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The ‘third space’ – fact or fiction?
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For decades, the ‘third space’ was looked upon as an actively
consuming compartment. Therefore, perioperative fluid regimens
were traditionally based on a generous replacement of this
assumed primary loss, in addition to deficits due to insensible
perspiration and fasting. The practical consequence was an
extremely positive fluid balance in order to maintain blood volume
during major surgery. Whereas the insensible perspiration and the
preoperative deficits are in fact often negligible, and the third
space appears to be only a fictional construct, the excess fluid most
likely accumulates interstitially. Such shifting is related to
a destruction of the endothelial glycocalyx, a key structure of the
vascular barrier, by traumatic inflammation and iatrogenic
hypervolaemia. This explains why patients undergoing major
surgical interventions benefit significantly from an infusion
regimen which does not substitute but avoids ‘third-space shift-
ing’. In summary, eradicating this notion from our minds could be
a further key to achieving perioperative fluid optimisation.

! 2009 Elsevier Ltd. All rights reserved.

Perioperative fluid management and vascular physiology are currently in the focus of medical
research1–9, and fundamental changes in our views on these issues are continuing.3,4,7 This is
surprising, as for a long time quantitative fluid management has been neglected in the perioperative
discussion in favour of the debate on colloids versus crystalloids10,11 and proposals for the ideal
composition of saline fluids.12 During recent years, however, the main focus has increasingly been on
the quantity of applied fluids in general.5,6,13–21 Until very recently, a traditional view dominated this
discussion: due to an assumed intravascular deficit after fasting22, preoperative volume loading is still
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considered indispensable by many.16,20,23,24 Moreover, a strong belief in an insensible perspiration
increasing exponentially with damage to the skin barrier25, as well as an inevitable and impressive
fluid shift into a primarily consuming ‘third space’, led to an aggressive perioperative fluid approach by
generations of anaesthesiologists.26 An accompanying accumulation of fluid in tissues was interpreted
as an unavoidable collateral damage.27,28

However, is the ‘third space’ really the root of all evil concerning pathological fluid shifting, or is this
compartment nothing more than a fictional fairy tale? Or does the truth lie somewhere in between?

In this article we illuminate this mystery from a primarily physiological standpoint, and further
combine these basics with clinical research results and current insights concerning the vascular barrier.

Fluid shifting: trigger or effect of traditional infusion behaviour?

Fluid shifting is an often recognised phenomenon during and after surgical procedures. However, it
is still unclear whether surgery and trauma cause the main part of an impressive primary fluid shift
outwards, which must be treated with large amounts of fluid, or whether an overwhelming infusion
therapy causes severe perioperative problems which should be avoidable. In fact, traditional fluid
handling during major surgery in humans has been shown to cause an excess of several litres in the
perioperative fluid balance3,7,29,30, that is, measurable input (infusions and transfusions) minus
measurable output (blood loss and urine production). This was traditionally interpreted as successful
perioperative treatment of three different kinds of losses, which are unmeasurable in clinical routine:
the preoperative deficit, insensible perspiration and an inevitable ‘third-space’ shift caused by surgery
and trauma.31 A related perioperative body weight gain of up to 10 kg17,31–35, however, indicates that
somewhere along the line something is going wrong. Indeed, as early as in 1977, Lamke and co-workers
performed direct perspiration measurements using a specially designed humidity chamber and clearly
showed the insensible perspiration to be generally highly overestimated.36 The basal evaporation of
about 0.5 ml kg"1 h"1 through the skin and airway in the awake adult increased to, at the most,
1 ml kg"1 h"1 during major abdominal surgery, including losses through the surgical wound due to
maximal bowel exposure, substantiating the idea that the contribution of insensible perspiration to
perioperative fluid needs should be small. Moreover, the impact of fasting on intravascular volume is
limited; even after 10 h of fasting, intravascular blood volume appears to be within the normal range, at
least in patients not receiving preoperative bowel preparation.37 Furthermore, the recommended
preoperative period of stopped oral intake of clear liquids is decreasing more and more in current
fasting guidelines.38

