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Fluid resuscitation: the good, the bad and the ugly
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Abstract

Fluid resuscitation is one of the most common
therapeutic steps in the critically ill. In this brief over-
view, the goals and potential adverse effects of fluid
resuscitation are addressed. The contention is that the
value of many of the fluid resuscitation goals in hypo-
volemic patients has not been unequivocally estab-

lished, that overhydration is a significant problem and
that certain types of fluids can be associated with
major adverse effects. Hence, fluid loading should be
carefully done and adequately monitored to avoid
these effects and to improve survival of patients with
hypovolemia and hemodynamic insufficiency.

Case Report

Introduction

Fluid administration is one of the most common therapeu-
tic steps in the intensive care unit (1). In the critically ill,
fluid therapy may be undertaken in case of oliguria/im-
pending renal failure, hypotension, shock, lactic acidemia,
low cardiac output, and other conditions in which under-
filling, a low plasma volume and cardiac output are
thought to be insufficient for organ perfusion, oxygen-
ation and function (1,2). However, the knowledge on the
fate of artificial colloids or plasma replacement/expand-
ing fluids, and even of crystalloids, in the critically ill, is
limited, and this may contribute to the seemingly endless
debate on the relative merits and detriments of colloid
versus crystalloid fluid resuscitation in the critically ill
(3-6). Here, we have summarised some controversial as-
pects of fluid resuscitation, with respect to volume rather
than type of fluid, the prediction of fluid responsiveness
and the endpoints towards which fluid therapy should be
targeted (Table 1).
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The good

Goal-directed therapy is a term used to describe the aim-
ing for specific and well-defined hemodynamic goals,
presumably associated with optimal tissue oxygenation,
in the treatment of hemodynamically unstable, critically
ill patients, after surgery or in the course of sepsis, trauma,
etc (1,2,6-8). Whether aiming at these goals actually im-
proves survival remains controversial and depends on the
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TABLE 1. CONTROVERSIAL ISSUES IN FLUID RESUSCITATION

Unrelated to type of fluid:
Fluid responsiveness
Propensity for pulmonay edema formation
Hemodynamic, metabolic goals
Effect on, and of hemodilution
Adverse effects of fluid overloading
Renal dysfunction
Increasing (hyperchloremic) acidemia
Increased risk of bleeding

Related to fluid type:
Plasma volume and fluid responsiveness
Propensity for pulmonary edema formation
Specific effects on heart, lung, coagulation and renal function
Specific side effects
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condition being studied, the heterogeneity of patient
groups, the use of vasopressor and inotropic drugs, the
timing and dosing of therapeutic interventions to reach
the defined goals, etc (1,2,7,8). Nevertheless, it is com-
monly believed that in hemodynamically unstable pa-
tients, optimization of cardiac output is associated with
increased tissue oxygen delivery, even in case of hemodil-
ution by asanguinous fluid loading, and improved tissue
oxygenation (1,2). This may translate into increased ar-
terial blood pressure and urinary output, decreasing lac-
tate levels, amelioration of metabolic acidemia, etc. In-
deed, vigorous fluid resuscitation, particularly with sa-
line, may promote renal perfusion and function, in the
treatment of patients with traumatic shock and crush in-
jury (9). Optimal fluid loading after cardiac surgery or
early in the course of septic shock also may ameliorate
morbidity and mortality (7,8). Taken together, fluid
therapy should aim at physiologically and clinically rel-
evant endpoints, in order to improve outcome, but fur-
ther refinement of these endpoints seems warranted (6).

The bad

The cardiac response to fluid loading is difficult to predict,
and may even depend on the type of fluid and hemody-
namic monitoring applied (10-13). Preload recruitability
or fluid responsiveness is difficult to predict on the basis of
central venous (right atrial) pressure or pulmonary capil-
lary wedge pressure alone, particularly in mechanically
ventilated patients when end-expiratory pressures are
unpredictably confounded by airway pressure (positive end-
expiratory pressure). Cardiac filling volumes and dynamic
parameters such as pressure or stroke volume variations
following mechanical breaths may be better indicators of
preload recruitability than filling pressures. It is unknown,
however, if fluid treatment guided by one or the other indi-
cator of preload has a favourable effect on morbidity and
mortality. The ultimate proof that the flat portion of the
ventricular function curve has been reached is, of course,
the observation that fluid loading does not further increase
cardiac output. Hence, fluid loading guided by cardiac
output instead of indicators of filling may help to optimize
oxygen delivery to the tissues in the hemodynamically com-
promised patients, while limiting the risk of overhydration.

Potential adverse effects of fluids, such as normal
saline and colloids when dissolved in saline, include
hyperchloremic acidemia (14), a fall in renal filtration
(pressure, colloids and starches, 15-17), renal tubular tox-
icity and microalbuminuria (gelatins, 18), and tissue
accumulation (starches) resulting in hepatic dysfunction
(19) or prolonged pruritus (20).

The ugly

Another side effect includes fluid overloading resulting
in edema formation, both systemically and in the lungs,
even though edema safety factors, ie decreased intersti-
tial colloid pressure and increased lymph flow may be
more effective in the lungs than systemically. Many criti-
cally ill patients after major surgery, trauma or sepsis,
develop some degree of lung vascular injury and thus
increased permeability edema (21). These patients may
be prone for developing pulmonary edema even if filtra-
tion pressures, eg pulmonary capillary wedge pressure,
are not severely elevated (21-23). A positive fluid bal-
ance may therefore predict prolonged mechanical venti-
lation and impaired weaning (22-24), while fluid therapy
guided by direct measurements of lung edema, ie extra-
vascular lung water, as opposed to that guided by a wedge
pressure (<18 mm Hg), may be able to prevent this (22).

Overhydration is also a major risk factor for com-
partment syndromes, either in injured extremities or in
the abdomen after trauma (25,26). Accumulation of pleu-
ral or ascitic effusions can indeed be viewed as physio-
logic overflow of intravascular overhydration (26).
Compartment syndromes result in reduced perfusion pres-
sures and thus perfusion, and this is an example of a coun-
terproductive effect of overzealous fluid resuscitation. In
contrast, liberal (crystalloid-based) rather than small (hy-
pertonic) volume fluid therapy in the course of brain in-
jury or other catastrophies leading to disruption of the
blood-brain barrier, may not promote edema formation
and may even improve outcome, contrary to current para-
digms (2,27,28).

Perioperative fluid overload may be a risk factor for
postoperative pulmonary edema and cardiac arrest, impaired
wound healing, intolerance to enteral feeding, a prolonged
hospital stay, etc (29-31). A restrictive perioperative fluid
regimen may attenuate adverse effects of a liberal fluid strat-
egy (30,31). Restrictive versus liberal fluid loading in the
initial treatment of trauma patients is also hotly debated, since
liberal fluid administration may dilute coagulation factors
and hemoglobin, and restore arterial pressure, thereby ag-
gravating further, uncontrolled bleeding (2,5).

Conclusion

In this overview, we have tried to summarize currently
recognized merits and detriments of (excessive) fluid
therapy in the critically ill. These considerations prompt
us to carefully consider our resuscitation strategies, and
to use fluid loading judiciously with specific targets in
mind, while carefully monitoring our patients.
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