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Summary : Perioperative fluid therapy remains the sub-
ject of active controversy. Indeed, clinical trials investi-
gating the effects of fluid administration on outcome in
surgical patients report controversial results. Critical
review of these trials reveals that current standard fluid
therapy is not at all evidence-based. Although it is evi-
dent that fluid overload should be avoided, replacement
of fluid lost clearly improves outcome. The debate “Wet
or Dry” is not a real one. Fluids should be administered
in the perioperative period through a goal-directed
approach taking into account patients characteristics and
surgical-related events, and not through a “recipe book”
approach. The type of fluid to be administered should
depend on the specific space that needs to be restored
(intracellular, extracellular or intravascular) and on the
pharmacokinetic properties of the different solutions. 

Key words : Fluid therapy : fluid balance ; crystalloids ;
colloids ; measurement techniques : cardiac output,
stroke volume ; oesophageal Doppler ultrasonography ;
surgery : postoperative complication ; hospital length of
stay.

Perioperative fluid therapy : “to fill or not to
fill” ? This question is not new and was already a
subject of controversy some 50 years ago. As meta-
bolic and hormonal responses after surgical opera-
tions are altered to limit the need for salt and water,
Francis Moore recommended to limit the amounts
of water and sodium administered in the operative
and early postoperative period (1). In the early
1960s, SHIRES et al. (2) reported that, as previously
showed in experimental hemorrhagic studies, oper-
ation caused a similar contraction of the extracellu-
lar volume (ECV) independent of the measured
blood loss, but instead apparently depending on the
degree of operative trauma in patients undergoing
abdominal surgical procedures. It was hypothesized
that operative trauma caused extracellular fluid to
be sequestrated in compartments not available for
the regeneration of lost plasma : the traumatized tis-
sue, the intracellular compartment or the interstitial
lumen. The missing extracellular fluid became
known as the “loss to third space”. Although debat-
ed, this concept has led to the liberal use of intra-

venous fluids preoperatively, with administration of
fluid volumes far exceeding the measured fluid and
blood losses. From the beginning of the years 2000,
several randomized controlled trials reported that
the adoption of a “restrictive” fluid strategy in the
perioperative period could be associated with an
improved outcome in patients undergoing major
abdominal surgery (3-5). These observations have
re-fueled the debate on the “optimal” perioperative
fluid therapy. The aim of this article is to review the
evidence behind current standard fluid therapy and
to analyze the different trials examining the effects
of fluid therapy on postoperative outcome.

RATIONALE FOR A “LIBERAL” FLUID ADMINISTRATION

Absolute or relative volume deficits often
occur during surgery. They may result from pre-
operative dehydration, bleeding, and/or vasodila-
tion mediated by the use of vasoactive drugs or
rewarming (6). Fluid deficit can also develop in the
absence of fluid loss secondary to increased
capillary permeability resulting in the development
of a “third” space. Inadequate fluid administration
can led to a reduced effective circulating volume,
redistribution of blood flow towards vital organ
(brain and heart), resulting in under perfusion of
other organs such as the gut, the kidneys, the mus-
cles and the skin. Activation of the sympathetic
nervous and the renine-aldosterone-angiotensin
systems are compensatory mechanisms to maintain
peripheral perfusion. Various circulating vasoactive
substances and inflammatory mediators are also
increased. Studies support the hypothesis that
improving tissue perfusion may also result in
reduced inflammatory activation and, hence, organ
dysfunction (7). HOLTE et al. (8) recently demon-
strated that intraoperative administration of approx-
imately 3 liters of Ringers’s lactate significantly
reduced the cardiovascular stress response and
improved perioperative organ functions (pulmonary
function, exercise capacity and balance function),
recovery, and hospital stay after laparoscopic chole-
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cystectomy. In a double-blind prospective random-
ized controlled trial, NOBLETT et al. showed that
optimization of fluid administration using
oesophageal Doppler is associated with a reduction
in peak systemic cytokine IL6, suggesting that the
maintenance of a high cardiac output may have
reduced the systemic inflammatory response to sur-
gical trauma. Inadequate tissue perfusion measured
with gastric tonometry has been shown to be asso-
ciated with adverse perioperative outcome (9).
Interestingly, a very recent experimental study in
anesthetized pigs showed that the amount of fluid
administered significantly influences cardiac output
and subcutaneous tissue oxygenation, without any
deleterious effect on jejunum and colon tissue oxy-
gen pressure (10).