Obviously, in the normal adult, our traditional fluid regimen largely exceeds the patient’s losses due
to preoperative deficit and insensible perspiration. The fact that blood volume is normally at preop-
erative levels after the surgical procedure3,7,29,39,40 indicates that the fluid excess largely represents
perioperative fluid shifting. For the traditionalists, this was a good explanation that their strategy of
generously replacing these impressive losses, presumably towards a ‘third space’, should be right,
but was this simple conclusion really correct? More than 20 years ago, Chan et al. provided an
interesting experimental set-up which indicated that maybe not everything is what it seems to be.41

They demonstrated in a rabbit model that surgical manipulation itself can cause a significant increase
of 5–10% in the interstitial water load, without any infusion therapy during enteral anastomosis.
An additional crystalloid infusion of 5 ml kg"1 h"1 doubled this oedema.

However, what is the role of the ‘third-space’ shift in this oedema-formatting process, obviously
related to surgery and intravenous fluid application?

Fluid compartments of the human body

In humans, approximately 60% of the total body mass is water. In contrast to protozoa, which are
surrounded by the primal ocean, the body cells of humans are not in direct contact with their nutrient
solution. Evolution developed the human body as a complex system, integrating single cells into organ
structures. The extra-cellular space, therefore, is now inside the body. To enable nutrition of the cells
despite this deprivation, the extra-cellular space is functionally divided into the interstitial space,
imitating the nutrient solution of protozoa, and the intravascular space. The latter is specialised for
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a convective transport of oxygen and nutrient elements from the body surface – that is, the lung and
the gastrointestinal system – to the direct surroundings of the cells. This enables their supply with
nutrients and disposal of waste products and carbon dioxide.

Intracellular fluid comprises two-thirds of the body water. The remaining one-third – about 15 l in
the normal weighted adult – comprises the extra-cellular volume (ECV, namely 20% of the total body
mass) consisting of the plasma (about 3 l), the interstitial space (about 12 l) and small amounts of the
so-called trans-cellular fluids42,43 such as gastrointestinal secretions, cerebrospinal fluid and ocular
fluid (Fig. 1). The latter are considered to be anatomically separated and not in dynamic equilibrium
with the interstitial space and the plasma, in which water and small solutes can easily be
exchanged.43,44 The ‘third space’, nothing more than a perception so far, has functionally been allocated
to this trans-cellular compartment.

The ‘third space’: the theory behind the story

Previous works have systematically divided the third space into anatomical and non-anatomical
parts.41,45,46 Anatomical losses are considered to be pathological fluid accumulations within the
interstitial space which, together with the plasma, forms the ‘functional’ extra-cellular volume (fECV).
The physiological fluid shift between the intravascular and interstitial space is considered to contain
only small amounts of protein and small molecules, limited by an intact vascular barrier.47 As long as it
is quantitatively managed by the lymphatic system, a physiological shift does not cause interstitial
oedema.48 An overload of the lymphatic system, for example, by high volumes of iatrogenic fluid, can
principally be resolved contemporarily through redistribution and urinary output. Non-anatomical
losses, by contrast, formally represent the classical third-space shift, a part of the extracellular space
functionally and anatomically separating from the rest.43,44,49 Therefore, these fluids are considered to
now be part of the ‘non-functional’ extra-cellular volume (nfECV).42,50 This separation is believed to be
caused primarily by major surgical procedures or trauma. According to this traditional interpretation,
fluid trapped within the classical third space is lost permanently for extra-cellular exchange. In order to
nevertheless maintain the functional extra-cellular volume (fECV), the traditional perioperative fluid
excess was considered an inevitable therapeutic reaction by generations of anaesthesiologists.49

However, what are the underlying data?
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Fig. 1. Composition of the body compartments.
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Third space: who seeks will find, or maybe not?

