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Abstract

Aims: Early aggressive fluid resuscitation in acute pancreatitis is frequently recommended but its benefits remain unproven.
The aim of this study was to determine the outcomes associated with early fluid volume administration in the emergency
room (FVER) in patients with acute pancreatitis.

Methods: A four-center retrospective cohort study of 1010 patients with acute pancreatitis was conducted. FVER was defined
as any fluid administered from the time of arrival to the emergency room to 4 h after diagnosis of acute pancreatitis, and
was divided into tertiles: nonaggressive (<500 ml), moderate (500 to 1000 ml), and aggressive (>1000 ml).

Results: Two hundred sixty-nine (26.6%), 427 (42.3%), and 314 (31.1%) patients received nonaggressive, moderate, and
aggressive FVER respectively. Compared with the nonaggressive fluid group, the moderate group was associated with lower
rates of local complications in univariable analysis, and interventions, both in univariable and multivariable analysis
(adjusted odds ratio (95% confidence interval): 0.37 (0.14-0.98)). The aggressive resuscitation group was associated
with a significantly lower need for interventions, both in univariable and multivariable analysis (adjusted odds ratio 0.21
(0.05-0.84)). Increasing fluid administration categories were associated with decreasing hospital stay in univariable analysis.
Conclusions: Early moderate to aggressive FVER was associated with lower need for invasive interventions.
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Introduction

Acute pancreatitis is the third most frequent cause of
hospitalization for gastrointestinal disease in the USA.'

As there are no targeted pharmacologic therapies for
acute pancreatitis, management is largely focused on
supportive measures.

Consensus guidelines have advocated using aggres-
sive fluid administration as a means of improving out-
comes in acute pancreatitis since the late 1990s.””’
Experimental studies in animal models as well as indir-
ect and retrospective findings from clinical studies have
suggested that better outcomes are achieved using
aggressive fluid administration.®* ' These studies
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hypothesized that aggressive fluid administration would
improve perfusion of the pancreatic microcirculation,
preventing pancreatic necrosis and attenuating the sys-
temic inflammatory response syndrome (SIRS), which
would avert organ failure and death.*'®'” On the other
hand, several recent retrospective’™?! and prospect-
ive?®2* studies have reported that the administration
of high fluid volumes is associated with increased
local complications, organ failure, and death. All of
the studies addressing the relationship between the ini-
tial 24 to 72h of fluid volume administration and out-
comes in acute pancreatitis are potentially affected by
reverse causation bias. Reverse causation bias refers to
the scenario in which the outcome precedes and causes
the exposure instead of the other way around.”
Patients with local complications and/or SIRS have
increased fluid sequestration®® resulting in oliguria,
hemoconcentration and hypotension. As a result, clin-
icians will administer higher volume of fluid to these
patients, which is then blamed for any subsequent
poor outcomes.?’ Reverse causation bias is difficult to
control for and may be the primary shortcoming of
most studies that have evaluated fluid administration
in acute pancreatitis, which have shown either bene-
fit” 4 or harm®>*'** associated with aggressive fluid
resuscitation.

There may also be a short “therapeutic window”
during which aggressive fluid administration is useful
for achieving positive outcomes’***® without contri-
buting to complications caused by overly aggressive
resuscitation. Given the concerns surrounding reverse
causation bias and timing of fluid administration, we
hypothesized that examining the volume of fluid
administration in the emergency room (ER) potentially
addresses these concerns since fluid is administered
early in the course of disease and is less influenced by
subsequent fluid sequestration, so the primary aim of
our study was to investigate the effect of early fluid
volume administration in the emergency room
(FVER) on outcomes of acute pancreatitis.

Methods

The relationship between fluid volume and outcome
of acute pancreatitis was studied in separate cohorts
of consecutive patients from four institutions which
included the Hospital General Universitario de
Alicante (HGUA), Alicante, Spain; the Dartmouth-
Hitchcock Medical Center (DHMC), Lebanon, New
Hampshire, USA; the University of Pittsburgh
Medical Center (UPMC), Pittsburgh, Pennsylvania,
USA; and Johns Hopkins Medical Institutions
(JHMI), Baltimore, Maryland, USA. Only adult (>18
years of age) patients with first or recurrent acute pan-
creatitis were included. Acute pancreatitis was defined

