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        In order    to address the issue of perioperative fl uid management in an informed man-
ner, it is important to remember the proportion of body water since this information 
is vital if action is required to maintain the balance in various regions of the body. 

 Total body water (TBW) in adults is approximately 60 % of body weight. Water 
is held by all tissues but is particularly abundant in muscles and relatively scarce in 
body fat. A young adult with healthy muscles therefore has a higher TBW than an 
elderly overweight person with small muscles and a large amount of fat. 

 This distinction has important practical consequences: for example, medicines 
with a high distribution level that dissolve in body water will have higher dose- 
dependent plasma levels in overweight patients compared to young adults. 

 But this knowledge is also useful in assessing the need for infusions to maintain 
a circulating mass volume within the limits of normal. 

 Since water is distributed in two large areas, the intracellular compartment (60–
65 % of TBW) and the extracellular compartment (35–40 % of TBW), and, in turn, 
the extracellular area is divided into interstitial (25–30 %) and intravascular (10 %) 
regions, it is clear that in a man weighing 70 kg with TBW of 42 l, intravascular 
water is only 4,200 ml, while interstitial water is much greater, at about 12–14 l. 
Interstitial water is in close contact with intravascular fl uids by means of continual 
exchange. 

 When a patient loses a circulating mass (which is made up of about 55 % water), 
there is a rapid rebalance of the liquid component thanks to the interstitium which 
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has a water content that is three times that of the circulation. This therefore refl ects 
a loss of blood content for which there is no hemodynamic alert and which is due 
exclusively to a reduction in hematocrit. But this miniscule observation is of great 
signifi cance in the operating room: the patient has lost a blood mass which is 
replaced by a similar quantity of plasma from the interstitia. 

 This is, however, a form of compensation that cannot continue in the long term 
in the event of persistent blood loss. 

 Until such compensation is suffi cient, arterial pressure, heart rate, CVP, and car-
diac output are normal, possible fl uid challenge is negative, and dynamic monitor-
ing parameters such as SPV, PPV, and SVV are within the limits of normal. The 
patient has no need of a circulating mass since this has remained normal due to 
fl uids from the interstitia. 

 In addition to this compensation mechanism, there is the switching of the blood 
mass from “less noble” compartments such as the splanchnic compartment to those 
that would be more affected by a decrease in fl ow, like the heart, brain, and lungs. 
Again this is a compensation mechanism that, as with the previous one, is not with-
out limits. 

 Water recovered from the interstitia is also rapidly replaced from the absorption 
of H 2 O and Na which is activated in the kidneys. 

 If the blood loss continues, however, venous return (VR) can be maintained as 
normal thanks to a fall in CVP. In fact, venous return is calculated using the 
formula

  VR MCFP CVP= -    

where MCFP is the mean circulatory fi lling pressure. 
 By observing the formula, we can see clearly that if MCFP decreases due to 

blood loss, venous return remains normal as CVP also falls. 
 A reduction in CVP is therefore a warning sign, even if arterial pressure and 

heart rate remain normal. If blood loss continues and therefore the circulating mass, 
the venous return is reduced and along with it the stroke volume, but cardiac output 
remains normal thanks to an increase in heart rate. We therefore have three signs of 
a loss of circulating mass: decreased Htc, decreased CVP, and increased heart rate. 

 These are wonderful multiple compensation mechanisms that make it possible to 
overcome any oversight by the anesthetist for a certain amount of time, although he/
she must also learn to recognize them early: reduced Htc, reduced daily diuresis 
(due to tubular reabsorption of H 2 O and Na), reduced CVP, and increased heart rate 
are all signs of a hypovolemic process that is compensated for but at risk of leading 
to hemodynamic deterioration which is not desirable. 

 If not equipped, cardiac output decreases along with pulse and EtCO 2  (which are 
closely linked to output). 

 However, unless this is a substantial acute hemorrhage, this point is not reached 
quickly. In fact, the body can rely not only on interstitial fl uids but also intracellular 
fl uids (which make up the majority of TBW), which amount to 24 l in patients 
weighing 70 kg. The passage of water from cells to the interstitium when needed is 
immediate and follows osmotic logic. 
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 The extracellular compartments (interstitium and circulation) have osmotic 
forces that are in balance with the intracellular compartment, which is made up of 
concentrations of cations and anions that ensure electroneutrality in various sectors. 
The most important cation in the extracellular compartment is Na +  followed by 
cations with less importance such as K + , Mg + , and Ca ++ . Electroneutrality is guaran-
teed by the presence of anions Cl −  and HCO 3  −  and proteins (especially albumin). 

 In the intracellular compartment, the most important cation is K + , and the anion 
PO 4  −  ensures electroneutrality. Osmolarity is determined by the number of particles 
dissolved in a solution and is therefore fundamentally determined by Na +  in the 
plasma and interstitium and K +  in the cells. 

 These concepts, as far as expected, are very important since they regulate the 
distribution of water in the body. This can pass freely and rapidly from compart-
ments with low osmolarity to others with greater osmolarity by maintaining identi-
cal osmolarity in various compartments. 

 Why is the intracellular water content much higher than the extracellular 
content? 

 This is simply because there is a K salt content in cells that is greater than the Na 
salt content in extracellular compartments. A change in osmolarity in one area trig-
gers an immediate movement of water to restabilize the balance. This game of water 
movement applies to the balance between intracellular and extracellular interstitial 
spaces since the cell membrane is not permeable for ions, and therefore water move-
ment is considerably linked to osmotic forces. In the relationship between capillar-
ies and the interstitium, the mechanism is different since the capillary endothelium 
is permeable to ions which are therefore no longer part of the osmotic force that can 
lead to the movement of water. The passage of water is regulated by Starling’s law, 
and the forces at play are mainly the hydrostatic pressure and oncotic pressure of the 
capillary and interstitium. 