Classical third-space fluid losses have never been measured directly, and the actual location of
the lost fluid remains unclear.43 Neither the gut51 nor traumatised tissue52 contains these large
amounts of fluid, and no other trans-cellular space has been shown to relevantly enlarge due to
perioperative fluid shifting. Previous studies have merely ‘quantified’ these losses indirectly by
measuring fECV before and after surgery through tracer-dilution techniques43,46, presuming the
total ECV to remain constant. Accordingly, the nfECV was calculated by subtracting the post-
operative fECV from the preoperative one. Tracer-dilution techniques are based on the principle of
applying a known amount of a suitable tracer into the scanned fluid compartment; the concen-
tration of the tracer within this compartment after an adequate equilibration interval leads, through
the amount of injected dye, to its distribution volume. A single sampling method depends on full
equilibrium occurring just before sampling. As it often varies inter- and intra-individually, the
equilibration interval of choice can only be assumed. Therefore, single measurements are in severe
danger of producing inaccurate results. In contrast, multiple sampling ensures that equilibration is
actually obtained in each individual, provided that the sampling period is sufficiently long.
Accordingly, continued multiple samples are recommended to calculate tracer spaces until equili-
bration is shown in each individual case.46,53 Tracer-dilution methods are generally limited by three
main questions which identify the three major shortcomings of their application to fECV
measurements: (1) What is a suitable tracer, distributing evenly and exclusively within the fECV?
(2) What is a suitable equilibration interval, allowing complete distribution but not interfering with
redistribution or tracer elimination kinetics? Finally, (3) how can a method to quantify the fECV be
reliably validated?

Despite serious concerns, various tracers, techniques, sampling times and mathematical calcula-
tions of the fECV have been used in past studies.46 Not surprisingly, this has led to different results, and
various conclusions have been drawn.

The two most common radioactive tracers were sulphate (35SO4
2") and bromide (82Br") ions.

Adequate equilibration times to measure fECV have been reported to be up to 3 h for the sulphate54 and
over 10 h for the bromide tracer.55 The limitations of these tracers are that bromide enters red blood
cells and is excreted in bile56, whereas sulphate is bound to plasma components57 and accumulates in
the liver, in the kidneys or during shock in muscular tissue.54,58 For both tracers, the necessary time to
achieve equilibration has been shown to be prolonged after surgery49,50, haemorrhagic hypoten-
sion49,59–61 or fluid overload.62 Moreover, an important prerequisite for using tracer kinetics for
volume measurements is a steady-state condition, which is hardly given during shock or
surgery.46,51,53,63 Therefore, an apparent increase in fECV should be common when using this approach
in the perioperative set-up.

Those studies claiming to have found the famous third-space loss during surgery or haemorrhagic
hypotension used the sulphate tracer in combination with either a single blood sample or very few
samples, obtaining the measurements after 20–30 min of equilibration.63–66 Although this may be
adequate during normovolaemia and steady-state conditions, a prolonged equilibration time during
haemorrhagic hypotension or surgery, leading to an incorrect high concentration of tracer in the
plasma, may explain the apparently contracted fECV.49,59,67

Surprisingly, trials measuring the fECV using multiple blood samples after longer equilibration
times found the opposite of the existing ‘common knowledge’, that is, an unchanged or even increased
fECV.49,51,55,59,63,67–77 Trials using the bromide tracer found this expansion of fECV after surgery, not
accounted for by the calculated fluid balance.55,59,68,69,72,73 Accordingly, and in contrast to the common
assumption, most of the data do not support the existence of a third space.

Third space: fact or fiction?

The third space in its traditional interpretation is a functionally separated part of the extra-cellular
compartment which cannot be localised, but primarily consumes fluid in the perioperative context. It is
currently no more than a myth to explain the otherwise apparently unexplainable perioperative fluid
shifting. The second view suggests abolishing this mystery and sticking to the given facts: fluid is
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perioperatively shifted within the functional extra-cellular compartment, from the intravascular
towards the interstitial space.

Perioperative fluid shifting towards the interstitial space is fact, whereas the classical third space is
fiction.

The importance of this modern interpretation of perioperative fluid shifting lies in the cognition of
the fact that we cannot simply tick off the fluid losses out of the circulation after having replaced them.
Rather, the resulting interstitial oedema is a relevant and increasingly acknowledged clinical problem,
endangering patient outcome. Its incidence seems to be related to perioperative fluid behaviour.

