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Original Article

Backgrounds/Aims: Acute pancreatitis is an emergency presentation, which can range from mild to life threatening. Intravenous 
fluids are the cornerstone of management. Although the WATERFALL trial described the optimal fluid rate in mild/moderate pan-
creatitis, this trial excluded patients with moderate-severe/severe pancreatitis. The aim of this study was to establish clinical practice 
regarding intravenous fluid administration in acute pancreatitis and assess its effect on mortality.
Methods: Prospective multi-centre audit of patients with acute pancreatitis was conducted. Data were collected regarding intravenous 
fluid administration within 72 hours of admission. The primary outcome was 30-day mortality. Multivariable logistic regression was 
used to identify predictors of 30-day mortality.
Results: Those with severe pancreatitis received more fluid; median 5.7 L versus 4 L in 72 hours (p = 0.003). Participants with severe 
pancreatitis who died within 30 days received a median of 2,750 mL in the first 24 hours, compared to 4,000 mL in those who sur-
vived. The following factors were significant predictors of 30-day mortality: age, Glasgow score, C-reactive protein, ischaemic heart 
disease, and pancreatitis aetiology. Overall, volume of intravenous fluid was not associated with mortality. However, the effect of in-
travenous fluid volume on mortality differed significantly depending on pancreatitis severity. In severe pancreatitis, increased volume 
of intravenous fluid was associated with significant reductions in mortality (odds ratio = 0.655; 0.459–0.936; p = 0.020).
Conclusions: In severe pancreatitis, more aggressive fluid prescription was associated with decreased mortality; however, this was not 
the case in milder disease. Further prospective trials guiding fluid resuscitation in severe pancreatitis are needed, as the impact of flu-
id on this population appears to differ from that in those with milder disease.
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INTRODUCTION

Acute pancreatitis is a common condition encountered 
within emergency general surgery presentations, frequently ac-
counting for acute admissions [1]. Although a large proportion 
(up to 80%) of patients are classified as having disease, which 
is mild or moderate in severity, whereby there is an absence of 
local or systemic complications and symptoms typically settle 
with conservative measures, in up to 20% of patients, the con-
dition is classified as severe and life threatening [2,3]. Given the 
potential to rapidly progress to fulminant illness with multiple 
organ dysfunction, various measures have been implemented 
in an effort to improve morbidity and mortality in this patient 
population [4]. This includes efforts to predict disease severity 
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utilizing scoring systems, such as the Glasgow score, whose cri-
teria are displayed in Supplementary Table 1 [5], revised Atlan-
ta Criteria, and APACHE II score, in addition to rationalizing 
the use of antibiotics, providing aggressive nutritional support, 
and optimising the timing of intervention for management of 
necrosis and collections [6].

There is a wealth of evidence to suggest that the management 
within the first 48–72 hours of an episode of acute pancreatitis 
heavily influences the disease course, length of stay, and overall 
morbidity and mortality [7]. It is during this early disease peri-
od that optimal resuscitation is essential. However, despite this 
knowledge, there is little guidance from national associations 
and poor-quality evidence in the research literature regarding 
optimal intravenous fluid administration [8].

On review of published recommendations regarding in-
travenous f luid administration in acute pancreatitis, it was 
found that the recommendations were vague and unclear. The 
American Gastroenterology Association published recom-
mendations on the basis of seven randomized controlled trials 
(RCTs) examining this subject, yet they failed to find high 
quality evidence, concluding a “conditional recommendation” 
with regards to judicious goal directed usage [9]. Working par-
ty guidelines published in Gut BMJ highlighted more specific 
guidelines, recommending that f luids should be given intra-
venously (crystalloid or colloid as required) to maintain urine 
output > 0.5 mL/kg. However, they also advised frequent mea-
surement of central venous pressure to guide the replacement 
rate, a form of monitoring that typically requires a higher level 
of care [10].

Lastly, NICE have published guidelines with respect to the 
management of pancreatitis; however, when it comes to advice 
regarding fluid administration, they simply refer to the general 
principles and protocols for intravenous f luid therapy, rather 
than specific guidelines related to pancreatitis [11].

