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ABSTRACT
BACKGROUND
Early aggressive hydration is widely recommended for the management of acute The authors’ full names, academic de-
pancreatitis, but evidence for this practice is limited. grees, and affiliations are listed in the Ap-
pendix. Dr. de-Madaria can be contacted
METHODS at emadaria@umh.es or at Servicio de

. . . . Aparato Digestivo, Hospital General Uni-
At 18 centers, we randomly assigned patients who presented with acute pancreati- yersitario Dr. Balmis, Calle Pintor Baeza

tis to receive goal-directed aggressive or moderate resuscitation with lactated 12, Alicante 03010, Spain.

Ringer’s solution. Aggressive fluid resuscitation consisted of a bolus of 20 ml per a Jist of the trial collaborators in the
kilogram of body weight, followed by 3 ml per kilogram per hour. Moderate fluid ~ ERICA Consortium is provided in the
resuscitation consisted of a bolus of 10 ml per kilogram in patients with hypovo- ,S\l“E’J’lF\’/:eo":ge”tary Appendix, available at
lemia or no bolus in patients with normovolemia, followed by 1.5 ml per kilogram

per hour in all patients in this group. Patients were assessed at 12, 24, 48, and 72 g ;:gllg.mi‘; /zﬁéjzj::zii;:fo‘

hours, and fluid resuscitation was adjusted according to the patient’s clinical Sta-  coprignt © 2022 Massachusetts Medical Society.
tus. The primary outcome was the development of moderately severe or severe

pancreatitis during the hospitalization. The main safety outcome was fluid over-

load. The planned sample size was 744, with a first planned interim analysis after 2t NEJM.org

the enrollment of 248 patients.

RESULTS

A total of 249 patients were included in the interim analysis. The trial was halted
owing to between-group differences in the safety outcomes without a significant
difference in the incidence of moderately severe or severe pancreatitis (22.1% in
the aggressive-resuscitation group and 17.3% in the moderate-resuscitation group;
adjusted relative risk, 1.30; 95% confidence interval [CI], 0.78 to 2.18; P=0.32).
Fluid overload developed in 20.5% of the patients who received aggressive resusci-
tation and in 6.3% of those who received moderate resuscitation (adjusted relative
risk, 2.85; 95% CI, 1.36 to 5.94, P=0.004). The median duration of hospitalization
was 6 days (interquartile range, 4 to 8) in the aggressive-resuscitation group and
5 days (interquartile range, 3 to 7) in the moderate-resuscitation group.

CONCLUSIONS
In this randomized trial involving patients with acute pancreatitis, early aggressive
fluid resuscitation resulted in a higher incidence of fluid overload without improve-
ment in clinical outcomes. (Funded by Instituto de Salud Carlos III and others;
WATERFALL ClinicalTrials.gov number, NCT04381169.)
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ODERATELY SEVERE OR SEVERE DIS-

ease develops in approximately 35% of

patients with acute pancreatitis, a situ-
ation that is associated with worse outcomes.! In
animal models, regional hypoperfusion of the
pancreas is spatially correlated with necrosis and
may be corrected by fluid resuscitation.>” Initial
observational studies indicated that hemocon-
centration, which is a surrogate for systemic
hypovolemia, was associated with pancreatic
necrosis.®” Nevertheless, subsequent work indi-
cated that the administration of a greater volume
of fluid resuscitation during the first 24 hours
may not improve outcomes.®’

Randomized, controlled trials comparing dif-
ferent volumes of intravenous fluid, which were
limited by small size and overly specific inclu-
sion criteria, have provided conflicting results.”®
Two trials involving patients with severe pancreati-
tis showed that rapid fluid expansion was associ-
ated with decreased survival.''? A randomized
trial"® involving patients without baseline systemic
inflammatory response syndrome (SIRS),** who
therefore had an initially low risk of moderate-
to-severe disease, showed quicker clinical improve-
ment with vigorous hydration than with moder-
ate hydration. A systematic review — although
limited by the heterogeneity and quality of the
source studies — showed a lower incidence of
adverse events and lower mortality with moder-
ate hydration than with aggressive hydration.”
We initiated WATERFALL (the Early Weight-Based
Aggressive vs. Nonaggressive Goal-Directed Fluid
Resuscitation in the Early Phase of Acute Pancre-
atitis: an Open-Label Multicenter Randomized
Controlled Trial) to investigate the safety and
efficacy of aggressive fluid resuscitation as com-
pared with moderate fluid resuscitation in a di-
verse sample of patients with acute pancreatitis
with a range of severity of disease.

