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Abstract

Fluid management is one of the regular aspects of care in pediatric intensive care unit
(PICU) setting, and its importance has been stressed in previous studies. Fluid resus-
citation, as part of fluid management, may be needed to maintain intravascular vol-
ume, and prior studies showed that early aggressive fluid resuscitation may improve
outcome in critical illness, especially in endothelial-dysfunction associated conditions.
Unfortunately, this routine management often leads to the development of positive fluid
balance and, consequently, fluid overload. Many evidences have stated that excessive
fluid administration is closely associated with negative effects for children who were
admitted in PICU. Moreover, fluid balance before PICU admission is also important
because uncertainty about quantification fluid balance before admission can lead to
underestimated fluid overload.
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1. Introduction

Fluid management is one of the regular aspects of care in PICU setting, and its importance
has been stressed in previous studies [1]. Fluid resuscitation, as part of fluid management,
may be needed to maintain intravascular volume [2], and prior studies showed that early
aggressive fluid resuscitation may improve outcome in critical illness [1], especially in
endothelial-dysfunction associated conditions [3]. Unfortunately, this routine management
often leads to the development positive fluid balance and consequently, fluid overload (FO)
[1, 3, 4]. Many evidences have stated that excessive fluid administration is closely associated
with negative effects for children who were admitted in PICU [3, 4]. FO was known to cause
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increased risk of morbidity, mortality, additional time of mechanical ventilation, additional
hospitalization time, and increased need for renal replacement therapy (RRT) [5, 6].

In patients who already have critically ill also shown that fluid overload shows a negative
effect. Flori et al. [2] conducted post-hoc study about the association positive fluid balance
with worse clinical outcomes in children with ALI. This study showed the increment of
10 mL/kg/day fluid balance was associated with increasing mortality. Moreover, the incre-
ments were also associated with fewer ventilator-free days. Flori also suggested that fluid
overload itself may be a risk factor for mortality regardless of initial presenting severity of
illness [2]. In another study involving 778 patients with septic shock post resuscitation also
found that fluid overload increased up to twice the mortality rate [5]. Vincent et al. [7] in their
research on sepsis patients found that each addition of a positive fluid balance after 72 h was
associated with an increased odds ratio of mortality by 10%. Sutawan et al. [6] study also
found that fluid overload was associated with mortality (OR 11.5; 95% CI: 3.7-35.6; p < 0.001)
with a range of 12.9 + 7.9% on 120 subjects.

2. Pathophysiology and measuring fluid overload

In general, the vascular endothelial allows free exchange of water, electrolyte, glucose, and
nutrients components into and out of the tissue independently because of their permeability
to the components. This transcapillary component exchange capability is affected by fac-
tors such as hydrostatic pressure, endothelial tone, and oncotic pressure. The fluid passing
through the intact endothelial barrier and going to the extravascular generally will be reab-
sorbed by the lymphatic system to reduce edema. However, damage of endothelial barrier
caused by the inflammatory process and edema will be easier to occur. The endothelial bar-
rier is commonly known as glycocalyx, a network-rich carbohydrate and protein bond that
regulates the process of exchanging fluid to extravascular (Figure 1) [8].

Beside its own endothelial tissue structure, intravascular volume stability is also regulated by
baroreceptors located in the carotid, atrial, and afferent renal arterioles. The renin-angioten-
sin-aldosterone system (RAAS) will be readily activated resulting in natriuretic peptide secre-
tion in the event of intravascular volume changes [10]. Activation of the RAAS system and the
secretion of natriuretic peptides make water and sodium retained by the kidneys to maintain
intravascular volume. Imbalance between intravascular and extravascular fluid or component
like natrium will facilitate intravascular fluid to the interstitial so that edema, ascites, pleural
effusion may occur. Some studies use FO percentage (FO%) as a tool to estimate the amount
of fluid retention [9, 10].

FO % = [(fluid administrated - fluid eliminated/body weight when first arrived] x 100 (1)
The fluids are measured in liters while the body weight measured in kilogram. FO% >10% is

associated with high morbidity rates, such as worsening oxygenation levels, longer mechanic
ventilator usage time, increased risk of renal replacement therapy (RRT), even to an increase
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Figure 1. Schematic representation of glycocalyx [8].

in mortality. Patients who received RRT increased by 25% in critically ill patients. One of the
risk factors is an increase in FO% levels between 10 and 20% [1, 11]. Similarly, in patients with
ARDS, it is known that fluid retention increases mortality. Fluid overload with edema and
extravasation manifestations into the third cavity is associated with failure of several systems
such as the cardiovascular system, central nervous system, hepatic system, and digestive sys-
tems that stimulate malabsorption of nutrients and malnutrition in children. Fluid manage-
ment for each critical illness in children is not the same depending on the clinical condition of
the patient, but patients with high levels of FO% more frequently can cause failure of several
organs [1-3, 12].

