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SECTION 22

Fluid Balance and Its 
Management in the 
Critically Ill

OBJECTIVES
This chapter will:
1. Review the pathophysiology related to fluid status and the 

four phases of fluid resuscitation.
2. Review clinical parameters available to assess fluid volume, 

fluid responsiveness, and fluid overload.
3. Discuss practical issues regarding fluid administration and 

removal in hospitalized and critically ill patients.

Fluid administration is one of the most frequently used 
therapies provided in hospitalized patients. The most 
common reasons for fluid administration include hypoten-
sion and shock, sepsis, hypovolemia, replacement of fluid 
losses, and oliguria. Prompt resuscitation of patients with 
hypoperfusion with intravenous fluids was shown to 
improve outcomes more than a decade ago.1 However, studies 
in heterogeneous populations of critically ill and those 
undergoing surgery have shown that only about half of 
hemodynamically unstable patients respond to fluid 
administration.2–4 In severe sepsis or septic shock, the 
proportion may be even lower, and recently has been 
estimated to be less than 40%.5,6 These findings may chal-
lenge the notion that fluid administration is a “cornerstone 
in the treatment of resuscitation.”7 When a condition of 
hypoperfusion has been identified, clinicians must decide 
whether fluids may improve tissue perfusion by enhancing 
stroke volume or if other approaches are required. However, 
fluid balance assessment and management are challenging.8 
For many clinicians, the current approach to fluid resuscita-
tion focuses mainly on cardiac output (CO) and blood 
pressure. Other clinical and laboratory parameters also can 
facilitate fluid balance assessment and improve decisions 
regarding fluid administration and/or removal. Recent 

studies have evaluated the role of different strategies  
for fluid resuscitation and have not demonstrated any 
survival benefit.9–11 In addition, excessive fluid administra-
tion has been associated with worse cardiopulmonary and 
kidney outcomes, delayed wound healing, and decreased 
survival.12–18 Consequently, even if an initial fluid resuscita-
tion is required, approaches aiming for neutral and negative 
fluid balance or “dry” patients have been proposed over 
the remaining course of the hospital stay. Neutral or negative 
fluid balance may be obtained by conservative fluid admin-
istration, diuretics, and/or renal replacement therapy.

We review important physiologic aspects related to fluid 
status, the four phases of fluid resuscitation,19 as well as 
assessment of fluid volume, fluid responsiveness, and fluid 
overload. We also summarize the pathogenesis of fluid 
overload and its association with adverse outcomes and 
comment on practical issues regarding fluid administration, 
removal, and monitoring in hospitalized patients.

NORMAL PHYSIOLOGY

Macrocirculation
The desired goal of fluid resuscitation is to improve organ 
perfusion. To better understand how fluid resuscitation can 
improve organ perfusion, we have summarized its most 
important underlying principles. According to the Frank-
Starling principle, fluid administration will increase  
left ventricular stroke volume (SV) only if the bolus 
increases the mean circulatory filling pressure (MCFP) more 
than the central venous pressure (CVP), and if both ven-
tricles are on the “ascending limb” of the Frank-Starling 
curve.20 The venous system is divided into the “unstressed” 
and “stressed” volumes.21 The “unstressed volume” is the 
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healthy vessel28 (Table 134.1). The glycocalyx retains plasma 
proteins from moving across the endothelium, prevents 
leucocyte and platelet aggregation, and limits tissue edema. 
The glycocalyx contains many antioxidative molecules, 
such as superoxide dismutase, and contains many receptors 
that influence cellular activation with neutrophils and 
macrophages in response to injury.29 In sepsis and multiorgan 
failure, glycocalyx shedding increases vascular permeability 
and contributes to capillary leak and can cause an activation 
of immune cascades.29 The type of fluids (albumin, synthetic 
colloids, or crystalloids) and amount of fluid resuscitation 
also may have an effect on the integrity of the glycocalyx 
barrier.30,31 An intact endothelial glycocalyx is therefore 
required for the vascular barrier to function properly.