according to the revised Atlanta classification.”
Prediction of severity was assessed using the Bedside
Index of Severity in Acute Pancreatitis (BISAP) score
determined at ER (by retrieving retrospectively the
individual variables from the databases).’®! Patients
with chronic pancreatitis, with missing or incomplete
data regarding fluid administration in the ER, those
undergoing chronic hemodialysis, and those transferred
from outside institutions were excluded from the ana-
lysis. Data were prospectively recorded in the HGUA
cohort (Fluid Resuscitation database). Data from
UPMC were prospectively recorded, with the exception
of fluid administration, which was acquired retrospect-
ively (review of medical records). Data from both
DHMC and JHMI were retrospectively recorded
(review of medical records). The study period included
the index hospital admission, and further hospital
admissions due to symptomatic local complications.
The study was approved by the human research
review committee of the involved centers.

Explicative variables

FVER was defined as any fluid administered from the
time of arrival at the ER to 4 h after diagnosis of acute
pancreatitis. We did not utilize the entire time period in
the ER due to important differences in ER length of
stay between centers (data not shown). We selected this
very early time period to avoid the confounding due to
fluid sequestration and reverse causation bias.>” FVER
was divided into three groups based on tertiles across
the study cohort: a) nonaggressive fluid volume group
(reference group for comparisons): patients recei-
ving <500ml of FVER; b) moderate fluid volume
group: between 500 and 1000ml; and c) aggressive
fluid volume group: > 1000ml. The total amount of
fluid volume administered in the first 24 h (FV24) was
calculated and was also divided into tertiles: a) nonag-
gressive fluid volume group (reference group for com-
parisons): patients receiving <3200ml of FV24; b)
moderate fluid volume group: between 3200 and
4300ml; and c¢) aggressive fluid volume group:
>4300ml. We hypothesized that the effect of FV24
on outcomes would be more influenced than FVER
by fluid sequestration due to the development of local
complications, SIRS and organ failure in patients with
moderate-to-severe disease.

Outcome variables

Local complications and persistent organ failure
were defined according to the Revised Atlanta
Classification.”” Local complications included acute
peripancreatic fluid collections and/or pancreatic
necrosis and/or peripancreatic necrosis. Interventions
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Figure 1. Sources of the study population.

HGUA: Hospital General Universitario de Alicante; DHMC: Dartmouth-Hitchcock Medical Center; UPMC: University of Pittsburgh Medical
Center; JHMI: Johns Hopkins Medical Institutions; FR: fluid resuscitation.

were defined as the need for drainage (percutancous
and/or endoscopic) and/or necrosectomy (either endo-
scopic and/or surgical). Mortality was defined as death
occurring during index hospitalization or later during
subsequent admissions due to complications of the
disease.

Statistical analysis

The baseline characteristics and outcomes of patients
were expressed as median (interquartile range) or mean
(standard deviation) for non-normally or normally dis-
tributed quantitative data; frequencies and percentages
were given for qualitative variables. The Shapiro—Wilk
test was used to assess the normality of the distribu-
tions. Statistical differences were analyzed using the chi-
square test for categorical data and the Mann—Whitney
U or Student ¢ test for non-normally or normally dis-
tributed quantitative data when comparing two groups,
respectively; when more than two groups were com-
pared, Kruskal-Wallis test or one-way analysis of vari-
ance were used. Outcomes in the moderate and
aggressive FVER and FV24 categories were compared
with the patients with nonaggressive resuscitation using
chi-square test with Bonferroni correction (two-side
level of statistical significance for two post-hoc com-
parisons: 0.025). All other reported p values are also
two-sided and p values < 0.05 were deemed statistically
significant.

For the multivariable analysis (logistic regression), we
selected variables obtained at presentation that poten-
tially influence the administration of more or less fluid
based on prior studies. These variables included:
age > 60 years,**?*** alcoholic etiology,?*?**? hemato-
crit > 44%.2*%3% blood urea nitrogen > 25mg/dl,** and
presence of SIRS;**?% finally, the center of origin was
included due to differences in fluid administration and
outcomes between the institutions. Results were
expressed as odds ratios (ORs) and adjusted ORs with

the corresponding 95% confidence intervals (CIs).
Multiple linear regression was used to analyze the
adjusted influence of FVER and FV24 on hospital stay.

All statistical analysis was performed using SPSS
19.0 (SPSS, Inc., Chicago, Illinois, USA).