METHODS

TRIAL PARTICIPANTS AND OVERSIGHT

In this multicenter, open-label, parallel-group,
randomized, controlled, superiority trial, we
enrolled patients at 18 centers across four coun-
tries (India, Italy, Mexico, and Spain). The com-
plete trial protocol, which has been published
previously,’® is available with the full text of this
article at NEJM.org.
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Consecutive patients (218 years of age) who
had received a diagnosis of acute pancreatitis
according to the Revised Atlanta Classification
(which requires meeting two of the following
three criteria: typical abdominal pain, serum
amylase or lipase level higher than 3 times the
upper limit of the normal range, or signs of
acute pancreatitis on imaging) were assessed for
eligibility.” The trial included patients who pre-
sented to the emergency department no more
than 24 hours after pain onset and who had re-
ceived a diagnosis no more than 8 hours before
enrollment. Patients who met the criteria for
moderately severe or severe disease at baseline
(shock, respiratory failure, and renal failure) or
who had baseline heart failure (New York Heart
Association functional class II, III, or IV), un-
controlled arterial hypertension, hypernatremia,
hyponatremia, hyperkalemia, hypercalcemia, an
estimated life expectancy of less than 1 year,
chronic pancreatitis, chronic renal failure, or de-
compensated cirrhosis were excluded (see the
Supplementary Appendix, available at NEJM.org).

The trial protocol followed the SPIRIT (Stan-
dard Protocol Items: Recommendations for Inter-
ventional Trials) guidelines' and the principles
of the Declaration of Helsinki.”® All the patients
provided written informed consent. An indepen-
dent data and safety monitoring board com-
prised a clinical pharmacologist, gastroenterolo-
gist, and cardiologist."

The first three authors and the last author
designed the trial. The first three authors and
the fifth and seventh authors had access to the
data and performed the data analysis. The first
author vouches for the completeness and accu-
racy of the data and for the fidelity of the trial
to the protocol.

TRIAL PROCEDURES

Patients were randomly assigned in a 1:1 ratio to
receive aggressive fluid resuscitation (aggressive-
resuscitation group) or moderate fluid resuscita-
tion (moderate-resuscitation group) with the use
of a computer-based central randomization system
integrated in a Web-based electronic case-report
form (REDCap).” The random-assignment se-
quence was concealed from the trial team. Ran-
domization was stratified according to trial
center, the presence or absence of SIRS, and the
presence or absence of baseline hypovolemia.
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Randomization

At 0 hr Aggressive Fluid Resuscitation

Bolus 20 ml/kg, then infusion 3 ml/kg/hr

Moderate Fluid Resuscitation
Infusion 1.5 ml/kg/hr, preceded by bolus 10 ml/kg

only if patient has hypovolemia

At3 hr Safety Checkpoint

If there is suspicion of fluid overload,
decrease or stop infusion

Safety Checkpoint

If there is suspicion of fluid overload,
decrease or stop infusion

At 12 hr, 24 hr,

48 hr, and 72 hr Hypovolemia:

Bolus 20 ml/kg, then infusion 3 ml/kg/hr

or systolic blood pressure <90 mm Hg

Normovolemia:
Infusion 1.5 ml/kg/hr

tolerated for >8 hr

Suspicion of fluid overload:
Decrease or stop infusion

tolerated for >8 hr

Goal-Directed Therapy Checkpoints

Additional boluses of 20 ml/kg could be admini-

stered in case of urine output <0.5 ml/kg/hr

Infusion stopped after 48 hr if oral feeding

Infusion stopped after 48 hr if oral feeding

Goal-Directed Therapy Checkpoints

Hypovolemia:
Bolus 10 ml/kg, then infusion 1.5 ml/kg/hr
Additional boluses of 10 ml/kg could be admini-
stered in case of urine output <0.5 ml/kg/hr
or systolic blood pressure <90 mm Hg