 Therefore, when a patient experiences rapid blood loss, the lost volume is quickly 
replaced by fl uids from the interstitium. This results in the maintenance of the 
hemodynamic balance, and the phenomenon is revealed only due to a reduction in 
Htc, which is nevertheless moderate since autotransfusion of whole blood from the 
splanchnic reservoir also occurs at the same time. 

 The tolerance of fl uid overloading is just as amazing as the negative effect of 
blood loss is marvelously “muted.” When there is an inappropriate overloading of 
crystalloids, a kidney response suddenly enters into play, and when the possibility 
of a diuretic renal response is overcome, the increased hydrostatic pressure in the 
capillary along with a reduction in oncotic pressure due to dilution thereof pushes 
excess fl uid into the interstitial space, thus maintaining a normal hemodynamic 
pattern. 

 These compensation mechanisms (and we have only described some of them) 
are initially capable of covering up our carelessness. 

 We have described only some of the forms of compensation activated by the 
body in the event of volemic imbalance. 

 In reality we have described those that can most easily be discovered (decreased 
Htc, decreased CVP, decreased diuresis, increased heart rate). But there are other 
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more complex mechanisms that require greater acuity and control to demonstrate. I 
am referring to the renin-angiotensin-aldosterone system (RAAS) and the action 
of ADH. 

 At this point it is essential to refer to effective circulating volume (ECV): this is 
the volume of blood distributed in the arterial system intended for perfusion of the tis-
sues. It is not a measurable parameter and is regulated by baroreceptors in three areas:

    1.    The carotid sinuses that regulate sympathetic activity and, to a lesser extent, the 
release of ADH. One of the main functions of this apparatus is the maintenance 
of cerebral perfusion.   

   2.    The juxtaglomerular apparatus that regulates the activity of the RAAS and there-
fore glomerular perfusion and glomerular fi ltration.   

   3.    The atria and ventricles that release natriuretic peptides in response to increases 
in pressure.     

 If cardiac output decreases, the regulation systems enter into play to restore it. 
For example, in a patient with cardiac insuffi ciency, upon reduction of output the 
carotid sensors stimulate sympathetic activity, and those of the juxtaglomerular 
apparatus activate the RAAS. These responses promote an increase in heart rate and 
sodium retention and therefore an increase in circulating blood volume that causes 
greater distension of the cardiac chambers and, according to Starling’s law, an 
increase in cardiac output, which is also promoted by the increased heart rate. 

 The response of these regulation systems is therefore initially favorable, but, if 
cardiac insuffi ciency and the Na-sparing mechanism continue, the blood volume 
increases later on even if the heart is no longer able to empty the venous return: this 
leads to blocked circulation, edemas, dyspnea, and pulmonary edemas. 

 In the case of advanced-phase cardiac suffi ciency, the blood volume increases, 
while the ECV decreases. 

 It is confi rmation of the fact that volemia and ECV are two values that are not 
necessarily correlated. 

 We have highlighted the concept of ECV and described the example of chronic 
cardiac insuffi ciency to draw attention to the fact that volemic overloading may 
coexist even if ECV is reduced. 

 The aim of this article is to attract the attention of anesthetists to apparently nor-
mal situations which in reality are the result of compensation mechanisms, but pro-
viding advice for better diagnosis and management. 

6.1     Fluid Dynamics in the Capillary 

6.1.1     The Importance of the Glycocalyx 

 The mechanism that regulates fl uid movement in the capillaries was described by 
Starling in 1896 and is still largely applicable. Fluids are maintained within the 
capillaries thanks to oncotic pressure from plasma components. Oncotic pressure 
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counters hydrostatic pressure which pushes fl uids into the capillaries and therefore 
the interstitium. In the interstitium both hydrostatic and oncotic pressure are lower 
than in the endocapillary plasma. The net result is a constant moderate passage of 
fl uids from capillaries to the interstitium where any excess fl uid is immediately 
removed from the lymph nodes and rechanneled towards the heart. The endothelial 
barrier is permeable for water and small molecules such as sodium, potassium, chlo-
rine, and glucose, which pass freely via specialized pathways. 

 The macromolecules can be transported via larger pores or vesicles. The move-
ment of fl uid across the capillaries can be distinguished as two types: Type 1 (physi-
ological) occurs continuously and, as mentioned above, is removed from the lymph 
nodes and Type 2 (pathological) is seen when the barrier is damaged or does not 
function properly: this results in the formation of edemas. 

 If it is true that the physiological basis that regulations of fl uid movement across 
the capillaries are still the old Starling’s law, we must, however, include much more 
recent information that currently provides us with particularly useful data on the 
perioperative management of fl uids. 

 The new information essentially relates to demonstrating the presence of the 
glycocalyx system at the endothelial level. 

 The endothelium is made up of a wafer-thin barrier formed of a single layer of 
cells (endothelial cells). In the part facing the lumen, the endothelium is covered by 
a thin, fragile membrane, the glycocalyx, which is the fi rst barrier regulating the 
transport of macromolecules and cells. 

 This barrier, which is made up of glycoproteins and proteoglycans and contains 
glycosaminoglycans, traps red blood cells and protein-rich plasma. We must there-
fore today consider the intravascular fl uid volume as having two distinct parts: that 
which is noncirculating and is trapped in the glycocalyx system and that which is 
circulating. 

 The endothelial wall is therefore made up of endothelial cells and the glycocalyx 
and is 0.4–1.2 μm in thickness; it is in continuous dynamic balance with the circu-
lating plasma. 

 To function normally, this barrier requires a normal level of albumin. In hypoal-
buminemic states, which are very common in our patients, the barrier does not work 
properly, and, even with a reduction in oncotic pressure, large quantities of fl uid 
pass from the capillary to the interstitium, and when the lymph nodes are no longer 
able to empty them, edemas occur. 

