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Administration of intravenous fluid is one of the most 
commonly applied therapies in critical care, and has 
evolved from the replacement of water and electrolytes 
lost in diarrhoeal illness to the concept of ‘optimising’ 
cardiac output and thus, it is often incorrectly assumed 
as tissue perfusion [1]. As critical care transitions from a 
historical focus on normalisation of physiology towards 
the rigorous application of evidence-based practices 
which result in the best possible long-term outcomes, a 
re-evaluation of the role of basic therapies, such as intra-
venous fluids, is necessary.

Shock is typically described as hypovolaemic (e.g., 
haemorrhagic), distributive (e.g., septic), obstructive, car-
diogenic, or neurogenic in origin, with frequent overlap. 
While careful consideration should be given to the aetiol-
ogy of abnormal haemodynamics in the ICU with specific 
treatment directed at likely causes and, crucially, on the 
presence or absence of associated hypoperfusion, in our 
experience this is often not the case in practice. As hypo-
volaemia is the most readily reversible cause of shock, a 
‘liberal’ approach using intravenous fluid boluses as the 
initial response to a variety of haemodynamic situations, 
including hypotension, tachycardia, oliguria, skin mot-
tling, and elevated serum lactate levels is common [2, 3]. 
This approach is consistent with international guidelines 
for the initial management of sepsis [4], and is often con-
tinued throughout the duration of critical illness, often 
without careful consideration of likely benefits versus 
harmful consequences [2].

Efficacy of intravenous fluid administration
While patients presenting to an emergency department 
(ED) may be profoundly hypovolaemic and initially 
respond to intravenous fluid, the effects diminish rapidly 
over time. In a recent randomised trial of lactate versus 
peripheral perfusion-guided fluid resuscitation in sepsis, 
less than 5% of patients were fluid responsive at 8 h from 
presentation (Fig. 1) [5]. This is also the case in patients 
admitted directly from the ED to ICU, by the time 
patients reach the ICU, therefore, fluid responsiveness is 
perhaps the exception rather than the rule. Indeed, the 
physiological effects of fluid boluses given in ICU appear 
to be small. In post hoc analyses of randomised trials in 
ARDS [6] and sepsis [7], the mean increase in blood pres-
sure following a fluid bolus was in the order of 2 mmHg 
and decrease in heart rate 1 bpm, with no change in urine 
output, and even these modest benefits often dissipate 
after as little as 1 h [8]. These data are in stark contrast to 
clinician-reported perceptions of efficacy in nearly 70% 
of fluid boluses [2].

Potential harm from fluid administration
In this context of large volume fluid intake, together 
with endocrine and renal responses which predispose to 
reduced water and salt excretion, the accumulation of a 
positive fluid and sodium balance is common. Fluid accu-
mulation in critically ill patients is consistently associated 
with adverse outcomes. This has now been demonstrated 
in adults and children with sepsis, ARDS [9], and acute 
kidney injury (AKI) [10], as well as broader cohorts of 
critical illness [11]. The residual question is whether this 
represents a causal relationship, or merely confounding 
by indication, with more severely unwell patients being 
more likely to receive larger volumes of fluid and less 
likely to undergo measures to limit this fluid accumula-
tion. A further question is whether the harm, if it exists, is 
due to the administration or to the accumulation of fluid 
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and sodium, since experimental data implicate both [12]. 
Potential mechanisms of harm from rapid fluid boluses 
include shearing injury to the endothelial glycocalyx, the 
fragile barrier by which fluid is maintained within the 
intravascular space, vasodilation, and decreased adrener-
gic responsiveness [13], while accumulation of fluid may 
result in haemodilution, elevated venous pressure with 
resultant decrease in perfusion pressure gradients, and 
interstitial oedema with resultant inhibition of oxygen 
diffusion between capillaries and cells [14].

Broadly speaking, two complementary approaches may 
be used in the prevention and treatment of fluid overload: 
restrictive fluid administration, and the active removal of 
accumulated fluid. The different phases following initial 
resuscitation and subsequent fluid removal are illustrated 
and explained in the ROSE model (ESM 1) [1].