Normovolemia:
Infusion 1.5 ml/kg/hr
Infusion stopped after 20 hr if oral feeding
tolerated for >8 hr

Suspicion of fluid overload:
Decrease or stop infusion
Infusion stopped after 20 hr if oral feeding
tolerated for >8 hr

Figure 1. Fluid Resuscitation Protocol.

erate fluid resuscitation with lactated Ringer’s solution.

Patients who presented with acute pancreatitis were randomly assigned to receive goal-directed aggressive or mod-

The patients and investigators were aware of the
assigned trial groups.

In the aggressive-resuscitation group, a bolus
of lactated Ringer’s solution at a dose of 20 ml
per kilogram of body weight was administered
over a period of 2 hours, followed by infusion at
a rate of 3 ml per kilogram per hour. In the
moderate-resuscitation group, patients were given
lactated Ringer’s solution at a dose of 1.5 ml per
kilogram per hour (without a bolus in patients
without hypovolemia or after the receipt of a
bolus of 10 ml per kilogram administered over a
period of 2 hours in patients with hypovolemia).
Fluid rates and volumes were based on a previ-
ous randomized trial of hydration strategies in
acute pancreatitis.’®

In both trial groups, we performed an initial
physical assessment at 3 hours to evaluate for
fluid overload and then performed biochemical
and physical assessments at 12, 24, 48, and 72
hours. At these checkpoints, goal-directed resus-

citation was adjusted (Fig. 1) on the basis of the
presence of hypovolemia, normovolemia, or sus-
picion of fluid overload (see definitions in the
Supplementary Appendix). In both groups, hydra-
tion was decreased or stopped if there was a
suspicion of fluid overload; this strategy was
tailored to the degree of fluid overload and to
patient-specific characteristics.

Oral feeding was started at 12 hours if the
intensity of abdominal pain, as measured on the
Patient-Reported Outcome Scale in Acute Pancre-
atitis (PAN-PROMISE),” was less than 5 (range,
0 to 10 for each symptom; overall range, 0 to 70,
with higher scores indicating higher symptom
intensity). Fluid resuscitation could be stopped
once the patient had been able to tolerate oral
feeding for 8 hours; in the moderate-resuscita-
tion group, this could occur as early as 20 hours
after randomization, and in the aggressive-
resuscitation group as early as 48 hours after
randomization.
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OUTCOMES
The primary outcome was the development of
moderately severe or severe acute pancreatitis
(according to the Revised Atlanta Classification)
during the hospitalization. Moderately severe or
severe acute pancreatitis was defined as the meet-
ing of at least one of the following criteria on the
Revised Atlanta Classification: local complica-
tions, exacerbation of a preexisting coexisting
condition, a creatinine level of at least 1.9 mg
per deciliter (170 wmol per liter), a systolic blood
pressure of less than 90 mm Hg despite fluid
resuscitation, and a ratio of the partial pressure
of arterial oxygen (Pao,) to the fraction of in-
spired oxygen (F10,) of no more than 300 (see
the Supplementary Appendix).”

Prespecified secondary outcomes included
organ failure and local complications occurring
after randomization and during the hospitaliza-
tion (see the Supplementary Appendix).’*” Addi-
tional prespecified secondary outcomes included
the duration of hospital stay; intensive care unit
(ICU) admission; the number of days in the ICU;
the use of nutritional support or invasive treat-
ment after randomization and during the hospi-
talization; the presence of SIRS (see below) at each
checkpoint!; persistent SIRS (lasting >48 hours
within the first 72 hours after randomization);
C-reactive protein levels in blood at 48 hours
and 72 hours; death; a composite outcome of
death, persistent organ failure (lasting >48 hours),
or infected necrotizing pancreatitis'’; and symp-
toms as measured with the use of the PAN-
PROMISE scale at admission and each check-
point.”* SIRS was defined as the meeting of at
least two of the following criteria: a white-cell
count of less than 4000 per cubic millimeter or
more than 12,000 per cubic millimeter, a heart
rate of more than 90 beats per minute, a respira-
tory rate of more than 20 breaths per minute or
a partial pressure of carbon dioxide of less than
32 mm Hg, or a body temperature of less than
36°C or more than 38°C."