Results

A total of 1010 patients were included: 231 (22.9%)
patients from HGUA, admitted between August 2010
and November 2013; 410 (40.6%) patients from
DHMC, admitted between January 1985 and
December 2010; 178 (17.6%) patients from UPMC,
admitted between June 2003 and August 2013; and
191 (18.9%) patients from JHMI, admitted between
January 2010 and March 2013 (Figure 1). Mean time
from arrival at the ER to the diagnosis of acute pan-
creatitis was 3.2h (SD: 1.5); there were no differences
between centers. Mean FVER was 970 £894 ml. The
tertiles (p33 and p66) for FVER were 500 and
1000 ml. By stratification of the study cohort into ter-
tiles of FVER, 269 (26.6%) patients received < 500 ml,
427 (42.3%) received between 500 and 1000 ml, and 314
(31.1%) received > 1000 ml. The histogram of FVER is
displayed in Figure 2. Baseline characteristics of the
patient cohort stratified by tertiles of FVER are dis-
played in Table 1. There were statistically significant
differences between the FVER group with regard to
age (lower in the aggressive resuscitation group) and
SIRS at presentation (more frequent in the aggressive
resuscitation group).

The frequency and comparison of outcomes by the
tertiles of FVER are displayed in Table 2. Compared
with the nonaggressive fluid volume group, the moder-
ate volume group was associated with lower rates of
local complications (in the unadjusted analysis) and
interventions (both in unadjusted and adjusted ana-
lysis). The aggressive resuscitation group was signifi-
cantly associated with lower need for interventions
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in both the unadjusted and the adjusted analysis.
Detailed local complications are displayed in Table 1
in the Supplementary Material online. Compared with
the nonaggressive resuscitation group, there was a
trend towards a lower rate of acute peripancreatic
fluid collections and pancreatic necrosis as well as sig-
nificant differences regarding peripancreatic necrosis
(only in univariable analysis) in the moderate resusci-
tation group as well as lower rates of peripancreatic
necrosis (only in univariable analysis) in the aggressive
resuscitation group (Supplementary Table 1 online).
The median (Q1-Q3) length of hospital stay was
7 (4-11), 6 (4-10) and 5 (3-8) days for the nonaggres-
sive, moderate and aggressive FVER volume groups,

400 -
300 M
- -
o
c
g
o 200
o
C
100 A
. {JLH -
0 2000 4000 6000 8000 10000
Fluid volume administration in the emergency room (ml)

Figure 2. Distribution of fluid volume administration in emer-
gency room.

respectively (p < 0.01 in univariable but p > 0.05 in mul-
tivariable analysis).

We had data regarding FV24 for 765 (75.7%)
patients. Mean (SD) FV24 was 3909 (1547) ml. The
tertiles (p33 and p66) for FV24 were 3200 and 4300 ml.
The frequency and comparison of outcomes by the ter-
tiles of FV24 are displayed in Table 3. Receiving
>4300ml of FV24 was associated with local complica-
tions on univariable and multivariable analysis and to
invasive treatment only in univariable analysis. The
median (Q1-Q3) length of hospital stay was 5 (3-8),
6 (4-9) and 6.25 (4-11) days for the nonaggressive, mod-
erate and aggressive FV24 volume groups (p <0.01 in
univariable but p > 0.05 in multivariable analysis).

The baseline characteristics by center of origin are
displayed in Supplementary Table 2 online. There were
significant differences between centers for age, etiology,
hematocrit, presence of SIRS and BISAP score. Mean
age was higher in HGUA; gallstone-related acute pan-
creatitis was more frequently found in HGUA and
JHMI. Prediction of severity according to a BISAP
score > 3 and hematocrit > 44% was also more frequent
in HGUA. JHMI had a higher proportion of patients
with SIRS criteria at the ER. FVER boxplots accord-
ing to center of origin are displayed in Figure 3.
The differences between centers were statistically
significant. JHMI and DHMC administered higher
FVER than HGUA and UPMC.

The outcomes stratified by center of origin are dis-
played in Supplementary Table 3. There were statistic-
ally significant differences between centers with regard
to the incidence of local complications (higher rate in
HGUA), interventions (more frequent in HGUA and

Table 1. Baseline characteristics according to fluid volume administration in the emergency room.

