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The present monograph is a useful guide to fluid management. It describes the
physiological role of fluids and electrolytes in maintaining body homeostasis,
underling the essential fundamentals needed for clinical practice. 

It is addressed mainly to practitioners and post-graduates, but is clearly
accessible to graduate students and undergraduates as well. It reviews, refresh-
es, and intensifies the basic concepts of fluid management while also provid-
ing a new perspective on its role in daily practice. 

The book begins with a discussion of the core physiology of body water,
specifically, the various compartments, as well as electrolytes, and acid-base
balance. Subsequent chapters provide a detailed description of the main intra-
venous solutions currently available on the market and explain their role in the
different clinical settings, presenting suggestions and guidelines but also not-
ing the controversies concerning their use. At the end of each chapter the
boxes “Key Concepts” and “Key Words” help the reader retaining the most rel-
evant concepts of the chapter, while the box “Focus on…” suggests literature
and other links that expand on the material discussed in the chapter, satisfy the
reader's curiosity, and offer novel ideas.

The chapter on the economic issues associated with fluid management in
clinical practice reflects the Editor’s intent to include in this volume one of the
most important issues in the daily routine of all practitioners.

Finally, the  chapter “Questions and Answers” summarizes the main con-
cepts presented in the volume. It offers a useful, rapid consultation as an
overview at the end of  the volume. 

The contributions of different authors with expertise in specific clinical
areas assure the completeness of the monograph and serve to offer a variety of
perspectives that will broaden the reader's professional horizons and stimulate
new research.

Rome, August 2012 Felice Eugenio Agrò

Preface
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Physiology of Body Fluid Compartments 
and Body Fluid Movements

Felice Eugenio Agrò and Marialuisa Vennari

1

M.Vennari (�)
Postgraduate School of Anesthesia and Intensive Care, Anesthesia, Intensive Care and Pain
Management Department, University School of Medicine Campus Bio-Medico of Rome,  
Rome, Italy
e-mail: m.vennari@unicampus.it

1.1 Body Water Distribution

The human body is divided into two main compartments: intracellular space
(ICS) and extracellular space (ECS). The ECS is divided into three additional
compartments: intravascular space (IVS, plasma), interstitial space (ISS), and
transcellular space (TCS) (Fig. 1.1). These compartments contain the body
water and are surrounded by a semi-permeable membrane through which flu-
ids pass from one space to another and which separates them. 

The water within the body accounts for approximately 60% of body
weight; it is mainly distributed in the ECS and ICS. The ICS contains nearly
55% of total body water, and the ECS approximately 45% (about 15 L in a
normal adult). Among the three compartments the IVS accounts for about 15%
of ECS water, the ISS for nearly 45%, and the TCS for about 40% (Fig. 1.1).

The TCS is a functional compartment represented by the amount of fluid
and electrolytes continually exchanged (in and out) by cells with the ISS and
by the IVS with the ISS (Fig. 1.2). Other fluids composing the ECS are secre-
tions, ocular fluid, and cerebrospinal fluid [1].

1.2 Main Properties of Body Fluids and Semi-Permeable
Membranes

Fluid and electrolyte balance is both an external balance between the body and
its environment and an internal balance between the ECS and ICS, and
between the IVS and ISS. This balance is based on the specific chemical and
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Fig. 1.1 Body water distribution representation

Fig. 1.2 The body’s fluid compartments
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physical properties of body fluids, such as ionic composition, pH, and protein
content. It is also based on the properties of semi-permeable membranes, such
as osmolarity, osmolality, tonicity, osmotic pressure, and colloid-osmotic pres-
sure (Table 1.1).

1.3 Ionic Composition of Body Fluids

1.3.1 Sodium

1.3.1.1 Physiological Role
Sodium is the main determinant of ECS volume, being the most highly repre-
sented cation in the ECS. It plays a critical role in determining osmolarity and
the volumes of the ICS and ECS. It contributes to renin-angiotensin-aldos-
terone system activation and regulates ADH secretion [2].

1.3.1.2 Daily Requirement
Sodium requirements depend on age: adults need about 1.5 mEq/kg/d, while
newborns require a higher daily intake (2–3 mEq/kg/d), and neonates a lower
one (0.5 mEq/kg/d) [2].

1.3.1.3 Normal Concentration
The normal sodium concentration in plasma and the ISS is about 142 mmol/L
and it is higher than the ICS concentration (10 mmol/L) [2].

1.3.1.4 Metabolism
Sodium balance is determined by the balance among daily losses and daily
intakes. Intakes are mainly due to alimentation, and losses to urinary excre-
tion. Other losses may be due to vomiting, diarrhea, sweating, and burns. The
kidneys are the central regulators of sodium homeostasis: they increase natri-
uresis after a sodium load and trigger antinatriuresis when sodium intake is
reduced [2].

1 Physiology of Body Fluid Compartments and Body Fluid Movements 3

Table 1.1 Main properties of body fluids

Properties Plasma Interstitial fluid Intracellular fluid

Colloid-osmotic pressure (mmHg) 25 4 -

Osmolality (mOsmol/kg) 280 280 280

pH 7.4 7.4 7.2

Na+ (mmol/L) 142 143 10

K+ (mmol/L) 4 4 155

Cl- (mmol/L) 103 115 8

Ca2+ (mmol/L) 2.5 1.3 < 0.001
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Sodium (Na+)
Sodium is one of the central ions in the human body. It is necessary for reg-
ulation of the blood and body-fluids volume, for the transmission of nerve
impulses, for cardiac activity, and for certain metabolic functions. It plays
an indirect hemodynamic role.

1.3.1.5 Hyponatremia

Definition
Hyponatremia is a condition of reduced plasma sodium concentration (< 135
mEq/L). Since sodium is closely related to water body balance, hyponatremia
is associated with alterations of this balance. In particular, it may cause a
reduction of ECS water. 

Causes
The most common causes of hyponatremia are
• vomiting; 
• sweating; 
• diarrhea;
• burns;
• excessive administration of diuretics.

Hyperproteinemia or chylomicronemia may lead to a factitious (normoton-
ic) hyponatremia. Hyperosmolality due to conditions such as hyperglycemia or
mannitol overdose dilutes the ECS sodium concentration by drawing water
from the ICS to the ECS. The syndrome of inappropriate antidiuretic hormone
secretion (SIADH) is another cause of diluting hyponatremia. It can arise as a
paraneoplastic syndrome or in association with pulmonary (sarcoidosis) or
cranial disorders. In advanced heart failure, severe hypovolemia, and cirrhosis
with ascites, ADH release is altered and the kidneys’ capacity to dilute urine is
reduced, leading to hyponatremia [2].

Signs and symptoms
Hyponatremia symptoms depend on the severity of the sodium deficit. Clinical
features are:
• weakness;
• nausea;
• vomiting;
• modification of consciousness (agitation, confusion, coma, seizures);
• visual alteration;
• cramps;
• myoclonus.

When the sodium level falls below 123 mEq/L, cerebral edema occurs; at a
sodium concentration of 100 mEq/L, cardiac symptoms develop.



In diluting hyponatremia, an increase in IVS volume can lead to pulmonary
edema, hypertension, and heart failure [2].

Treatment
The first-line treatment of hyponatremia is elimination of the underlying
cause. The second line is correction of the sodium deficit, generally through
intravenous sodium administration.

The dose of sodium required to correct hyponatremia may be calculated
using the following formula: 

Sodium deficit (mEq) = (130 mEq - measured serum Na mEq) × Total body
water 

where Total body water = (body weight in kg) × (0.6 in men and 0.5 in
women).

Thus, a 70 kg man with a plasma sodium of 120 mEq/L requires the admin-
istration of 1167 mEq of sodium:

Sodium deficit (mEq) = (130 mEq - 120 mEq) × (70 kg) × 0.6= 1167 mEq

A slow rate (maximum rate = 0.5 mEq/L/h) of correction is always indicat-
ed, because rapid correction can cause central pontine myelinolysis [3]. 

In case of hypervolemia, it may be preferable to utilize water restriction
and a diuretic, such as furosemide. 

1.3.1.6 Hypernatremia

Definition
Hypernatremia is a condition characterized by an ECS sodium concentration >
145 mEq/L. The total body sodium content, however, may be low, normal, or high.

Causes
The major causes of hypernatremia are:
• excessive loss of water;
• inadequate intake of water;
• lack or resistance to ADH (diabetes insipidus);
• excessive intake of sodium.

Signs and Symptoms
Generally, a slight increase in sodium concentration (e.g., 3–4 mmol/L) elicits
intense thirst. Consequently, thirst is one of the first symptoms of hyperna-
tremia. Other symptoms are:
• lethargy; 
• reduction of consciousness, up to coma and convulsions;
• peripheral edema;

1 Physiology of Body Fluid Compartments and Body Fluid Movements 5



• myoclonus;
• ascites and/or pleural effusion;
• tremor and/or rigidity;
• increased reflexes.
If hypernatremia develops slowly, it is well tolerated because the brain is able
to regulate its own volume in response to ECS volume and osmolarity
changes. Acute and severe hypernatremia may lead to a shift of water from the
ICS, causing brain shrinkage and tearing of the meningeal vessels, with the
risk of intracranial hemorrhage [2].

Treatment
Hypernatremia management is based on normal osmolarity and volume
restoration. It includes diuretics and the administration of hypotonic crystal-
loids or dextrose solutions. The rate of correction depends on the symptoms
and the development of hypernatremia (acute, subacute, or chronic).
Regardless, a more rapid correction may lead to brain edema [3].