The main safety outcome — fluid overload
after randomization and during hospitalization
— required the meeting of at least two of the
following three criteria: symptoms, physical
signs, and imaging evidence of hypervolemia; in
addition, the acute respiratory distress syndrome
had to be ruled out (see the Supplementary Ap-
pendix). To ensure reproducibility, criteria that

may have been inconsistently obtained or inter-
preted at individual trial sites, including auscul-
tation for S, or S, orthostatic variables, and effu-
sions on chest radiography (which are frequently
exudative in acute pancreatitis) were not used.
Fluid overload was graded as mild if it was re-
sponsive to medical therapy or decreased hydra-
tion and if the ratio of Pao, to F10, never de-
creased to less than 300; moderate if it was
responsive to medical therapy or decreased hy-
dration but the ratio of Pao, to F1o, was lower
than 300 at least once; and severe if mechanical
ventilation or hemofiltration was indicated.

STATISTICAL ANALYSIS

The anticipated incidence of moderately severe
or severe acute pancreatitis was 35%.! We calcu-
lated that a sample size of 744, with 372 patients
in each group, would provide the trial with 80%
power to detect a between-group difference of
10 percentage points (between 35% and 25%) at
a two-sided significance level (alpha) of 0.05,
with an anticipated withdrawal of 10% of the
patients. Two interim analyses were planned af-
ter one third and two thirds of the patients (248
and 496, respectively) were enrolled; therefore,
the sample-size calculation accounted for three
sequential tests with the use of the O’Brien—
Fleming spending function. There were three a
priori stopping rules: a between-group difference
in the primary outcome with a two-sided P value
of less than 0.0002 at the first interim analysis
or of less than 0.012 at the second interim
analysis, clear evidence of harm in one trial
group over the other (safety) as adjudicated by
the data and safety monitoring board, and a
slow recruitment rate.'

The intention-to-treat population included all
the patients who underwent randomization, and
the trial data were analyzed according to the
intention-to-treat principle. Normality was as-
sessed by the Shapiro-Wilk test. Categorical vari-
ables are reported as counts and percentages, and
continuous variables as means with standard
deviations or medians with interquartile ranges.
Differences in continuous variables were com-
pared with the use of a Student’s t-test or Mann—
Whitney U test. Categorical outcomes were
compared with the use of a chi-square test (with
Fisher correction when needed) and expressed as
a relative risk with a corresponding 95% con-
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fidence interval. As a post hoc analysis, the
Cochran—Mantel-Haenszel method with adjust-
ment for randomization stratification factors
(center, baseline presence or absence of SIRS,
and baseline presence or absence of hypovole-
mia) was used to achieve a more robust analy-
sis,”? with adjusted relative risks and corre-
sponding 95% confidence intervals.

A two-sided P value of less than 0.05 was
considered to indicate statistical significance for
the primary efficacy outcome and safety out-
comes. Because the statistical analysis plan did
not include a provision for correction for multi-
plicity when tests for secondary or other out-
comes were conducted, results are reported as
point estimates with 95% confidence intervals.
The widths of the confidence intervals have not
been adjusted for multiplicity, so the intervals
should not be used to infer definitive treatment
effects for secondary outcomes.