The term “goal directed therapy” is often relied upon when 
referencing optimal fluid administration, whereby intravenous 
fluids are titrated against various clinical and biochemical tar-
gets (heart rate, blood pressure, urine output, urea, and haema-
tocrit) that reflect perfusion. Historically, this mantra has been 
the cornerstone of sepsis management, with good evidence 
that it reduces mortality. Given the similarities in physiological 
upset caused by the systemic inflamatory response syndrome  
in acute pancreatitis, it would be assumed that the principles 
of sepsis management apply in a similar way; however, none of 
the research studies have been able to replicate the same bene-
ficial outcomes in acute pancreatitis as seen in sepsis.

With intravenous f luids ultimately being the cornerstone 
of management in these patients to replace third space losses, 
prevent hypovolaemia, and avoid organ hypoperfusion and as-
sociated failure, clearer guidance is needed.

Therefore, this study aims to establish current clinical prac-
tice within the North East of England regarding the rate of 
intravenous fluid administration in patients with acute pancre-

atitis and to assess its effect on patient outcomes. These find-
ings may also help guide best practice and assist in future trial 
design.

MATERIALS AND METHODS

Data were collected prospectively from all adult patients 
with acute pancreatitis at nine sites with general surgical units 
across the North-East of England. Each site collected data over 
a 60-day period with 30 days of follow-up. Data collection 
was conducted between November 2020 and February 2021. 
Adult patients (aged 18 years or over) presenting with acute 
pancreatitis, as defined by pre-set biochemical parameters 
or radiological confirmation in accordance with the revised 
Atlanta classification, were included [7]. Patients with known 
hepatobiliary malignancy, chronic pancreatitis, or patients on 
established renal replacement therapy were excluded. Patients 
were categorised into severe vs. non-severe pancreatitis based 
on Glasgow score of ≤ 3 (non-severe) or > 3 (severe).

Using the Northern Surgical Trainees Research Association 
collaborative surgical network, each participating local hos-
pital allocated a principal investigator team consisting of a 
consultant surgeon, higher surgical trainee, and a number of 
junior trainees. Data were collected using a standardised Excel 
spreadsheet and anonymised data were submitted centrally 
via a secure, password protected website. The Fluid Resuscita-
tion in Pancreatitis (FLIP) Study was an audit of practice, and 
therefore, formal ethics approval was not sought. Local Caldi-
cott approval was obtained at each participating centre.

Data were collected on intravenous f luid administration 
within 72 hours of initial presentation to hospital, in addition 
to patient demographics, disease characteristics, and clinical 
outcome measures. As this was a pragmatic study of current 
practice, patients were managed according to their local hospi-
tal intravenous fluid protocol. The primary outcome of interest 
was 30-day mortality with secondary end-points including ad-
mission to high dependency unit/intensive care unit, length of 
stay, radiological necrosis, and organ failure.

Statistical analysis
For continuous data, normality was evaluated using Shap-

iro-Wilk tests. Results are presented as mean ± standard devia-
tion or median ± interquartile range, depending on normality. 
Comparison of volume of fluid delivered to various groups was 
performed using Mann-Whitney U tests, with Bonferroni cor-
rection where more than two groups were being compared.

Missing data were dealt with by multiple imputation using 
the fully conditional specification technique applied to gener-
ate five imputed datasets. A full report of missing data is given 
in Supplementary Table 2.

Binary logistic regression was performed to assess the associ-
ation between volume of intravenous fluid delivered in the first 
72 hours and 30-day mortality. Backward stepwise selection 
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was performed to identify key variables, which were included 
in a multivariable model along with volume of intravenous 
fluid. Results are displayed as odds ratios (ORs) with 95% con-
fidence intervals (CIs).

When constructing these models the following sensitivity 
analyses were performed: using Glasgow score as a continuous 
variable, replacing skewed continuous variables with the log-
arithm of those variables, and using volume of fluid delivered 
in the first 24 hours. None of these analyses changed the main 
results.

An identical approach was used to build a multivariable lin-
ear regression model to assess the association between intra-

venous f luid volume and length of stay. Results are displayed 
as beta values with 95% CIs, where positive values represent 
increasing length of stay.

For all tests performed, p < 0.050 was deemed significant. All 
analyses were performed in SPSS version 26 (IBM Corp), and 
figures were generated using R (R Foundation for Statistical 
Computing).