1.3.2 Potassium

1.3.2.1 Physiological Role
Potassium is the main cation of the ICS (155 mEq/L). It plays a central role
in determining the resting cell membrane potential, especially for excitable
cells (neurons, myocytes), and it is crucial for renal function. It influences
the transmission of nerve impulses and the contraction of muscle cells
(included myocardial cells). It is also involved in a variety of metabolic
processes, including energy production and the synthesis of nucleic acids and
proteins [2].

1.3.2.2 Daily Requirement
Potassium needs depend on age. Newborns require 2–3 mEq/kg/d, while adults
require a lower daily intake (1.0–1.5 mEq/kg/d). Metabolic status also influ-
ence potassium requirement (2.0 mEq/100 kcal). 

1.3.2.3 Normal Concentration
The normal potassium concentration in plasma is about 4.5 mmol/L. Extreme
hyperkalemia (>5.5 mEq/L) or hypokalemia (<3.5 mEq/L) can be life-threat-
ening: either one may cause alterations in electrical impulse conduction, lead-
ing to the dysfunction of excitable cells. In particular, hyper- and hypokalemia
may induce alterations in cardiac pacemaker activity, predisposing the patient
to the onset of serious arrhythmias [2].

1.3.2.4 Metabolism
Potassium metabolism has two different regulatory mechanisms in relation to
time. In the long term, the kidneys regulate serum potassium concentrations
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through the actions of aldosterone. An augmented ECS potassium concentration
stimulates aldosterone production by the adrenal glands. Aldosterone acts on
cortical collecting ducts, increasing potassium tubular secretion and reducing
potassium reabsorption. Thus, renal potassium excretion increases when intake
increases. 

In the short term, many factors regulate potassium homeostasis: pH and
bicarbonate concentration (acidosis causes hyperkalemia, while alkalosis
causes hypokalemia); insulin secreted by the β-cells of the pancreas (the glu-
cose pump uses potassium ions for cellular glucose transport); and β-adrener-
gic system activation (which reduces potassium plasma levels) [2].

Potassium (K+)
Potassium is the major cation in the intracellular space. It is important in
allowing cardiac muscle contraction and conduction and in sending nerve
impulses. It plays a major role in kidney function.

1.3.2.5 Hypokalemia

Definition
Hypokalemia occurs when the potassium plasma concentration is < 3.5 mEq/L.
It may be caused by:
• an absolute deficiency of total body potassium stores; 
• an abnormal shift of potassium from the ECS to the ICS (despite a normal

total potassium).

Causes
Common causes of hypokalemia are: 
• gastrointestinal losses;
• excessive renal excretion;
• reduced intake
with an absolute potassium deficit; and
• alkalosis;
• insulin therapy;
• catecholamine release; 
• hypokalemic periodic paralysis
with a potassium shift from the ECS to the ICS. 

Signs and Symptoms
In a normal adult, a net loss of 100–200 mEq of total body potassium corre-
sponds to a reduction of 1 mEq/L of serum potassium. Accompanying signs
and symptoms depend on the potassium level. Arrhythmias (frequently, atrial
fibrillation and premature ventricular beat) and other electrocardiographic
abnormalities (sagging of the ST segment, T wave depression, and U-wave
elevation) may appear at potassium concentrations < 2.5 mEq/L [2].

1 Physiology of Body Fluid Compartments and Body Fluid Movements 7



Treatment
The rate of potassium administration must be adjusted considering the distri-
bution within the ECS. The administration rate is limited to 0.5–1.0 mEq/kg/h.
For potassium correction, intravenous potassium chloride is most commonly
used [2].

1.3.2.6 Hyperkalemia

Definition
Hyperkalemia occurs when the potassium plasma concentration is > 5.5
mEq/L. It may be the consequence of an increase in total potassium body stores
or of a shift of potassium from the ICS to the ECS (cellular lysis, acidosis).

Causes
Hyperkalemia may be due to:
• various renal and non-renal diseases; 
• drugs;
• potassium shifts from the ICS to the ECS.

In most cases, hyperkalemia reflects a reduced renal excretion of potassi-
um. Since potassium excretion is largely due to tubular secretion rather than
glomerular filtration, hyperkalemia usually does not occur in patients with
kidney diseases until a marked reduction of glomerular filtrate has developed,
causing uremia.

Adrenal dysfunction (due to disease or drugs), with reduced aldosterone
production, can lead to potassium retention. Cellular lysis (i.e., hemolysis or
tumoral lysis after treatment) may cause hyperkalemia through a shift of potas-
sium from the ICS to the ECS and should therefore be considered in the dif-
ferential diagnosis [2].

Signs and Symptoms
Muscular weakness, up to paralysis, is one of the main manifestation of hyper-
kalemia. Cardiac signs are increased automaticity and repolarization of the
myocardium, leading to ECG alterations and arrhythmias. Mild hyperkalemia
(6–7 mEq/L) may appear with T waves and a prolonged P-R interval; severe
hyperkalemia (10–12 mEq/L) may cause a wide QRS complex, asystole, or
ventricular fibrillation [2].

Treatment
The management of hyperkalemia includes cardiac protection and treatments
favoring the ICS redistribution of potassium. Rapid-effect therapies are the
administration of calcium gluconate, insulin with glucose (considering the
patient’s glycemia), bicarbonate, and hyperventilation (to correct acidosis).
They are used in acute as well as severe conditions. Additional therapies are
resin exchange, dialysis, diuretics, aldosterone agonists, and β-adrenergic ago-
nists. All of these approaches are effective in the long term [2].
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1.3.3 Calcium

1.3.3.1 Physiological Role
Several extra- and intracellular activities are regulated by calcium action.
Calcium is involved in: endocrine, exocrine, and neurocrine secretion; coagu-
lation activation; muscle contraction; cell growth, enzymatic regulation; and
in the metabolism of other electrolytes. 

1.3.3.2 Normal Concentration
The normal plasma calcium concentration is 2–2.6 mEq/L. In an adult, 99%
of total body calcium (generally 1.3 g) is contained in the teeth and bones.
Only 1% of bone calcium is exchangeable with other body compartments to
make up for any lack. Calcium may circulate in the plasma bound to albumin
(40% of total plasma calcium) and free from proteins. Free calcium may be
ionized and physiologically active (50% of total plasma calcium) or non-ion-
ized and chelated with inorganic anions such as sulfate, citrate, and phosphate
(10% of total plasma calcium). Free calcium is filtered by the kidneys, while
the bound form is not. The amounts of the three forms may change and are
altered by many factors, such as total plasma protein levels, percentage of
anions associated with ionized calcium, and pH. In particular, pH modifies
the bound fraction, while plasma proteins alter ionized and bound fractions.
Generally, we measure total plasma calcium, which may be adjusted for pro-
tein plasma levels [2].

1.3.3.3 Metabolism
The correct balance of calcium reflects daily intake, intestinal absorption, and
renal excretion. The kidneys are the main organ responsible for regulating cal-
cium levels. The amount of filtered calcium is quite completely reabsorbed by
the tubules. 

The stability of serum calcium concentrations is the result of a complex
interaction between three hormones: parathyroid hormone (PTH), 1,25-dihy-
droxycholecalciferol (vitamin D), and calcitonin. 

PTH, released by the parathyroid glands, is probably the most important
protection against hypocalcemia. After calcium depletion, PTH stimulates
renal reabsorption and reduces excretion. It also induces a rapid mobilization
of bone calcium and phosphate. Furthermore, PTH influences the metabolism
of vitamin D, which increases the proportion of dietary calcium that is
absorbed by the intestine. 

Calcitonin is secreted by thyroid C cells. It tends to reduce the plasma cal-
cium concentration by increasing cellular uptake, renal excretion, and bone
synthesis. The effects of calcitonin on bone metabolism are much weaker than
those of PTH [2].
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Calcium (Ca++)
Calcium is the most abundant mineral in the human body. It plays a vital
role in the coagulation cascade, in signal transduction pathways, and in
muscle contraction.

1.3.3.4 Hypocalcemia

Definition
Hypocalcemia is a calcium plasma concentration lower than 2 mEq/L. It refers
to ionized calcium levels in the plasma and develops when calcium concentra-
tions are low but plasma protein levels are normal. It can be better recognized
by measuring only the ionized fraction. 

Causes
Hypoalbuminemia is the most common cause of hypocalcemia. 
Other causes are:
• PTH deficiency (primary and secondary);
• renal failure (reduced activation of vitamin D);
• renal tubular diseases (increased calcium losses);
• reduced calcium intake;
• malabsorption; 
• vitamin D3 deficit;
• cholestasis (deficit in vitamin D absorption).

A deficiency of vitamin D may be due to reduced cutaneous activation (in
the elderly, reduced exposure to UV rays) and to a reduced intake (malabsorp-
tion, malnutrition).

Hypocalcemia may also be due to acute hyperventilation or to excessive
blood cell transfusions that contain citrate. It is common also during sepsis but
the pathogenetic mechanisms are not fully understood.

Signs and Symptoms
The main clinical manifestations of hypocalcemia are due to the increased car-
diac and neuromuscular excitability, and to the reduced contractile force of
cardiac and vascular smooth muscle.

Tetanic syndrome, a result of increased neuromuscular excitability, is char-
acterized by numbness (especially around the mouth, lips, and tongue) and
muscle spasms, particularly in the hands, feet, and face (characteristic are
Chvostek and Trousseau signs).