RATIONALE FOR A “RESTRICTIVE” FLUID ADMINISTRATION

However, excessive administration of fluid
may also result in adverse outcome. Excess fluid in
the intravascular compartment leads to increased
venous pressure and results in interstitial fluid accu-
mulation. This leads to peripheral and pulmonary
edema, and consequent compromise of tissue oxy-
genation. Pulmonary edema is a major adverse out-
come that results in an increased alveolar-arterial
oxygen gradient and systemic hypoxia. There is
evidence that intestinal edema can be associated
with impaired gastrointestinal function tolerance
for enteral nutrition (11), an increased potential for
the development of bacterial translocation and the
development of multiple organ failure (12). 

Current conventional fluid therapy is to a large
extent based on the reported necessity of replace-
ment of the fluid deficit caused by the contraction
of the extracellular space. BRANDSTRUP et al. (13)
recently performed a systematic review of original
trials measuring ECV changes during hemorrhage
or operations. Overall the evidence supporting the
concept that hemorrhage or operations cause a
sequestration of the ECV is weak, and probably is a
result of flawed methodology. TATARA and
TASHIRO (14) developed a mathematical model
describing the dynamic distribution and transport of
fluid and proteins with the goal of quantifying the
balance of fluid between intra- and extra-vascular
compartments. Fluid volume changes in the differ-
ent compartments were calculated for a simulated
4h abdominal surgery in a 70 kg male. Although the
model has not been validated to be used as a tool for
predicting fluid balance for the individual patient, it
demonstrates that when fluid infusion is gradually

increased with time during surgery (reaching
20 ml/kg.h at 4 h) in an attempt to maintain a nor-
mal plasma volume, there is a massive fluid seques-
tration in the interstitium of injured tissues. The
model also shows that increasing the fluid replace-
ment above 10 ml/kg.h does not have the desired
impact on plasma volume but instead increases the
volume of interstitial compartment. In another phar-
macokinetic study, HOLTE et al. (15) evaluated the
influence of a liberal (40 ml/kg) versus a restrictive
(15 ml/kg) intraoperative fluid administration on
elimination of a postoperative fluid load in patients
undergoing laparoscopic cholecystectomy. They
demonstrated that elimination of an intravenous
volume load was increased after the surgical proce-
dure per se, but not influenced by the volume of
fluid administered intraoperatively.

WHERE IS THE TRUTH ?

The balance between inadequate fluid admin-
istration with decreased tissue perfusion and excess
fluid with edema formation will vary for specific
types of surgery. Perioperative fluid requirements
will depends on preoperative patient’s volume status,
and the length and the complexity of the surgery.

Goals of perioperative fluid administration are
to avoid dehydration, maintain an effective circulat-
ing blood volume and to prevent inadequate tissue
perfusion (6, 16). In this setting, two important fac-
tors need to be considered : the type of fluid to be
administered and the criteria for guiding volume
therapy. The choice between the different available
solutions should be based on the physiological
compartment that needs to be restored (i.e. intravas-
cular, interstitial, intracellular). It will take into
account not only the pharmacokinetic and the phar-
macodynamic properties of the different solutions,
but also their possible side effects and their costs.
Patients ‘pathophysiology is also important to con-
sider. Available clinical outcome data (mortality
and major morbidity) provide no evidence for the
relative benefit between crystalloid and colloid
fluid therapy, or between the different types of col-
loids. However, crystalloids appear less appropriate
for resuscitation of the intravascular compartment
as they are mainly distributed to the interstitial
space. Colloids are more appropriate for treating
intravascular volume deficits. Their use has been
associated with an improvement in tissue oxygena-
tion (17, 18), which might be related to their bene-
ficial effects on the microcirculation (19, 20).
Moreover, intraoperative fluid resuscitation with
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colloid in patients undergoing elective major non-
cardiac surgery could be associated with a reduc-
tion in postoperative nausea and vomiting, and with
a better overall postoperative recovery profile (21).
The lower cost of synthetic colloid solutions is a
powerful argument for using them rather than
human albumin.

HOW TO GUIDE PERIOPERATIVE FLUID ADMINISTRATION

Different approaches have been proposed to
guide perioperative volume therapy. The traditional
“recipe book” approach relies on the use of formu-
las based on a continuous predetermined rate of
infusion of fluid with additional replacement of
observed losses. Although it seems logical that
some fluid is better than none, as the magnitude of
surgical insult becomes greater, choosing what
fixed dose to give become harder (16). Several
studies have compared different “restrictive” and
liberal” strategies based on a “recipe book”
approach (Table 1). They vary in the type and the
duration of the surgical procedure, the timing of
fluid administration (pre-, intra- or post-operative)
and the volume of crystalloid infused. Overall, it
appears that for patients having fasted and undergo-
ing minor surgical procedure, fluid administration
to compensate preoperative dehydration improves
outcome. For patients undergoing more severe sur-
gical procedure, and in particular major abdominal
procedure, administration of very large amount of
crystalloids in the per- and the postoperative period
appear to be associated with increased postopera-
tive complications and prolonged hospital stay.
However, a recent randomized double-blind study
in patients undergoing fast-track colonic surgery
reported that a very restrictive fluid strategy might
be associated with increased morbidity.