FVER
Total cohort <500 ml 500-1000 ml >1000 ml

Variable (N=1010) (n=1269) (n=1u27) (n=1314) p
Age, years 53.6 (19.6) 55.4 (18.6) 54.3 (20.3) 49.5 (17.3) <0.001
Male 508 (50.3%) 125 (46.5%) 215 (50.4%) 168 (53.5%) 0.238
Etiology

Biliary 448 (44.4%) 114 (42.4%) 196 (45.9%) 138 (43.9%) 0.139

Alcohol 139 (13.8%) 36 (13.4%) 54 (12.6%) 49 (15.6%)

Other 423 (41.9%) 119 (44.2%) 177 (41.5%) 127 (40.4%)
BISAP >3 47 (4.7%) 17 (6.3%) 17 (4.1%) 13 (4.3%) 0.375
Hematocrit > 44% 285 (28.2%) 73 (27.1%) 123 (28.8%) 89 (28.3%) 0.757
BUN > 25 mg/d| 132 (13.1%) 33 (12.3%) 52(12.2) 47(15%) 0.433
SIRS 347 (34.4%) 89 (33.1%) 130 (30.4%) 128 (40.8%) 0.012

Data expressed as mean (SD) or number (%).
FVER: fluid volume administration in the emergency room; BISAP: bedside index for severity of acute pancreatitis;
BUN: blood urea nitrogen; SIRS: systemic inflammatory response syndrome
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Table 2. Frequency and comparison of outcomes stratified by tertiles of fluid volume administration in the

emergency room.

Local Persistent organ Invasive
FVER complications failure treatment Death
<500 ml
Cases 51/269 (19%) 19/269 (7.1%) 13/269 (4.8%) 8/269 (3%)

OR (95% ClI)

ORa (95% Cl)
500-1000 ml

Cases

OR (95% Cl)

ORa (95% Cl)
>1000 ml

Cases

OR (95% Cl)

ORa (95% Cl)

1
1

48/427 (11.2%)
0.54 (0.35-0.83)°
0.67 (0.43-1.05)

50/314 (15.9%)
0.81 (0.53-1.24)
1.15 (0.71-1.86)

1
1

19/427 (4.4%)
0.61 (0.32-1.18)
0.56 (0.28-1.14)

15/314 (4.8%)
0.66 (0.33-1.33)
0.5 (0.22-1.12)

1
1

7/427 (1.6%)
0.33 (0.13-0.83)°
0.37 (0.14-0.98)°

5/314 (1.6%)
0.32 (0.11-0.91)°
0.21 (0.05-0.84)°

1
1

7/427 (1.6%)
0.54 (0.2-1.52)
0.46 (0.15-1.38)

8/314 (2.5%)
0.85 (0.32-2.3)
0.64 (0.20-2)

Reference group for comparisons: FVER < 500 ml. Cases: expressed as number of cases with outcome variable/number of
patients within the category of fluid administration (percent cases within category of fluid administration).

Variables included in the multivariate analysis: age > 60, alcoholic etiology, hematocrit > 44%, blood urea nitro-
gen > 25 mg/dl, presence of systemic inflammatory response syndrome and center of origin.

9p < 0.025 vs. reference group.

®p=10.03 vs. reference group.

FVER: fluid volume administration in the emergency room; OR: odds ratio; ORa: adjusted OR; Cl: confidence interval

Table 3. Frequency and comparison of outcomes stratified by tertiles of fluid volume administration in the

first 24 h.

Local Persistent Invasive
FV2s4 complications organ failure treatment Death
<3200 ml
Cases 30/260 (11.5%) 11/260 (4.2%) 2/260 (0.8%) 4/260 (1.5%)

OR (95% Cl)

ORa (95% Cl)
3200-4300 ml

Cases

OR (95% Cl)

ORa (95% Cl)
>4300 ml

Cases

OR (95% Cl)

ORa (95% Cl)

1
1

41/249 (16.5%)
1.51 (0.91-2.51)
1.28 (0.76-2.16)

65/256 (25.4%)
2.61 (1.63-4.19)°
1.91 (1.17-3.14)%

1
1

9/249 (3.6%)
0.85 (0.35-2.09)
0.85 (0.34-2.15)

16/256 (6.2%)
1.51 (0.69-3.32)
1.57 (0.67-3.72)

1
1

6/249 (2.4%)
3.19 (0.64-15.93)
2.62 (0.52-13.36)

13/256 (5.1%)
6.9 (1.54-30.9)°
4.5 (0.99-21.07)

1
1

3/249 (1.2%)
0.78 (0.17-3.52)
0.83 (0.18-3.92)

5/256 (2%)
1.28 (0.338-4.8)
1.78 (0.43-7.46)

Reference group for comparisons: FV24 <3200 ml. Cases: expressed as number of cases with outcome variable/number of
patients within the category of fluid administration (percent cases within category of fluid administration).