Variables with missing values underwent both
complete case analysis and analysis after the
implementation of the multiple-imputation tech-
nique (see the Supplementary Appendix). All the
outcomes and statistical analyses were prespeci-
fied in the trial protocol,’® except the multiple
imputation for managing variables with missing
data and the Cochran-Mantel-Haenszel method
to correct for randomization stratification fac-
tors. Prespecified subgroup analyses of the effi-
cacy and safety outcomes!® were performed to
determine the influence of baseline hypovolemia
and SIRS, because it has been proposed that an
early fluid-resuscitation strategy may have great-
er effect in patients with or without these fac-
tors.’>?* Analyses were performed with the use
of SPSS software, version 28.0 (IBM); SAS soft-
ware, version 9.4 (SAS Institute); and R software,
version 4.1.2.

RESULTS

PATIENTS

From May 2020 through September 2021, a total
of 676 patients with acute pancreatitis were as-
sessed for eligibility. Overall, 249 patients were
randomly assigned to the aggressive-resuscita-
tion group (122 patients) or the moderate-resus-
citation group (127) and were included in the
first interim analysis (Fig. S1 in the Supplemen-
tary Appendix). The characteristics of the patients

at baseline were evenly distributed between the
two trial groups (Table 1). The representative-
ness of the trial participants with regard to pa-
tients with acute pancreatitis is described in
Table S1. Sex and cause of disease were repre-
sentative of patients with acute pancreatitis, but
age was younger, which was expected, owing to
the exclusion of certain coexisting conditions
that are associated with older age (e.g., heart or
kidney failure).!

Patients in the aggressive-resuscitation group
received a median of 7.8 liters (interquartile
range, 6.5 to 9.8) of lactated Ringer’s solution
during the first 48 hours, as compared with 5.5
liters (interquartile range, 4.0 to 6.8) in the
moderate-resuscitation group. Details regarding
the volume of lactated Ringer’s solution admin-
istered are provided in Table S3; the greatest
between-group difference in volume administra-
tion occurred during the first 12 hours.

EFFICACY OUTCOMES
There was no significant between-group differ-
ence in the development of moderately severe or
severe acute pancreatitis (primary outcome),
which occurred in 22.1% of the patients in the
aggressive-resuscitation group and in 17.3% of
those in the moderate-resuscitation group (ad-
justed relative risk, 1.30; 95% confidence inter-
val [CI], 0.78 to 2.18; P=0.32) (Table 2). Organ
failure occurred in 7.4% of the patients in the
aggressive-resuscitation group and in 3.9% of
those in the moderate-resuscitation group (ad-
justed relative risk, 1.23; 95% CI, 0.47 to 3.23),
and local complications occurred in 20.5% and
16.5%, respectively (adjusted relative risk, 1.28;
95% CI, 0.74 to 2.22). Persistent organ failure
occurred in 6.6% of the patients in the aggres-
sive-resuscitation group and in 1.6% of those in
the moderate-resuscitation group (adjusted rela-
tive risk, 2.69; 95% CI, 0.56 to 12.88); respira-
tory failure in 7.4% and 2.4%, respectively (ad-
justed relative risk, 2.19; 95% CI, 0.63 to 7.64);
and necrotizing pancreatitis in 13.9% and 7.1%,
respectively (adjusted relative risk, 1.95; 95% CI,
0.87 to 4.38). A total of 6.6% of the patients in
the aggressive-resuscitation group and 1.6% of
those in the moderate-resuscitation group were
admitted to the ICU (adjusted relative risk, 2.71;
95% CI, 0.64 to 11.51) (Table 2).

The median duration of hospitalization was
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Table 1. Characteristics of the Patients at Baseline.*

Aggressive Fluid Moderate Fluid

Resuscitation Resuscitation

Characteristic (N=122) (N=127)
Age —yr 56+18 57£17
Female sex — no. (%) 68 (55.7) 59 (46.5)
Gallstone cause of pancreatitis — no. (%) 80 (65.6) 71 (55.9)
Median body-mass index (IQR){ 27 (24-31) 27 (25-31)
Median Charlson comorbidity score (IQR)i: 2 (0-3) 2 (0-3)
Coronary artery disease — no. (%) 2 (1.6) 1(0.8)
Diabetes — no. (%) 18 (14.8) 24 (18.9)
Cancer in previous 5 yr — no. (%) 9(7.4) 5(3.9)
Median BISAP score (IQR)§ 1(0-1) 1(0-1)
Median PAN-PROMISE score (IQR)q 31 (21-45) 27 (20-40)
Median urea (IQR) — mg/dl 32 (25-41) 36 (27-42)
Median hematocrit (IQR) — % 44 (40-47) 44 (41-46)
Median creatinine (IQR) — mg/dl 0.8 (0.7-0.9) 0.8 (0.7-1.0)
SIRS — no. (%) | 35(28.7) 29 (22.3)
Hypovolemia — no. (%) 64 (52.5) 65 (51.2)

