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Abstract

Background: Perioperative fluid management has been a topic of discussion in the past years. Especially the
amount of fluid administered and the type of fluid used are subjects of an ongoing debate.

Objective: Our objective was to evaluate the optimal fluid therapy for major surgery. We investigated which
type and amount of fluid was the best to reach this goal.

Methods: A literature search was conducted using PudMed (Medline) and Cochrane databases. Also, guidelines
of several organizations were consulted, notably the European Society of Anaesthesiology (ESA), the American
Society of Anesthesiologists (ASA) and the Enhanced Recovery After Surgery Society (ERAS Society).
Results: The results of this narrative review provide an overview of the findings of the several reviews and
trials that were withheld after performing a literature search. Sufficient evidence advocates the wide use of
goal- directed therapy. Restrictive fluid therapy can be useful if perioperative risk is low. There is not sufficient
evidence favoring one fluid type to another considering volume therapy.

Conclusions: The goal- directed approach has demonstrated to be of great importance in major surgery. It has
proved to be the most complete and widely applicable form of fluid therapy. In addition, in major surgery, a
restrictive approach could be considered if the perioperative risk is low. Avoiding a too restrictive approach
can prevent adverse effects. The choice of fluid is of minor importance compared to the choice of fluid policy.

Keywords: Fluid therapy, early goal- directed therapy, colloids, crystalloid solutions.

Introduction

Perioperative fluid management has been a topic of
debate in the past years'. There is little uniformity
and insufficient evidence in the literature regarding
the fluid policy or fluid type that should be used
perioperatively?.

Perioperative fluid therapy aims to accomplish
a stable tissue fluid environment and electrolyte
homeostasis®.Deleterious effects of fluid
administration, notably water and salt excess,
should be avoided*. Therefore, normovolemia or
central euvolemia should be pursued’.

The administration of fluids can generally be
performed in two ways’. First, fluid losses can be
estimated and consequentially substituted®. This
substitution can be done in a restrictive or liberal
manner. Second, fluids can be administered to attain
normovolemia by realizing certain hemodynamic
goals. This goal-directed therapy (GDT) attempts
to detect incipient hypovolemia by assessing fluid

responsiveness, using hemodynamic indices.
Regarding the choice of fluid type, until today
there is not enough evidence to prefer unequivocally
one type to another’.
We searched the literature regarding perioperative
fluid therapy in major surgery. We tried to give
an evidence-based display of the literature
summarizing how fluid management should be
addressed in major surgery.

Methods

This manuscript adheres to the applicable Standards
for Reporting Qualitative Research (SRQR)
guidelines. A literature search was conducted using
PudMed (Medline) and Cochrane databases. Also,
guidelines of several organizations were consulted,
notably ESA, ASA and ERAS. Following
MeSH Major Topics were used: hemodynamic
monitoring, fluid therapy, colloids, crystalloid
solutions, glycocalix/glycocalyx. Likewise, the
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Cochrane database was searched for crystalloids,
colloids and fluid therapy (under health topic pain
& anaesthesia). The PRISMA 2009 literature
search tool was used to further acquire a literature
selection. Most of the articles (719) were identified
through database searching. PubMed searching
only considered records published in the last
10 years. Fifty-eight articles were identified by
manual research, considering articles displayed in
the reference list of reviewed articles. Four reviews
were found, consulting ESA, ASA and ERAS
guidelines. Following the record screening (titles
and abstracts), 657 records were excluded due to
not being relevant. Since this is not a quantative
review, no articles were found to be non-eligible
due to methodological, statistical or other reasons.
Finally, 94 articles were retained, all of which
were written in English. Not all are included in
the reference list or referred to. All of the above
resulted in following flowchart (Figure 1).

Results

Fluid management can be approached in several
ways. In the literature, mainly two methods of
fluid administration are considered’. On the one
hand, several studies compare a restrictive to
a conventional or liberal approach in order to
verify how much fluid should be administered®.,
on the other hand a goal-directed fluid therapy is
evaluated’.

