAI MOT "SA 969°0 | UOIIRIDSNSaI YbIH
6/ Adeiayy Juswade|dal jeuay [sz1810C
96/°1'G UOIIRYISNSAI YBIH "SA 057°8 | UOIIRLISNSAI MO MOT 'SA UYDIH elysewe,
uonelUdA [edJUBYIBIN  90/8 SA CC6E piny Auy VN 1601 ueder 1oyoD oJlyedel
“SUOIIUDAIDIUI DAISPAUL 210W palinbal dnoib anIssaibby 00EY < 'SA MOT SA
sdnoub ||e ul AjljeoW Ul DUSIRYIPON  00EY O3 00TE 21RISPOIN “SA MO LS2IUNOD [97] £102
'SUOIIeDI|dWOD [BD0] JIMO] Y3IM 31e1D0sse dnoib o1elapoy ‘SAO0ZE > piny Auy VN 0l0l a|dniny 1oYyoD)  ybuIS Yy YSIA
paAIadaa uiblio uonedignd jo
sSwodINQ  SpIny Al [eIoL UOIJUAAIRIU| spIny Al Jo a1ey sjyuedpiyed joAnnunoy  ubisap Apmis  1es) ‘gl Apnis

(Penunuod) Z 3jqeL



Kumari et al. BMC Gastroenterology (2024) 24:119

Page 6 of 15

Fig. 1 PRISMA flow diagram of the study selection process

risk of bias tool, as illustrated in (Fig. 2). Based on the
risk of the assessment tool, all studies were classified
as having high quality, except for four fair studies that
showed an unclear risk of bias in the three criteria of bias
assessment.

.
Identification of studies via databases and registers
Records removed before
c screening:
2 . . Duplicate records removed (n
i Records identified from*: Z 4p5)
% ggtaii;aesr:sirgn_jg)w) Records marked as ineligible
] g - by automation tools (n = 21)
= Records removed for other
reasons (n = 13)
Records screened ) Records excluded™
(n=190) (n=103)
Reports sought for retrieval Reports not retrieved
> (n=87) (n=32)
: '
w
Reports assessed for eligibility Reports excluded:
s —’ -
(n=155) Abstracts (n = 9)
Unpublished studies (n = 17)
Case studies, personal
opinions (n = 10)
Irrelevant outcomes (n=7)
- . . .
2 Studies included in review
3| | n=12
3]
=

Characteristics of included studies

Twelve studies (six RCTs and six cohort studies) [18—29]
with 4,667 participants were included in this study. One
study included patients with severe AP [28], two studies
each with mild [18, 20] and moderately severe to severe
AP [19, 24], while six included patients with different AP
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Fig. 2 Risk of bias summary (A) and risk of bias graph (B)

severity based on the Atlanta or bedside index for sever-
ity of acute pancreatitis classifications [21-23, 25, 27, 29].
The volumetric attributes of intravenous fluid resuscita-
tion were evaluated based on the infusion rates (low vs.
moderate vs. high fluid) in patients with acute pancreati-
tis. Among the included studies, despite the large popula-
tion, there were variations, with the least registered per
study being 45 participants [28] and the largest being

1097 participants [25]. All included studies, except three,
provided comparative data on low (non-aggressive),
moderate, and high (aggressive) fluid resuscitation vol-
umes, apart from studies providing information based
on early or late (rapid) fluid rates. The intervention fluid
comprised Ringer’s lactate in three [18—20], Hartmann’s
solution in one [22], saline or Ringer’s lactate in one [27],
and any fluid type in six [23-26, 28, 29]. One study did
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not mention the type of intervention fluid used [21]. Fur-
thermore, four studies originated from the United States
of America [18, 23, 28, 29], one from Thailand [20], two
studies originated from China [24, 27], one study each
from Spain [21] and Mexico [22], and the rest were multi-
national studies [19, 26] (Table 2).