Regarding the cardiovascular alterations, hypocalcemia causes prolonga-
tion of the PQ interval, which predisposes patients to the onset of severe ven-
tricular arrhythmias. Hypocalcemia may also lead to hypotension.

Nervous symptoms are due to the impaired mental status [2].
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Treatment
Hypocalcemia treatment should be causal, but should also be aimed at quick-
ly increasing the serum calcium concentration. It may be corrected by admin-
istering 10% calcium chloride (1.36 mEq/mL) or calcium gluconate (0.45
mEq/mL) [2].

1.3.3.5 Hypercalcemia

Definition
Hypercalcemia is a plasma calcium concentration > 2.6 mEq/L. 

Causes
Hypercalcemia may be caused by:
• increased intestinal calcium absorption;
• excessive skeletal calcium release;
• decreased renal calcium excretion.

Other causes are renal failure, hyperparathyroidism, tumors, and alteration
of vitamin D production. 

Signs and Symptoms
Main symptoms of hypercalcemia may be remembered using the rhyme:
“groans (constipation), moans (psychic moans, e.g., fatigue, lethargy, depres-
sion), bones (bone pain, especially in hyperparathyroidism), stones (kidney
stones), and psychiatric overtones (including depression and confusion).”
Other symptoms are anorexia, fatigue, vomiting, and nausea. ECG alteration
such as a short QT interval or widened T wave are suggestive of hypocalcemia.
Symptoms are common at high calcium concentration (> 3 mEq/L). Severe
hypocalcemia (> 3.75–4 mEql/L) is a medical emergency. It may lead to coma
and cardiac arrest [2].

Treatment
Hypercalcemia management involves increased diuresis and plasma dilution.
Accordingly, diuretics and saline solutions are used, because sodium reduces
calcium re-absorption by the kidneys. Other treatments are calcitonin, bispho-
sphonate, glucocorticoids, and ambulation. It is always important to identify
and cure the underlying cause. 

1.3.4 Magnesium

1.3.4.1 Physiological Role
Magnesium is the physiological antagonist of calcium. It plays a crucial role
in neuromuscular stimulation; it also acts as a cofactor of several enzymes
involved in the metabolism of three major categories of nutrients: carbohy-
drates, lipids, and proteins.
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1.3.4.2 Normal Concentration
The normal plasma concentration is about 0.85–1.25 mEq/L. The magnesium
concentration in plasma is < 1% of the total magnesium concentration in the
body. Some 50% is localized in bones and is not readily exchangeable with
other compartments; the rest is located in the ICS. 

1.3.4.3 Metabolism
Magnesium is contained in the human body in minimal amounts compared to
other electrolytes. The maintenance of normal plasma levels of magnesium
depends on food intake. In addition, there is a very effective renal mechanism,
which reduces magnesium excretion when dietary intake is not adequate.
Other systems that participate in magnesium homeostasis are the intestinal and
skeletal system. Thus, the kidneys and the intestine regulate the amount of
magnesium that is reabsorbed; bones may release magnesium stores, if neces-
sary. Circulating magnesium is bound to proteins and other molecules.
Generally, 33% of the body’s magnesium is bound. It is free magnesium that
maintains an active role in the body [2].

Magnesium (Mg++)
Magnesium is the physiological antagonist of calcium. It plays an important
role in neuromuscular stimulation and in enzymatically regulated reactions.

1.3.4.4 Hypomagnesemia

Definition
Hypomagnesemia is defined as a condition characterized by plasma magne-
sium concentrations < 0.7 mEq/L. 

Causes
Hypomagnesemia may be due to malnutrition and diarrhea, especially in con-
ditions such as alcoholism. Other causes are:
• hyperaldosteronism;
• hypophosphatemia;
• ketoacidosis.
all of which increase renal magnesium elimination. 

In addition, certain drugs (diuretics, cyclosporine, cisplatin, adrenergic
drugs, proton pump inhibitors) may lead to a reduced concentration of magne-
sium. Hypercalcemia is always related to hypomagnesemia [2].

Signs and Symptoms
The effects of magnesium deficits are neuromuscular excitability disorders
(related to the concurrent development of hypercalcemia) such as involuntary
contraction of the facial muscles, cramps, tetany, and arrhythmias, or other
symptoms mainly related to metabolism, such as morning fatigue.
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Thus, hypomagnesemia may be characterized by: 
• tremors;
• athetosis;
• nystagmus;
• jerking;
• weakness;
• cramps;
• tetany;
• arrhythmia;
• hypertension.

It may also be characterized by an alteration of consciousness, as demon-
strated by confusion, hallucinations, and epilepsy. 

Treatment
Hypomagnesemia management is related to the severity of the magnesium
deficit and to the clinical manifestations. In cases of a mild presentation, an
oral supplement of magnesium is a proportional treatment. A severe presenta-
tion requires the intravenous administration of magnesium sulfate. 

1.3.4.5 Hypermagnesemia

Definition
Hypermagnesemia is defined as a condition characterized by plasma magne-
sium concentrations > 1.25 mEq/L. 

Causes
The most common and probable cause of hypermagnesemia is kidney failure.
Hemolysis, adrenal insufficiency, diabetic ketoacidosis, lithium intoxication,
and hyperparathyroidism are other predisposing conditions. 

Signs and Symptoms
Hypermagnesemia is characterized by weakness, hypocalcemia, nausea and
vomiting, hypotension, breathing symptoms, and arrhythmias up to asystole. 

Treatment
In severe cases, the first-line drug in hypomagnesemia management is calcium
gluconate, since calcium is the natural antagonist of magnesium.
Subsequently, according to renal function, diuretics or dialysis are needed. If
the hypermagnesemia is mild, a reduced magnesium supplementation is suffi-
cient. 
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1.3.5 Chloride

1.3.5.1 Physiological Role
Chloride is the most important anion of the ECS. Together with sodium, it
determines the ECS volume. It is also responsible for the resting potential of
the membrane, acid-base balance, and plasma osmotic pressure [2].

1.3.5.2 Normal Concentration and Metabolism
In the body, chloride is mainly present as sodium and potassium chloride. The
normal plasma chloride concentration is 97–107 mEq/L. Blood levels are
related to both the chloride present in red blood cells and the chloride free in
the blood. Chloride absorption occurs in the first section of the small intestine,
through an exchange with bicarbonate; elimination occurs primarily via the
urine and feces, but also through sweat. Thus, chloride metabolism is strongly
associated with that of sodium and bicarbonate and with systems regulating
acid-base balance.

Chloride (Cl-)
Chloride is responsible for the extracellular fluid volume, together with
sodium.  It is particularly involved in acid-base balance and in signal trans-
duction by nerve cells.

1.3.5.3 Hypochloremia

Definition
Hypochloremia is characterized by plasma chloride concentrations < 97
mEq/L. 

Causes
Hypochloremia is always associated with other electrolytic and acid-base
imbalances. The most common causes are increased renal or gastric losses
(vomiting or gastric aspiration). Hypochloremia also appears with metabolic
or respiratory alkalosis, subsequent to blood bicarbonate variation and acid-
base equilibrium compensation. 

The reduction in blood chloride levels leads to reduced bicarbonate excre-
tion by the kidneys and increased sodium reabsorption [2].

Signs and Symptoms
Hypochloremia is often asymptomatic. Symptoms are generally linked to the
other alterations that accompany hypochloremia. 

Treatment
Hypochloremia must be treated by restoring plasma volume and acid-base bal-
ance. The underlying cause must be identified and cured. 
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1.3.5.4 Hyperchloremia

Definition
Hyperchloremia is as a condition characterized by plasma chloride concentra-
tions > 110 mEq/L. 

Causes
Hyperchloremia may be caused by:
• hyperparathyroidism (primary and secondary):
• excess intake;
• inadequate excretion due to renal failure and renal disease, such as renal

tubular acidosis type I and type II.
Other causes are diarrhea and drugs (diuretic, hormonal therapies). 
Predisposing conditions are hyponatremia and diabetes mellitus.

Hyperchloremia can be also due to increased chloride intake (especially with
intravenous fluid administration), with metabolic acidosis. In fact, hyper-
chloremia is always linked to this alteration of acid-base balance. One of the
most common iatrogenic causes of metabolic acidosis is diuretics. 

Signs and Symptoms
Hyperchloremia is often asymptomatic. It may be associated with inadequate
control of glycemia in diabetic patients, with diarrhea, and with vomiting.
When symptomatic, its manifestation may be weakness, thirst, and Kussmaul’s
breathing because of metabolic acidosis [1, 3].

Treatment
The basis of hyperchloremia management is treatment of the underlying con-
dition. The goals of treatment are: (a) to restore an adequate plasma volume,
(b) to interrupt the action of any drug potentially aggravating the hyper-
chloremia, and (c) to assess renal function [3].