Fluid therapy

Restrictive vs liberal approach

The restrictive approach replaces only fluids that
are lost perioperatively®. Considering that surgery
used to be generally more invasive, thus evoking
more tissue trauma, fluid shift and blood loss,
fluid management tended to be rather liberal until
two decades ago’. This liberal approach aimed
to compensate for fluid losses that are due to
preoperative fasting, insensible losses, diuresis,
blood loss and losses to the third space.

Correction for blood loss varies depending on
the trials considered'™'". Not infrequently, a 3:1
ratio of crystalloid to blood and 2:1 ratio of colloid
to blood was applied'?. However, these ratios do
not reflect current insights, notably the glycocalyx
and as consequence the context-sensitivity of
fluid boluses, meaning that the same amount
of a fluid bolus will have a markedly different
effect according to the fluid status of a patient',
Likewise, loss of fluid to the third space is rendered
obsolete and can mostly be explained by the
formation of tissue edema®.

Opposed to a liberal fluid policy is a restrictive
fluid policy. The terms restrictive fluid policy and
zero balance strategy are used interchangeably.
This approach no longer compensates for the
presumed fluid loss to the non-existing third space
and aims to reduce postoperative weight gain as
much as possible. Also, blood loss is substituted
by a physiologically more acceptable and lower
amount of crystalloids and colloids. Generally
-but differing according to the many trials- a 1.5:1
ratio crystalloids to blood and a 1:1 ratio colloids
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Fig. I — Flow chart.
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to blood, is upheld's. As in a liberal approach,
crystalloids are used for maintenance fluid therapy,
as to compensate for the other losses.

A 2003 landmark trial by Brandstrup et al.”
concerning 172 patients undergoing a colectomy,
showed a significant decrease in morbidity in the
restrictive group compared to the traditional, liberal
control group. The restrictive fluid regimen resulted
in less postoperative complications as compared to
the standard fluid regimen (33% vs 51%, P=0.013).
Both cardiopulmonary complications (7% vs 24%,
P=0.007) -among others ventricular arrhythmias,
bleeding, pulmonary edema, pneumonia, stroke-
but also tissue healing complications (16% vs 31%,
P=0.04) -anastomotic leakage, wound dehiscence,
peritonitis, sepsis, ...- were significantly reduced.
Also, there was a reduced mortality in the
restrictive group (0 deaths vs 4 deaths), but this did
not reach statistical significance (P=0.12). Patients
in the restrictive group were administered on
average 4 liters of fluid during the day of surgery
leading to a weight gain of lkg. The control
group which received a conventional liberal fluid
therapy received on average 6 liters of fluids which
resulted in a weight gain of 4kg. These extra 2
liters of fluid administered were apparently not
excreted renally, but resulted into a further weight
gain and the buildup of edema instead, leading to
increased morbidity and mortality. Although lower
urinary output was noted on the day of surgery in
the restrictive group, this did not lead to a further
significant difference in urinary output or an
increased incidence of kidney failure at later time
points.

Further trials showed similar results. For
example, data from 12 restrictive versus liberal
fluid therapy RCT’s, concerning more than 1100
patients undergoing vascular, thoracic, abdominal
and orthopedic surgery, were combined in a meta-
analysis'®. Patients in the liberal group developed
more respiratory complications. They showed a
higher risk ratio (RR) for developing pneumonia
(2.2; P= 0.04)), pulmonary edema (3.8; P=
0.03) and a longer length of hospital stay (mean
difference of 1.96 days; P=0.009). A difference in
mortality, renal function or wound healing could
not be established.

A larger meta-analysis"” divided more than
90000 patients undergoing major non-cardiac
surgery, in 5 quintiles according to amounts of
fluid given. Mortality was significantly increased
in the lowest quintile (less than 900mL given)
and highest quintile (more than 2700mL given),
resulting in a hazard ratio (HR) of 1.41 (P=0,034)
and 1.65 (P= 0.032), respectively. Respiratory
complications -pulmonary edema, pneumonia,

respiratory failure, reintubation- were significantly
increased in the most liberal quintile, showing an
odds ratio (OR) of 1.27 (P=0.003). Also, there
was a significant higher incidence of acute kidney
injury in both the most restrictive and most liberal
quintiles, resulting in an odds ratio of 1.66 (P=
0.001) and 1.29 (P < 0.001), respectively. Patients
in the most liberal group had a 1.15 times longer
length of hospital stay than the second quintile (P
< 0.001) which resulted in a significantly higher
hospitalization cost. In this study, the moderately
restrictive group -the second quintile- was
consistently associated with optimal postoperative
outcomes regarding morbidity and mortality. In
average the total amount of administered fluids in
this group was 900mL to 1100mL.