Fluid therapy: standard or liberal or restrictive or what?

Limited protocol-based perioperative fluid strategies might reduce the incidence of complications
after major abdominal surgery.3,13,14,28 In a multicentre study, Brigitte Brandstrup and co-workers
investigated 141 patients undergoing major colorectal surgery.13 They demonstrated that perioperative
intravenous fluid restriction (mean 2740 vs. 5388 ml) significantly reduced the incidence of major and
minor complications, such as anastomotic leakage, pulmonary oedema, pneumonia and wound
infection. Nisanevic and colleagues found decreased postoperative morbidity, including a shortened
hospital stay, under a protocol-based, more restrictive fluid therapy (1.2 l vs. 3.7 l). Their cohort was
more heterogeneous, consisting of 152 patients scheduled for mixed abdominal surgery.14 Holte and
Kehlet recently recommended avoiding fluid overload in major surgical procedures as a conclusion of
a systematic review of 80 randomised clinical trials.5

Conversely, various studies on minor interventions have suggested that patients benefit from
a more liberal fluid application. Maharaj et al. have claimed large fluid amounts (1799# 53 vs.
212# 6 ml) during laparoscopic surgery to decrease pain and postoperative nausea and vomiting
(PONV) in patients at high PONV risk.20 Magner and co-workers found comparable effects, having
infused 1900 ml within a mean procedure duration of 19 min.78 Holte et al., however, relativised these
results by demonstrating that the apparent beneficial effects after such an aggressive approach are
related to a decreased coagulation state and a postoperative weight gain, which still existed 72 h after
surgery.79 During laparoscopy, however, they also found a liberal fluid handling (40 vs. 15 ml kg"1) to
decrease PONV and to improve postoperative lung function.11

Liberal perioperative fluid replacement shortens recovery time after minor surgery, whereas
a loss-adapted approach may be beneficial during large interventions, reducing the incidence of vital
complications.

However, what is the underlying mechanism? Why does the vascular barrier primarily function
well in the normal adult but occasionally seem to fail? Why is the impact of fluid therapy obviously
related to the extent of the surgical trauma?

A classical view of the vascular barrier

Large molecules and proteins cannot cross the intact vascular barrier in relevant amounts.80 This
enables the circulation to generate a positive intravascular blood pressure without unlimited fluid loss
towards the interstitial space. Ernest Starling introduced his physiological model of the vascular barrier as
early as in 1896: inside the vessels, the hydrostatic pressure as well as the colloid osmotic pressure are
high.81 In contrast, Starling postulated that the interstitial space not only contains a small amount of
proteins but also has a low hydrostatic pressure. This theoretically results in a low net filtration rate per
unit of time (Fig. 2). Consequently, a sufficient colloid osmotic pressure within the circulatory space is
necessary to provide a physiologically active inward-directed force in order to successfully oppose the
hydrostatic pressure gradient. According to this model, infused iso-oncotic colloids do not change the
intravascular colloid osmotic pressure and cannot cross the barrier. Therefore, they should remain theo-
retically by 100% within the circulatory space. Infused crystalloids are free of colloid osmotic force and are
therefore not retained at the vascular wall. Accordingly, they distribute within the whole extra-cellular –
that is, the vascular (one-fifth) and the interstitial (four-fifths) – space for physiological reasons. This
explains the clinical observation that prophylactic crystalloid boluses in the normovolaemic patient have
been shown to have no major effect on the incidence or severity of anaesthesia-related hypotension.82–85
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Therefore, crystalloid infusion increases the interstitial hydrostatic pressure and stresses the lymphatic
system. Reabsorption and return of the fluid to the circulation through the lymphatic system are also
impaired by surgery-induced inflammation.86 As both conditions are common during major surgery under
traditional fluid management, interstitial fluid accumulation should be common in this context.

According to Starling’s theoretical model, infused iso-oncotic colloids remain within the circulatory
space, whereas crystalloids primarily distribute within the whole extra-cellular space, even if the
vascular barrier is intact.