Outcomes and results: comparison by infusion volume
rates

Improvement of clinical outcomes

Three RCTs among the included studies [18, 20, 22], with
a sample size of 184 participants, reported improved
clinical performance regarding the administration of low,
moderate, or high intravenous fluids, among which Bux-
baum et al. [18] and Angsubhakorn et al. [20] compared
low versus moderate intravenous fluid infusion. The het-
erogeneity test result (I* = 97%) was significantly high,
implying that the studies showed substantial differences.
Hence, a random effects model was applied to the statis-
tical summation of the overall results.

In a meta-analysis that included 104 participants, low
fluid resuscitation was associated with improved clinical
outcomes (OR=0.73; 95% CI [0.13, 4.03]; p=0.71) com-
pared to moderate fluid resuscitation; however, the dif-
ference was not statistically significant (Fig. 3). None of
the studies reported complete data for low-, moderate-,
and high-resuscitation fluids. Moreover, only Cuéllar-
Monterrubio et al. [22] compared moderate versus low;
hence, a meta-analysis could not be performed.

Systemic or local complications

Notable systemic or local complications associated with
acute pancreatitis are acute kidney injury and heart fail-
ure. Hence, data on local complications associated with
administering either high or low infusion fluid volumes
were reported in five high-quality RCTs that involved
1,647 patients [18, 21-24, 26]. Four studies, including 933
participants, reported data comparing low vs. moderate
fluid resuscitation [18, 21, 24, 26]. Among the studies, the
heterogeneity test result (I = 49%) was low; hence, the
data were statistically analyzed using the random effects
model, and the pooled meta-analysis results showed that
moderate fluid therapy was correlated with improved
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outcomes for systemic complications (OR=1.22; 95% CI
[0.84, 1.78]; P=0.29) (Fig. 4: A).

Three studies, including 1345 participants, compared
moderate versus high or aggressive fluid resuscitation
[21, 22, 26]. Since the studies showed no variance among
them through the heterogeneity test (I* = 0%), a fixed-
effect model was used for statistical analysis. The meta-
analysis results showed no significant difference between
moderate and aggressive (high) fluid resuscitation
regarding improving systemic complication outcomes in
acute pancreatitis patients (OR=0.59; 95% CI [0.41, 0.86];
P=0.006) (Fig. 4: B). A meta-analysis comparing low ver-
sus high resuscitation fluids was not conducted as no
studies offered comparison data.

Systemic inflammatory response syndrome (SIRS
development/ persistence)

SIRS persistence was reported in four included stud-
ies, with a sample size of 433 participants [18-20, 22].
Cuéllar-Monterrubio et al. [22] compared non-aggressive
(low) versus moderate intravenous fluid infusions. The
heterogeneity test (I”) established substantive variance
among the included studies (I*> = 75%); thus, a random-
effects model was applied in the statistical analysis. The
meta-analysis results revealed by the pooled results
showed a significant correlation between low fluid
resuscitation and the persistence or development of
SIRS. However, there was not much difference in mod-
erate fluid resuscitation (OR=0.83; 95% CI [0.20, 3.50];
p=0.80) (Fig. 5).

Persistent organ failure

Persistent organ failure was reported in four included
studies, including 1,746 participants, and a compari-
son of low vs. moderate, moderate vs. high, and low vs.
high fluid resuscitation was possible [21, 23, 24, 26]. In
the first meta-analysis that compared low versus moder-
ate fluid resuscitation, the heterogeneity test indicated
a significant variance between the included studies (I* =
67%); thus, the random effects model was applied in the
statistical analysis. The pooled analysis results reported
an association between organ failure incidence and infu-
sion of low intravenous fluid resuscitation, implying that
low resuscitation fluids increased the likelihood of organ