 When we administer iso-oncotic colloids to our patients, we increase capillary 
hydrostatic pressure, but oncotic pressure remains constant: this situation encour-
ages a more moderate passage of fl uids towards the interstitium. When, however, 
we administer crystalloids, hydrostatic pressure increases, as in the case of colloids, 
but oncotic pressure falls: this leads to the passage of more fl uids from the capillary 
to the interstitium. 

 The endothelium and the glycocalyx systems are not only a barrier between intra-
vascular liquids and the interstitium, but play an important role in hemostasis, plate-
let aggregation, leukocyte adhesion, and permeability of the barrier. In perioperative 
phases, therefore, it is mandatory to protect the barrier from events that may damage it. 
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 Negative factors are processes of ischemia/reperfusion, hypoxemia/reoxygen-
ation, proinfl ammatory cytokine, and BNP. In particular we must draw readers’ 
attention to BNP since it is of great signifi cance in anesthesiological practice. 

 In the case of fl uid overloading, whether iatrogenic (excessive administration) or 
resulting from pathological states (chronic cardiac insuffi ciency), distention of the 
cardiac chambers leads to increased BNP release, which has a harmful effect on the 
glycocalyx system [ 1 ]. 

 Fluid overloading therefore does not only increase the hydrostatic pressure of the 
capillary but damages the barrier, transforming Type 1 transcapillary fl uid move-
ment into Type 2 movement and thus promoting the formation of edemas. 

 There are few protective factors of the endothelial/glycocalyx complex, but one 
of these is a widely used anesthetic, sevofl urane, which enables better tolerance of 
possible fl uid overloading [ 2 ]. The other two protective factors are hydrocortisone 
and antithrombin [ 3 ].  

6.1.2     The Distribution of Crystalloids and Colloids 

 The use of a glycosylated solution to expand the circulating volume is destined to 
be unsuccessful. In fact, glucose is rapidly metabolized by the liver, and therefore 
administering a glycosylated solution is equal to administering free water. 

 Water passes through all barriers freely and rapidly, and therefore 1,000 ml of an 
infused glycosylated solution on 7 % (the equivalent of 70 ml) remains in the circu-
lation, adding to the other 4 l of intravascular water. The remaining water is distrib-
uted by balancing itself with other compartments where water totals 24 l and/or is 
eliminated via diuresis. 

 The use of 1,000 ml of a 0.9 % saline solution remains confi ned in the extracel-
lular space (interstitium + circulation) since sodium cannot enter the larger intracel-
lular space. Therefore a greater proportion of the solution compared to the glycosylated 
solution remains in the bloodstream (approx. 20 % or 200 ml out of 1,000 ml, com-
pared with 7 % or 70 ml out of 1,000 ml for the glycosylated solution). 

 Colloids – hydroxyethylamides, gelatin, or albumin solutions – remain longer in 
the bloodstream compared with crystalloids since the dimensions of their molecules 
do not facilitate transcapillary movement. 

 This passage nevertheless occurs. It has been shown that a colloid administered 
in normal volemic situations, whether 6 % hydroxyethylamide or a 5 % albumin 
solution, enters into the interstitia in a few minutes at a rate of 68 %. If, however, 
these plasma expanders are administered to a hypovolemic patient, leading to nor-
movolemic hemodilution, the amount of fl uid remaining in the circulation in this 
period is roughly 90 % [ 4 ]. 

 This observation is important for clinical practice. If we administer a plasma 
expander to a patient who needs it, and who is hypovolemic, we have greater persis-
tence in the circulation and less passage into the interstitia. If, however, we admin-
ister it to a patient who does not require it, it rapidly enters the interstitia: this 
mechanism protects the circulation from an excessive rise in hydrostatic pressure 
but also has negative consequences that trigger pruritus and edema. 
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 Recently a comparison has been made between 0.9 % saline, gelatin, and 6 % 
hydroxyethylamide in healthy young subjects. After 1 h of infusions, 68 %, 21 %, 
and 16 % of infused liquids, respectively, left the circulation [ 5 ]. 

 The difference between the two colloids used was therefore moderate, but 
their molecular weight varied greatly: 30 KDa for gelatin and 130 KDa for 
hydroxyethylamide. 

 In the same study the response of the RAAS was assessed for the three infusions: 
all reduced it by depriving the response of renin and aldosterone and by promoting 
the elimination of H 2 O and Na. This observation confi rms that it had already been 
demonstrated in the past that the elimination of H 2 O and Na in acute hypervolemia 
depends essentially on suppression of the RAAS. Even BNP increases iatrogenic 
hypervolemia, but its diuretic effect in this situation is weaker. As mentioned above, 
however, the harmful effect of BNP on the glycocalyx is very important. 

 It is usually thought that the amount of crystalloids to be infused in the case of 
acute hypovolemia is three to four times that of colloids, which are, however, equal 
in terms of estimated blood loss. 

 A systematic review of the issue seems to result in the recommendation of a 2:1 
ratio [ 6 ]. 

 What is certain is that the administration of colloids enables greater linear recov-
ery of cardiac fi lling and therefore CO in all patients, whether or not they have 
sepsis, for saline solutions. 

 We must not, however, ignore the study recently published in the New England 
Journal of Medicine which examines the use of hydroxyethylamide in septic patients 
in whom the use of this drug compared with saline solutions would be greatly bur-
dened by adverse events and mortality [ 7 ]. 

 In cases of multiple trauma, however, the use of hydroxyethylamide seems to 
enable faster clearance of lactate and a lower incidence of renal damage compared 
with the use of saline solutions [ 8 ]. 

 In concluding this short section, it appears possible to say that, in the presence of 
a perioperative hypovolemic state, it would be preferable to use colloids rather than 
crystalloids, which would be used exclusively to rebalance the physiological losses 
(perspiration and diuresis), which are abundantly and rapidly compensated for by 
fl uid movements from extravascular compartments, whether intracellular or 
extracellular.   