The concerns regarding kidney failure as
postulated by Shin et al.” seemed substantiated.
Another more recent landmark trial-the RELIEF
trial - was able to demonstrate that in patients
undergoing major abdominal surgery, there was
a significantly higher incidence of acute kidney
failure in the restrictive group as compared to
the more liberal arm, at one month after surgery
(8.6% vs 5%, P= 0.001). The amounts of fluid
administered were similar to the Brandstrup
study (approximately 4L and 6L) but the average
duration of surgery was almost double. Likewise, a
recent retrospective trial showed a higher incidence
of renal failure in the more restrictive group,
following a cystectomy with Bricker derivation?'.
The amount of crystalloids administered seemed to
be an independent predictor of acute kidney injury.
Higher amounts of crystalloids administered were
correlated with less kidney injury (odds ratio (OR):
0.79; P=0.002).

These recent findings have led to the growing
concern that fluid therapy has in turn become
too restrictive, entailing a renewed plea for an
approach that abandons the zero balance principle
while striving for a slightly positive fluid balance.
This view is endorsed by several authors -including
Brandstrup- and is referred to as a proposed
“moderately liberal” approach in which a positive
fluid balance of 1 to 2 liters should be pursued at
the end of major surgery’. All these conclusions
confirm Bellamy’s well-known parabola®,
illustrating that least complications occur in
those patients who receive neither too little nor
too much perioperative fluid, thus displaying
that pronounced hypo- and hypervolemia lead to
more complications. Of course, one size does not
fit all and a physician should always establish an
individual fluid policy for each specific patient.

However, despite showing favorable outcomes
in major surgery in which expected blood losses
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and fluid shifts tend to be low to moderate,
evidence suggests that a restrictive policy will not
prove to be preferable when marked fluid losses
are to be expected”. The threshold regarding blood
loss, below which a more restrictive approach will
prove to be sufficient, has not yet been clearly
defined. Nevertheless, most of the RCTs listed
in an influential review? in which restrictive
approaches were compared to the control group,
mainly showed improved outcomes when blood
loss was generally less than 500ml. A 2019
Cochrane review was able to state -based on
very low-certainty evidence- that restrictive fluid
management might be inferior to goal-directed
therapy in a low- to moderate risk population of
major surgery but results could not be extrapolated
to higher risk surgery®. Nevertheless and despite a
lack of evidence, a risk-adapted approach of fluid
management has been proposed, suggesting use of
a restrictive approach is not recommended in high-
risk surgery>*%.

Goal-directed fluid therapy

In goal-directed fluid therapy (GDT), fluid boluses
are administered on top of maintenance fluids in
order to optimize stroke volume (SV) and cardiac
output (CO) and thus systemic blood flow". The
rationale behind this is that sufficient perfusion and
oxygenation of the various tissues and organs rely
on perfusion pressures yet predominantly on blood
flow™.

GDT distinguishes more explicitly between
maintenance therapy and volume therapy. As for
volume therapy, usually a fluid bolus of 200ml
to 250ml is given. However, smaller boluses -for
instance 100ml* - can be used reliably. Most
GDT-trials make use of colloids for volume
therapy, given their physiological profile’. In a
particular Cochrane meta-analysis, all 6 included
RCT’s used colloids as volume bolus®. In another
meta-analysis'®, 10 out of 12 RCT’s made use of
colloids for volume therapy. The other 2 RCT’s
made use of crystalloids. As in restrictive and
liberal approaches, maintenance therapy consists
of crystalloids.