1.3.6 Bicarbonate

1.3.6.1 Physiological Role
Bicarbonate is the main buffer system of the blood. It plays a crucial role in
maintaining acid-base balance. Two-thirds of the CO2 in the human body is
metabolized as bicarbonate, through the action of carbonic anhydrase. The
equilibrium between CO2 and bicarbonate leads to the elimination of volatile
acid. The bicarbonate buffer system is described by the following equilibrium
reaction: 

CO2 + H2O ↔ H2CO3 ↔ HCO3
- + H+

When there is an increased concentration of H+, the system reacts by shift-
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ing the reaction equilibrium to the left (towards the production of CO2); if the
concentration of H+ is reduced, the system moves to the right, resulting in the
production of H+. The bicarbonate buffer system works “in concert” with sev-
eral organs. In particular, if the reaction is shifted to the right, the kidneys
eliminate the excess H+. When the reaction moves to the left, producing more
CO2, the lungs increase the respiratory rate in order to eliminate the excess.
This compensation is rapid and is regulated by chemoreceptors that record the
change in pH and the increase in the partial pressure of CO2 (pCO2), and thus
stimulate the respiratory center. Bicarbonate has a normal plasma concentra-
tion of about 24 mmol/L [3].

Bicarbonate (HCO3
-)

Bicarbonate is the main buffer system of the blood. It cannot be incorporat-
ed into electrolyte solutions as this causes the precipitation of carbonates.
Thus, anions metabolizable as bicarbonate are used, most commonly: lac-
tate, malate, and acetate.

1.4 Acid-Base Balance

Acid-base balance represents a complex mechanism through which the body
maintains a neutral pH, in order to prevent protein degradation and alterations in
biochemical reactions. This mechanism includes an inorganic buffer system, i.e.,
bicarbonate, and an organic buffer, i.e., hemoglobin and plasma protein. The
kidneys and lungs, as described in the previous section, are involved in the elim-
ination of acids or bases that are overproduced or that have accumulated [4].

1.4.1 Interpretation of the Physiology of Acid-Base Balance 

Acid-base balance interpretation has been traditionally approached in a quali-
tative manner, which explains the potential for misunderstanding and disagree-
ment. Recently, the literature has redefined the role of acid-base alterations in
the clinical setting, especially in critically ill patients. Consequently, a quanti-
tative perspective has revised our knowledge of the main control mechanisms
of acid-base balance and therefore of acid-base physiology in general [5].

1.4.1.1 The Three Approaches
There are three approaches to interpreting acid-base balance physiology
(Fig.1.3). 

They use distinct variables derived from a set of master equations that can
be transferred from one approach to the other two [6].
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The Descriptive Approach 
The traditional descriptive approach is based on arterial pH, pCO2, and bicar-
bonate measurements. This approach originated at the end of the nineteenth
century, when Henderson revisited the Law of Mass Action from an acid-base
equilibrium perspective [7]. The result was: 

[H+] = Ka • [HA]/ [A-]

where H+ is the hydrogen ion concentration in solution, HA is a weak acid, A-

a strong base and Ka the dissociation constant of the acid. Henderson’s equa-
tion revealed that when [HA] = [A-], [H+] does not change as a result of small
variations in the amount of acid or base in the solution. 

In 1917, K.A. Hasselbach applied Henderson’s equation to the main phys-
iological buffer system (CO2/HCO3

-) using logarithms [6], giving rise to the
Henderson-Hasselbach equation: 

pH = pKa + log ([HCO3
-]/[CO2]).

The pCO2 value describes the respiratory contribution (CO2 elimination) to
acid-base imbalances, while the metabolic contribution (acid overproduction,
accumulation, reduced metabolism) is described by the bicarbonate concentra-
tion in the blood. 

Since the 1940s, researchers have recognized the limitations of this
approach to acid-base physiology: blood bicarbonate concentration is useful in
determining the type of acid-base abnormality, but it is not able to quantify the
amount of acid or base excess in the plasma unless pCO2 is held constant [7].
This observation promoted research into a quantitative approach to acid-base
balance, in order to quantify the metabolic component [7].
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The Semi-quantitative Approach 
In 1957, K.E. Jörgensen and P. Astrup developed a tool to calculate bicarbon-
ate concentration, in which fully oxygenated whole blood was equilibrated
with a pCO2 of 40 mmHg at 37°C. This was called standard bicarbonate.
However, subsequent studies determined the role of the body’s other buffer
systems (albumin, hemoglobin, and phosphates), which were not considered as
either the bicarbonate concentration or the standard bicarbonate method.

In 1948, Singer and Hastings defined the sum of the non-volatile weak-acid
buffers and bicarbonates as the “buffer base” [6] This led to several revisions
of the method to calculate changes in the buffer base, including the base
excess (BE) methodology [7-11]. BE is the quantity of metabolic acidosis or
alkalosis, defined as how much base or acid should be added to an in vitro
whole blood sample to reach a pH of 7.40, while the pCO2 is maintained at 40
mmHg. The most widely used formula for calculating BE is the equation of
Van Slyke [7, 13-15]: 

BE = (HCO3
- – 24.4 + [2.3 × Hb + 7.7] × [pH – 7.4]) × (1 – 0.023 × Hb)

where HCO3
- and hemoglobin (Hb) are expressed in mmol/L. The standard base

excess (SBE) is the BE when corrected for the buffer effect of hemoglobin; it bet-
ter quantifies the acid-base status in vivo [15,16]. Nonetheless, when applied in
vivo BE is still inadequate, since it changes slightly with fluctuations in pCO2. 

The Quantitative Approach 
Another approach to acid-base pathophysiology is the calculation of the anion
gap (AG) [8], which is the difference in the main measured plasma anion and
cation concentrations [(Na+ + K+) – (Cl– + HCO3

–)], expressed in mEq/L. The
AG corresponds to the difference between non-measured anions and cations
[(Ca2+ + Mg2+) - (PO4

3- + SO4
2- + organic anions + proteins)]. Generally,

AG values indicate a variation in the concentration of organic anions (lactic
acidosis, ketoacidosis). A possible limit of the AG is the wide variability in
both plasma albumin concentrations and renal function with respect to phos-
phate storage, especially in critically ill patients [7].

In the 1980s, P. Stewart introduced a new approach based on the Law of
Mass Conservation, the electroneutrality of water, and three independent vari-
ables [7]: 
• the strong ion difference (SID), which is the difference in the total amount

of strong anions and cations
SID = ([Na+] + [K+] + [Ca2+] + [Mg2+]) – ([Cl-] + [A-] + [SO4

2-]) (Fig. 1.4).
• PCO2.
• Total weak acid concentration (A tot).

Stewart’s approach considers the pH and the bicarbonate concentration as
dependent variables.

The undissociated form of weak acids (HA) is neutral; the dissociated form
(A-) is negative. Their concentrations reflect the Law of Mass Conservation
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([Atot] = [A-] + [HA]) and the dissociation equilibrium ([H+]*[A-] = Ka *
[HA)].

In order to respect electroneutrality, SID determines the dissociation equi-
librium of weak acids: 

[SID] + [H+] = [HCO3
-] + [A-] + [CO3

2-] + [OH].

Consequently, it is physiologically positive and must be balanced by a cor-
responding excess of negative charges, between 38 and 42 mEq/L [7, 17].

When the concentration of non-volatile organic anions (e.g., lactate)
increases, SID decreases [6, 16]. For example, if lactate increase to 20 mEq/L,
the SID will decrease by the same value. 

When CO2 increases, bicarbonate increases to compensate for the respira-
tory acidosis and SID remains unmodified. For each 1 mEq/L increase in
bicarbonate due to an increase in CO2, A- will necessarily decrease by 1
mEq/L, maintaining SID value. 

SID decreases in metabolic acidosis and increases in metabolic alkalosis
[7, 17].

1.4.1.2 Conclusions
The quantitative and qualitative approaches described above are easily inter-
changeable through simple mathematical manipulations [7].

Quantitative indices, such as the SID, may be used to understand the patho-
physiological mechanisms underlying acid-base alterations, while descriptive
indices, such as standard base excess (SBE) and the Henderson-Hasselbalch
equation, can be applied to classify acid–base imbalances. The chemical
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behavior of the main plasma ions is also relevant for the behavior of infused
fluids and their effects on the whole body [7].

1.5 Osmolarity and Osmolality

Osmolarity and osmolality are two of the main colligative properties of a solu-
tion. In fact, they are related to the number of dissolved particles. An under-
standing of the concepts described in the following sections requires a defini-
tion of the term “osmole”: the number of particles dissolved in a solution.

1.5.1 Osmolarity

Osmolarity measure the concentration of a solution, expressed as the number of
particles of solute per 1 L solution. Osmolarity is measured in milliosmoles per
liter of solution (mOsm/L). It is calculated as the product of the molarity and
the Van’t Hoff coefficient, which considers the degree of dissociation of the
solute present in the solution. For example, if a solution contains 1 mole of glu-
cose or 1 mole of NaCl it will be 1 osmolar with respect to glucose (which does
not dissociate in solution), while it will be 2 osmolar with respect to NaCl
(which dissociates in solution into sodium ions and chloride ions) [18, 19].

1.5.2 Osmolality

Osmolality is another measure of the concentration of a solution, expressed
as the number of particles per 1 kg water of solution. Osmolality is measured
in milliosmoles per kilogram of water (mOsm/kg). Even if the concepts of
osmolality and osmolarity are often associated, their meaning is indeed
slightly different; in fact, osmolarity is an expression of solute osmotic con-
centration per volume of solution, whereas osmolality is per mass of solvent.
Plasma osmolality is primarily regulated by ADH, a hormone produced by
the pituitary gland in response to any increase in plasma osmolality (closely
determined by the plasma sodium concentration). ADH determines an
increase in water reabsorption by the kidney and thus correction of the
increased osmolality [20, 21].