6.2     Perioperative Management of Fluids: Comparison 
of Liberal, Restrictive, and Goal-Directed Strategies 

 The goal of maintaining good organ perfusion is still too often pursued in operating 
rooms with high levels of crystalloid administration. This approach is supported by 
the conviction that surgery patients who have fasted for at least 12 h are often pre-
pared for intestinal surgery with enema and have lost fl uids through perspiration and 
diuresis or as a result of hypovolemia. The belief that during surgery an irrelevant 
quantity of body fl uids escapes towards a “third space,” which has never been 
 determined, is just as widespread. 
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 This so-called third space has been discussed since the 1960s [ 9 ] when research 
with techniques based on the use of a tracer in patients undergoing major abdominal 
surgery demonstrated that in these patients a loss of water from the extracellular 
compartment is confi rmed even without blood loss. 

 It is believed that an amount of fl uid is discharged into a compartment that is then 
called a “third space” and that it is identifi ed in the gastrointestinal apparatus and 
tissues that have been damaged during surgery. Based on this assumption, which is 
fantastical and minimally supported by research, the liberal use of crystalloids has 
become the standard, not only to compensate for diuresis and perspiration, but also 
for the amount of fl uids discharged into the “third space” and reduced from the 
intravascular amount. As a result of this perioperative fl uid management strategy, a 
consistent increase in weight (of up to 10 kg!) in patients in the immediate postop-
erative period has become very common in recent years. 

 A systematic review of the studies in which the behavior of perioperative extra-
cellular volume has been controlled has very recently discredited the theory of the 
“third space” [ 10 ], and therefore currently in the perioperative phase, it is justifi ed 
to compensate with crystalloids only during diuresis and perspiration. 

 Perspiration, among other things, is considered less important than in the past, 
and forty years ago it was shown by Lamke et al. [ 11 ] that it can amount to 0.5–1 ml/
kg/h during major abdominal surgery. 

 Therefore, during a classical intervention of this kind, such as hemicolectomy in 
a patient weighing 70 kg (lasting 3 h), fl uid loss via perspiration fl uctuates between 
100 and 200 ml. If diuresis occurs during the same period at a rate of 150 ml/h, it 
can immediately be understood that in a patient like the one described above, 
replacement with 500 ml crystalloids is justifi ed. Higher doses can lead to episodes 
of hypervolemia which, even if transitory, cause the release of BNP, which, as we 
have seen, damages the glycocalyx system leading to the transcapillary passage of 
fl uids into the interstitia with a resulting increase in weight, as described above. 

 In becoming aware of this reality, there is naturally a comparison with a different 
perioperative fl uid management strategy that has been labeled “restrictive.” This strat-
egy has been rapidly embraced in thoracic surgery, in which the advantage in terms of 
oxygenation and the prevention of respiratory complications is immediately clear. 

 In abdominal surgery, where the advantages are not particularly evident or resound-
ing, the “restrictive” strategy of fl uid therapy has not had such an immediate success. 

 Even in 2003 it was necessary to conduct a multicenter study, published by 
Brandstrup et al. in Ann. Surg. [ 12 ], to draw attention to the risks of liberal fl uid 
management in the perioperative phase. The authors compared two groups of 
patients who underwent colorectal surgery: one group was treated liberally with 
crystalloids, receiving on average 5.4 l of fl uids, and the other group, which under-
went a restrictive strategy, received 2.7 l. 

 The postoperative complications were much more common in patients treated 
with high doses of crystalloids (51 % vs. 33 %), including liver infections, failure of 
intestinal sutures, and cardiovascular and respiratory damage. 

 The much-feared renal damage, however, as a result of fl uid restriction, was not 
found. It is suffi cient to notice that patients undergoing the restrictive strategy 
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received more colloids, as a percentage, and those with the liberal strategy more 
crystalloids, which confi rms the comparison between the two different theories: one 
(the restrictive) that used crystalloids mainly to compensate for diuresis and perspi-
ration and/or as a vehicle for drugs, and colloids to compensate for blood loss, and 
one that uses crystalloids much more liberally, even to treat any type of hypotension 
if confi rmed during the perioperative phase. 

 It should be pointed out that hypotension during anesthesia is mostly due to 
vasodilation and could be treated by reducing anesthesia and/or using vasoconstric-
tors, which, among other things, are much more effective in such cases. 

 The liberal use of crystalloids, as we have seen, is also based on the old concept of 
underlying hypovolemia in surgery patients as a result of fasting and, in the case of 
intestinal surgery, of enema preparations. This concept has been discredited. In 2008 
Jacob et al. published a study in Acta Anesth. Scand. which demonstrated the absolute 
normality of the circulating volume in surgical patients after nocturnal fasting [ 13 ]. 

 The considerations made up to now point towards a constantly restrictive use of 
fl uids in major surgery. In reality things are not as simple as this. Alongside a study 
that is favorable to this type of strategy, there are others that do not show differences 
in outcome between liberal and restrictive strategies. 

 Among other things, it is not easy to compare the various strategies used by dif-
ferent working groups, since a universally accepted restrictive strategy has not yet 
been codifi ed. 

 Colorectal surgical interventions with miniscule administration of fl uids (800 ml) 
have been reported, and others, such as the multicenter study by Brandstrup men-
tioned above, in which the average fl uid administration was 2,700 ml. 

 We therefore have before us studies that demonstrate that liberal fl uid adminis-
tration can be harmful, but it seems we can confi rm that a valid restrictive strategy 
for all patients cannot currently be defi ned with certainty. 

 Faced with this uncertainty it is even more benefi cial to agree on a personalized 
perioperative fl uid management strategy, the so-called goal-directed fl uid therapy 
(GDT), in order to avoid both hypovolemia leading to organ damage due to hypo-
perfusion and hypervolemia with cardiac overloading, O 2  desaturation, and damage 
to the glycocalyx system. 