The context sensitivity of colloidal volume effects

Direct blood-volume measurements have revealed that the presumed volume effect of about 100%
for iso-oncotic colloids87 exists only during normovolaemic haemodilution, that is, extracting blood and
simultaneously replacing it with equal amounts of colloidal fluids. The volume effect is defined as that
part of an infused bolus that does not shift outwards, but remains inside the vasculature.29,30,39 During
volume loading, that is, infusion of colloids to a primarily normovolaemic circulation without simul-
taneous blood withdrawal, they do not completely remain within the circulatory compartment at all.
Rather, about 60% of the infused amount directly loads the interstitial space (Fig. 3).6,30 This context
sensitivity of the volume effect indicates that it might be more reasonable to infuse fluid not ‘before’ but

Fig. 2. The ‘classical’ Starling principle of vascular barrier functioning in arterioles and capillaries: an inward-directed colloid-
osmotic pressure gradient is opposed to an outward-directed hydrostatic pressure of fluid and colloids. The thick arrows symbolize
the two schematically opposing forces across the vascular wall, the small one the small net fluid filtration outwards assumed
according to this model. The extremely simplified illustration does not consider the postulated small net fluid reabsorption on the
venular site suggested by this model, due to an assumed decrease in the hydrostatic and an assumed increase in the oncotic pressure
gradient. Jv, net filtration; Kf, filtration coefficient; Pc, capillary hydrostatic pressure; Pi, oncotic pressure in the interstitial space; Pi,
hydrostatic pressure in the interstitial space; Pc, oncotic pressure in the vascular lumen; Pc, hydrostatic pressure in the vascular
lumen; s, reflection coefficient.
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Fig. 3. The context sensitivity of volume effects of iso-oncotic colloids: while 6% hydroxethylstarch or 5% human albumin remain
within the circulation to almost 100% if infused as a substitute during acute blood loss (left-hand column)29, the preparations vanish
out of the vasculature to a large extent if applied as a hypervolaemic bolus (right-hand column).30 Drawn schematically according to
Jacob et al (2007, Lancet 369: 1984–1986) with permission.
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when hypovolaemia occurs6, because pharmacodynamics of colloids depend on the volume and
hydration state of the patient before application.6 In addition, the common practice of loading the
patient before performing a neuraxial anaesthesia83–85 is severely questionable in light of this fact:
volume effects of iso-oncotic colloids are about 100% if used for substituting acute blood losses.
Infusions resulting in hypervolaemia cause a tremendous shift of fluid and colloids towards the
interstitial space.

However, what is the underlying pathomechanism by which hypervolaemia has the power to
impair the functioning of a primarily intact vascular barrier? For the answer, we have to extend our
view on vascular physiology towards a small structure which has been overlooked during the last
decades.

The endothelial glycocalyx

Every healthy vascular endothelium is coated on the luminal side by an endothelial glycocalyx.9,88–90

These membrane-bound proteoglycans and glycoproteins, together with bound plasma constituents,
build up to the physiologically active endothelial surface layer with a functional thickness of over
1 mm.90–93,108 It has been identified as having a major part in vascular barrier function1,92 and in pre-
venting leucocyte adhesion and platelet aggregation94, mitigating inflammation and tissue
oedema.9,88,89 A non-circulating part of plasma volume – about 700–1000 ml in humans9,29,95 – is fixed
within the endothelial glycocalyx but in dynamic equilibrium with the circulating plasma.89 Recent
experiments have shown that a certain plasma concentration of albumin seems to be a basic premise for
the functional integrity of this endothelial surface layer.92,96