RESULTS

Overall, 254 participants admitted to hospital with acute 
pancreatitis were included, with 11.2% being readmitted during 
the study period. The most common aetiology was gallstones 
(44.4%). A total of 29 participants (14.1%) had severe pancreati-
tis, as determined by a Glasgow prognostic score of ≥ 3. Three 
patients underwent endoscopic pancreatic necrosectomy. Full 
demographics and outcomes of the entire cohort are given in 
Table 1 and 2, respectively. A separate analysis for each aetiol-
ogy was not performed. Due to incomplete data collection of 
some secondary outcomes highlighted in Supplementary Table 
2, our analysis focused on the clinically relevant outcomes.

Volume of intravenous fluid delivered
Overall, there was large variability in the volume of intrave-

nous fluid delivered in the first 72 hours after admission (Fig. 
1A). Median volume was 4 L (range, 0–13.75 L; interquartile 
range, 2–6 L).

As displayed in Fig. 1B, the majority of intravenous fluid was 
delivered in the first 24 hours, with significant reductions on 
Day 2 and Day 3 (p < 0.001 for both). Volume of intravenous 
f luid delivered over the first three days (median and range) 
were as follows: Day 1 = 2 L (0–10.5 L), Day 2 = 1 L (0–5 L), and 
Day 3 = 0 L (0–7.5 L).

Those with severe pancreatitis (Glasgow score ≥ 3) received 
significantly more intravenous fluid within the first 72 hours; 
median 5.7 L versus 4 L (p = 0.003; Fig. 1C). Further analysis 
revealed that this was driven by increased intravenous f luid 
delivery in the first 24 hours (p = 0.001; Fig. 1D), with no sig-

Table 1. Cohort demographics (n = 254)

Cohort demographic Value

Age (yr) 62.0 (18.0–96.0)
Sex
   Male 110 (43.3)
   Female 144 (56.7)
BMI (kg/m2) 29.6 ± 7.7
Pancreatitis aetiology
   ETOH 42 (16.6)
   Gallstones 112 (44.4)
   Hyperlipidaemia 2 (0.8)
   Idiopathic 60 (23.8)
   Other 33 (13.2)
   Post-ERCP 3 (1.2)
History of ischaemic heart disease (n = 201)
   Yes 31 (15.4)
   No 170 (84.6)
History of chronic obstructive pulmonary disease (n = 202)
   Yes 21 (10.4)
   No 181 (89.6)
History of heart failure (n = 203)
   Yes 18 (8.9)
   No 185 (91.1)
Glasgow score (n = 205)
   Non-severe (< 3) 176 (85.9)
   Severe (≥ 3) 29 (14.1)
   CRP at 48 h 90.0 (0–607)
Fluid collection on imaging (n = 194)
   Yes 47 (24.2)
   No 147 (75.8)
Pancreatic necrosis on imaging (n = 194)
   Yes 17 (8.8)
   No 177 (91.2)

Categorical data are presented as counts and percentages. Normally 
distributed continuous data are presented as mean ± standard deviation. 
Continuous variables found to be non-normal on Shapiro-Wilk test are 
presented as or median (range).
BMI, body mass index; ERCP, endoscopic retrograde cholangiopancreato-
graphy; CRP, C-reactive protein.

Table 2. Overall outcomes of the entire cohort (n = 254)

Cohort outcomes Value

Length of stay (day) 5.0 (0–62.0)
Readmission to hospital (n = 250)
   Yes 28 (11.2)
   No 222 (88.8)
30-day mortality
   Dead 19 (7.5)
   Alive 235 (92.5)

Categorical data are presented as counts and percentages. Length of stay 
was non-normal on Shapiro-Wilk test; thus, they are presented as median 
(range).
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nificant differences between the severe and non-severe groups 
on Day 2 (p = 0.275) or Day 3 (p = 0.077).

Comparison of intravenous fluid delivery by mortality
Fig. 2 compares the volume of intravenous fluid given based 

on whether the participant went on to survive up to 30 days. 
Overall, there was no difference in the volume of intravenous 
f luid delivered in patients who were alive or dead at 30 days 
(p = 0.922), a finding which was mirrored when looking at the 
participants with mild pancreatitis (Fig. 2A, 2B).

However, when looking at the severe pancreatitis subgroup, 
those who died by 30 days received significantly less intrave-
nous f luid in the first 72 hours that those who survived (p = 
0.005; Fig. 2C). This effect was driven by differences in intrave-
nous fluid administration within the first 24 hours (p = 0.033; 
Fig. 2D); participants with severe pancreatitis who died within 
30 days received a median of 2,750 mL (IQR = 750–3,000 mL) 
in the first 24 hours, compared to 4,000 mL (3,000–5,000 mL) 
in those who survived.