1.6 Osmotic Pressure, Tonicity, and Oncotic Pressure

1.6.1 Osmotic Pressure

Osmotic pressure (μ) is a property of solutions with different osmolarities and
separated by a semi-permeable membrane. It is the force exerted by the sum of
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osmotically active particles (electrolytes) that do not freely pass through semi-
permeable biological membranes (which allow the passage of water but not of
all solutes). When two solutions consist of the same solvent, but different con-
centrations of solute and are separated by a semi-permeable membrane, the
solvent moves from the solution with a lower solute concentration to the solu-
tion with a higher one, to equilibrate the electrolyte concentration at the two
sides of the membrane. This movement can be thwarted, arrested, or even
reversed by applying pressure to the high-concentration compartment in order
to oppose the passage of solvent through the semi-permeable membranes. This
pressure is called the osmotic pressure [21-22].

1.6.1.1 Osmotic Pressure and Fluid Movement Across 
Biological Membranes

Osmotic pressure is one of the forces that regulate fluid movement across bio-
logical membranes. Thus, water will pass from low- to high-electrolyte con-
centration compartments to re-equilibrate the concentration on either side of
the membrane [21, 22] (Fig. 1.5).

1.6.2 Tonicity

Tonicity is a comparative measure of the osmotic pressure of two solutions
separated by a semi-permeable membrane. Under this condition, water shifts
from the solution with lower osmotic activity (hypotonic solution with lower

1 Physiology of Body Fluid Compartments and Body Fluid Movements 21

Fig. 1.5 In biological membranes, the movements of water in or out of the cells depends on the
electrolyte concentration. According to the osmotic pressure, water diffuses from areas of low to
those of high electrolyte concentration



number of solute particles) to the solution with increased osmotic activity
(hypertonic solution with higher number of solute particles). The osmotic
pressure gradient between the two solutions is described as the tonicity [20].

1.6.2.1 Blood Tonicity
The tonicity of the blood is 288 ± 5 mOsm/kg H2O. Plasma tonicity can be cal-
culated by measuring the plasma concentrations of Na, Cl, glucose, and urea
but the main determinant of plasma tonicity is the Na concentration. In addi-
tion, since plasma tonicity determines water’s tendency to move in and out of
the cell, the Na concentration is the main determinant of the relative volumes
of the intra- and extracellular fluids [21].

1.6.2.2 Tonicity of Infused Solutions
In terms of blood tonicity, three different groups of infusible solutions can be
distinguished: 
• hypotonic solutions, with lower tonicity than blood;
• isotonic solutions, with similar tonicity to blood;
• hypertonic solutions, with higher tonicity than blood.

The infusion of a hypotonic solution reduces the plasma osmotic pressure
and causes water to move from the ECS to the ICS. An isotonic solution has the
same tonicity as blood, such that the plasma osmotic pressure is maintained,
without causing electrolyte imbalances. Finally, hypertonic solutions increase the
plasma osmotic pressure, causing water movement from the ICS to the ECS.

1.6.3 Oncotic Pressure

Oncotic pressure, or colloid-osmotic pressure (π), is a form of osmotic pres-
sure exerted by macro-molecules (proteins, particularly albumin) that cannot
easily cross the semi-permeable membrane [21].

1.6.3.1 Oncotic Pressure and Fluid Movement Across Biological
Membranes

Colloid-osmotic pressure is another force that regulates fluid movement across
biological membranes. Thus, water will pass from low- to high-protein con-
centration solutions [21, 22] (Fig. 1.6).
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1.7 Fluid Movement Through Capillary Membranes

Fluids movements across capillary membrane are regulated by physical forces
and the specific properties of both the semi-permeable membrane and the dif-
ferent compartments separated by it. Accordingly, electrolyte and protein con-
centrations as well as osmotic properties play a crucial role, as expressed in
the Starling Equation.

1.7.1 Starling Equation

The Starling equation describes fluid movement through capillary membranes
(Fig. 1.7):

Jv= Kf ([Pc-Pi) – σ [πc-πi]).

According to this equation, water flow depends on six variables:
1. Capillary hydrostatic pressure (Pc). 
2. Interstitial hydrostatic pressure (Pi). 
3. Capillary oncotic pressure (πc). 
4. Interstitial oncotic pressure (πi). 
5. Filtration coefficient (Kf ). 
6. Reflection coefficient (σ).

The equation states that the net filtration (Jv) is proportional to the net driv-
ing force ([Pc − Pi] − σ [πc − πi]). If this value is positive, water leaves the IVS
(filtration). If it is negative, water enters the IVS (absorption) (Fig. 1.7). 
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2.1 Isotonicity

The choice of a non-blood plasma substitute should be guided by the proper-
ties of the targeted fluid space. Ideal IV fluids should be isotonic, should not
cause electrolyte imbalance, and should contain metabolizable anions [1].
According to blood tonicity, the infusion of hypotonic or hypertonic solutions
will change plasma osmotic pressure, resulting in an abnormal water flow.

2.1.1 Hypotonic Solutions 

A hypotonic solution reduces plasma osmotic pressure, leading to the move-
ment of water from the ECS to the ICS [2]. Cellular edema and lysis (i.e.,
hemolysis) may occur (Fig. 2.1). Larger volumes of hypotonic solutions have
been known to produce a transient increase in intracranial pressure (ICP) [3],
because of cerebral edema. The magnitude of this increase can be predicted by
the reduction of plasma osmolarity [4]. Patients with an osmolality below 240
mOsmol/kg will fall into a coma, with a mortality rate of 50% [5].
Consequently, the infusion of large amounts of hypotonic solutions should be
avoided, especially in cases of intracranial lesions such as cerebral hemor-
rhage and edema, cancer, or subdural hematoma.



2.1.2 Hypertonic Solutions 

Hypertonic solutions increase plasma osmotic pressure, leading to water
movement from the ICS to the ECS and cellular dehydration and, eventually,
apoptosis (Fig. 2.2).
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Fig. 2.1 Cellular edema caused by hypotonic solutions

Fig. 2.2 Hypertonic solutions cause cellular dehydration, leading to apoptosis

Hypertonic solution



Many clinical settings may increase plasma osmotic pressure, with a very
high mortality. In both hyperosmolar hyperglycemic non-ketotic syndrome and
diabetic ketoacidosis, mortality is clearly correlated with plasma osmolality
[6]. Hypovolemic shock also triggers hyperglycemia with hyperosmolarity [7],
through the release of epinephrine [8] or through an increase in lactate blood
levels [9]. In patients with multiple injuries, a hyperosmolar state correlates
with increased mortality [9, 10]. It has been shown that in acute stroke
patients, [11] multiple trauma patients [12], and ICU patients [13], non-sur-
vivors had a higher plasma osmolarity than survivors.

2.2 Electrolytic and Acid-Base Balances

When establishing fluid therapy, both acid-base and electrolyte iatrogenic dis-
orders must be avoided [15, 16]. Generally, metabolic acidosis with hyper-
chloremia and hyperkalemia is the most frequent alteration [17, 18].

2.2.1 Balanced Plasma-Adapted Solutions

Depending on the electrolytic composition, IV solutions may be classified as
balanced or unbalanced and plasma-adapted or not plasma-adapted. A bal-
anced plasma-adapted solution is qualitatively and quantitatively similar to
plasma. It contains sodium, chloride, potassium, magnesium, and calcium in
the same concentrations as plasma and has metabolizable anions [1]. Except
for the risk of fluid overload, the infusion of this solution reduces the inci-
dence of side effects related to fluid management.

2.2.1.1 Balanced Plasma-Adapted Solutions and Hyperchloremia
Compared to other solutions, a balanced plasma-adapted solution has a lower
chloride content. Clinical studies have revealed that chloride excess causes a
specific splanchnic and renal vasoconstriction, interferes with cellular
exchanges, and reduces the glomerular filtration rate (GFR), leading to sodi-
um and water retention [19, 20]. Hyperchloremia is often associated with
metabolic acidosis and may cause a further reduction in GFR [20]. It has been
shown that balanced and plasma-adapted solutions help to avoid hyper-
chloremic acidosis, while assuring the same volume effect as unbalanced solu-
tions but potentially reducing morbidity and mortality [1].

2.2.1.2 Balanced Plasma-Adapted Solutions and Physiological 
Buffer System

Currently available solutions used throughout the world do not contain the
physiological buffer base bicarbonate because it cannot be incorporated into
polyelectrolyte solutions, since carbonate precipitation would occur. For this
reason, any fluid infusion may cause “dilutional” acidosis, i.e., a dilution of
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the HCO3 concentration, while the CO2 partial pressure (buffer acid) remains
constant [21, 22]. This alteration may have catastrophic consequences, espe-
cially in critically ill patients with pre-existing acidosis. Replacing HCO3-
with metabolizable anions reduces the risk of dilutional acidosis.
Metabolizable anions are organic anions that may be converted to HCO3 by
tissues. The main metabolizable anions are gluconate (gluconic acid), malate
or hydrogen malate (malic acid), lactate (lactic acid), citrate (citric acid), and
acetate (acetic acid). In IV fluid, the most frequently used metabolizable ions
are acetate, malate, and lactate.

Acetate and malate are contained in plasma in very low concentrations.
They may be metabolizable in all tissues, especially in muscles, liver, and
heart [23]. Acetate is an early-onset (within 15 min) alkalizing anion [25-27],
while malate has a slower action [26, 27].