Phases of Fluid Resuscitation
As previously mentioned, most hospitalized patients will 
receive intravenous fluids. To characterize the role and 
timing of fluid administration or removal during hospital 
stay, four clinical phases of fluid therapy have been con-
ceptualized (Fig. 134.1), including (1) rescue, (2) optimiza-
tion, (3) stabilization, and (4) deescalation (ROS-D).19,32 
Rescue, or resuscitation, implies the “administration of fluid 
for immediate management of life-threatening conditions 
associated with impaired tissue perfusion.”19 Optimization 
or titration refers to the “adjustment of fluid type, rate and 
amount based upon context to achieve optimization of tissue 
perfusion.” Stabilization aims for achieving a neutral or 
slightly negative fluid balance to favor organ support, 

intravascular volume filling the venous system until intra-
vascular pressure starts increasing, whereas the “stressed 
volume” is the volume that stretches the veins and causes 
intravascular pressure to increase. The MCFP is the pressure 
distending the vasculature (normal values, 8–10 mm Hg).21,22 
The stressed venous system is the major determinant of 
the MCFP, which will strongly influence the venous return.22

Organ blood flow corresponds to the difference between 
the mean arterial pressure (MAP) and the CVP. If the MAP 
is within an organ’s autoregulatory range, then the CVP 
becomes the major determinant of capillary blood flow.23 
Because the venous system has a large capacitance, an 
increase in blood volume only minimally changes the MCFP. 
However, as the distending volume increases, the diastolic 
compliance of the heart decreases. Therefore, with large 
fluid administration, the cardiac filling pressures, more 
importantly the CVP, increase faster than the MCFP, decreas-
ing the gradient for venous return, and therefore blood 
flow. The kidney is affected particularly by high venous 
pressure, which increases renal subcapsular pressure and 
reduces renal blood flow and glomerular filtration rate.24 
Studies in patients with chronic congestive heart failure 
have shown that intrarenal venous flow (IRVF) pattern 
seemed to correlate with renal congestion.25

Microcirculation
Total body water (TBW) represents approximately 60% of 
body weight and traditionally has been divided into the 
intracellular (40%) and extracellular spaces (20%).26 In the 
extracellular fluid, the water is distributed in different parts: 
75% in the interstitium, 20% in the plasma, and 5% acting 
as transcellular fluid. For decades, the so-called “third 
space” was considered as another extravascular compart-
ment. Therefore fluid administration was optimized to 
replace this “loss” in critically ill and patients undergoing 
major surgery, in addition to deficits because of insensible 
perspiration and fasting. The “third space” most probably 
accumulates in the interstitium because of the destruction 
of an integral structure of the vascular wall, the endothelial 
glycocalyx.27 The endothelial glycocalyx is a network of 
membrane-bound glycoproteins and proteoglycans acting 
as a gel-like fringe covering the intravascular side of every 

TABLE 134.1 

Important Definitions

TERM DEFINITION

Dynamic arterial elastance (Eadyn) Pulse pressure variation (PPV) to stroke volume variation (SVV) ratio
Endothelial glycocalyx Network of membrane-bound glycoproteins and proteoglycans covering the 

intravascular side of every healthy vessel to retain plasma proteins from moving 
across the endothelium

Fluid bolus Infusion of 500 mL over a maximum of 15 min without close monitoring
Fluid challenge Administration of 250 mL or 3 mL/kg over 5–10 min with rapid stroke volume (SV) 

reassessment
Fluid challenge responder Some studies have defined a fluid responder as having an increase of 10%–15% of SV 

or cardiac output (CO) after fluid challenge
Fluid overload Some studies define this term as a percentage of cumulative fluid balance (CFB) over 

initial body weight above 10%
Mini-fluid challenge The administration of 100 mL over 1 min with assessment of changes in SV or CO
Passive leg raising (PLR) maneuver The lower limbs are elevated at 45 degrees from the 45-degree semirecumbent 

position, transferring approximately 300 mL of blood from the limbs and abdomen to 
the thorax to simulate a fluid bolus

Phases of fluid resuscitation (see 
Table 134.2)