 GDT has been stressed for more than 20 years, but in order to carry it out in the 
1980s, a Swan-Ganz catheter was required, and DO 2 I was recommended at above- 
normal doses (600 ml/m 2 /min) to ensure perfusion of the organs even in critical 
moments. 

 This position was barely acceptable for patients at high risk since such invasive 
monitoring was not fully justifi ed in large numbers of surgical patients. 

 Due to this diffi culty, GDT did not acquire the consensus that it would conceptu-
ally have deserved, but the idea reemerged gradually after several years that other 
less invasive methods were available for cardiovascular monitoring that, above all, 
enabled monitoring of the stroke volume and the use of “dynamic” parameters such 
as SPV, PPV, and SVV. 

 The instruments currently available for the personalized management of fl uid 
therapy in the perioperative phase are numerous and can be divided up into:
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    1.    Instruments that measure stroke volume (and other parameters) by using esopha-
geal echo Doppler or thoracic impedance graphs. 

 These instruments measure stroke volume directly by assessing aortic fl ow in 
various ways. The advantage of esophageal echo Doppler lies in the widespread 
documentation that exists on the validity of its use intraoperatively. The disad-
vantage is the inability to use it in awake patients and therefore in preoperative 
and postoperative phases. 

 Thoracic impedance graphs have the great advantage of being easy to activate 
even by the nursing staff by applying two self-adhesive sensors to the skin of the 
neck and throat. 

 This monitoring technique is therefore not at all invasive and can monitor 
stroke volume without calibration in addition to other useful parameters in the 
evaluation of circulatory fi lling and the contractility of the left ventricle such as 
the preejection period (PEP), peak aortic fl ow, and fl ow acceleration. It is the only 
monitoring system that is not at all invasive that provides information on extra-
vascular lung water (EVLW). The disadvantage is the low level of experience in 
intraoperative monitoring, while there is generally a good consensus regarding its 
reliability and sensitivity in measuring stroke volume in other situations   

   2.    Instruments that monitor stroke volume and other useful parameters with inva-
sive methods. One of these is the widely known system based on transpulmonary 
thermodilution (PiCCO), which requires a catheter with sensors in the superior 
vena cava and another in the femoral or axillary artery. 

 This monitoring system, after directly measuring cardiac output with the 
transpulmonary thermodilution method, uses the stroke volume obtained as a 
calibration factor for continual monitoring of the same parameter with the pulse 
profi le analysis method. PiCCO is also able to provide information on the con-
tractility of the left ventricle and EVLW. Since it requires sensors in the central 
veins and arteries, it cannot be considered a noninvasive monitoring method but 
can  nevertheless be used in preoperative and postoperative phases other than in 
intensive therapy in conscious patients. 

 Another minimally invasive system is based on lithium dilution (LiDCO): 
after measuring cardiac output method cited above, it uses this value as calibra-
tion to carry out continuous monitoring of stroke volume by analyzing the pulse 
profi le. 

 As with PiCCO, the cost of the sensors makes this a monitoring method for 
selected patients. Both methods, along with the continuous assessment of stroke 
volume, enable the monitoring of dynamic parameters such as SPV, PPV, and 
SVV. LiDCO can also be used in all perioperative phases. 

 The FloTrac/Vigileo system also calculates stroke volume using the pulse 
profi le method but unlike the other systems does not require preliminary calibra-
tion, thanks to an IT program activated by inputting biometric data. 

 All the monitoring systems described above are so far able to monitor the so-
called dynamic parameters (SPV, PPV, SVV), except for thoracic impedance 
graphs, which, since they do not need an arterial catheter, cannot monitor SPV 
and PPV but nevertheless monitor SVV, which has a similar meaning.     

B. Allaria



67

 All the monitoring methods described above make it possible to use GDT through 
an early understanding above all of hypovolemic states which have not yet given 
clear signals of their presence and through the observation of the correction of these 
states. 

 It should be pointed out that in young, healthy patients with all compensation 
mechanisms intact, up to 25 % of circulating volume can be lost before a drop in 
pressure and/or an increase in heart rate is observed [ 14 ]. It is true, as we have 
already said, that less obvious signals such as a fall in CVP, a contraction of hourly 
diuresis, and a fall in Htc may occur, but there is no doubt that the monitoring sys-
tems listed above are an important and easy-to-read tool in understanding these 
imbalances early and monitoring their correction. 

 Useful information on the utility or otherwise of mass administration comes 
from performing the so-called fl uid challenge. If the patient’s hemodynamic charac-
teristics can be placed on the steep ascending part of Starling’s curve, a volume 
bolus (e.g., 200 cc of a colloid infused in 5 min) causes an increase in stroke volume 
of at least 15 %. A response of this type favors the administration of fl uids. If, how-
ever, the hemodynamic status is placed on the horizontal part of the curve, a mass 
bolus will not lead to a signifi cant increase in stroke volume. A response of this type 
discourages the subsequent administration of fl uids. 

 The information provided by the “dynamic parameters” is even more immediate: 
SPV, PPV, or SVV higher than 15 % is indicative of hypovolemia, and a response 
that tends to lead to normalization after a fl uid bolus is indicative of the utility of 
fl uid administration. The most tested hemodynamic parameter in recent years is 
PPV [ 15 ,  16 ]. 

 The studies relating to this suggest that to implement GDT in the perioperative 
period using PPV, it must be between 10 and 15 % with the infusion of fl uids if it 
exceeds 15 % for the purpose of reporting the value within the recommended range. 

 A recent study, however, in 413 patients under general anesthesia and artifi cial 
ventilation for various types of surgery at four different study centers [ 17 ], has dem-
onstrated a gray zone for PPV between 9 and 13 %, in which it was not possible to 
predict whether a patient would be a responder or a nonresponder upon administra-
tion of fl uids. The identifi cation of the gray zone makes it possible to determine with 
certainty the nonresponders who do not respond favorably to fl uid administration 
(PPV <9 %) and the responders who will almost certainly benefi t from the adminis-
tration of mass infusion (PPV >13 %). Average values are not very indicative in 
predicting the utility or otherwise of infusions. In this study the responders and 
nonresponders were identifi ed with a 500 ml fl uid challenge and by observing the 
percentage response of the cardiac index measured with Swan-Ganz catheters or 
otherwise with transpulmonary thermodilution or esophageal echo Doppler. Patients 
who responded to the fl uid bolus with an increase in the CI of 15 % or more were 
considered responders. 

