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In 1832, Thomas Latta successfully administered intrave-
nous fluid to patients with severe dehydration who had 
contracted cholera during the pandemics of the 19th cen-
tury, the first recorded successful application of “saline 
drip” methodology [1]. More than 150 years hence, fluid 
management remains a core task for clinicians in inten-
sive care units (ICU). The indications for fluid therapy 
have expanded greatly and are now used not only to treat 
significant fluid losses, but also to avoid fluid depletion 
(so-called maintenance fluid) and as a means of deliver-
ing medication, electrolytes and nutrition. Perhaps the 
most common use of fluids in the ICU is to “optimise the 
circulation” in patients with suspected haemodynamic 
compromise. Fluid management in the ICU involves not 
only the management of fluid input but also the man-
agement of fluid output, including the administration of 
diuretics and, in the case of severe kidney failure, dialy-
sis. Current thinking regarding fluid management might 
be well represented by the Surviving Sepsis Campaign 
guideline for continued fluid therapy beyond an initial 
challenge: ‘Fluid challenge technique be applied wherein 
fluid administration is continued as long as there is 
hemodynamic improvement either based on dynamic or 
static variables’ [2]. The wording of this recommenda-
tion puts more emphasis on the potential benefit than 
the potential harm of fluids and arguably promotes the 
liberal use of fluids. This is in keeping with the common 
view of clinicians, who have tended to focus more on the 
risks to patients of being fluid deficient than on the risks 
of being fluid overloaded.

In a recent article in Intensive Care Medicine, Silver-
sides and colleagues present the results of a systematic 

review and meta-analysis of fluid management beyond 
initial resuscitation in patients with acute respiratory 
distress syndrome (ARDS) and sepsis [3]. The system-
atic review was performed according to high methodo-
logical standards, including a pre-published protocol [4]. 
The authors chose a broad search strategy to minimise 
the risk of missing relevant studies and consequently 
screened more than 60,000 abstracts. Commendably, 
the meta-analysis was restricted to the randomised con-
trolled trials (RCTs) included in the review, with obser-
vational studies still reported, albeit separately. There 
were also noteworthy limitations. First, most likely due 
to an a priori expectation of limited data from RCTs, the 
authors chose to include studies on both ARDS and sep-
sis. However, ARDS and sepsis, although not mutually 
exclusive, are two distinct clinical entities; as such, per-
forming a meta-analysis of results on both clinical enti-
ties together introduces clinical heterogeneity. Additional 
heterogeneity is introduced with the inclusion of both 
adult and paediatric patient populations. Second, the 
concepts of ‘conservative’ and ‘liberal’ are arbitrary and 
varied between studies; significant differences between 
these strategies within the included RCTs were often not 
evident. Last, most of the included studies used proto-
cols that were not reflective of daily practice where the 
most common indications for fluid administration are 
easily available measures, such as arterial blood pressure, 
urinary output, vasopressor dose and lactate [5, 6]. This 
limitation reduces the clinical applicability of trial results.

Although not unexpected, the most noteworthy 
aspect of the review by Silversides and colleagues was 
not what they found, but rather what they did not find 
[3]. Despite broad inclusion criteria and a comprehen-
sive search strategy, only 11 RCTs were included in the 
meta-analysis, with a median of 100 included patients. 
Of these, only two RCTs were performed in more than 
two centres [7, 8]. In their meta-analyses of the primary 
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outcome, mortality, the authors found a relative risk 
of mortality for conservative versus liberal of 0.92 (95% 
confidence interval 0.82–1.02); albeit non-significant, 
this result raises concerns with the paradigm that a lib-
eral fluid strategy is beneficial—or benign at worst. In the 
analysis of the secondary outcome, ventilator-free days 
(VFD), the authors found a significantly higher num-
ber of VFD in patients assigned to restrictive groups, a 
result that was mostly driven by the FACTT trial which 
had complex protocols in both intervention groups [8]. A 
recent meta-analysis that included observational studies 
reported significantly lower mortality in restrictive strat-
egies [9], but the results obtained by Silversides and col-
leagues should be regarded as more valid due to the risk 
of bias in observational studies—especially confounding 
by indication, competing risks and time-dependency.

Evidence is emerging to assist clinicians in making 
decisions about how to manage fluid balance in critically 
ill patients. The initial resuscitation in septic shock has 
been studied in three high-quality, large-scale trials, but 
fluid resuscitation was only one part of the intervention, 
together with vasopressors, red blood cell transfusions 
and dobutamine [10–12], which hampers inference about 
fluid volumes specifically. In children with severe infec-
tion, the FEAST trial illustrated that in a resource-limited 
setting, a single fluid bolus can be detrimental [13]. This 
systematic review highlights the current lack of data in 
the fluid management of patients with ARDS and sepsis 
beyond initial management. Due to the complexities of 
fluid management, a single definitive trial is unlikely, if 
not utopian. Thus, many unanswered questions remain. 
Fluids are administered under many circumstances, and 
each of these is likely to have a different balance between 
benefits and harms (Table  1). The concept of fluid 
responsiveness has been intensely studied in the litera-
ture [14], and the search for the optimal predictor of fluid 
responsiveness is ongoing. However, even in the cases of 
fluid responders, it is not known whether fluids are ben-
eficial, neutral or harmful. These questions still deal only 

with the issue of fluid volume and fluid balance and do 
not touch the related and also complex issues regarding 
fluid composition. Given the ubiquitous nature of fluid 
management in the ICU, it is a major problem that the 
evidence base to guide clinicians is so limited.

In summary, although we are approaching the bicen-
tennial of intravenous fluid therapy, considerable gaps in 
our knowledge persist. Results from observational stud-
ies and meta-analyses of RCTs suggest that liberal fluid 
management might be harmful to patients, but the inter-
pretation of these results is hampered by complex pro-
tocols and substantial clinical heterogeneity. For many 
years, the standing paradigm in the management of the 
critically ill has been to ensure patients are not fluid defi-
cient, with less attention paid to the problems related to 
fluid overload. This meta-analysis by Silversides and col-
leagues may represent the high water mark, and with the 
turning tide we can seek a more balanced approach to 
fluid management in the critically ill.
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Table 1 Unanswered questions in fluid management to be addressed in future trials

Aspects of fluid management Unanswered questions

Fluids to “optimise the circulation” What level of circulatory impairment requires intervention with fluids and which 
measures of impairment are most useful?

Do fluid responders benefit from fluids?
Do fluids alleviate or cause acute kidney injury?
Do the effects of fluid depend on timing rather than indication?

Fluids to replenish losses How to assess fluid status?
Does ‘intravascular fluid depletion’ merit fluid administration?

Fluids to maintain a fluid balance Is maintenance fluid beneficial?
What is the minimum amount of fluid that patients should receive daily?

Fluids along other therapies (e.g. medication and nutrition) Is it beneficial to limit fluid content?
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