* Plus—minus values are means +SD. To convert values for creatinine to micromoles per liter, multiply by 88.4. IQR de-
notes interquartile range.

T The body-mass index is the weight in kilograms divided by the square of the height in meters.

I The Charlson comorbidity score ranges from 0 to 37 (plus 1 point for each decade of age starting at 50 years), with
higher scores indicating a higher burden of coexisting conditions.?*

§ The Bedside Index of Severity in Acute Pancreatitis (BISAP) score ranges from 0 to 5, with higher scores indicating higher
risk of death.? A score of 3 or higher indicates a high probability of adverse outcomes (predicted severe acute pancreatitis).

9§ Overall scores on the Patient-Reported Outcome Scale in Acute Pancreatitis (PAN-PROMISE) range from 0 to 70, with
higher scores indicating more severe symptoms of acute pancreatitis.?! The score at baseline was missing for one pa-

tient in the aggressive-resuscitation group.

| Patients with systemic inflammatory response syndrome (SIRS) met at least two of the following criteria: a white-cell
count of less than 4000 per cubic millimeter or more than 12,000 per cubic millimeter, a heart rate of more than 90
beats per minute, a respiratory rate of more than 20 breaths per minute or a partial pressure of carbon dioxide of less
than 32 mm Hg, or a body temperature of less than 36°C or more than 38°C.1*

6 days (interquartile range, 4 to 8) in the aggres-
sive-resuscitation group and 5 days (interquartile
range, 3 to 7) in the moderate-resuscitation
group (Table 2). In the complete case analysis,
the median PAN-PROMISE score (with higher
scores indicating greater symptom intensity) at
12 hours was 23 points (interquartile range, 12
to 35) in the aggressive-resuscitation group and
18 points (interquartile range, 10 to 31) in the
moderate-resuscitation group (Table 2). The re-
sults of the multiple-imputation method for
missing data are provided in Table S2.

SAFETY OUTCOMES
Aggressive fluid resuscitation was associated with
a significantly higher incidence of fluid overload

than moderate fluid resuscitation (20.5% vs.
6.3%; adjusted relative risk, 2.85; 95% CI, 1.36 to
5.94) (Table 3). Volume overload was managed as
follows: by decreased hydration alone in 12.0%
of the patients in the aggressive-resuscitation
group and in none of those in the moderate-
resuscitation group; by diuretics in 88.0% and
100%, respectively; and by inotropes in 8.0% and
none, respectively. One patient in the aggressive-
resuscitation group underwent orotracheal in-
tubation, and no patient underwent hemofil-
tration.

The median time from randomization to
fluid overload was 34 hours (interquartile range,
22 to 40) in the aggressive-resuscitation group
and 46 hours (interquartile range, 30 to 64) in
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the moderate-resuscitation group (P=0.18). Fluid
resuscitation was associated with symptoms of
fluid overload in 18.0% of the patients in the
aggressive-resuscitation group and in 7.9% of
those in the moderate-resuscitation group (ad-
justed relative risk, 1.85; 95% CI, 0.95 to 3.61)
and with signs of fluid overload in 26.2% and
11.0%, respectively (adjusted relative risk, 2.36;
95% CI, 1.33 to 4.19). Six patients (4.9%) who
received aggressive hydration had moderate-to-
severe fluid overload (severe in one patient), as
compared with one patient (0.8%) who received
moderate hydration, who had moderate fluid
overload (adjusted relative risk, 3.62; 95% CI,
0.37 to 35.22). These results were analyzed by the
data and safety monitoring board, which halted
the trial owing to significantly worse results
with respect to safety outcomes in the aggres-
sive-resuscitation group than in the moderate-
resuscitation group, which were not balanced by
any trend toward improved outcomes.