Phases to characterize the role and timing of fluid administration or removal during 
hospital stay according to the clinical situation, including (1) rescue, (2) optimization, 
(3) stabilization, and (4) de-escalation

 Phases of fluid resuscitation

 Rescue Optimization Stabilization De-escalation

 Fluid bolus Fluid challenge Neutral balance Fluid removal

Less than 50% will respond

FIGURE 134.1 Phases of fluid resuscitation with potential therapeutic 
strategies. 
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bolus remains in the intravascular space after an hour.38,39 
In the stabilization phase, fluid therapy is used for ongoing 
maintenance to replace normal fluid losses (i.e., renal, 
gastrointestinal, insensible) or ongoing losses because of 
unresolved pathology. Patients may experience stabilization 
and de-escalation and then move back to the rescue or 
optimization phases because of a new clinical event,19 and 
many hospitalized patients will not require fluid boluses.

Assessment of Volume Status
Assessment of volume status should consider the total amount 
of fluid present, its compartmental distribution, and the 
composition of the intravascular fluid contributing to fluid 
shifts. The goal of fluid volume assessment at any given 
point is to determine if additional fluid is needed to improve 
tissue perfusion or to correct plasma composition.

Different parameters with various precision levels can 
be evaluated to estimate a patient’s effective volume status 
and to help therapeutic decision making (Table 134.3).  
In the rescue phase, vital signs (blood pressure, heart  
rate, and oxygen saturation), urine output, and possibly 
ultrasonography are used to assess the patient’s volume 
status. However, it is well known that physical examination 

whereas de-escalation is defined by the “minimization of 
fluid administration; mobilization of extra fluid to optimize 
fluid balance.”19 The characteristics of each phase have 
been summarized in Table 134.2.

Fluid boluses are used during the rescue phase, whereas 
fluid challenges are administered during the optimization 
phase. A fluid bolus typically includes the infusion of 
500 mL over a maximum of 15 minutes without close 
monitoring, and a fluid challenge involves the administration 
of 250 mL or 3 mL/kg over 5 to 10 min with SV reassess-
ment.19,33 A fluid challenge allows optimization of tissue 
perfusion and tests the effects of a more modest volume 
given more slowly to prevent inadvertent fluid overload.19,34 
Some studies have defined fluid responders as an increase 
of 10% to 15% of SV or CO after fluid challenge.33,35 The 
concept of mini-fluid challenge also has been proposed 
and defined as the administration of 100 mL over 1 minute 
with assessment of changes in SV or CO.36 This test had a 
sensitivity and specificity of 95% and 78%, respectively, 
with an area under the receiver operating characterizing 
curve (AUROC) of 0.92 to predict fluid responsiveness.36

The ability of crystalloids to expand the intravascular 
volume is limited. In healthy volunteers, only 15% of a 
crystalloid bolus remained in the intravascular space after 
3 hours.37 In septic patients, less than 5% of a crystalloid 

TABLE 134.2 

Phases of Fluid Resuscitation: Fit for Purpose Fluid Therapy

RESCUE OPTIMIZATION STABILIZATION DE-ESCALATION

Principles Lifesaving Organ rescue Organ support Organ recovery
Goals Correct shock Optimize and maintain 

tissue perfusion
Aim for zero or negative 
fluid balance

Mobilize fluid accumulated

Time (usual) Minutes Hours Days to weeks Days to weeks
Phenotype Severe shock Unstable Stable Recovering
Fluid therapy Rapid boluses Titrate fluid infusion/

conservative use of 
fluid challenges

Minimal maintenance 
infusion only if oral intake 
inadequate

Oral intake if possible/avoid 
unnecessary IV fluids

Typical 
clinical 
scenario

Septic shock
Major trauma

Intraoperative GDT
Burns
DKA

NPO postoperative patient
“Drip and suck” 
management of pancreatitis

Patient on full enteral feed in 
recovery phase of critical illness

Recovering ATN
Amount See appropriate guidelines (surviving sepsis campaign, prehospital resuscitation, trauma, burns …)

ATN, Acute tubular necrosis; DKA, diabetic ketoacidosis; GDT, goal-directed therapy; NPO, nil per os.
Reproduced with permission from Hoste EA, Maitland K, Brudney CS, et al. Four phases of intravenous fluid therapy: a conceptual model.  
Br J Anaesth. 2014;113: 740–747.