In the current Enhanced Recovery After
Surgery (ERAS)-era, patient outcome has already
much improved. Hence, small RCTs could be
underpowered to significantly demonstrate an
improved outcome*®. After all, implementation of
ERAS-protocols led to less fluid imbalances and
to fewer complications as assessed by counting
the total number of patients with complications
in ERAS- and non-ERAS- groups (RR: 0.53, P
< 0.000001)*. Also, length of hospital stay is
reduced with more than 2 days (weighted mean
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difference: 2.55 days; P < 0.000001) according to
the same study. However, fluid therapy was only
one of 23 constituents of the ERAS-protocol and
the impact of fluid therapy on the results could not
be determined as the RCT’s included in the meta-
analysis, were not designed for this purpose.

Maybe, the impact of ERAS-protocols is best
displayed by following example. Noblett et al.
included 108 patients undergoing colorectal
surgery in 2006*. They were randomized in a
GDT-arm and a control-arm in which patients
received a fluid therapy at the discretion of the
anesthetist. Eventually the GDT-group received
3.6L perioperatively, whereas the control group
received 3.8L. Fewer major complications such as
death, ICU-transfer, redo surgery,... occurred in the
GDT-group, as compared to the control group (2%
vs 15%, P=0.043). The same study was repeated
in 2013 by Srinivasa et al. in 85 patients, however,
both groups were submitted to the ERAS-protocol®.
As a result, prolonged fasting was avoided as well
as routine bowel preparation. Now, the GDT-group
received 1.9L, which was more than the control
group (1.6L). Even though different outcome
parameters were used to reflect the incidence of
complications, displayed by the number of patients
with complications, no difference in complications
could now be demonstrated (26 patients vs 27
patients, P=1.000).

Nevertheless, many studies have shown that
GDT provides better outcomes compared to the
fluid therapy in control groups. The first large
RCT in this regard, the OPTIMISE-trial®', wanted
to demonstrate a difference in relative risk of a
combination of mortality and morbidity (pulmonary
embolism, myocardial ischemia, gastrointestinal
bleeding, bowel infarction, anastomotic
breakdown, paralytic ileus, stroke, acute kidney
injury, infection et cetera), 30 days after surgery.
More than 700 patients that underwent major
abdominal surgery were included. A reduced
relative risk could be shown (RR: 0.84), however
it failed to reach statistical significance (P= 0.07).

The FEDORA trial confirmed a lesser incidence
of complications using a goal-directed approach
as opposed to a standard fluid therapy®. 450
patients undergoing major abdominal, urological,
gynecological, or orthopedic surgery, were
included. In the goal-directed arm, cardiac output
was optimized first until stroke volume variation
(SVV) did not show any more fluid responsiveness.
Fluid boluses were given when SVV was more
than 10%. If the cardiac output was normal and the
SVV was lower than 10%, a mean arterial pressure
lower than 65mmHg was treated with vasopressors
according to the discretion of the anesthesiologist.



In the control group a continuous infusion of
Ringer’s lactate was given. If needed, colloids
and vasopressors or inotropes could be associated.
Eventually, fewer complications (acute kidney
injury, pulmonary oedema, respiratory distress
syndrome, wound infections, etc.) were noticed in
the GDT-group than in the control group (8.6% vs
16.6%, P=0.018).

This reduction in complications through the
use of GDT as compared to using standard fluid
therapy is even more extensive in procedures
where the expected blood loss and perioperative
fluid shifts are more pronounced and the estimated
perioperative risk is higher®.

A large meta-analysis from 2018*, including
more than 11000 patients, concerning different
types of major surgery (cardiac, vascular, thoracic
surgery,...) was able to demonstrate lower mortality
and morbidity compared to a traditional fluid
regimen. A decrease in mortality was shown (OR:
0.66; P=0.004) as well as a reduced postoperative
incidence of acute renal failure (OR: 0.73; P=
0.007) pneumonia (OR: 0.69; P=0.01) and sepsis
(OR: 0.55; P= 0.02), among others, in patients
administered goal directed fluid therapy, compared
to the control group. Other meta-analyses® too,
have shown reduced mortality (OR: 0.48; P=
0.0002) and fewer surgical complications (OR:
0.43; P< 0.0001). In this meta-analysis, surgical
complications were determined by the number
of patients with complications, as reported in the
several included RCT’s. In general, more than
4800 patients were included, undergoing several
types of major surgery.