 A monitoring system that is not at all invasive which has recently drawn a con-
sensus in particular for its ease of use is based on continuous control of the vari-
ability of the plethysmographic wave and Hb obtained using simple plethysmographic 
skin sensors. 

6 Hemodynamic Optimization in the Perioperative Period



68

 The controlled parameters are the plethysmographic variability index (PVI) and 
SpHb. PVI has a similar meaning to the dynamic parameters listed above, and SpHb 
enables constant information on total hemoglobin and is very useful in monitoring 
hidden bleeding. 

 A very recent meta-analysis published in Anesthesia [ 18 ] looked at 10 studies in 
which PVI was used to monitor fl uid infusions. If patients were under artifi cial ven-
tilation and the fl uid challenge was performed with colloids, PVI was a very useful 
parameter to monitor infusions. There are currently no convincing comparisons 
with other monitoring systems that measure dynamic parameters (SPV, PPV, SVV), 
but the method is promising and has the great advantage of not even requiring cath-
eterization of a peripheral artery. The cost of the instrument that enables this type of 
monitoring is not particularly high. The PVI value at which it can reasonably be 
thought that the patient is hypovolemic and at which a fl uid challenge and possible 
subsequent mass infusion is justifi ed varies from author to author, but it can be con-
sidered that variability greater than 15 % is indicative of a hypovolemic state. 

 PVI has also been used to monitor fl uid therapy in patients with spontaneous 
respiration: in this case, however, the cutoff point is much higher and is determined 
as 19 % by Keller [ 19 ]. The dedicated instrument also provides the continuous value 
of pulse symmetry, heart rate, and, as mentioned, total hemoglobin, and it can be 
thought that at least in high-risk patients, it can be substituted with simple pulse 
symmetry with the advantage of providing much more comprehensive data. 

 It can be said that this instrument, along with the recent mobile version of tho-
racic impedance graphs, can be considered extremely useful and not at all invasive 
in the management of fl uids in the perioperative period.  

6.3     The Specific Case of Fluid Therapy in Day Surgery 
in a Low-Risk Patient 

 In this type of patient, a liberal strategy of fl uid administration seems much more 
acceptable. 

 In fact, in day surgery it is essential to reduce postoperative disorders such as 
nausea, vomiting, and postural hypotension. 

 These objectives are achieved with the administration of 20–30 ml/kg of crystal-
loids [ 20 ,  21 ]. 

 In the case of laparoscopic surgery, even higher infusions (40 ml/kg) are required 
to achieve the results mentioned above [ 22 ].  

6.4     How to Manage an Asymptomatic Patient with Chronic 
Anemia Perioperatively? 

 For over 40 years the hemostatic characteristics of patients with chronic anemia 
have been well known. Even today the description made by Duke and Abelman in 
Circulation in 1969 still applies [ 23 ]. 
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 Patients with chronic anemia have high cardiac output, enhanced left ventricular 
contractility, tachycardia, low peripheral vascular resistance, and reduced circulat-
ing volume. 

 Thanks to the high cardiac output and increase in tissue extraction of O 2 , tissue 
oxygenation is substantially ensured even in the presence of signifi cant anemia. 
Hemodynamic changes depend on the extent of anemia and become particularly 
relevant when Hb falls below 7 g/dl. 

 With this kind of hemodynamic picture, it can easily be understood that patients 
with chronic anemia are weak. Anesthetists, by depriving the heart of its contractile 
force, reduce cardiac output and thus DO 2  by jeopardizing tissue oxygenation. 
Hypotensive events are, moreover, more common and subsequently complicate 
oxygenation. It is therefore vital not to subsequently reduce the circulating mass in 
these patients and to avoid as far as possible cardiodepressant anesthetics, remem-
bering that tachycardia is a compensation mechanism. 

 Precisely because tachycardia is a compensation mechanism, it is inadvisable to 
use beta-blockers. Furthermore, since hypovolemia is compensated for by stimula-
tion of the RAAS, ACE inhibitors and sartanes (which are not very widespread in 
general anesthesia in all patients) are contraindicated. 

 If GDT is a useful strategy in all patients at risk, this is particularly true of those 
with chronic anemia, but, as currently understood, the approach to this type of 
patient who must undergo surgical intervention is all in the preparation. 

 The preparation for interventions in patients with chronic anemia rests upon two 
main points: diagnosis of the type of anemia and correction of it. 

 To accomplish these two objectives, a large amount of time is required. When 
the anesthetist is faced with a patient with chronic anemia, who is apparently 
asymptomatic and has not yet received a precise diagnosis of the cause of anemia, 
elective surgery must be postponed for 1–2 months. To respond to diagnostic ques-
tions, the easiest, but often the longest, way is to refer the patient to a hematolo-
gist, asking him/her to correct the anemia. However, apart from very specifi c 
situations, the most common causes of asymptomatic chronic anemia are not 
numerous and can easily be identifi ed and corrected. In young women the most 
common cause of anemia is iron defi ciency linked to menstrual discharge. More 
complex is sideropenic anemia in men and especially in elderly persons. In these 
cases, the fi rst question to be asked is whether the patient is losing blood: hemor-
rhoids, gastric or colonic neoplasia, and hiatus hernia are the most common causes 
of iron defi ciency and are corrected prior to considering planned elective surgery 
before it is necessary. 