TABLE 134.3 

Parameters for Fluid Status Assessment

CLINICAL PARAMETERS
LABORATORY AND IMAGING 
PARAMETERS STATIC MEASURES DYNAMIC MEASURES*

Blood pressure, heart rate Hematocrit changes Central venous pressure Pulse pressure variation
Fluid balance Lactate levels, ScvO2 Pulmonary artery occlusion pressure Stroke volume variation
Body weight changes Urinary indices (UNa, 

FeNa, FeUrea, gravity, 
and osmolality)

IVC diameter Respiratory variation of IVC 
diameter

Skin turgor and capillary 
refill

Chest radiograph RV end-diastolic volume PLR test coupled with real-time 
SV monitoring*

Pulmonary edema Bioelectrical impedance 
vector analysis (BIVA)

LV end-diastolic area Fluid bolus test coupled with 
real-time SV monitoring*

Urine volume Intraaortic blood volume index End-expiratory occlusion test
Global end-diastolic volume index Dynamic arterial elastance

Microcirculation assessment

FeNa, Fractional excretion of sodium; FeUrea, fractional excretion of urea; IVC, Inferior vena cava; LV, left ventricular; PLR, passive leg raising 
maneuver; RV, right ventricular; ScvO2, central venous oxygen saturation; SV, stroke volume; UNa, urinary sodium.
*These parameters are considered the most accurate.



Chapter 134 / Components of Fluid Balance and Monitoring  819

SV. After a few heartbeats, this phenomenon reduces left 
ventricle (LV) filling and may induce a decrease in LV SV, 
with a minimum value during the expiratory phase. As 
reviewed by Carsetti et al.,33 “the magnitude of the respira-
tory changes in SV depends on the volume status and on 
the preload dependence of both ventricles. In hypovolemia, 
these cyclic increase and reduction of SV are more pro-
nounced.” Because changes in peripheral pulse pressure 
are related to changes in LV SV, PPV also can be used to 
predict fluid responsiveness. However, these tests have 
serious practical limitations. They can be used only in 
mechanically ventilated without spontaneous breathing 
efforts, with a tidal volume usually of more than 8 mL/kg, 
without arrhythmias, and with a ratio between heart rate 
and respiratory rate less than 3.6.33

The respiratory variation of IVC diameter also can be 
used in mechanically ventilated patients.50 A threshold of 
18% for the distensibility index of the IVC (dIVC) can 
discriminate fluid responders from nonresponders with 
90% sensitivity and 90% specificity.50 The EEO test can 
be used in mechanically ventilated patients with spontane-
ous breathing activity, with or without arrythmias.33 As 
reviewed by Carsetti et al., “the increase in intra-thoracic 
pressure during mechanical ventilation reduces venous 
return and SV. Thus, a short EEO may prevent the cyclic 
impediment in left cardiac preload and may act like a fluid 
challenge.”33 The dynamic arterial elastance (Eadyn) also 
has been studied recently. Indeed, an increase in blood 
flow and a rise in perfusion pressure are expected with 
fluid resuscitation. However, this pressure–volume relation 
depends on arterial tone. Eadyn is defined as the ratio of 
changes in pressure to changes in volume, measured by 
the ratio of PPV over SVV. A baseline Eadyn greater than 
0.89 predicted an increase in mean arterial pressure of at 
least 15% after fluid administration with a sensitivity of 
94% (95% CI: 70%–100%) and a specificity of 100% (95% 
CI: 66.4%–100%).51 Conversely, in patients with low Eadyn, 
some experts have recommended that vasopressors should 
be initiated to improve mean arterial pressure, even if 
patients are fluid responsive.33

Assessment of the Microcirculation
Impaired microvascular flow has been associated with organ 
failure even with clinical interventions aimed to optimize 
macrocirculation. In a study of 50 patients, sublingual 
microcirculatory flow index (MFI) has been studied and a 
cutoff value less than 2.6 has been shown to discriminate 
fluid responders from nonresponders.52 Importantly, no 
macrohemodynamic variables at baseline could predict a 
MFI less than 2.6, reinforcing the relevance of microcirculation 
assessment in critically ill patients.52,53 However, micro-
vascular assessment is not used routinely, and microcircula-
tion in various organs may present different responses after 
interventions. Further studies are needed to better understand 
the relationship between macro- and microcirculation in 
response to fluid challenge with evolving technologies.