Restrictive fluid administration
Considerable emphasis has been placed on identifying 
predictors of ‘fluid responsiveness’, i.e., physiological or 
echocardiographic parameters such as stroke volume 
variation [3] passive leg raise manoeuvres [15], or veloc-
ity time integral [16] to predict whether a fluid bolus will 
produce some improvement in haemodynamic variables. 
One rationale for these predictors is to limit fluid admin-
istration to situations where there is at least a possibility 
of clinical benefit.

While incorporating predictors of fluid responsive-
ness into overall haemodynamic assessment seems 
intuitively reasonable, inherent problems remain even 
if used correctly. First, administering fluid until a fluid-
unresponsive state is reached has never been shown to 
be of benefit in sepsis. Second, each of the predictors is 
subject to major limitations, for example, stroke volume 
variation is not useful in the context of lung-protective 
ventilation, spontaneous breathing, cardiac arrhythmias, 

right heart failure or increased intra-abdominal pressure 
[3]. Third, even if the prediction of fluid responsiveness 
is accurate, measures used to judge ‘success’ or ‘failure’ 
of a fluid bolus are global parameters such as blood pres-
sure and cardiac output, which are poor predictors of 
tissue perfusion, particularly in sepsis where coherence 
between macro- and micro-circulation is frequently lost 
[14].

To reduce fluid administration, the early use of vaso-
pressors may be needed. Early application of vasopressors 
has the potential to reduce intravascular volume deficit 
by recruiting blood from the venous compartment, while 
avoiding the detrimental effects of fluid administration 
[17]. Delaying vasopressor use until fluid resuscitation 
has demonstrably failed to correct shock, on the other 
hand, may delay resolution, and assumes that fluid resus-
citation is safer than vasopressor use, an assumption 
which is contrary to the available data [18, 19] and which 
may be driven in part by resource constraints.

Deresuscitation
While more restrictive use of fluid, together with earlier 
use of vasopressors if needed, may reduce fluid admin-
istration, it is unlikely that fluid overload can be entirely 
avoided using this strategy. Fluid intake in ICU is from 
a range of sources, and  many are  obligatory such as 
drug diluents and nutrition. A recent study showed 
that this ‘fluid creep’ accounts for as much as 33% of 
all fluid intake compared to 7% for resuscitation fluids 
[20]. Besides  restriction of resuscitation  fluids, avoid-
ance of fluid overload is likely to require deresuscitation, 
defined as active fluid removal using diuretics or ultrafil-
tration [11], an approach which shortens the duration of 
mechanical ventilation and ICU stay [9]. Co-administra-
tion of hyperoncotic albumin along with diuretics may 
promote haemodynamic stability and diuresis [21, 22].
Ongoing work is focussed on three  main areas: (1) 
restrictive approaches to fluid resuscitation, involving 
early use of vasopressors if needed, (2) the use of dere-
suscitative measures to prevent and treat fluid accumula-
tion following resuscitation, and (3) the search for tools 
that may predict the patients who may benefit from fluid 
and those who do not. Meanwhile, clinicians should seek 
to avoid fluid administration where it is unlikely to be of 
benefit, i.e., where perfusion is adequate, even if vaso-
pressors are needed, or when perfusion is inadequate 
but fluid responsiveness is unlikely. Following resuscita-
tion, the use of diuretics or ultrafiltration to minimise 
fluid overload appears safe and may hasten recovery from 
critical illness. This is reflected in the dynamic phases 
(ROSE) of fluid management. Finally, while these repre-
sent broadly applicable principles, refinement of physi-
ological measurements or biomarkers may allow a more 

Fig. 1  Fluid responsiveness (in %) over time in 424 patients with 
sepsis Adapted with permission from Hernandez et al. [5]
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personalised approach to fluid management in the future. 
In analogy to the well-known concept of antibiotic stew-
ardship,  it  is thus time for fluid stewardship in the criti-
cally ill, where fluids should also be treated as drugs.
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