Restrictive and goal-directed fluid strategies,
according to several studies, provide a better
outcome and fewer complications when compared
to the control group, despite using different
methods, as described above. In contrast, RCT’s
comparing restrictive and goal-directed strategies
are sparse and show little difference in outcom™.

A 2019 Cochrane review’ on non-cardiac major
surgery, comprising predominantly RCT’s in
abdominal and orthopedic procedures, compared
both approaches and stated that there was a
small yet significant difference in mortality (Risk
difference: 0.03; P= 0.04) to the detriment of
the restrictive group. Otherwise no difference in
complications could be demonstrated.

Fluid type
Maintenance therapy

It is generally accepted that maintenance therapy
during major surgery should consist of balanced
crystalloids®. This is only a theoretical consideration
since maintenance therapy is considered to

predominantly replace the extracellular losses
such as urine production and insensible losses.
Also, the volume distribution of balanced
crystalloids happens to be the extravascular space,
hence the theoretical preference®*. Specifically,
in both restrictive and goal-directed approaches,
maintenance therapy should consist of 1 to 3ml/
kg/hr of balanced crystalloids®*. However, not all
crystalloids should be used. The SALT-ED? trial
randomly assigned more than 13000 patients in the
emergency department to either a group in which
patients received balanced crystalloids (Ringer’s
Lactate or Plasmalyte) or to a group that received
normal saline. A median crystalloid volume of
1080ml was administered. After 30 days there was
a lower incidence of major adverse kidney events
(death, renal replacement therapy, persistent renal
dysfunction) in the balanced crystalloids groups
(4.7%) compared to the normal saline group
(5.6%) (adjusted OR: 0.82%; P=0.01). Balanced
crystalloids are preferred.

Volume therapy

Crystalloids vs colloids

As for volume therapy, the choice for a particular
fluid seems less obvious. Colloids seem to be the
fluid of choice since they improve the circulatory
flow to a greater extent than crystalloids and cause
a bigger blood volume expansion®. The often-cited
CRISTAL trial®, which compared resuscitation
with colloids and crystalloids, was one of the few
studies to show a significant difference in mortality
between colloids and crystalloids. It randomized
more than 2800 patients in two groups, one
group receiving colloids for fluid interventions
other than maintenance therapy, throughout the
stay on intensive care. The other group received
crystalloids on top of a maintenance therapy. After
90 days a significant difference in mortality could
be demonstrated. There was a mortality of 30.7% in
the colloids group and a mortality of 34.2% in the
crystalloids group, resulting in an OR of 0.92 (P=
0.03). However, the study displayed some gaps.
For example, 70% of the patients in the colloid
group received HES and other patients in the
colloid group received gelatins or albumin. Thus,
no statement could be made about the individual
colloids. In addition, the study was not blinded and
some patients in the colloid group received colloids
prior to inclusion in the colloid group.
Conversely, a recent Cochrane meta-analysis*,
including more than 30000 ICU-patients, was
unable to demonstrate a difference in mortality
when using Hydroxy Ethyl Starches (HES)
compared to crystalloids as a resuscitation fluid.
The relative risk of mortality after 30 days (RR:
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0.99, P=0.83) and after 90 days (RR: 1.01; P=0.91)
never reached any statistical significance. Using
starches, a slight increase in blood transfusion
(RR: 1.19; P=0.03) and a higher eventual need for
renal replacement therapy (RR: 1.3; P< 0.0001)
were noticed. As for the other synthetic colloids,
according to this meta-analysis, no differences
could be withheld regarding blood transfusion,
renal replacement therapy and mortality, neither
between dextrans and crystalloids, nor between
gelatins and crystalloids.