Low Moderate Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Angsuhhakorn 2021 14 33 14 27 51.5% 0.31 [0.11, 0.91] —i—
Buxbaum 2017 10 22 7 22 485% 1.79[0.52,6.10] —
Total (95% Cl) 55 49 100.0% 0.73[0.13, 4.03] ——eti——
Total events 24 26

iho = . 2 - - SE = } } t t
Heterogeneity: Tau*=1.18; Chi*=4.41, df=1 {(P=0.04); F=77% 001 0 10 100
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Fig. 3 Forest plot of comparison: clinical outcome improvements
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Fig. 4 First plot of comparison: Systemic/local complications, outcome (A: Low vs. Moderate; B. Moderate vs. high)
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Fig.5 Forest plot of comparison: three SIRS (development/persistence), outcome on low vs. moderate

failure in acute pancreatitis patients or did not minimize
the incidence of organ failure. However, there was not
much difference when compared to infusion with moder-
ate fluids; the odds ratio was as follows: (OR=0.84; 95%
CI [0.34, 2.07]; p=0.71); (Fig. 6: A).

Similarly, three studies compared moderate and
high intravenous fluid infusions. Since the heterogene-
ity among the studies was low (I* = 38%), a fixed-effects
model was adopted for the statistical analysis. Pooled
meta-analysis results showed a significant association
between persistent organ failure and moderate fluid
resuscitation (OR=0.39; 95% CI [0.22, 0.69]; p=0.001),
but the difference was not statistically significant (Fig. 6:
B). The above results imply that high intravenous fluid
resuscitation would likely reduce organ failure in patients
with pancreatitis.

On the same note, the same studies also compared
low and high fluids. In the meta-analysis, a fixed-effects

model was applied to the statistical summation of the
effect results since studies showed no inter-study het-
erogeneity (I = 0%). The pooled results showed a strong
association between organ failure persistence and infu-
sion using low fluid resuscitation (OR=0.46; 95% CI
[0.26, 0.79], p=0.005), suggesting that high fluid resus-
citation improved organ failure outcomes or minimized
the risks and incidences of organ failure in patients with
acute pancreatitis (Fig. 6: C).

Mortality

Data on the incidence of mortality were reported in four
of the included studies, with a large pooled sample size of
2,596 patients who were administered high, moderate, or
low fluid infusion volumes [23-26]. This study assessed
the mortality outcomes of low and moderate fluid resus-
citation in the first comparison. Through the inclusion of
three studies with no inter-study heterogeneity (I = 0%),
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Fig. 6 Forest plot of comparison: persistent organ failure and outcomes for (A: Low vs. moderate; B: Moderate vs. high; C: Low vs. high)

the pooled results showed that infusion through low fluid
resuscitation was associated with higher mortality than
moderate fluid resuscitation (OR=0.80; 95% CI [0.37,
1.70]; p=0.55) (Fig. 7: A). A fixed-effects model was used
to summate the overall effect results statistically. The
results suggest moderate fluid resuscitation contributes
to low mortality in acute pancreatitis patients.

Nevertheless, the included studies also compared
moderate to high fluid resuscitation. In the fixed model,
the meta-analysis results showed a higher correlation
between mortality and moderate than high fluid resus-
citation infusion rates (OR=0.58; 95% CI [0.41, 0.81],
p=0.001), suggesting that higher fluid resuscitation led
to reduced mortality risks in acute pancreatic patients.
There was no inter-study heterogeneity among the
assessed articles (I* = 0%) (Fig. 7: B).

Finally, a comparison between low and high fluid resus-
citation volumes was performed, and statistical analy-
sis was performed using the fixed effects model due to
low inter-study heterogeneity (I*> = 39%). Based on the

meta-analysis results, low fluid infusion was associated
with higher mortality rates than high fluid resuscitation
(OR=0.42; 95% CI [0.16, 1.10]; p=0.08); hence, higher
fluid resuscitation volumes were likely to yield improved
or lower mortality outcomes in patients with acute pan-
creatitis (Fig. 7: C).