Assessment of Fluid Overload
A percentage of cumulative fluid balance (CFB) over initial 
body weight above 10% has been used as a marker of fluid 
overload and has been associated with worse outcomes.17,54 
However, several studies have shown that the CFB does 
not correlate well with serial body weights55,56 and that 
obtaining daily body weights is difficult even in critically 

is unreliable for estimating intravascular volume status8 or 
predicting fluid responsiveness. In addition, the definitions 
of fluid responsiveness vary across studies, which hampers 
adequate comparisons of methods.40

Static Measures
Static measures of cardiac filling pressures such as CVP 
often are used in the intensive care unit, but multiple studies 
have shown that they are unable to predict fluid responsive-
ness.4 Indeed, CVP has an AUROC for predicting fluid 
responsiveness close to 0.5, which is useless.4 Other 
parameters with limited value for fluid assessment and 
management are the central venous oxygen saturation 
(ScvO2) and chest radiograph. A recent international study 
has shown that current practice and evaluation of fluid 
challenges in critically ill patients are highly variable and 
that static measures are used in 36% and dynamic measures 
in only 22% of patients.41

Dynamic Measures
Dynamic measures appear to be most valuable parameters 
to assess fluid responsiveness.40 A key feature of these 
techniques is to demonstrate a change in stroke volume or 
tissue perfusion in response to a specific maneuver. Two 
techniques have an acceptable degree of clinical accuracy 
to determine fluid responsiveness, namely the passive 
leg-raising maneuver (PLR) and the fluid bolus test coupled 
with real-time SV monitoring.20,40,42 The fluid bolus test 
already was described earlier. The PLR increases venous 
return by shifting venous blood from the legs to the thoracic 
compartment. An increase in SV occurs if the ventricles 
are preload dependent. This maneuver is rapid, safe, and 
simple and has a high diagnostic accuracy.42,43 Indeed, recent 
meta-analyses in critically ill patients showed an AUROC 
of 0.95.44,45 Importantly, the effects of fluid challenge on 
hemodynamic parameters may not translate to the micro-
circulation, which also should be assessed if feasible.

To perform the PLR maneuver, the lower limbs can be 
elevated at 45 degrees from the 45 degrees semirecumbent 
position or from the supine position. The semirecumbent 
position induces a larger increase in cardiac preload than 
the supine position, transferring approximately 300 mL of 
blood from the limbs and abdomen to the thorax.43 The 
former PLR maneuver therefore should be used.46 This 
maneuver simulates a fluid bolus, reaching its maximal 
effect within 1 minute.43,47,48 Consequently, changes in 
cardiac output or SV must be monitored closely soon after. 
As opposed to common belief, changes in blood pressure 
are not a reliable sign for fluid responsiveness after a PLR 
test or fluid challenge because the SV may increase without 
a significant change in blood pressure.49 The PLR maneuver 
can be performed in spontaneously breathing patients, those 
with arrhythmias, or receiving low tidal volume ventilation 
(<6 mL/kg) as in acute respiratory distress syndrome 
(ARDS).42,43 However, its performance is lower in patients 
with increased intraabdominal hypertension, and this 
maneuver is contraindicated in patients with increased 
intracranial pressure. Other dynamic tests include stroke 
volume variation (SVV), pulse pressure variation (PPV), 
respiratory variation of inferior vena cava (IVC) diameter, 
end-expiratory occlusion (EEO) tests, and dynamic arterial 
elastance. For SVV, the increase in intrathoracic pressure 
during inspiration in positive pressure ventilation reduces 
the preload of the right ventricle (RV), which reduces RV 
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these studies were conducted more than 15 years ago, and 
fluid balance was not reported nor included as a covariable, 
which could have influenced the results. In 2012 the KDIGO 
AKI guidelines recommended that diuretics be used to 
manage volume overload with a weak level of evidence 
(grade 2C).70 Recent observational studies in severe AKI 
have shown that correcting fluid overload and restoring 
fluid balance seem clinically important, because the duration 
of fluid overload correlates with worse outcomes and its 
correction is associated with improved survival or renal 
recovery.17,18 An observational study has found that patients 
treated with continuous renal replacement therapy are more 
likely to reduce their percentage of fluid overload compared 
with those treated with intermittent dialysis, and that 
mortality was lower when fluid overload was corrected by 
dialysis.17 Other observational and retrospective studies 
suggest that the magnitude of fluid overload at dialysis 
initiation is associated with poorer outcomes.18,71 These 
data support the use of dialysis to correct fluid overload. 
Further prospective studies are required to better characterize 
the optimal ways to manage fluid overload with diuretics 
and/or dialysis in AKI. In conclusion, we suggest that 
diuretics should be used as adjunctive therapy in critically 
ill patients, including those with AKI, to treat fluid overload 
and possibly to prevent it once the patient is in the stabiliza-
tion phase; however, they should not be pursued if there 
is no appropriate response. Patients with AKI with significant 
fluid accumulation who are unresponsive to diuretics should 
be considered for early initiation of dialysis to correct fluid 
overload. Ultrafiltration is discussed in more detail in 
Chapter 137.