Glycocalyx and Ernest Starling: a modern dream team

The theoretical prerequisite of Starling’s principle to explain water retention within the vascular
compartment is a significant inward-directed colloid osmotic pressure gradient between the
intravascular and the interstitial space. Recent experiments have indicated that this classical prin-
ciple might need an update. In a rat mesenteric microvessel model, the effective colloid osmotic
pressure difference opposing filtration was nearly 70% of the luminal osmotic pressure, although the
colloid concentration outside equalled that inside the lumen of the vessel.1 Obviously, the interstitial
protein concentration does not play the major role in this context. Rather, the endothelial glycocalyx
appears to act as a molecular filter, actively retaining the plasma proteins hydrostatically forced
outwards.97–99 This increases the oncotic pressure within the glycocalyx92, loading it to the func-
tional endothelial surface layer, whereas the small space beneath, while still at the luminal side of
the anatomical vessel wall, is practically protein free (Fig. 4).92,97,98 Accordingly, and in clear contrast
to the traditional assumption, transcapillary fluid loss actually seems to be limited by an oncotic
pressure gradient across the endothelial glycocalyx, a structure that was unknown to Ernest Star-
ling. Therefore, his classical principle needs to be updated, taking into consideration the current
knowledge indicating a strong dependency of vascular integrity on the integrity of the endothelial
glycocalyx. An intact endothelial glycocalyx is obviously a prerequisite of a functioning vascular
barrier.

What dangers is the glycocalyx exposed to perioperatively, and what can we do to protect this
shield?

Possible perioperative triggers for shedding of the endothelial glycocalyx

According to experimental studies, ischaemia/reperfusion88,90, proteases100, tumour necrosis
factor-a101, oxidised low-density lipoprotein94 and atrial natriuretic peptide (ANP)91 all have the power
to degrade the endothelial glycocalyx.4 Whereas surgical stress itself is well known to cause release
of several inflammatory mediators102,103, ANP release is triggered by iatrogenic acute hyper-
volaemia.104,105 Obviously, avoiding intravascular hypervolaemia could be one key in the hands of the
anaesthesiologist to protect the endothelial glycocalyx beyond a hardly avoidable basal damage due to
trauma and surgery.
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Fluid shifting: a reinterpretation according to current concepts

Perioperative fluid shifting from the vasculature towards the interstitial space should
currently be divided into two types.3 Type 1 is a physiological, almost colloid-free shift of fluid
and electrolytes out of the vasculature, which appears to happen to a small extent all the time.
Nevertheless, it can rise to pathological amounts due to dilution of plasma proteins or an
increased outward-directed hydrostatic pressure. The barrier itself, however, is not affected by
this quantitative phenomenon, and the resulting clinical problem should be resolvable, in
principle at least. Type 2, the pathological plasma shift, is protein-rich and therefore related to
a morphological alteration of the vascular barrier. Since, most likely, it cannot be restored within
a calculable period of time, this problem should be avoided as far as possible in the perioper-
ative period.

Avoiding perioperative fluid shifting

Crystalloid versus colloid: a misleading discussion promotes type-1 shifting
The discussion on ‘crystalloid versus colloid’ has been going on for years.10,11 It has led to

comparisons of patient outcome after resuscitation using either crystalloids or colloids, ignoring the
actual physiology behind a respectively decreased circulatory state.106,107 This excellently illustrates the
shortcoming of this discussion, actively negating the fact that infusion solutions are drugs with
indications, contraindications and side effects.3 The common recommendation to substitute the first
1000-ml blood loss with the three- to fourfold dose of isotonic crystalloids26, or to just increase the
crystalloid infusion rate when the patients appear to be clinically hypovolaemic during surgery, is
a further outstanding example.

Acute bleeding primarily induces an isolated intravascular deficit. As colloid osmotic force is lost,
a rational substitution below the transfusion border should be performed with iso-oncotic colloids, not

Fig. 4. The ‘revised’ Starling principle. The hydrostatic pressure in the vascular lumen (Pc), which largely exceeds the interstitial
pressure (Pi), forces fluid outwards (left thick arrow). As it is loaded with plasma proteins, the endothelial glycocalyx has a high
internal oncotic pressure (Pe). The low net flux passing through the glycocalyx (small arrow) has a sparse protein concentration, and
the oncotic pressure beneath the glycocalyx (Pb) is low. Accordingly, an inward-directed oncotic pressure gradient (right thick
arrow) develops just across the glycocalyx, while the proteins in the small space underneath the glycocalyx are continuously cleared
towards the interstitial space via the remaining net flux. The extremely simplified illustration does not consider the venular site of
the revised model, suggesting free and easy access of plasma proteins towards the interstitial space. As the hydrostatic force is low
there, this should be no problem at all. Jv, net filtration; Kf, filtration coefficient; Pc, capillary hydrostatic pressure; Pi, interstitial
hydrostatic pressure; s, reflection coefficient; pe, oncotic pressure within the endothelial glycocalyx; pb, oncotic pressure beneath
the endothelial glycocalyx.
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with crystalloids which distribute homogenously within the entire extra-cellular space, that is, four-
fifths into the interstitial space.22 Only one-fifth remains intravascular, which means that five times the
amount of crystalloids would be required to achieve comparable intravenous effects, whereas a large
part primarily loads the interstitial space, inevitably causing oedema. Consequently, using protein-free
preparations to replace a loss of colloid osmotic force is not only unphysiological, but also most likely
harmful.22