Following this, subgroups of participants with ischaemic 
heart disease and heart failure were evaluated; two conditions 
that often influence intravenous f luid delivery. Within these 

subgroups, there was no significant difference in intravenous 
f luid delivery between those who died and survived (Fig. 2E, 
2F), in line with results from the overall cohort.

Assessment of the association between volume of  
intravenous fluid and mortality

To assess the impact of intravenous fluid delivered in the first 
72 hours on 30-day mortality, binary logistic regression was 
used; univariable analysis suggested no impact (OR = 1.011, 
0.857–1.194, p = 0.895).

Due to the expectation that patients with increasingly severe 
disease are more likely to be prescribed intravenous f luid, a 
multivariable model was built to adjust for confounders. The 
factors screened for inclusion are shown in Table 3. Variables 
were selected for inclusion in the multivariable model using 
backward stepwise selection, and the following factors were 
retained as significant predictors of mortality: age, pancreatitis 
severity (Glasgow score), C-reactive protein (CRP) at 48 hours, 
history of ischaemic heart disease, and pancreatitis aetiology 
(alcoholic pancreatitis had the highest risk) (Table 3).

Intravenous fluid was not retained as a significant factor on 
backward stepwise selection, but it was added to the multivari-
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Fig. 1. Volume of intravenous fluid deli-
vered. (A) Histogram displaying total volume 
of IV fluid delivered in the first 72 hours. 
(B) Violin and box blots displaying volume 
of IV fluid delivered on the first, second, 
and third days of admission. (C, D) Violin 
and box plots showing volume of IV fluid 
delivered to patients with non-severe and 
severe pancreatitis in the first 72 and 24 
hours, respectively. Comparisons represent 
p -values from Mann–Whitney U tests. IV, 
intravenous.
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Fig. 2. Volume of intravenous fluid by 30-day mortality displayed with violin and box plots. (A) Entire cohort. (B) Participants with non-severe 
pancreatitis. (C, D) Participants with severe pancreatitis, showing total IV fluid delivered in 72 and 24 hours, respectively. (E, F) Participants with a history 
of IHD and heart failure, respectively. Comparisons represent p -values from Mann-Whitney U tests. For subgroups with < 50 participants, data for 
individual participants are presented as a dot plot. IV, intravenous; IHD, ischaemic heart disease.

Table 3. Binary logistic regression for 30-day mortality

Univariable Multivariable

OR (95% CI) p-value OR (95% CI) p-value

Total fluid first 72 h (L) 1.011 (0.857–1.194) 0.895 0.932 (0.766–1.134) 0.483
Age 1.055 (1.020–1.091) 0.002 1.061 (1.010–1.114) 0.018
Severe pancreatitis (Glasgow score ≥ 3) 9.029 (3.177–25.660) 0.001 4.591 (1.151–18.306) 0.031
CRP at 48 h 1.007 (1.003–1.010) 0.001 1.006 (1.001–1.010) 0.010
History of IHD 5.168 (1.789–14.931) 0.003 4.796 (1.075–21.395) 0.040
Aetiology
   Ethanol - - - -
   Gallstones 0.733 (0.209–2.576) 0.628 0.173 (0.020–1.497) 0.108
   Idiopathic 0.675 (0.159–2.863) 0.594 0.192 (0.017–2.193) 0.178
   Other 0.796 (0.166–3.810) 0.775 0.438 (0.043–4.415) 0.479
Male sex 1.889 (0.733–4.869) 0.188 - -
BMI 1.000 (0.892–1.120) 0.997 - -
Necrosis on imaging 1.958 (0.418–9.171) 0.380 - -
History of heart failure 3.116 (0.982–9.885) 0.054 - -
History of COPD 1.441 (0.326–6.371) 0.623 - -

All variables were screened for inclusion into the multivariable model. Variables were selected for inclusion by backward stepwise selection.
OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; IHD, ischaemic heart disease; BMI, body mass index; COPD, chronic obstructive pulmonary 
disease; -, not available.
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able model as a key variable of interest. This adjusted analysis 
confirmed no association between volume of intravenous fluid 
delivered and 30-day mortality in the overall cohort (adjusted 
OR = 0.932, 0.766–1.134, p = 0.483).