2.2.1.3 Balanced Plasma-Adapted Solutions and Lactate 
The most commonly used metabolizable anion is lactate, which is normally
produced in the human body. In fact, lactate is the main product of anaerobic
glycolysis. It is metabolizable only by the liver. However, the use of lactate
has been matter of debate in clinical practice and in the literature, especially
with respect to patients with pre-existing lactic acidosis. This condition is a
manifestation of disproportionate tissue lactate formation due to impaired
hepatic lactate metabolism [28, 29]. Lactate levels are a major criteria in the
routine evaluation of critically ill patients [30-38]; indeed, changes in lactate
concentration can provide an early and objective evaluation of  patient respon-
siveness to therapy [38]. Furthermore, plasma lactate levels in the first 24–48
hours has a high predictive power for mortality in patients with various forms
of shock, including cardiac, hemorrhagic, and septic shock [31, 33, 37-50]. In
these situations, the administration of lactate-containing fluids may exacerbate
the already existing lactic acidosis and interfere with lactate monitoring for
diagnostic purposes [29, 50].

2.2.1.4 Balanced Plasma-Adapted Solutions and Base Excess 
Another indicator of acidosis is base excess (BE). Since 1990, clinical trials
have demonstrated that evaluating BE at the time of admission of critically ill
patients is indeed the best prognostic indicator for mortality, complication
rate, and transfusion needs, even in pediatric patients [51-59]. Persistent base
disorders above or below 4 mmol/L differ with respect to mortality rate: 9%
and 50%, respectively [60].  This is especially true for trauma patients, due to
the risk of hemorrhagic shock [61-64]. Balanced, plasma-adapted solutions
reduce the risk of acidosis and BE alterations. Common sense suggests that in
critically ill patients any use of lactate-containing solutions should be avoided
[65, 66] since the increase in lactate levels can precipitate pre-existing lactic
acidosis or create diagnostic confusion regarding acid-base alterations (lactate
and BE are independent indicators of mortality) [67, 68]. 
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2.3 Conclusions

The use of isotonic, balanced and plasma-adapted solutions with metaboliz-
able anions such as malate and acetate reduces the risk of iatrogenic acidosis,
electrolytic imbalances and cerebral edema (Fig. 2.3).
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Fig. 2.3 Representation of sodium, potassium and albumin in the human body complements. So-
dium is the main determinant of plasma tonicity and fluid distribution across body compartments.
The sodium contained in an i.v. solution influences its pharmacokinetics
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3.1 Understanding Fluid Balance

In clinical practice, it is important to distinguish whether the fluid imbalance
is due to an absolute volume deficit or to a relative volume deficit and/or
whether this hypovolemia presents concurrent electrolyte imbalance prob-
lems. Absolute volume deficits can be due to massive blood loss or to severe
dehydration issues. Relative volume deficits can be due to vasodilatation
brought about by sepsis, anesthetic drug effects, or anaphylaxis. 

Hypovolemia can also occur in the absence of evident fluid loss, second-
ary to generalized alterations of the endothelial barrier and resulting in diffuse
capillary leak, with the passage of fluid and proteins from IVS (intravascular
space) to ISS (interstitial space) (i.e., sepsis). The organism tries to compen-
sate hypovolemia through the redistribution of blood flow to vital organs
(heart and brain), at the expense of intestinal, renal, muscular, and skin perfu-
sion. These alterations in the endothelial barrier together with the fluid shifts
across fluid compartments can lead to osmotic and oncotic pressure changes,
which bring about concurrent shifts in the electrolyte concentrations of the
respective fluid compartments. Additional compensations include activation
of both the sympathetic nervous system (SNS) and a hormonal response,
namely, the renin-aldosterone-angiotensin system (RAAS). Initially, these
compensatory systems are beneficial but eventually they become deleterious
and may worsen outcome, especially in critically ill patients. 

The Task Force of the American College of Critical Care Medicine report-
ed that in approximately 50% of patients with sepsis adequate volume



restoration alone can achieve hemodynamic improvement by reversing
hypotension [1]. 

In an adult, normal fluid intake is about 2500 ml/day, while water losses
are about 3000 ml/day (Fig. 3.1). A gain or loss of water, influences both acid-
base balance and electrolyte homeostasis in the body fluid compartments (see
Chapter 1). 

The problem at hand is then, how to restore fluid balance? 
The solution to this problem is not the simple administration of any type of fluid. 
Starting in 1913 [2], an extensive literature on fluid therapy has been pub-

lished. Although there is consensus regarding the avoidance of blood transfu-
sions (except in case of clear indications), debate remains about the ideal com-
position of IV fluids.  Different solutions are available commercially; each one
has its specific indications and side effects: crystalloids, colloids, and other
fluids, such as dextrose solutions, mannitol solutions, and other concentrated
solutions (Table 3.1).
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Fig. 3.1 Physiological water balance. Water intake is mainly derived from alimentation, while
water losses are mainly due to diuresis

Table 3.1 Main commercially available plasma substitutes 

Crystalloids Colloids Other fluids

NaCl 0.9%- 0.45% Dextrans Dextrose 5%

Ringer’s solution Albumin Mannitol

Ringer Lactate/Acetate Gelatins Other electrolytic solutions

Sterofundin® ISO Hydroxyethyl starches …

About 2,500 ml daily About 3,000 ml daily



3.2 Crystalloids

Low-molecular weight salts, dissolved in water, constitute crystalloids. The
salts pass freely from the IVS to the ISS and vice versa [3].

3.2.1 Classification

Based on their tonicity, crystalloids can be classified as hypotonic, isotonic, or
hypertonic. Four generations of crystalloids are available on the market (Fig.
3.2).

Many research studies have focused on producing more balanced and plas-
ma-adapted crystalloids to replace those of the first generation. So far, the
rational use of crystalloids remains a clinical problem. An improper choice of
fluid and incorrect volume replacement cause disturbances in acid-base and
electrolyte balances, such as hyperchloremic metabolic acidosis, and can inter-
fere with lactate monitoring among critically ill patients and major surgery
patients.
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Fig. 3.2 Evolution of crystalloids’ composition through the time. Comparison between the main
crystalloids currently available on the market



3.2.2 Pharmacokinetics: Distribution and Duration of Action

An isotonic crystalloid is distributed in the IVS (20%) but mostly in the EVS
(80%) (Fig. 3.3). Accordingly, the efficiency of these solutions to expand the
plasma volume is only 20%; the remainder is sequestered in the ISS [4-10].

Olsson et al. [11] found that approximately 30% of infused crystalloids
remain within the vascular space for only 30 min. Thus, the use of crystalloids
to replace severe volume deficits following massive blood or rapid fluid loss
is not able to effectively restore fluid balance and blood pressure [12]. The
volume expansion effect of crystalloids is short-term because of their rapid
movement from the IVS into the ISS. Attaining the targeted goal of adequate
blood pressure requires massive, repetitive infusions of crystalloids, which can
lead to side effects such as interstitial edema and electrolyte imbalances.

3.2.3 Physiological Properties of the Main Crystalloids

The main properties of the most widely used crystalloids are described in
Table 3.2.
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Fig. 3.3 Representation of isotonic crystalloid distribution. ICS, intracellular space; IVS, intravas-
cular space; ECS, extracellular space; EVS, extravascular space



3.2.4 Normal Saline Solution

The standard 0.9% NaCl solution is also known as a normal or physiological
saline solution. It contains only sodium and chloride, at high concentrations
(154 mmol/L). Consequently, its administration may cause hyperchloremic
acidosis and sodium overload, especially in patients with renal dysfunction or
cardiac insufficiency. Moreover, it is a hypertonic fluid (osmolality 308
mosm/kg), implying the possibility of the consequences described in Chapter
2. As a result, normal saline solution is not actually normal, because it is nei-
ther isotonic, nor balanced, nor plasma-adapted.

3.2.5 Ringer Lactate and Ringer Acetate

Ringer solutions are second-generation crystalloids. Compared to saline solu-
tions, they contain less sodium (130 mmol/L) and less chloride (112 mmol/L).
They also contain potassium, calcium, magnesium (Ringer acetate), and
metabolizable ions: lactate (Ringer lactate) and acetate (Ringer acetate).
Ringer lactate may interfere with lactate monitoring and may precipitate or
aggravate a lactic acidosis, especially in critical patients. Therefore, Ringer
acetate is preferred. Both Ringer solutions are more plasma-adapted than nor-
mal saline, but are nonetheless unbalanced.
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Table 3.2 Properties of the main crystalloids

Electrolyte Plasma 0.9% NaCl Ringer Ringer Sterofundin®
or parameter lactate acetate

Colloid-osmotic 25 - - - -
pressure (mmHg)

Osmolality 287 308 277 256 291
(mOsm/Kg)

Sodium (mEq/L) 142 154 131 130 145

Potassium 4.5 - 5.4 5 4
(mEq/L)

Magnesium 1.25 - - 1 1
(mEq/L)

Chloride (mEq/L) 103 154 112 112 127

Calcium (mEq/L) 2.5 - 1.8 1 2.5

Lactate (mEq/L) 1 - 28 - -

Bicarbonate 24 - - - -
(mEq/L)

Acetate/Malate - - - 27/- 24-5
(mEq/L)



3.2.6 Latest-Generation Crystalloids

The ionic composition of the latest-generation crystalloids is very close to that
of plasma: a lower chloride content than normal saline, together with two
metabolizable ions (acetate and malate) rather than only one (acetate or lac-
tate) as in Ringer solutions. As a result, these are isotonic, balanced, and plas-
ma-adapted solutions that reduce the risk of chloride excess and dilutional aci-
dosis, with a decreased influence on lactate monitoring, lactic acidosis, and
base excess (BE). Furthermore, when these latest-generation crystalloids were
administered to patients with sellar tumors, good correction of hypernatremia
and metabolic alkalosis was achieved [13, 14].