Albumin

Albumin does not lead to an increased incidence
of acute renal failure, coagulation problems or
anaphylaxis*'. However, clinical studies have not
yet been able to demonstrate a significant benefit
using albumin in comparison with other fluids,
including crystalloids. For example, the ALBIOS
trial” randomized 1818 patients with severe sepsis
into a group that received fluid resuscitation with
crystalloids and albumin 20% and a group that
received fluid resuscitation through crystalloids
only. After fluid resuscitation, the albumin group
received on a daily base albumin 20% to achieve a
serum albumin level of 30g/L. Despite a significant
difference in mean arterial pressure during the
first week (P= 0.03), no difference in mortality
was seen at 28 days (incidence in albumin group:
31.8%; incidence in the crystalloid group 32%,
RR: 1; P=0.94) nor at 90 days (41.4% mortality in
the albumin group, 43.6% in the crystalloid group,
RR: 0.94; P=0.29%).

There are not many comparative studies
comparing the different colloids. In any case,
starches do seem to result in increased bleeding
risk and increased transfusion when compared to
albumin®,

Plasma

A recent investigation suggested a possible
benefit of fluid resuscitation by means of plasma
compared to crystalloids, whereby the difference in
mortality could not solely be explained ROTEM-
wise*. This led to the conceptualization of a
glycocalyx preserving fluid policy. Indeed, recent
observational and preclinical studies suggest
that early restoration of the glycocalyx leads to
less inflammatory response, less coagulopathy
and better fluid responsiveness in systemic
inflammation®.

Also clinically, there seems to be more evidence
that resuscitation therapy with plasma or plasma
constituents can be beneficiary in regard to
mortality and morbidity. For example, the PAMPer-
trial* examined whether or not prehospital fluid
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resuscitation using plasma proved to be beneficiary
to the standard resuscitation with crystalloids, in
hemorrhagic shock. Two hundred thirty patients
were randomized into the plasma resuscitation
group, 271 patients received standard-care
resuscitation through crystalloids. The trial was
able to significantly show a reduced mortality after
30 days in patients in hemorrhagic shock who were
treated with plasma(23.3%) compared to crystalloids
only (33.0%) (adjusted OR: 0.63%; P=0.02%). This
could be explained at least in part by coagulation
factor supplementation. Nonetheless, the INR did
not appear to differ significantly between the two
groups. Of course, it should be noted that the INR
is by no means an ideal laboratory representation of
in vivo coagulation, especially in a setting of major
trauma. Yet, this could be in part due to the sealing
effect of albumin on capillary leakage*.

Preoperative fluid therapy

Preoperative fluid therapy means to avoid
preoperative fluid imbalances®. According to a
study”, in 40% of the study population, stroke
volume increased by 10% or more after a bolus
of colloids. Although being assessed immediately
following induction, it is to be regarded as a
positive response following a fluid bolus. This
does not necessarily demonstrates hypovolemia
pre-induction, it does however show a functional
intravascular volume deficit, that is at least partly
induced by anesthetic agents. Consequentially, the
ASA guidelines -as do the ESA guidelines- allow
preoperative intake of clear fluids up to 2 hours
before surgery*®. After all, preoperative dehydration
should be avoided. Not only does this benefit patient
comfort, reduces hunger and thirst, it also reduces
the acidity of the diluted gastric juices without
increasing gastric content, hence benefitting the
aspiration risk. In addition, other initiatives such as
the various ERAS-protocols also intend to prevent
perioperative fluid imbalances, among others by
limiting bowel preparation and limiting preoperative
fasting. Also, the early transition from intravenously
administered fluids to oral fluid intake within 24
hours after surgery can promote gastrointestinal
motility, thus limiting additional postoperative fluid
loss.

Discussion

Although studies have not well established as of
when a restrictive fluid therapy is less beneficiary,
evidence of a restrictive approach has shown
favourable outcomes when major surgery with a
low perioperative risk is considered. This restrictive
therapy has been widely implemented in ERAS-



protocols®. Yet, more and more, a plea is heard in
favour of being less restrictive in order to avoid
adverse effects, in particular kidney injury. Some
authors mention a moderately liberal approach’,
others do mention a moderately restrictive
approach”. In any case, this trend might be moving
fluid therapy more close to the safer top of Bellamy’s
parabola.