SUBGROUP ANALYSIS

The prespecified subgroup analyses' to measure
the influence of baseline hypovolemia and base-
line SIRS did not yield findings that differed
materially from those of the overall analyses
(Tables S4 through S9). The prespecified sub-
group analysis according to the presence of
persistent SIRS (>48 hours) was not performed
owing to the scarcity of patients (17) in this
subgroup.

DISCUSSION

This trial showed that aggressive fluid resuscita-
tion increased the risk of volume overload. Given
the data showing increased harm without im-
provement with regard to the primary outcome,
the data and safety monitoring board unani-
mously recommended that the trial be stopped.
These findings do not support current manage-
ment guidelines, which recommend early ag-
gressive resuscitation for the treatment of acute
pancreatitis.’** An increased risk of fluid over-
load was detected in the overall population of
patients and also in subgroups of patients with-
out SIRS at baseline, patients with SIRS at base-
line (thus, with a higher risk of development of
severe pancreatitis), and patients with hypovole-
mia. Although most episodes of fluid overload

with aggressive hydration were nonsevere (the
trial was designed to allow early detection and
treatment), this situation was not balanced by an
improvement in outcomes. In this interim analy-
sis, we found no significant between-group dif-
ference in the risk of moderately severe or severe
acute pancreatitis (primary outcome). Aggressive
fluid resuscitation was associated with a ten-
dency toward a higher intensity of symptoms
and a longer duration of hospital stay and a
higher incidence of necrotizing pancreatitis than
moderate fluid resuscitation. The absence of an
efficacy signal for aggressive hydration is of
practical importance given that it challenges a
strong predilection in many clinicians for the
use of early high-volume hydration.?®

The findings of WATERFALL add to the
growing body of evidence that aggressive hydra-
tion is linked to worse outcomes in critically ill
patients.”3 Pancreatitis is associated with in-
creased intraabdominal pressure, which may be
worsened by excessive intravenous fluids®*32
this adverse effect of aggressive fluid resuscita-
tion may explain the tendency toward a higher
intensity of symptoms. The greatest difference
in the volume of fluid administered occurred in
the first 12 hours, which corresponds to the dif-
ference in symptoms at this time point.

Nevertheless, there are several limitations to
consider. This trial was terminated at the first
interim analysis; thus, it is underpowered to
evaluate efficacy outcomes definitively. However,
given the small between-group difference in the
risk of moderately severe or severe acute pancre-
atitis, the data and safety monitoring board was
concerned that a much larger sample size would
be needed for the trial to show superiority in
either group, which would expose many patients
to a much higher risk of fluid overload."3* The
same ethical issues and decision making affect-
ed the Fluid Expansion as Supportive Therapy
(FEAST) trial, in which intravenous boluses of
fluid were associated with unfavorable outcomes
in children with severe infection.*3¢