3.2.7 Old and New Crystalloids: The Debate on Chloride Excess
and Dilutional Acidosis

Over the past decades, clinicians have routinely restored fluid in the IVS with
crystalloids. However, due to the rapid fluid shifts and large distribution vol-
ume of crystalloids, large volumes must be administered. This in turn causes
fluid overload, particularly interstitial edema and potentially pulmonary edema,
as well as dilutional acidosis [5, 6, 15]. Nevertheless, mortality due to dilution-
al acidosis is a lower than that associated with lactate acidosis [16, 17]. Sodium
and chloride are excreted more slowly than free water, which is rapidly elimi-
nated by the kidneys [18-22], an effect due to hyperchloremia. Fluid elimina-
tion is reduced through a suppression of the renin-angiotensin-aldosterone sys-
tem [23]. The result is a weight gain that may increase mortality [24].

3.2.8 The Albumin Hemodilution Phenomenon

A major side effect of crystalloid volume replacement involves the plasma
albumin concentration. Large-volume infusions of crystalloids can lead to
albumin hemodilution effects [25] and cause a reduction in colloid oncotic
pressure (COP). Moreover, the volume expansion may cause tissue edema
[26], and thus albumin leakage. In critically ill patients, a reduction in COP
is associated with a mortality rate of approximately 50% [27, 28].  Excessive
use of crystalloids results in the development of “compartment syndrome” as
well [29].
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3.2.9 Clotting Disorders

It is common knowledge that crystalloids administration is an economical
mean of volume replacement, with an apparently lower risk of clotting disor-
ders. However, Ruttmann et al. [30, 31] and Ng et al. [32] have shown that
dilution with crystalloids in vivo resulted in a significant potentiation of coag-
ulation, due to a decreased concentration of antithrombin III [30]. The result-
ant hypercoagulability is unrelated to the type of crystalloid, but is related to
the amount of crystalloid infused and consequently to the rate of hemodilution.
It is also associated with an increased risk for peri-operative deep vein throm-
bosis.

3.2.10 Hypertonic Crystalloids

Hypertonic crystalloid solutions (HCS) contain higher sodium concentrations,
ranging from 3% to 7.5%. HCS have a transient volume effect, but if used
together with colloids, they demonstrated a prolonged efficacy of volume
expansion [36].

By itself, HCS may improve the cardiovascular system, with only a small
volume needed for fluid replacement (4 mL/kg). The effects can be due to the
following mechanisms:
• direct myocardial, positive inotropic effect;
• direct vasodilator effect (both the systemic and the pulmonary circulation);
• reduced venous capacitance;
• improved volume effect due to fluid shifts into the vascular compartment

from intravascular space.
Initially, there was enthusiasm for the use of HCS in patients with refrac-

tory hypovolemic shock states, but the practice faded because of the danger of
side effects if HCS are not properly used. There is a rapid shift of water from
EVS into IVS (plasma compartment), without a reduction in COP. However, to
obtain this effect, an adequate volume status of both the intracellular and the
interstitial spaces is necessary, so that the prolonged usage of HCS is con-
traindicated [37].

Both Wade et al. [38] and Bunn et al. [39] reported, in their meta-analyses,
that there is no significant improvement in outcome in critical and trauma
patients by using HCS alone. They hypothesized that the combined use of HCS
and dextran would be superior to isotonic fluid resuscitation.
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4.1 Colloids

Colloids are high molecular weight molecules that do not dissolve complete-
ly in water, nor do they pass freely through the capillary membrane.
According to their molecular size, structure and vessel permeability, colloids
determine the oncotic pressure.

4.1.1 Classification

Many colloids are currently available. They include natural colloids (human
albumin, HA) and synthetic colloids (dextrans, gelatins, hydroxyethyl starch-
es), differing in their physicochemical properties, pharmacokinetics, clinical
effects and safety. Colloids also can be classified according to their electrolyte
composition and tonicity. Consequently, there are balanced and unbalanced
colloids, plasma-adapted and non-plasma-adapted colloids.

4.1.2 Physiological Properties of the Main Colloids

The table below describes the main properties of some colloids used in clini-
cal practice (Table 4.1).



4.1.3 Pharmacokinetics: Distribution and Duration of Action

The colloid-osmotic pressure influences the vascular expansion effect: the
higher the oncotic pressure, the greater the initial volume increase in the
intravascular space (IVS) [1] The volume effect is also determined by
molecular weight (MW); the higher the MW, the greater the IVS volume
expansion [1]. However, the plasma half-life of colloids, which is deter-
mined by MW and organ elimination (mainly by the kidneys), limits the
duration of the volume effect. Thus, different colloids have different dura-
tion of volume effects [1].

Isotonic and iso-oncotic colloids have poor volume-replacing power, in
contrast to hypertonic and hyperoncotic colloids. Based on previous evidence
[2], Mcllroy et al. [3] found that, given its colloid-osmotic pressure, an isoton-
ic colloid is distributed only within the IVS (Fig. 4.1). The efficiency of this
solution to expand the plasma volume is 100%.

However, in physiological terms, this is not significant, since iso-oncotic,
isosmotic colloids rapidly leave the vascular tree, through extravasation or
metabolism [4, 5], especially during certain conditions, such as systemic
inflammation, sepsis, capillary leak syndrome, and third-space syndrome.

4.2 Natural Colloids: Human Albumin (HA)

For many years, HA was considered to be the gold-standard in hypovolemia
treatment. HA is made up of 585 amino acids with a molecular mass of 69,000
Daltons. It is the main plasma protein (50–60%), accounting for 80% of nor-
mal oncotic pressure [1-6]. Furthermore, HA contributes to the formation of a
normal anion gap and acid-base balance, while being a charged protein.
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Table 4.1 Main properties of some colloids used in clinical practice

Electrolyte Plasma Venofundin® 6% Gelofusin® 4% Tetraspan® 6%

or parameter

Colloid-osmotic 25 37.8 33.3 37.8

pressure (mmHg)

Osmolality (mOsm/Kg) 287 308 274 296

Colloid Albumin HES 130/0.42 MFGel HES 130/0.42

Sodium (mEq/L) 142 154 154 140

Potassium (mEq/L) 4.5 - - 4

Magnesium (mEq/L) 1.25 - - 1

Calcium (mEq/L) 2.5 - - 2.5

Chloride (mEq/L) 103 154 120 118

Bicarbonate (mEq/L) 25 - - -

Acetate/Malate - - - 24/5

(mEq/L)



4.2.1 Composition and Concentration

Current HA solutions consist of 96% albumin, with the remaining 4% being
globulins. Different concentrations of HA are commercially available: 20%
and 25% HA (hyperoncotic), 5% HA (iso-oncotic), 4% HA (hypo-oncotic).

4.2.2 Pharmacokinetics: Distribution, Elimination 
and Duration of Action

A 5% HA solution can be reasonably considered for volume replacement, lead-
ing to an 80% initial volume expansion, whereas HA 25% leads to a 200–400%
volume increase within 30 min. The volume effect lasts for 16–24 h [8-9]. The
decrease in plasma HA concentration is firstly due to passage from IVS to EVS
through the transporter albondin (transcapillary exchange) and secondly to the
fractional degradation rate [6].

4.2.3 Clinical Use

The primary use of HA is the treatment of acute hypovolemia, especially fol-
lowing trauma, surgical hemorrhage and cardiac surgery. Additional applica-
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Fig. 4.1 Isotonic colloid distribution. IVS, Intravascular space; ECS, extracellular space;
EVS, extravascular space; ICS, intracellular space



tions are other clinical conditions, such as systemic inflammatory response
syndrome, sepsis, and capillary leakage syndromes, even if the true indications
for HA are actually not well defined. Based on the results of the SAFE [10]
study, HA has been mainly used to treat low plasma protein levels, especially
in Austrian and German hospitals. The rationale is to prevent fluid extravasa-
tion by increasing the intravascular colloid-oncotic pressure (COP) [11] in
patients at high risk of hypoalbuminemia. However, HA is not exclusively
retained in the IVS; rather, 10% of the administered dose leaves the IVS with-
in 2 h. It is therefore likely to leak into the interstitial space (ISS), potentially
aggravating interstitial edema and hypoalbuminemia, without clinical benefits
[6-12]. Low serum albumin (< 2 g/dL) was shown to be a marker of poor out-
come [13-15], with a mortality of approximately 100% [16]. Albumin is often
used in hypoalbuminemic cardiac surgery patients, even if the clinical benefits
are not yet clear.

4.2.4 Potential Risks and Side Effects

4.2.4.1 Pulmonary Edema
Several lines of evidence explain why HA supplementation may worsen the
condition of critically ill patients. In fact, after rapid volume replacement, car-
diac failure may occur, causing or worsening pulmonary edema, especially in
capillary leak syndrome [17].

4.2.4.2 Coagulation and Homeostasis
Furthermore, HA may impact coagulation and hemostasis by enhancing
antithrombin III activity and inhibiting platelet function [18-20].