PRACTICAL ISSUES AND CONCLUSION

Fluid therapy is a dynamic process. Over the last years, 
the concept of phases of fluid therapy has been introduced 
given that intravenous fluid therapy can be lifesaving or 
harmful depending on the clinical situation, timing, and 
amount of fluid administered.19 Some experts have suggested 
that the initial resuscitation of patients with septic shock 
should include boluses of 500 mL or less of crystalloid 
(Ringer’s lactate) up to a maximum of 20 mL/kg.72 Septic 
patients who require urgent surgery for intraabdominal 
catastrophe may require more aggressive fluid resuscitation. 
However, because aggressive fluid resuscitation also can 
increase intraabdominal hypertension and worsen morbidity 
and mortality rates, intraabdominal pressure monitoring 
is required in these patients.73 In general populations, 
because fluid boluses of 20 to 30 mL/kg are associated with 
volume overload, the mini-fluid bolus approach to fluid 
therapy (200 to 500 mL) has been recommended by some  
experts.74

Importantly, even when fluid is administered for urgent 
resuscitation, about half of patients respond to fluid, and 
even a lower proportion of septic patients. Therefore initial 
fluid resuscitation and fluid optimization should be guided 
by an assessment of fluid responsiveness whenever feasible. 
Unfortunately, a large majority of patients do not benefit from 
a proper assessment of fluid responsiveness after a fluid 
challenge.41 Early bedside echocardiographic assessment of 
cardiac function is a useful tool to guide hemodynamic 
management. If a patient responds to fluid by a 10% to 15% 
increase in SV or CO, further fluids can be given as long as 
there is a positive response. This approach avoids fluid 
overload, because the only excess fluids are equivalent to 
one fluid challenge (250 mL). Moreover, hemodynamic changes 

ill patients.56 Moreover, body weights measured by electronic 
weighing beds are not sufficiently accurate to replace daily 
fluid balance in the ICU.57 The optimal approach to quantify 
fluid overload has not been determined. Recently, the 
modern bioelectrical impedance vector analysis (BIVA) 
method has been compared to CFB in critically ill patients.58 
The hydration status measured by this method seemed to 
be a better predictor of ICU mortality than the CFB.58 Further 
studies are needed to validate these findings.