However, in this multivariable model (Table 3), there was 
significant interaction between volume of intravenous f luid 
and Glasgow score—the effect of intravenous f luid on mor-
tality differed significantly depending on whether a patient 
had severe versus non-severe pancreatitis (p = 0.042). This 
prompted a separate analysis including only the cohort with 
severe pancreatitis (Glasgow score ≥ 3). This analysis revealed 
a significant reduction in mortality with increasing volumes of 
intravenous fluid in the severe pancreatitis group (univariable 
OR = 0.655; 95% CI, 0.459–0.936; p = 0.020), which mirrors the 
findings displayed in Fig. 2C, 2D. The severe pancreatitis sub-
group was very small to perform a meaningful multivariable 
analysis.

Assessment of the association between volume of  
intravenous fluid and length of stay

To assess the impact of intravenous fluid on length of hospital 
stay, linear regression was used. A multivariable model (Table 
4) was again constructed with included variables selected based 
on backward stepwise selection. The following variables were 
retained as predictors of increased length of stay: increasing 
age, severe pancreatitis (Glasgow Score), CRP at 48 hours, and 
presence of pancreatic necrosis on imaging. Volume of intra-
venous fluid delivered had no impact on the length of hospital 
stay in either univariable or multivariable analysis (Table 4).

DISCUSSION

This study showed significant variations in prescribing IV 
fluids for patients with acute pancreatitis as well as an associat-
ed higher mortality in patients with a Glasgow score of ≥ 3 who 
receive less IV fluid in the first 72 h of their admission.

Significant variation in the volume of intravenous f luids 
being delivered over the first 72 hours of admission was likely 
to be due to the lack of clear published guidance at a regional 
and national level during the study period. Fluid was consis-
tently given in significantly larger volumes in the first 24 hours 
of admission, with significantly less f luid being given in the 
following 48 hours. This was assumed to be due to the fact 
that patients are typically prescribed a “pancreatitis bundle” 
of analgesia and fluids on admission, with IV fluids given in 
the initial period and then they are commonly stopped as oral 
intake is encouraged and patients work towards discharge if 
they are clinically well and do not require any intervention. 
Nonetheless, the variation in practice highlights the absence of 
knowledge regarding how to safely individualise patient care.

Despite the emphasis on the importance of fluid resuscitation 
in acute pancreatitis, caveats have been added in the form of 
warnings against overly aggressive administration. Two RCTs 
revealed that either hourly rates exceeding 10 mL/kg or haema-
tocrit < 35% within 48 h increased morbidity [12,13], with the 
American Gastroenterological Association also advising that 
overly aggressive f luid therapy can be harmful with resultant 
respiratory compromise or abdominal compartment syndrome 
[9]. However, in this study, it was found that large volumes of 

Table 4. Multiple linear regression for length of hospital stay

Univariable Multivariable

Beta (95% CI) p-value Beta (95% CI) p-value

Total fluid first 24 h (L) 0.652 (–0.005, 1.308) 0.052 0.271 (–0.355, 0.897) 0.396
Age 0.059 (0.006, 0.112) 0.029 0.030 (–0.025, 0.085) 0.289
Severe pancreatitis (Glasgow score ≥ 3) 6.621 (3.601, 9.641) 0.001 3.242 (–0.043, 6.527) 0.053
CRP at 48 h 0.026 (0.017, 0.034) 0.001 0.020 (0.011, 0.029) 0.000
Necrosis on imaging 4.328 (–0.074, 8.731) 0.054 4.452 (0.708, 8.196) 0.022
Aetiology
   Ethanol - - - -
   Gallstones 2.210 (–0.733, 5.152) 0.141 - -
   Idiopathic 0.519 (–2.760, 3.798) 0.756 - -
   Other 1.499 (–2.130, 5.128) 0.418 - -
Male sex 1.854 (–0.199, 3.908) 0.077 - -
BMI 0.014 (–0.117, 0.146) 0.830 - -
History of IHD –0.135 (–2.889, 2.619) 0.923 - -
History of heart failure –2.166 (–5.272, 0.941) 0.172 - -
History of COPD –0.632 (–3.738, 2.474) 0.689 - -

All variables were screened for inclusion into the multivariable model. Variables were selected for inclusion by backward stepwise selection.
CI, confidence interval; CRP, C-reactive protein; BMI, body mass index; IHD, ischaemic heart disease; COPD, chronic obstructive pulmonary disease; -, not 
available.
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f luid given to those with mild pancreatitis had no effect on 
mortality. This finding is supported by a similar study whose 
cohort was predominantly risk-stratified as having mild dis-
ease [14]. However, it is of greater interest that despite there be-
ing no overall association between volume of intravenous fluid 
and mortality in those with severe pancreatitis (Glasgow score 
≥ 3), giving more aggressive f luid resuscitation is associated 
with decreased mortality.