3. Pathophysiology fluid overload in sepsis and ARDS

In ARDS patients, some theories suggest that fluid overload can aggravate the patient’s condi-
tion. Widespread injury of both lung and systemic endothelium with a resultant increase in
permeability and expression of adhesion molecule is characteristic of ARDS/ALI [13]. Injury
to the microvascular endothelium of the lung was first known almost 30 years ago [14, 15].
A variety of circulating markers of endothelial cell injury and activation have been studied
in patients with ARDS/ALIL Endothelin-1, a vasoconstrictor and proinflammatory peptide is
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released by endothelial cell as a result of injury, is increased in the plasma of patients with
ARDS/ALI as is von Willebrand factor (VWF) antigen, another marker of endothelial cell
activation and injury [13, 16]. Higher levels of plasma VWF were independently associated
with mortality by multivariate analysis in two independent studies. Although injury to the
lung microvascular endothelial is the underlying cause of increased permeability pulmo-
nary edema in ARDS/ALI, endothelial injury and activation may also lead to obstruction or
destruction of the lung microvascular bed in ARDS/ALI case [15]. The degree of obstruction
and destruction of the lung microvascular bed is an important determinant of outcome and
can be estimated by the pulmonary dead space fraction [1, 15].

Fluid management in sepsis patients is necessary to increase the perfusion of vital organs in
order to restore the patient’s hemodynamics. However, there has been no research suggesting
the amount of fluid dosage in sepsis patients. Based on early goal directed therapy (EGDT)
for the treatment of severe sepsis and septic shock, targeted fluid therapy used central venous
pressure (CVP) [7, 17]. However, the target cvp is 8-12 mmHg to ensure intravascular vol-
ume. However, the EGDT guidelines do not limit the extent to which these fluids should be
administered to patients. Even some recent studies suggest that fluid administration accord-
ing to the EGDT concept has been abandoned because it is more likely to make hypervolemia
and increase mortality rates in the first 48, 72, and 96 h post-EGDT [17]. This increase in
mortality rates is more likely to be caused by FO, as FO may aggravate capillary leakage and
contribute to or worsen edema in patients’ lung with sepsis and septic shock. FO can also
create intraabdominal hypertension, leading to organ hypoperfusion that will eventually fall
on organ failure [18].

4. Managing fluid overload

4.1. Composition of resuscitation fluids

There is no ideal fluid used for resuscitation of shock patients. At least the fluid used has a
similar chemical composition to the plasma and can eliminate shock signals without adding
fluid extravasation to the interstitial cavity. Currently, the fluid used is colloidal fluid and
crystalloid fluid [19].

Crystalloids are more recommended as first-line therapy to restore hemodynamics in patients
with shock [20]. Crystalloids are made up of ions with various tonicities and can be freely
distributed. The saline liquor is more isotonic to the plasma but has a higher concentration
of chloride and is more at risk of hyperchloremic metabolic acidosis and increases the risk
of kidney failure [18]. The fluid such as the ringger is more hypotonic than the extracellular
fluid and is also associated with hyperchloremia but has a pH that is more similar to plasma
pH [19-21].

Colloid is a fluid containing macromolecules with the usefulness of increasing the oncotic
pressure and maintaining the amount of fluid that already exists in the vascular and even
absorb fluid in extracellular to intracellular [5, 8]. Colloids are classified according to natural
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(albumin) and artificial (gelatin, dextran, and hydroxyethyl starch (HES)) [7]. In contrast to
the crystalloid fluid distributed among compartments, the colloidal fluid will remain in the
vascular cavity for more than 16 h [8].

Gelatins, a polypeptide derived from collagen bovine, have the same extravascular extension
as albumin but are associated with the risk of renal damage. HES is a high-molecular weight
synthetic polymer and is associated with high incidence of renal failure and coagulation dis-
ease [8].

A study comparing the effects of crystalloid with HES found that the use of HES could reduce
the amount of fluid intake (30% less than crystalloid), increasing CVP faster, decreasing the
incidence of shock but increasing chances for RRT and increasing mortality [22].

4.2. Volume resuscitation

The resuscitation phase aims to restore intravascular volume, increase blood pressure,
increase urine output, restore peripheral perfusion and increase consciousness level [17].
Aggressive fluid administration in this phase is associated with fluid overload [21]. The
amount of fluid required in this phase also varies and depends on the individual patient [23].
Fluid management without adequate monitoring can increase the risk of volume overload
[21]. Management using a vasopressor need not be delayed and aims to restore and maintain
renal perfusion, optimize diuresis, and prevent fluid accumulation [10].

Predicting fluid delivery can reduce the risk of over-giving and unnecessary fluid [24].
Monitoring cardiac output and evaluation of vena cava diameter with ultrasound is one of
the mechanisms used to monitor the amount of incoming fluid [25]. This method still has
limitations due to the varied reference values that are used to assess the clinical patient, as
each individual differs in the amount of fluid that enters depending on body weight, renal
ability, and type of illness being suffered [26]. Some of these hemodynamic variables can-
not be adequately calculated in patients with inadequate ventilation and receive low tidal
volume. In the case of unstable hemodynamics, relative hypovolemia may occur due to the
administration of sedative drugs or infectious processes [27].