 Let us imagine a 70-year-old male patient with moderate anemia (Hb 11 g/dl), 
low iron and ferritin levels, and low MCV of red blood cells, who must undergo a 
hip replacement. Reports show the presence of an asymptomatic colon tumor. It is 
clear that hemicolectomy will take precedence over the hip replacement. But, if we 
have underestimated the moderate anemia, how will we go about things? 

 In the case of anemia without obvious iron defi ciency, attention should be drawn 
to the low levels of folic acid and B 12 , especially if MCV of red blood cells is higher 
than 100. 
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 MCV, which is always available, is a determining factor: values higher than 100 
require control of plasma levels of B 12  and folate; MCV values below 80, on the 
other hand, require a focus on iron defi ciency [ 24 ]. 

 In patients with a documented defi ciency in iron, it is essential to prescribe oral 
treatment for at least 1 month, which will be decided when Hb is <13 g/dl for 
women and <14 g/dl for men, along with MCV <80, ferritin <12 mg/dl, or transfer-
rin saturation <15 % [ 25 ]. 

 Since oral therapy is often poorly tolerated and the cause of treatment inter-
rupted, it can be useful to remember that a better tolerated medicine is nowadays 
available in Italy (iron bisglycinate chelate), which therefore results in better patient 
compliance with the therapeutic plan. 

 The recommended dose of this medicine is 2 tablets per day (28 mg) for 1 month, 
possibly continuing with 1 tablet per day if longer periods are available. 

 It has been shown that at this dosage iron bisglycinate chelate has the same effi -
cacy as ferrous sulfate, which is usually used, but with drastically higher gastric 
tolerability [ 26 ]. 

 In the event of MCV >100 and plasma B 12  levels below the limits of normal 
(200–900 pg/ml), it will obviously be necessary to supplement this vitamin. 

 If MCV is normal, a control of reticulocytes and creatinine will be useful to 
determine possible hemolysis or a nephrological cause of anemia. In this type of 
situation, a consultation with a hematologist or nephrologist is important. 

 A few more words may be said about anemia from chronic disease that is an 
exclusion diagnosis and is suspected if iron and B 12  defi ciency have been ruled out, 
if renal function is normal, if hemolysis is not suspected, and if chronic disease is 
present (such as COPD or rheumatoid arthritis). 

 In such cases the use of erythropoietin (beta epoetin and similar) is justifi ed, 
since it is supported by simultaneous oral administration of iron [ 24 ]. 

 In concluding this brief chapter on perioperative anemia, it should be specifi ed 
that, following a diagnosis of anemia without identifi ed causes in a patient who has 
been proposed for elective surgery, especially if the intervention might involve con-
sistent blood loss, must consider postponing the intervention. Anemia should be 
seen as a signifi cant pathological condition and not simply as a moderate change in 
laboratory data. Let us remember the title of the work of an expert in the fi eld, 
Lawrence T. Goodenough, published 10 years ago in Arch. Int. Med.: “Anemia: not 
just an innocent bystander?”.  

6.5     Perioperative Colloids: Angels or Demons? 

 There is no doubt that colloids, whether proteic (albumin) or nonproteic (hydroxy-
ethylamide, gelatin, dextran), have a capacity for plasma expansion that is more 
effective and longer lasting for crystalloids. Since the most common determining 
factor for perioperative hemodynamic imbalance is hypovolemia, it should be 
deduced that colloids are the better adapted fl uids to treat this complication. This is 
because, as we have said many times in this article, crystalloids should be used to 
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compensate for losses due to perspiration and diuresis, while blood losses and 
resulting hypovolemia should be treated with colloids until the transfusion of blood 
and blood derivatives is no longer useful. Since, however, for many years a restric-
tive strategy in the use of blood has been increasingly adopted (the critical limit for 
Hb below which is currently justifi ed is set by most authors as 7–8 g/dl), it is clear 
that the place of colloids in the perioperative phase is highly important. 

 But which colloids? To delve further into the topic, let us return to the excellent 
editorial published by Niem et al. in the Journal of Anesthesia in 2010, which con-
cluded that “… rapidly degradable hydroxyethylamides (hydroxyethylamide 
130/0.4) have an excellent hemodynamic effect, and the risk of renal damage and 
hemostatic imbalance, as well as allergic reactions, is minimal” [ 27 ]. 

 Older studies too demonstrate the benefi cial effect on infl ammatory responses 
[ 28 ], postoperative nausea, and vomiting [ 29 ] and more generally on the outcomes 
of surgical patients [ 12 ]. 

 Currently hydroxyethylamide 130/0.4 therefore seems to be the best colloids to 
recommend in the treatment of perioperative hypovolemia. 

 We must not, however, confuse this indication with the use of colloids in patients 
with septic shock. 

 According to Perner et al., who have recently published what is perhaps the most 
important study in this fi eld in the NEJM, colloids should not be prescribed to 
patients with septic shock [ 30 ]. 

 The study caused a sensation throughout the world, but also quickly established 
the erroneous conviction that hydroxyethylamide 130/0.4 is dangerous for all 
patients. This statement is nowadays untenable. Among other things, a number of 
authors in the same journal have sent letters to the editor in which they criticize the 
work of Perner. The criticisms come from prestigious centers such as the University 
of Berlin, the University of Munich in Bavaria, and the University of Cape Town 
[ 31 ]. These criticisms refer in particular to the fact that in Perner’s study colloids 
were used without a hemodynamic guide, and thus with the risk of plasma hyperex-
pansion, especially in patients in whom hemodynamic stability had already been 
achieved. 

 The hemodynamic status in Perner’s study was controlled only with CVP, which 
alone is certainly an unsafe parameter in the evaluation of circulatory fi lling. This 
may have contributed to colloid overloading compared to real needs, with the nega-
tive effects we have referred to repeatedly above. 

 Less recent information about forms of hydroxyethylamide that are now more 
commonly used may also have played a role in creating a certain amount of skepti-
cism in hydroxyethylamide comparisons. 