Pathogenesis of Fluid Overload
There are two main pathways by which fluid loading 
facilitates fluid overload. When the plateau of the Frank-
Starling curve is reached, atrial pressures get higher, which 
will increase venous and pulmonary hydrostatic pressures 
and release natriuretic peptides, causing fluid to move into 
the interstitial space. Consequently, pulmonary and tissue 
edema occur. More precisely, high CVP values increase 
venous pressure in organs such as kidneys, which increases 
renal subcapsular pressure and reduce glomerular filtration 
rate.24 Secondly, high atrial pressures contribute to the 
release of natriuretic peptides.59,60 These peptides then cleave 
membrane-bound proteoglycans and glycoproteins, mainly 
syndecan-1 and hyaluronic acid, off the endothelial glyco-
calyx,61,62 increasing endothelial permeability. Moreover, 
natriuretic peptides inhibit the lymph vessel pumping, 
decreasing lymphatic drainage.63,64 In experimental studies, 
ischemia/reperfusion, tumor necrosis factor-α, and atrial 
natriuretic peptide (ANP) could lead to the destruction of 
the endothelial glycocalyx. Because acute hypervolemia 
triggers ANP release, avoiding intravascular hypervolemia 
theoretically could protect the endothelial glycocalyx and 
therefore prevent protein-rich plasma shifts and subsequent 
interstitial edema. Over the last decade, fluid overload has 
been recognized increasingly as an issue that could jeop-
ardize patients’ outcomes.12,13,17,18 However, the mechanisms 
by which fluid overload could influence outcomes have 
never been demonstrated clearly.26 Further studies on the 
mechanisms underlying fluid shifts between compartments 
could help our understanding.

Association Between Fluid Overload  
and Adverse Outcomes
The detrimental effects of aggressive fluid resuscitation in 
sepsis, acute lung injury (ALI) and acute kidney injury 
(AKI), as well as perioperatively are supported by experi-
mental and clinical studies.13,16,17,65–67 Most of these studies 
have shown an independent association between increased 
cumulative fluid balance and mortality. In sepsis, the Fluid 
Expansion as Supportive Therapy (FEAST) study, a random-
ized clinical trial performed in 3141 African children with 
severe sepsis showed that aggressive fluid administration 
particularly related to bolus therapy was associated with 
increased mortality.68

ROLE OF DIURETICS AND ULTRAFILTRATION 
IN ACUTE KIDNEY INJURY

In 2006 a meta-analysis showed that the use of diuretics 
to treat AKI was not associated with a significant decrease 
in mortality or dialysis requirement.69 However, most of 



3. Two techniques have an acceptable degree of 
clinical accuracy to determine fluid responsiveness, 
namely the passive leg raising maneuver and the 
fluid bolus test coupled with real-time stroke 
volume monitoring.

4. About half of patients respond to fluid, and even 
a lower proportion of septic patients.

5. Individual assessment of fluid requirements and 
timing of fluid administration are needed as well 
as frequent reassessment of response and ongoing 
needs.

6. As fluid overload is associated with worse out-
comes, in the stabilization and deescalation phases, 
clinicians should target a neutral and then a nega-
tive fluid balance if fluid overload is present.
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in fluid responders are usually short lived75 and may even 
decrease systemic resistance.49,76 In septic patients who are 
fluid nonresponders, vasopressors (norepinephrine) should 
be initiated in patients with persistent hypotension. Because 
fluid overload is associated with worse outcomes, in the 
stabilization and de-escalation phases, clinicians should target 
a neutral and then a negative fluid balance if fluid overload 
is present. Diuretics can be used as an adjunctive therapy in 
critically ill patients, including those with AKI, to treat fluid 
overload and possibly to prevent it. However, diuretics should 
not be pursued if they do not provide the expected response. 
AKI patients with significant fluid accumulation who are 
unresponsive to diuretics should be considered for early 
initiation of dialysis to correct fluid overload.

In conclusion, fluid therapy in critically ill patients or 
those undergoing major surgery is a dynamic process. 
Individual assessment of fluid requirements and timing of 
fluid administration are needed, as well as frequent reas-
sessment of response and ongoing needs. Further studies 
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Key Points

1. Fluid therapy in critically ill patients and hospital-
ized patients is a dynamic process.

2. In patients with clinical indications for fluid 
administration, initial fluid resuscitation, and fluid 
optimization should be guided by an assessment 
of fluid responsiveness whenever feasible.
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