Calculating central venous saturation and CVP does not show high sensitivity and specificity
to predict fluid response [21]. It is estimated that more than 50% of patients are admitted
to the ICU because of sepsis and do not respond adequately to this volume test [28]. Signs
of tissue hypoperfusion such as lactate and central venous saturation are generally used to
evaluate the appropriate time to stop fluid resuscitation [29]. A retrospective study of 405 sep-
tic patients receiving therapy based on the central venous saturation target and mean arterial
pressure (MAP) protocols indicated a high risk of FO and mortality [30]. However, regular
evaluation of venous saturation to evaluate resuscitation responses is more commonly used
and is associated with fluid overload [31].

4.3. Maintenance volume

In patients with critical illness and treated in the ICU, FO should be avoided [23]. Treatment
of fluid administration depends on each individual in the resuscitation phase. As described
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earlier, FO is associated with high morbidity and mortality [28]. After returning blood pres-
sure or on children returning heart rate is more valuable, the primary focus is adequate oxygen
delivery to the tissue, which is directly related to cardiac output, hemoglobin concentration,
and arterial saturation [32].

Conservative fluid management is associated with increased oxygen levels, decreased venti-
lator usage time, and decreased hospitalization. Patients treated in the ICU room on average
will get fluid overload problems. Beside direct administration of fluids through venous access,
these patients also receive fluids through drug administration and nutrient feeding and thus
increasing the risk of fluid overload. However, in the maintenance phase, it is important to
minimize the administration of unnecessary fluids [1, 33]. When FO is identified in a patient
with stable hemodynamic and vasopressor reduction, fluid reduction should be the primary
target to avoid negative FO effects [32].

4.4. How to monitor fluid overload in our patients?

Conventional indicators, such as MAP, pulse, weight, peripheral edema, are not reliably used
in patients with critical illness. MAP and pulse rate are highly fluctuative due to drug use.
Indicators of fluid volume such as end-diastolic volume and intrathoracic volume may be
useful but still require further study for clinical validation. Cardiac index monitoring and
ejection fractions can be used to diagnose FO. In patients with mechanical ventilation, the
absence of variation in pulse pressure may indicate the presence of FO [10].

A study of 49 patients using Doppler crosslinks could predict better diuresis using the index
compared with changes in pulse pressure and increased MAP after fluid administration. This
suggests that renal hemodynamic enhancement is essential for the occurrence of urinary out-
put and reduces FO [34].

In sepsis patient with hypotension, the renal autoregulation mechanism is damaged by
microcirculation changes. In this phase, vasopressor administration is often used to keep
renal perfusion adequate, and a diuretic process still exists. Research in adults who analyzed
the use of noradrenaline to keep MAP between 65 and 75 mmHg showed increased renal
perfusion, with increased urine output, and less likely to require RRT. Furthermore, nor-
adrenaline administration in patients with septic shock becomes an option for optimizing
renal perfusion. The target of MAP in patients with septic shock differs depending on the
history of blood pressure in patients, and patients with a normal history of takanan do not
show significant gains for achieving MAP targets [35].

The use of loop diuretics such as furosemide to prevent fluid retention was said effective for
inducing diuresis in children and adults. Low doses of diuretics (furosemide = 0.2 mg/kg/dose)
may prevent the acute episode from hypovolemia. Continuous administration of furosemide
infusions (0.1-0.3 mg/kgbb/day) may also be performed, and both can maintain drug concen-
trations in the renal tubules and prevent compensatory mechanisms of sodium reabsorption.
A decrease in blood volume is also avoided to avoid hemodynamic deterioration. The use of
long diuretics can cause resistance and known to use combination of loop diuretic and thiazide
are also said to be effective [23].
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The use of sedation drugs may cause vasiness and increase hemodynamic instability and
thus increases the risk of excessive fluid administration. Provision of sedation also makes
the patient should bed rest and is a risk factor for microvascular dysfunction and eventually
fluid fertilization returns. This of course increases the time of ventilator use and increases the
length of stay in the ICU and the hospital [36].

5. Conclusion

Fluid overload is an event that is often found in the intensive care room of children. This is in
because the more severe the patient the more fluid administered, not only through infusion,
but the provision of drugs and nutrients are also no less. Some recent research has found
that fluid overload has many negative effects, particularly, in patients who have both sepsis
and ARDS. In sepsis and ARDS patients, the initial fluid administration is able to increase
disease survival rate but at 48, 72 and 96 h of fluid administration may result in an increase
in mortality. Strength monitoring and restriction of fluid volume after resuscitation phase
become an important step in order not to fall on fluid overload. Resuscitation should be sub-
jective, and when the hemodynamic is stable, the volume of fluid should be handled either by
direct reduction or by diuretics. Fluid overload generally associated with increased mortality,
morbidity, duration of mechanical ventilation, length of hospitalization and the need for renal
replacement therapy (RRT).
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