Variables included in the multivariate analysis: age > 60, alcoholic etiology, hematocrit > 44%, blood urea nitro-
gen > 25mg/dl, presence of systemic inflammatory response syndrome and center of origin.
?p < 0.025 vs. reference group.
FV24: fluid volume administration in the first 24 h; OR: odds ratio; ORa: adjusted OR; Cl: confidence interval
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Figure 3. Fluid volume administration in the emergency room
according to center of origin. Centers: Hospital General
Universitario de Alicante (HGUA), Johns Hopkins Medical
Institutions (JHMI), University of Pittsburgh Medical Center (UPMC),
Dartmouth-Hitchcock Medical Center (DHMC). The differences in
emergency room volume administration between centers were
statistically significant (p < 0.05).

UPMC), and length of hospital stay (longer in HGUA);
see Supplementary Table 3.

Discussion

The present multicenter study is the largest to date
evaluating the outcomes of early fluid administration
in patients with acute pancreatitis. As there is no spe-
cific threshold to define aggressive fluid resuscitation,
we pragmatically divided our patients according to ter-
tiles. Three groups give more information than two that
include extreme cases of fluid administration. If we
choose a dichotomous variable, nonaggressive versus
aggressive fluid administration, we are comparing a
group which includes some patients with extremely
low administration of fluids in the ER with another
group in which some patients are receiving extremely
high volumes, and this fact may distort the real rela-
tionship between volume and outcome. We performed
a multivariate analysis with those variables that may
influence the attending physician to administer a
higher volume of fluid resuscitation, before the patients
have ““declared” severity of disease and fluid sequestra-
tion. A moderate volume of fluid (500-1000 ml) admin-
istered in the ER is associated with a lower incidence of
local complications compared with the nonaggressive
(<500 ml) group in univariable analysis, but it did not
remain significant after adjusting for potential confoun-
ders. This may be due to the relatively low number of
events (with an overall 14.8% local complication fre-
quency) adjusted by a regression model with a high
number of variables. This lower number of events

compared with other studies is due to the exclusion of
transferred patients to avoid biases regarding previous
fluid resuscitation. The purpose of this study was to
investigate the real effect of early fluid resuscitation
on outcomes, so we carefully selected each variable
that may be a confounder.

The clinical evidence supporting the type, rate, and
amount of fluid administered to patients with acute pan-
creatitis is limited. Two controlled trials from China
(from the same center) found that aggressive fluid resus-
citation is associated with worse outcomes.*** In a
recent systematic review™ these two studies were rated
as moderate with regard to level of evidence as they were
not blinded and, in one of the trials, a pseudorando-
mized allocation was used.”® The amount of crystalloid
and colloid fluid administered was large in both arms of
the first study using weight-based fluid administration
for rapid fluid expansion versus controlled fluid expan-
sion.”? The rapid expansion group had a higher need for
mechanical ventilation, and higher sepsis and mortality.
In their second study, fluid resuscitation was directed
using hematocrit to rapidly or gradually reverse hemo-
concentration.”> The rapid hemodilution group had a
higher incidence of sepsis and increased in-hospital mor-
tality. While these data are not directly comparable with
ours due to their inclusion of only patients with severe
acute pancreatitis, they suggest that over-resuscitation
may be detrimental. In the first study by Mao et al.?%,
patients with severe acute pancreatitis were enrolled in
the first 72 h after the onset of severe disease. Local com-
plications are known to be established after three to four
days from the onset of acute pancreatitis,>* so that study
in fact does not intend to decrease the rate of severe
acute pancreatitis by means of fluid resuscitation; to
the contrary it guides the management of fluid therapy
in established severe acute pancreatitis in an intensive
care unit environment. In the second study” patients
were enrolled within the first 24 h after the onset of dis-
ease but, again, the study focused on established severe
acute pancreatitis.