Outcomes and results: comparison by infusion volume types

Three included studies reported data comparing stud-
ies based on infusion volume types: early versus rapid
(late) fluid resuscitation [27-29]. Early resuscitation was
defined as receiving=1/3 of the total 72 h fluid volume
within 24 h of presentation. In contrast, late resuscita-
tion was defined as receiving<1/3 of the total 72 h fluid
volume within 24 h of presentation. Three high-quality
studies with a large population sample of 1,391 particu-
lates were included, and the main outcomes assessed
were organ failure and mortality. With respect to organ
failure, the random-effects model was applied in the
meta-analysis because the heterogeneity test revealed
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Fig. 7 First plot of comparison: five mortality outcomes, outcomes for (A: Low vs. Moderate; B: Moderate vs. high; C: Low vs. high)

no significant variance among the included studies (I* =
60%). The pooled analysis results showed that early fluid
resuscitation reduced the rates of organ failure compared
with rapid fluid resuscitation (OR=0.88; 95% CI [0.33,
2.39]; p=0.81), suggesting that rapid fluid infusion was
attributed to increased organ failure in patients with AP
(Fig. 8: A).

A fixed-effect model was applied in the meta-analysis
for mortality outcomes because there was no inter-study
heterogeneity (I* = 0%). Pooled statistical results showed
a strong association between early fluid resuscitation and
reduced mortality risk (OR=0.60; 95% CI [0.28, 1.26];
P=0.18), implying that rapid fluid resuscitation volumes
were likely to increase mortality in patients with AP
(Fig. 8. B).

Study publication bias

The results of funnel plot analysis are shown in Fig. 9.
Potential publication bias was based on visual analyses
of funnel plots. The distribution of (I, I, III, V, VIII, XI)

was symmetrical, suggesting no evidence of publication
bias. However, the funnel plots for (IV, VI, VII, IX, X, and
XII) were asymmetrical, suggesting a potential publica-
tion bias.

Discussion

Summary of findings

This study evaluated the efficacy of intravenous fluid
resuscitation on the clinical outcomes of patients with
acute pancreatitis. In particular, this study sought to
ascertain the best choice of clinical intervention between
the various fluid infusion resuscitation rates recom-
mended by physicians in treating acute pancreatitis.
Hence, low versus moderate versus high infusion rates
were compared regarding crucial clinical outcomes,
including systemic inflammatory response, clinical
improvement outcomes, systemic complications, mortal-
ity risks, and persistent organ failure. The study results
showed that moderate fluid resuscitation showed bet-
ter outcomes regarding clinical improvements, systemic
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Fig. 8 Forest plot of comparison: six outcomes by volume type (early vs. rapid), outcomes for (A: Organ failure; B: Mortality)

complications, minimizing SIRS persistence, the persis-
tence of organ failure, and reduced mortality rates, and
similar results were observed in favor of high intravenous
fluid volumes. Contrary results were observed for over-
all clinical improvement, where moderate fluid infusion
rates presented superior clinical outcomes to higher-rate
fluid resuscitation. Higher risks were associated with
administering low fluid infusion volumes for systemic or
local complications. This implies that moderate or high
fluid resuscitation was attributed to fewer systemic com-
plications in patients with severe pancreatitis. Finally,
early fluid resuscitation improved the associated organ
failure outcomes and mortality rates compared to rapid
or late resuscitation.

Correlation with previous literature findings

Consistent with our findings, previous studies have also
reported similar observations. For instance, Laplante et
al. [30] showed that higher infusion fluid volumes and
rates led to an enhanced systemic inflammatory response
in the organs. According to previous studies, the patho-
physiology of acute pancreatitis relies on the activation
of trypsinogen and an increased inflammatory response,
leading to adverse events and organ failure. Therefore,
administering high-rate infusion fluid volumes improves
the systemic inflammatory response and prevents organ
failure. This implies that administering a higher fluid
resuscitation volume would minimize the adverse risks
of SIRS in patients with acute pancreatitis. Studies have
also shown that higher-rate fluid infusion is associated
with clinical improvement. In supporting evidence that

compared higher and moderate infusion rates for clinical
improvement, Szabo et al. [11] contended that improved
clinical outcomes were not associated with moderate
fluid resuscitation in acute pancreatitis, acknowledging
the superiority of higher infusion rates. Furthermore,
Szabo et al. ascertained that high-rate fluid resuscitation
improved clinical outcomes in acute pancreatitis, espe-
cially in pediatric patients [11].