Another limitation is that this randomized,
controlled trial was open-label, which may have
introduced bias. Nevertheless, the requirement
for trial physicians to evaluate patients se-
quentially and to adjust the fluid rate to address
volume overload or hypovolemia made double-
blinding impractical. Even patients in the
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Table 3. Safety Outcomes.*
Aggressive Fluid Moderate Fluid Adjusted
Resuscitation Resuscitation Relative Risk Relative Risk
Outcome (N=122) (N=127) (95% CI) (95% CI) P Value
number (percent)
Fluid overloadf 25 (20.5) 8 (6.3) 3.25 (1.53-6.93)  2.85 (1.36-5.94) 0.004
Moderate-to-severe fluid overloadi 6 (4.9) 1(0.8) 6.25 (0.76-51.13)  3.62 (0.37-35.22) 0.23
Symptoms of fluid overload: dyspnea 22 (18.0) 10 (7.9) 2.29 (1.13-4.64)  1.85 (0.95-3.61) 0.08
Signs of fluid overload 32 (26.2) 14 (11.0) 238 (1.34-4.24)  2.36 (1.33-4.19) 0.003
Peripheral edema 12 (9.8) 4(3.1) 3.12 (1.04-9.42)  2.70 (0.90-8.09) 0.07
Pulmonary rales 30 (24.6) 13 (10.2) 2.40 (1.32-4.38)  2.36 (1.30-4.28) 0.004
Increased jugular venous pressure, 5(4.1) 3(24) 1.74 (0.42-7.10) 1.53 (0.33-7.11) 0.58
hepatojugular reflux, or both
Evidence of fluid overload on hemo- 13 (10.7) 7 (5.5) 1.93 (0.80-4.68) 1.34 (0.54-3.36) 0.53
dynamic testing or imaging
Evidence of heart failure on echo- 0 1(0.3) 0.35 (0.01-8.43)§ NA 0.32
cardiogram
Radiographic evidence of pulmo- 13 (10.7) 7 (5.5) 1.93 (0.80-4.68) 1.34 (0.54-3.36) 0.53
nary congestion
Invasive cardiac catheterization 1(0.8) 2 (1.6) 0.52 (0.05-5.67) 0.50 (0.05-5.51) 0.56

* There were no missing data. Adjusted relative risks and P values were calculated from Cochran—-Mantel-Haenszel estimates with adjust-
ment for the variables used for stratified randomization: trial center, baseline presence or absence of SIRS, and baseline presence or ab-
sence of hypovolemia. The widths of confidence intervals have not been adjusted for multiplicity and cannot be used to infer treatment
effects.

Fluid overload was defined as the meeting of two or more criteria (symptoms or signs of fluid overload or evidence of fluid overload on

hemodynamic testing or imaging) and the absence of acute respiratory distress syndrome. A total of 13 patients in the aggressive-resuscita-

tion group and 3 in the moderate-resuscitation group had symptoms and signs; 3 and 0, respectively, had signs and had evidence on hemo-
dynamic testing or imaging; and 9 and 5, respectively, met all three criteria. No patient had only symptoms and evidence on hemodynamic
testing or imaging.

i The severity of fluid overload was defined as follows: mild, as a response to medical treatment or decrease in volume infusion rate and the
ratio of the partial pressure of arterial oxygen (Pao,) to the fraction of inspired oxygen (Fi0,) never decreased to less than 300; moderate,
as a response to medical treatment or decrease in volume infusion rate and at least one measurement of the ratio of Pao, to Fio, of less
than 300; and severe, as the use of invasive or noninvasive mechanical ventilation or hemofiltration or death from fluid overload.

§ This relative risk and the 95% confidence interval were calculated by the addition of 0.5 to all values.

998

moderate-resuscitation group received a liberal
volume of fluid, a median of 5.5 liters over a
period of 48 hours. It is possible that hydration
in the aggressive-resuscitation group may have
been too aggressive, and future trials exploring
more restrictive strategies should be encouraged.

We mandated a minimum of 48 hours of in-
travenous fluids in the aggressive-resuscitation
group and 20 hours in the moderate-resuscita-
tion group for patients who were tolerating oral
intake, which may not reflect real-world prac-
tice. Our rationale was that aggressive hydration
should continue through the primary period
of fluid sequestration.’” Oral feeding could be
started in either trial group at 12 hours if the
PAN-PROMISE pain score was less than 5; find-

N ENGL J MED 387;11 NEJM.

ings from a recent trial indicate that immediate
feeding may be considered in patients with acute
pancreatitis,® and its effect with regard to fluid
resuscitation will also need to be evaluated. Fi-
nally, the exclusion of patients at high risk for
volume overload could have meant the selection
of patients with less severe disease. However,
few patients were excluded from the trial owing
to acute organ failure.

In our randomized assessment of aggressive
fluid resuscitation as compared with moderate
fluid resuscitation for the treatment of acute
pancreatitis, the use of aggressive fluid resusci-
tation led to a higher risk of volume overload
and did not show the hypothesized benefit in
disease-specific outcomes.
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