One can easily understand that as a procedure
lingers on and fluid losses are accumulating, it
becomes more and more difficult to adequately
assess measured and estimated fluid losses,
especially if fluid shifts are beginning to build up.
A goal-directed approach is then better suited to
provide guidance, even if fluid losses were never
correctly logged in the first place. It is therefore a
more widely applicable approach. GDT could be a
valuable addition to ERAS-protocols®.

Still, there are some drawbacks. Several
important terms regarding fluid therapy are not
well-defined, most notably restrictive fluid therapy,
liberal fluid therapy and goal-directed therapy.
Also, a lot of evidence with regard to fluid therapy
is derived from research in critically ill patients,
who by definition have to a lesser or greater extent
a disintegrated vascular barrier*. These findings
cannot be extrapolated to the perioperative setting
without reservation.

Also, one of the major gaps in the literature on
fluid management in major surgery, is the lack
of integration of fluid therapy and drug policy
regarding administration of vaso-active agents and
inotropes.

Extensively addressing this integration, is
beyond the scope of this review. In any case, in
different studies, some goal-directed but also other
approaches have included a protocol that indicates
when vasopressors should be initiated. Needless
to say, these thresholds greatly vary from study
to study. A good example of such a study is the
INPRESS trial*. This study first optimized stroke
volume in the groups to be compared. Afterwards,
certain blood pressures were targeted using either
noradrenaline or ephedrine. Ultimately, the
study was able to determine a lower incidence of
complications in the noradrenaline group. The idea
behind this study -first optimizing fluid status and
then maintaining blood pressure through vaso-
active medication as long as the patient is not fluid
responsive- is especially important.

These findings bring about what might ultimately
be pursued, especially during extensive surgery.
Integrating administration of vaso-active agents
into a combined goal-directed fluid therapy with
association of vaso-active drugs, can further
optimize fluid therapy in se, particularly regarding

oversubstitution, thus creating a yet more widely
applicable approach of hemodynamic perioperative
management. As such, a patient should be first
volume-optimized. If the patient is no longer fluid
responsive, while remaining hypotensive, vaso-
active medication should be given.

Nevertheless, a lot of research regarding
specific procedures with more well-defined
patient populations will still be needed to make
general statements about the ideal perioperative
policy regarding adequate global tissue perfusion
and the integration of fluid management and
pharmacotherapy.

Choice of fluid remains until this day a subject
of debate. Considering its physiologic profile
-creating a more extensive intravascular volume
effect- colloids are widely used as volume therapy.
However, this has not yet led to markedly improved
outcomes. First, the context-sensitivity of a fluid
bolus has to be considered. In a hypovolemic patient,
a crystalloid or a colloid bolus will have a similar
effect'. For example, according to the CHEST-
trial" a 1:1.3 ratio colloids to cristalloids seemed to
result in similar hemodynamic resuscitation goals,
albeit in critically ill patients. Second, the adverse
effects of colloids can counterbalance their volume-
effectiveness.

The beneficial hemodynamic effects of volume
therapy through colloids in goal-directed therapy
arms as compared to the control groups suggest but
do not prove a benefit of using colloids>. However,
to what extent is not yet known. In any case, the
choice for a particular fluid strategy seems more
important than the choice for a particular fluid type.

Overall, it can be stated that a more physiological
approach should be used, whether it concerns fluid
therapy or choice of fluids®.

Conclusion

Although it is often stated that there is no sufficient
evidence to prefer one fluid management strategy
over another, concerning major surgery, this
assumption does not seem to hold true. Indeed,
certain approaches have significantly improved
outcome. In particular, the goal-directed approach
has shown its added value in major surgery
regardless of the perioperative risk and proved
to be the most complete and widely applicable
strategy.

For major surgery with a rather low perioperative
risk, a restrictive fluid policy can be justified. The
pursuit of a slightly positive fluid balance can
prevent some complications.

In regard to fluid type, the most important finding
seems to be that the choice of a specific fluid is less
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important than the choice of a specific fluid policy.
Significant improvements in outcome through
perioperative fluid management were therefore
mainly achieved through fluid management rather
than fluid choice.
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