This systematic review and meta-analysis also noted
an increased incidence of mortality among critically ill
patients treated with intravenous fluid resuscitation.
Based on these results, a higher fluid resuscitation infu-
sion did not significantly reduce mortality rates compared
to low intravenous fluid resuscitation. This indicates that
both low and high fluid volumes are associated with mor-
tality. A meta-analysis by Gad et al. [31] contributed to
the recent findings by concluding that aggressive intra-
venous fluid therapy given in high infusion volumes
did not reduce mortality risks but increased the risks of
pulmonary edema and acute kidney injury. Crosignani
et al. [3] also agreed with the outcomes of the present
meta-analysis by asserting high mortality rates in low-
fluid (5-10 ml/kg/h) resuscitation in acute pancreatitis
[3]. Similar observations were noted in other studies by
Brown et al. [32] and Aggarwal et al. [33], who reported
high death rates in low fluid resuscitation volumes with
hemoconcentration. The authors argued that low fluid
levels lead to insufficient blood supply and flow in the
pancreas, leading to pancreatic necrosis and, eventually,
death [32, 33]. Furthermore, Wall et al. suggested that
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high fluid resuscitation in acute pancreatitis is associated
with higher mortality than low fluid resuscitation [34].
Concerning findings on local or systemic complica-
tions, Sweeney et al. [35] associated moderate fluid infu-
sion with reduced systemic complications compared to
low fluid resuscitation rates. In another study, Ocskay
et al. [36] reported that moderate fluid resuscitation
reduced local complications in acute pancreatitis. Finally,
regarding the length of hospital stay, previous findings
resonate with the present findings. Casey et al. [37] sup-
ported the findings that moderate fluid resuscitation
in acute pancreatitis reduces patients’ lengths of stay in
the hospital. Studies by Di Martino et al. [38] and Lep-
paniemi et al. [4] noted that moderate fluid resuscitation
reduces the length of hospital stay in acute pancreatitis.

Limitations

We were unable to assess the effect of the type of inter-
vention fluid on the study outcomes due to lack of com-
parative studies. Half of the included studies recruited
patients who had received any type of intravenous resus-
citation, one fourth exclusively used Lactated Ringer’s
solution. Although two studies classified patients who
had received saline (normal or D5) or Ringer’s lactate
solution, the [23, 27], patient outcomes based on the type
of fluid administered was not reported. The use of bal-
anced crystalloids in fluid therapy in critically ill patients
has been associated with lower mortality rates compared
to normal saline [39].

Furthermore, over half of the included studies had
attrition, reporting or other biases which may have
contributed to high heterogeneity between studies for
clinical outcomes, SIRS persistence, and organ failure
persistence.

Conclusions

Even though physicians continue to recommend low-,
moderate-, and high-rate fluid resuscitation to patients,
the study concluded that high fluid infusion rates
accorded the best clinical outcomes for patients with
pancreatitis. High versus low rates were associated
with reduced SIRS risk incidence and shortened hos-
pital length of stay among the patients. Low certainty
evidence also supported moderate fluid administration
as a starting point for pancreatitis patients with initial
manifestations.

Generally, owing to the lack of robustness of studies
that vividly and analytically provided a uniform compari-
son between low vs. moderate vs. high fluid therapy, this
study recommends further research, including studies
with high methodological quality, to validate the find-
ings of this study. Specifically, there is a need for studies
reporting clinical outcomes with low, moderate, and high
fluid infusion rates in patients with different AP severity
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to assess any potential relationship between fluid infu-
sion rate and disease severity. In addition, future studies
investigating the effect of different types of fluids in AP
are required.
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