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For nearly two centuries, intravenous fluids have been 
used to treat the critically ill patient [1]. Despite this 
omnipresent practice, the task of choosing the right fluid 
solution and volume to infuse remains challenging for 
clinicians, researchers and policymakers [2, 3]. Although 
adequately powered randomized clinical trials (RCTs) 
have been published, the only strong recommendation, 
based on high quality of evidence, is to avoid the use 
of hydroxyethyl starch [2]. Patients cared for in inten-
sive care units (ICUs) receive vast amounts of intrave-
nous fluids, including carrier fluids, maintenance fluids, 
resuscitation fluids, and fluids to replace losses [4]. It has 
recently been suggested that administering excessive fluid 
volumes could potentially be harmful [5–7]. How, then, 
may clinicians safely reduce fluid administration, with-
out exposing patients to the risk of harm associated with 
hypovolemia? Different approaches have been tested; 
trials have aimed to limit fluid input by different means, 
with some using hemodynamic triggers, some adminis-
tering fluids only to those deemed “fluid responsive”, and 
others applying a lower threshold for the administration 
of vasopressors.

In the HERACLES trial by Pfortmüller et  al., pub-
lished in this issue, [8] a further approach was attempted, 
namely to limit fluid input in post-cardiac surgery 
patients through infusion of hypertonic saline.

Hypertonic saline expands the intravascular volume 
due to a shift of fluids from the extravascular to the intra-
vascular space, a principle perhaps most commonly used 
in the treatment of acute brain injury [9]. This mecha-
nism has the potential to improve hemodynamic status, 

while allowing administration of a lower volume of fluid 
[10]. It is an appealing physiological approach when deal-
ing with the critically ill, including patients following car-
diac surgery, a population in which there is a shortage 
of evidence that might help to identify patients requir-
ing additional fluids. It is noteworthy that the rationale 
for the use of hypertonic saline in this population was 
based solely on the expected physiological benefits. This 
is analogous to the arguments used to support the use 
of hydroxyethyl starches; their volume-expanding prop-
erties were expected to benefit critically ill patients, but 
when subsequently tested in RCTs, they were found to 
be associated with harm [11]. This is a story that clearly 
underlines the importance of RCTs to evaluate the bal-
ance between benefits and potential harm.

The HERACLES trial [8] was a randomized, double-
blinded, single-center trial investigating the effects of 
a single infusion of 5  ml/kg of hypertonic saline (7.3% 
NaCl) versus isotonic saline (0.9% NaCl) over 60 min in 
patients following cardiac surgery. The primary outcome 
was cumulative fluid input during ICU stay. The authors 
conducted a low-risk-of-bias trial with adequate rand-
omization, blinding, and a published protocol [12]. As a 
single-center study, it has limited external validity, and 
since it was a phase II trial the primary outcome was not 
patient centered. The authors hypothesized that adminis-
tration of hypertonic saline would reduce fluid input, but 
found that it increased urine output. This is a challenging 
finding to interpret, considering that there was an, albeit 
statistically insignificant, increase in the use of diuretics 
in the hypertonic saline group. The relatively small sam-
ple size permits only very cautious interpretation of the 
secondary and exploratory outcomes; and their inter-
pretation is made more challenging still by the limited 
requirement for organ support in this trial. Under these 
circumstances, a single bolus of hypertonic saline would 
seem to have only a small chance of affecting the duration 
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of organ support. Further, the administration of hyper-
tonic saline resulted in a substantial number of patients 
developing hypernatremia and hyperchloremia, and the 
possible adverse effects of hypertonic saline in a broader 
population, including those with kidney failure and pre-
existing hyponatremia, remain an unanswered concern. 
Despite these limitations, the investigators are to be com-
mended for exposing their physiologically-based treat-
ment options to rigorous evaluation.

What broader lessons can be gleaned from the HERA-
CLES trial? It seems that hypertonic saline influences 
fluid balance in cardiac surgery patients, although this 
may be due to increased diuresis and not decreased 
input. Whether this leads to an overall effect on patient-
important outcomes can be assessed only in a larger trial. 
Before such a large-scale trial is undertaken, routine 
practices in cardiac surgery patients, including the use 
of hypertonic saline, could be investigated to determine 
whether clinical equipoise exists. If sufficient equipoise 
is found, an RCT powered to detect potential harm (i.e. 
adverse events including those related to hypernatremia 
and hyperchloremia) as well as potential benefits would 
be warranted and welcome.

The design and conduction of fluid trials are complex 
undertakings and the unanswered questions remain 
abundant, but we should not be discouraged. Careful 
planning of fluid trials is required (Table  1 provides 
a checklist for designing these trials). Collaboration 
across centers and borders will facilitate large-scale tri-
als, which can be powered to detect or exclude differ-
ences in patient-important outcomes. A set of common 
data elements may facilitate comparisons of popula-
tions and interventions between trials. A core outcome 
set could allow smaller trials to be combined to improve 
the precision of treatment effects. Learning from com-
mon pitfalls encountered in previous fluid trials will 
increase our chances of moving fluid research forward 
in a collaborative way. The century-long debates on 
fluid therapy in critically ill patients are not likely to 
end anytime soon, but with each high-quality trial, we 
take a small step closer to a solution.
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Table 1 Checklist for designing fluid trials

Trial design
 Clinically relevant research question? Relevant to patients, relatives, society?

Lack of external evidence?
Biological/clinical rationale for hypothesized treatment effect?

 Protocol and statistical analysis plan? Protocol according to applicable checklist (SPIRIT)?
Publicly available or published in a peer-reviewed journal?

 Low risk of bias? Blinding of fluid intervention? (patients, clinical personnel, trial personnel, outcome assessors, statisticians)
Low risk of bias in all domains of the Cochrane Risk of Bias tool?

 Pragmatic? Simple screening criteria, fluid protocol easy to implement in clinical practice?

 Realistic effect size? Is the minimal clinically important difference established? (preferably on the basis of established research)
Is the chosen effect size plausible?
Does the chosen effect size for the primary outcome result in a feasible sample size?

 Detailed analysis of consistency? Planned subgroup and sensitivity analyses for key outcomes?
Secondary outcomes potentially supportive of primary outcome?

 High internal validity? High quality and validity of data?
Is heterogeneity minimized within the trial? (e.g. protocol adherence at all sites)

 High external validity? Is it a multi-center trial? (preferable)
Does the trial include both university hospitals and non-university hospitals?
Are different healthcare systems represented (e.g. different countries)?

Methods: PICO
 Population Does the trial population represent the general population of interest?

 Intervention Does the intervention have proven biological plausibility?

 Comparator Is there a standard-care group and does it reflect normal practice?

 Outcomes Are patient-centered outcomes aimed at reflecting both potential benefits and harm?
Is there an appropriate number of secondary and exploratory outcomes?
Are the outcomes aligned with other trials to allow meaningful meta-analyses?
Is there adequate follow-up for all outcomes?
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