Extra-cellular protein-free losses caused by insensible perspiration and urine production are nor-
mally replaced through gastrointestinal resorption. This compensatory mechanism fails in the fasted
patient and necessitates artificial replacement therapy with crystalloids, ideally in balanced form so as
not to cause acid–base disorders.106 Avoiding overinfusion of crystalloids should directly limit inter-
stitial oedema. Therefore, crystalloids ought to be applied according to a careful calculation of actual
extra-cellular losses.

Avoid hypervolaemia: the way to limit type-II shifting
Perioperatively, it appears to be crucial to protect the endothelial surface layer. Anaesthesiologists

have only limited influence on the primary damage caused by the surgical trauma. A promising
anaesthesiological concept might be avoidance of hypervolaemic colloidal peaks as far as possible in
order to prevent ANP release. Intentional prophylactic volume-loading to extend intravascular blood
volume prior to induction of anaesthesia or to anticipate acute bleeding might compromise the
vascular barrier. Therefore, general application of such procedures should no longer be considered
state of the art. Colloids should be infused when intravascular fluid losses (e.g., acute bleeding) occur,
and not before. A causal therapy of vasodilation in the normovolaemic patient caused by general and/or
neuraxial anaesthesia is, in principle, re-establishing vasotonus with a vasopressor in a moderate dose
and not infusion of colloids. Mechanical ventilation can of course additionally reduce cardiac preload
due to increased intrathoracic pressures. However, this effect is reversible within minutes when
patients regain spontaneous breathing, in clear contrast to the impact of volume loading, inducing
long-lasting and most likely harmful effects on body fluid compartments and the vascular barrier.
Vasopressor therapy, applied alternatively in the normovolaemic patient in order to maintain cardiac
preload by comprising the venous system, can easily be reduced when the iatrogenically induced
haemodynamic alterations are terminated.

A modern discussion on perioperative fluid management should be focussed on a careful differ-
ential indication between crystalloids, colloids and vasopressors.

Conclusion

The classical ‘third space’ is most likely pure fiction. Rather, perioperative fluid shifting
predominantly represents losses towards the interstitial space. At least in part, this is not inevitable,
but caused by applying the wrong infusion solutions, with a false indication in an inadequate
amount. A decided differential indication of balanced isotonic crystalloids and iso-oncotic colloids, in
order to carefully maintain homeostasis of all fluid compartments, might be an important key to
prevent perioperative fluid shifting. Crystalloids should be suitable to replace extra-cellular losses
through insensible perspiration and urinary output. Colloids are the therapy of choice to replace
acute blood losses below the transfusion border. As far as possible, hypervolaemia as well as
hypovolaemia should be avoided at any time. This primary approach has to be re-evaluated
permanently and, if necessary, modified according to individual requirements. If clinical signs of
intravascular hypovolaemia occur, despite sufficient replacement therapy of measured and estimated
losses, two explanations seem obvious: (1) blood loss has been underestimated, or (2) type-II shifting
has been initiated. In both cases, intravascular application of further iso-oncotic colloid, not of
crystalloid, should be considered.

All of these only apply to patients with a cardiocirculatory steady state. During acute bleeding in
major trauma, or in patients suffering from systemic inflammatory response, the prevention of fluid
shifting must certainly be set aside for an aggressive treatment of intravascular hypovolaemia.
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