When significant amounts of fluid are
required, an alternative approach based on potential
physiological end-points is more effective. There is
no evidence that tissue under-perfusion could be
avoided through the use of static measurements of
intravascular pressures. Indeed, arterial blood pres-
sure measurements do not reflect blood flow and
hypovolemia may be present despite adequate fill-
ing pressures. Cardiac filling pressures (central
venous pressure (CVP) and pulmonary occlusion
pressure (PAOP)) are often misleading for assessing
optimal left ventricular loading, as they may be
influenced by several factors other than blood vol-
ume including those affecting cardiac performance,
vascular compliance, and intrathoracic pressure (6). 

Several studies suggest that variations in sys-
tolic pressure and pulse pressure (systolic-diastolic)
during positive pressure ventilation could be a use-
ful method of predicting circulatory responses to a
“fluid challenge” (22, 23). In a prospective observa-
tional study, PREISMAN et al. (24) compared differ-
ent static indicators of cardiac preload and function-
al parameters, derived from the arterial pressure
waveform analysis in predicting the response to
fluid administration. All functional parameters pre-
dicted fluid responsiveness better than the static
one. Studies in patients with sepsis who required
mechanical ventilation demonstrated that a
decrease in systolic pressure of 5 mmHg or more
during one positive pressure mechanical breath was
strongly predictive of a positive response to a sub-
sequent colloid volume challenge (25). Studies in
surgery, however have been less conclusive (26). 

Information may be gained by assessing the
response of CVP or PAOP to a “fluid challenge”
(i.e. a fixed volume of fluid is infused in 10 to
15 min). This approach has been shown to improve
outcome when compared to “routine” practice in
orthopedic surgery (27). Monitoring blood flow
instead of intravascular pressure when performing a
“fluid challenge” may be an even more efficient
approach. Fluid challenge with monitoring of blood
flow allows maximization of stroke volume without
inappropriate excessive fluid infusion. Several stud-
ies have used oesophageal Doppler monitoring to
gain information on blood flow in the peroperative
period (7, 27-34) (Table 1). They developed algo-
rithms with the aim of maximizing stroke volume
through infusion of repeated bolus of colloids and
compared this with “standard” fluid management.
Among the nine studies pertaining to fluid opti-
mization during the intra- and the post-operative
period with this approach, seven (n = 725) found a
reduced hospital stay (35). Complications were
decreased in four studies, and postoperative nausea
and vomiting and ileus were reduced in three.
Interestingly, similar results were obtained while
different kind of synthetic colloids were used : gel-
atin, high and low “in vivo” molecular weight
hydroxyethyl starches. Of importance, using such a
goal-oriented approach did not always result in an
increased administration of colloids. As suggested
by Nobblet et al. (31), not only the volume, but also
the timing of fluid boluses administration in order
to prevent hypovolemia rather than to treat it might
be important. All these studies have used
oesophageal Doppler for perioperative maximiza-
tion of cardiac stroke volume with fluid challenges,
so-called goal-directed therapy, other flow-related
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techniques are available and they are potentially
easier to apply in clinical practice (35). However,
their efficacy remains to be demonstrated (36, 37).

Finally, as the ultimate goal of fluid therapy is
the maintenance of tissue perfusion and cellular
oxygenation, the use of tissue perfusion indices
appeared very appealing (16). Several technologies
have been developed, to monitor local or general
tissue perfusion perioperatively. Although no inter-
ventional study using one of these monitors to
guide fluid therapy has demonstrated an improve-
ment in outcome (38), this approach requires
further clinical investigation.

CONCLUSIONS

Adequate fluid therapy improves patient’s out-
come after surgery, while a “wet” or a “dry”
approach may be associated, depending on the
situation, with an increased rate of postoperative
complications. Compensation of preoperative
dehydration appears rational. For major surgery,
fluids should be administered through a goal-direct-
ed approach based on the dynamic evaluation of
arterial pressure, cardiac filling pressure, or better,
blood flow in response to fluid challenges, and not
through a “recipe book” approach. The type of fluid
to be administered should depend on the specific
space that needs to be restored (intracellular, extra-
cellular or intravascular) and on the pharmacokinet-
ic properties of the different solutions. In the setting
of repeated “fluid challenges”, synthetic colloids
appear more efficacious than crystalloids. Further
studies must focus on specific patients’ population
who may benefit from a particular kind of fluid and
on the improvement of monitoring measures to
recognize volume deficits and to guide fluid therapy.
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