Adding to the argument against aggressive resuscitation, 
the recently published WATERFALL Trial randomly assigned 
patients with acute pancreatitis to receive either goal-directed 
aggressive or moderate fluid resuscitation [15]. This trial found 
that aggressive fluid resuscitation increased the risk of volume 
overload, causing harm without any improvement in the pri-
mary outcome, which was development of severe pancreatitis 
during admission. It was concluded that aggressive fluid resus-
citation was linked to worse outcomes in critically ill patients. 
However, this trial excluded patients who were classified as 
having moderately-severe to severe disease at admission. The 
FLIP Study adds a new body of evidence, which suggests that 
the impact of fluid resuscitation strategies differs significantly 
between those with severe pancreatitis and those with milder 
disease. Therefore, the findings of the WATERFALL study are 
likely not generalisable to patients with severe pancreatitis. 
Further prospective trials are needed to guide f luid resusci-
tation in those with severe pancreatitis in order to propose a 
guideline on intravenous fluid administration.

In patients with severe pancreatitis, significantly more f lu-
id was being prescribed in comparison to those with mild/
moderate disease and it was typically prescribed in the first 
24 h. Those who died had been given significantly less f luid 
in the first 72 hours of admission. As such, the results suggest 
that the Glasgow score has an added benefit of identifying 
those patients who require more IV fluids and more rigorous 
goal-directed fluid management in the first 72 h of admission. 
Of note, these results contradict the findings from previously 
mentioned RCTs [12,13] and a recent meta-analysis published 
in the World Journal of Gastroenterology [16]. This meta-anal-
ysis concluded that early aggressive intravenous fluid therapy 
(defined as 3–5 mL/kg/h in 24 hours) did not improve mor-
tality, and it reported the potential for increased acute kidney 
injury and pulmonary oedema. However, these trials failed to 
risk stratify their patients into severe and non-severe pancre-
atitis, which may have accounted for their failure to identify 
improved mortality found in this study, and they concluded 
that studies are required to investigate subsets of acute pancre-
atitis, which could benefit from aggressive intravenous therapy.

It is widely accepted practice to risk stratify patients with 
acute pancreatitis to identify those at risk of developing com-
plications. The basis of this practice is that the triaging of 
patients within 48–72 hours of presentation allows them to 
be directed to appropriate levels of care to decrease morbidity 
and mortality. Although risk stratification is advocated by 

published guidelines, no single prediction tool has been proven 
to be the gold standard in practice [17,18]. With a spectrum of 
severity prediction tools in use in clinical practice, it was found 
in this cohort that use of the Glasgow-Imrie score was the most 
prevalent, likely due to the relative simplicity of use. Although 
the Glasgow score has been criticised as being a poor predictor 
of pancreatitis severity [19], the fact that it is widely known 
by junior surgical trainees, who arguably have the maximum 
influence on the initial volume of intravenous fluid being pre-
scribed, adds to its value in comparison to no severity score 
being considered. Higher Glasgow scores triggered the clini-
cians to increase the aggressiveness of their treatment, result-
ing in significantly higher volumes of intravenous fluids being 
prescribed. In those with severe disease, more aggressive fluid 
prescription within 24 hours of admission was associated with 
improved mortality.

Going forward, this study provides further support towards 
the need for performing a RCT, specifically looking at the se-
vere pancreatitis patient population, to provide the evidence re-
quired to establish if the significant decrease in mortality with 
increased fluid prescription in patients with severe pancreatitis 
is causative, and furthermore, establish a recommended fluid 
regime protocol. Although the study design will be challenging 
due to the acute nature of disease presentation, the WATER-
FALL TRIAL has proven that such trials are possible. Alterna-
tively, a cluster trial design, which randomised individual units 
to specific fluid regimes in appropriate patients, with regimes 
differing according to volumes given and with volumes ad-
ministered based on either weight or goal-directed approaches, 
could be used to ultimately determine the most efficacious and 
safe approach in this commonly encountered disease and guide 
best practice.
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