 Not all forms of hydroxyethylamide are equal. There are three different types: 
the fi rst is the concentration of the solution (e.g., 6 %) and the second and third are 
the molecular weight and molar substitution (e.g., 130/0.4). 

 Molar    substitution (0.7, 0.6, 0.5, 0.4) gives its name to the hydroxyethylamide, 
hetastarch, hexastarch, pentastarch, and tetrastarch. The higher the molar substitu-
tion (e.g., 0.7) and molecular weight (e.g., 670 Kdaltons), the more the drug remains 
in the body, which is essentially the reason for complications reported in the past, 

6 Hemodynamic Optimization in the Perioperative Period



72

predominantly renal damage. Even the concentration is important: 6 % solutions are 
iso-oncotic, and therefore with 6 % hydroxyethylamide a liter of blood is replaced 
by a liter of hydroxyethylamide; 10 % solutions are hyperoncotic, and the mass 
expansion is therefore considerably greater than the infused volume (145 %) [ 32 ]. 

 Today the form of hydroxyethylamide most used is 6 % 130/0.4, an iso-oncotic 
plasma expander, with a low molecular weight and low molar substitution: these are 
all qualities that guarantee safety if plasma expansion is guided by the patient’s real 
needs. 

 To be thorough, we must also refer to the C 2 /C 6  ratio. The hydroxyethylation of 
glucose subunits that make up the hydroxyethylamide molecular occurs mainly at 
the C 2  and C 6  levels. The hydroxyethylation of C 2  inhibits amylase access to the 
substrate in a much more marked way than the hydroxyethylation of C 6 . Types of 
hydroxyethylamide with a high C 2 /C 6  ratio are much more diffi cult for amylase to 
attack and therefore are harder to break down. Since we do not need the hydroxy-
ethylamide we use to lead to rapid plasma expansion with low persistence in the 
body, it is obvious that hydroxyethylamides with a low C 2 /C 6  ratio are preferable. 

 In concluding this chapter we must say that the latest generation of hydroxy-
ethylamides (6 % 130/0.4) are, according to current knowledge, effi cient and suffi -
ciently safe plasma expanders that can be used in perioperative phases. In particular, 
compared with gelatin [ 33 ] and 5 % albumin [ 34 ], 6 % hydroxyethylamide 130/0.4 
has not demonstrated a higher rate or extent of renal damage. 

 But even in various types of critical patient, including cases of severe sepsis, 6 % 
hydroxyethylamide 130/0.4 was not an independent risk factor in a study that 
appeared in the Brit. J. Anaesth. involving 3,147 patients [ 35 ]. Even if there were 
“only” 822 patients in this study with severe sepsis and they were therefore much 
less represented compared with Perner’s study in the NEJM in 2012, we cannot 
ignore it. 

 A few words should be said about the solutions used as vehicles for hydroxy-
ethylamide. There are basically two that are commercially available: 0.9 % polysa-
line and a balanced solution that is much more similar to the biochemical composition 
of plasma. When large amounts of hydroxyethylamide are used, the second option 
is certainly preferable. With the fi rst, in fact, the risk of hyperchloremic acidosis is 
real, but it is much less common since most authors use it after saline infusions of 
at least 3 l [ 32 ] and its clinical relevance does not appear to be reduced. 

 Studies in this fi eld are not unequivocal in the information they provide. 
Alongside those that confi rm that hyperchloremic acidosis is a benign disease that 
disappears on its own [ 36 – 38 ], there are others that maintain that it is the basis of 
renal and splanchnic fl uid reductions [ 39 ] and interference in the passage of electro-
lytes via membranes [ 40 ]. 

 Measurements have been made comparing the effects on coagulation with two 
types of hydroxyethylamide, one derived from potato plants in a balanced solution 
and one from maize in a saline solution. The authors of this study concluded that 
6 % hydroxyethylamide 130/0.4 derived from potato plants in a balanced solution 
has less of a negative effect on hemostasis even in the presence of Ringer’s acetate 
alone [ 41 ]. 
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 This appears to confi rm the premise of this chapter that nonproteic iso-oncotic 
colloids, if used correctly, behave “as angels rather than demons” in perioperative 
phases. 

 As regards the most commonly used proteic colloid (albumin), it appears that its 
use in perioperative phases is not justifi ed as a plasma expander, since this role is 
usefully taken on by 6 % hydroxyethylamide 130/0.4.  

    Conclusions 
 Perioperative hemodynamic optimization can be achieved by following the pre-
cise rules, even if they vary from one patient to the next, by consciously respond-
ing to three questions: When to infuse? How much to infuse? How to infuse? 

 We answered the fi rst and second questions by recalling the importance of 
early identifi cation of clinical signs of hypovolemia, which is the most common 
imbalance in the operating room, and the use of instruments that are easily 
obtainable today for selected patients, which make it possible not only to recog-
nize hypovolemic states early, but also to correct them accurately. Goal-directed 
fl uid therapy is a strategy that is easy to perform today in operating rooms and is 
certainly able to improve the outcomes of at-risk patients. 

 Not using it is increasingly considered a guilty omission. The alibi we have 
used for years that GDT was possible only with a diagnostic means, the Swan-
Ganz catheter, which by itself could constitute an additional risk in nonexpert 
hands, is no longer tenable. We have monitoring instruments that are increas-
ingly easy to use and less costly, and only a lack of desire and culture is at the 
heart of their inadequate use. 

 To the third question (What to infuse?) we have clearly replied that mass fi ll-
ing is undertaken with nonproteic colloids, primarily hydroxyethylamide 130/0.4 
when the use of blood is not justifi ed; today blood is used much more 
restrictively. 

 Crystalloids are reserved for the fi lling of fl uids lost with perspiration and 
diuresis, which are nevertheless moderate during operations. 

 Described in such brief terms, these concepts seem very simple, but to put 
them into practice, it is necessary to have a deep understanding of everything that 
has been stated above, including every single detail.     
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