In our study, early aggressive fluid resuscitation was
not associated with decreased rates of persistent organ
failure, local complications nor death, so the import-
ance of this supportive measure may not be as impor-
tant as stated. Aggressive resuscitation in the first 24 h
was associated with local complications, presumably
due to reverse causation bias (higher requirements of
fluid volume due to increased fluid sequestration
induced by retroperitoneal accumulation of liquid).
Furthermore we described a trend towards a lower
hospital stay in patients receiving more aggressive
resuscitation in the ER versus a trend towards a
higher hospital stay in patients receiving more fluids
in the first 24h. These findings support our theory
about reverse causation bias in observational studies
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addressing fluid resuscitation in acute pancreatitis.
Alternatively we can hypothesize that fluid overload
may be detrimental if maintained beyond an early
and short-lasting therapeutic window. Our study sug-
gests, with the limitations of a retrospective study, that
we have to focus on very early fluid resuscitation to
demonstrate the clinical benefit of moderate to aggres-
sive volume administration.

A randomized controlled trial (RCT) from the USA
by Wu et al.* compared conventional with goal-directed
fluid resuscitation (mainly based on changes in blood
urea nitrogen) and failed to demonstrate any differences
between the two groups.® This study randomized only
40 patients, and the volume of fluid administered to both
groups of patients was similar. A recent RCT by
Buxbaum et al.’*® reported a benefit of aggressive
versus standard fluid administration for preventing
post-endoscopic retrograde cholangiopancreatography
pancreatitis®® but they studied a different setting: the
prevention of acute pancreatitis. Observational studies
both in favor of”!*!*37 and against®®** aggressive fluid
administration are biased by reverse causation and/or
their indirect nature, as commented on before.

There appear to be two clinical phases that deter-
mine the volume of fluid administration in acute pan-
creatitis:>’ an early phase determined by the clinician
and a late phase determined by the specific patient
response to fluid therapy. In the early phase (ER and
the initial hours after hospital admission), fluid volume
administration is determined by the clinician based on a
complex heuristic model that probably includes a
number of initial clinical signs and laboratory results
as well as personal experience and general management
strategy (aggressive versus nonaggressive fluid adminis-
tration). However, in the late phase, fluid volume
administration mainly depends on the patient’s
response to initial therapy as patients with fluid seques-
tration (which includes primarily those with local com-
plications, SIRS, and organ failure) may need an
increase in fluid volume administration to maintain
urine output and blood pressure and to normalize
laboratory markers of hypovolemia, including hemato-
crit, blood urea nitrogen, and creatinine.® Conversely,
some patients will have a rapid recovery and may develop
polyuria, so the fluid administration rate may be
decreased or stopped altogether. This late phase makes
it difficult to study the effect of fluid volume administra-
tion on outcomes due to reverse causation bias.?’
Furthermore, in this late phase, local and systemic com-
plications may be well-established and cannot be pre-
vented by aggressive fluid volume administration.

This study has several strengths. Our design
attempts to adjust for the confounding that occurs
due to variable timing, reverse causation bias, and
lack of adjustment for laboratory and clinical variables

that influence clinician decision making with regard to
fluid management. Our large sample size, comprising
patients from several centers, presumably increases
the external validity of our results. The exclusion of
transferred patients is particularly important as they
often have severe acute pancreatitis and have received
fluid resuscitation in their primary care centers.

The primary limitation of our study is its retrospect-
ive nature. Despite the fact that there were differences
between the centers with regard to baseline character-
istics, fluid administration, and outcomes, we adjusted
for the center of origin in our multivariable analysis.
We were not able to adjust for the type of fluid admin-
istered in the centers; therefore, the use of lactated
Ringer’s after 2011 at one and not another center
could have affected rates of SIRS. However, since we
examined only the first several hours of presentation in
the ER, it is unlikely that lactated Ringer’s would lead
to resolution of SIRS so rapidly and we adjusted for the
presence of SIRS in the association between FVER and
outcome. The patients enrolled were from different time
periods in the different study centers, which may lead to
biases. The low number of events, due to the exclusion
of transferred patients, may lead to a decreased power
to detect differences, as commented before.

More definitive evidence regarding the effects of
early fluid administration on outcomes of acute pan-
creatitis should be ascertained by means of a RCT.

In conclusion, our study suggests that early moder-
ate to aggressive fluid volume administration in the ER
is associated with significantly less need for invasive
interventions in patients with acute pancreatitis.
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