Tobias et al. [21] found that albumin may also lead to hypocoagulability.
Dietrich et al. showed an in vitro increase in bleeding time [22], which may
increase blood loss in post-surgical or trauma patients. Finally, albumin
administration may impair the efficiency of endothelial cell adhesion. The
importance of this effect is uncertain, since increased plasma levels of
endothelial adhesion molecules may be markers of mortality [17].

4.2.4.3 Electrolytic and Acid-Base Balance
Currently available HA solutions are prepared as NaCl solutions, which can
lead to hyperchloremia and interfere with sodium and water excretion, thus
impairing renal function, especially in hypovolemic shock patients. In acute
renal failure, HA may accumulate after its massive administration [17].

4.2.4.4 Immunologic Reactions
HA is generally well tolerated, but immediate allergic reactions characterized
by fever, nausea, vomiting, pruritus, hypotension and even cardio-respiratory
collapse, are possible.
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4.2.5 Indications

HA use is guided by absolute and relative indications.
The administration of HA is indicated in acute conditions requiring plasma

expansion and in chronic conditions characterized by low albumin plasma lev-
els [23]. There is widespread consensus in the literature and clinically regard-
ing absolute indications. Relative indications refer to settings in which HA is
indicated when other specific criteria are satisfied.
Absolute indications are:
• paracentesis:  > 5 L  or > 5 g albumin/L in ascites fluid;
• therapeutic plasmapheresis: plasma exchange > 20 mL/kg;
• spontaneous bacterial peritonitis in cirrhosis: associated with antibiotic

administration.
Relative indications are:
• cardiac surgery:  third choice after crystalloids and synthetic colloids;
• major surgery: only if albuminemia < 2 g/dL and after the restoration of

normovolemia;
• cirrhosis: diuretic-resistant ascites with albuminemia < 2 g/dL;
• hemorrhagic shock: only when not responsive to crystalloids and synthetic

colloids;
• hepatorenal syndrome: in association with vasoconstrictors;
• nephrotic syndrome: in the presence of albuminemia < 2 g/dL associated

with hypovolemia and/or pulmonary edema;
• organ transplantation: in the presence of albuminemia < 2 g/dL and hema-

tocrit > 30%, in postoperative liver transplant patients, in order to control
ascites and peripheral edema;

• burns: > 30% of the body surface after the first 24 h;
In these situations the adequate HA dose can be calculated as follows:

Dose (g) = [targeted albuminemia (2.5 g/dl) – real albuminemia (g/dL)] × plas-
matic volume (0.8 × body weight in kg).

There are a few conditions in which albumin is administered routinely,
albeit improperly [24, 25]:
• albuminemia > 2.5 g/dL (excluding the situations mentioned above);
• hypoalbuminemia in the absence of peripheral edema or acute hypotension;
• malnutrition and malabsorption;
• wound healing;
• non-hemorrhagic shock;
• diuretic-responsive ascites;
• acute and chronic pancreatitis;
• hemodialysis;
• ischemic stroke;
• acute normovolemic hemodilution in major surgery.
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4.3 Synthetic Colloids

Synthetic or artificial colloids (dextrans, gelatins, hydroxyethyl starches) are
produced from biological, non-human molecules. Their assessment criteria
include (Table 4.2):
• concentration;
• initial volume effect;
• duration of the volume effect.

4.4 Dextrans

Dextrans are glucose polymers of different sizes, derived from Leuconostoc
mesenteroides, a bacteria originally isolated from contaminated sugar beets.

4.4.1 Classification

Dextrans are mainly used in the USA, as they are no longer available in
European countries, including Germany and Austria. The most widely used
dextran solutions are dextran 40 (a 10% solution with 40,000 MMW) and dex-
tran 70 (a 6% solution with 70,000 MMW) (Table 4.3).
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Table 4.2 Comparison between main therapeutic and side effects of synthetic colloids

Colloid Volemic effect Side effect

Efficacy Duration AKI Coag. Anaf.

Dextrans +++ +++ +++(40) +++(70) ++

Gelatins + + + + +++

HES high MW +++ +++ ++ +++ +

HES low MW +++ ++ + ++ +

+, mild; ++, moderate; +++, high; MW, molecular weight; AKI, acute kidney injury.

Table 4.3 Characteristics of dextran solutions

Characteristics of Dextran Solutions 6% Dextran 70 10% Dextran 40

Mean Molecular Weight (Dalton) 70,000 40,000

Volume efficacy (%) (approx.) 100 175-(200)

Volume effect (hours) (approx.) 5 3-4

Maximum Daily Dose (g/kg) 1.5 1.5



4.4.2 Pharmacokinetics: Distribution, Elimination 
and Duration of Action

Dextrans are endowed with a high COP, due to their high water-binding capac-
ity. They lead to a 100–150% volume increase of the IVS [9].

Dextrans are mainly eliminated by the kidney, while only a small fraction
transiently passes into the ISS or is eliminated by the gastrointestinal tract. In
particular, smaller molecules (14,000–18,000 kDa) are excreted by the kidney
within 15 min, whereas larger molecules are excreted after several days. At 12
hours from administration, 60% of dextran 40 and 30% of dextran 70 have
already been eliminated [9, 26, 27].

4.4.3 Clinical Use

Dextran solutions have positive effects on the macro- and microcirculation. In
fact, they have been mainly used to maintain hemodynamics in different kinds
of shock and to ameliorate tissue perfusion and microcirculation. At the same
degree of hemodilution, rheological effects are mainly correlated with the use
of dextran 40 rather than with any other plasma substitute [28]. Moreover,
dextran protects against ischemia-reperfusion injury by reducing the harmful
interactions between activated leukocytes and the microvascular endothelium.

4.4.4 Potential Risks and Side Effects

Dextran is no longer used because of its side effects.

4.4.4.1 Anaphylaxis
Dextran administration may lead to anaphylactoid reactions more frequently
and more severely than other colloids. This is due to the massive production
of vasoactive mediators triggered by anti-dextran antibodies. These reactions
may be prevented by pretreatment with 20 mL hapten solution (dextran 1000)
few minutes before infusion [29].

4.4.4.2 Nephrotoxicity
Another possible side effect is renal dysfunction and acute renal failure,
through the production of hyperviscous urine leading to swelling and vac-
uolization of tubular cells and tubular plugging [1]. This is especially true in
patients with advanced age, hemodynamic alterations, pre-existing renal dis-
ease, and dehydration [30, 31].

4.4.4.3 Coagulation and Hemostasis
Finally, dextrans may alter platelet function, decrease factor VIII levels, and
increase fibrinolysis, with significant bleeding disorders, especially after the
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administration of high doses [9, 32, 33]. These side effects resulted in maxi-
mum daily dose recommendation of approximately 1.5 L [34, 35].

4.5 Gelatins

Gelatins are polydispersed peptides derived from bovine collagen [6, 11].
First-generation gelatins had a high MW and high viscosity, with very high
oncotic power but also the tendency to gel when stored at low temperatures.
Thus, lower MW gelatins have been produced; while they gel more slowly,
they also have a reduced oncotic power [36].
Gelatin solutions are available in most European and Asian countries.

4.5.1 Classification

Three types of gelatins are currently available: cross-linked or oxypolygelatins
(e.g., Gelofundiol), urea-cross-linked gelatins (e.g. Haemacell), and succiny-
lated or modified fluid gelatins (e.g., Gelofusine) (Table 4.4).

Gelatins are produced in an apyrogenic and sterile formulation. They do
not contain preservatives and have a shelf-life of a few years (if stored at tem-
peratures below 30°C). Their average MW is 30–35,000 and they are based on
unbalanced, hypotonic solutions. In particular, polygelines are dispersed in a
3.5% polyelectrolyte solution generally containing: Na+ 145, K+ 5.1, Ca++
6.25, and Cl− 145 mmol/l. Thus, they may increase serum calcium, in partic-
ular after large volume infusions. Succinylated gelatins are dispersed in a 4%
polyelectrolyte solution generally containing: Na+ 154, K+ 0.4, Ca++ 0.4, and
Cl −120 mmol/l. Their low chloride content reduces the risk of hyperchloremic
acidosis and may be helpful in patients with acid-base alterations. They are
compatible with blood transfusions because of their low calcium content [1,
36-38].
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Table 4.4 Characteristics of gelatin solutions

Characteristics of Succinylated Cross-linked Urea cross-linked 

gelatin solutions gelatin gelatin gelatin

Concentration (%) 4.0 5.5 3.5

Mean Molecular Weight (Dalton) 30,000 30,000 35,000

Volume efficacy (%) (approx.) 80 80 80

Volume effect (hours) (approx.) 1-3 1-3 1-3

Osmolarity (mOsm/L) 274 296 301



4.5.2 Pharmacokinetics: Distribution, Elimination, 
and Duration of Effect

Gelatins have similar IVS volume-expanding power and a half-life of about
2.5 h. 24 h post-administration, 13% remains in the IVS, 16% has passed into
the ISS, 71% is rapidly cleared by the kidney, and a small amount has been
cleaved by proteases in the reticuloendothelial system (RES). Notably, the vol-
ume expansion is lower than the infused volume (about 70–80%). Gelatins
have a shorter duration of effect than any other colloid. Therefore, repeated
infusions are required and allowed, as there are no dose limitations, in contrast
to other colloids [1, 21, 34, 35].

4.5.3 Potential Risks and Side Effects

Compared to starch solutions, gelatins are associated with a lower risk of acute
kidney injury. They are not stored in the RES or in other tissues, but there is a
higher incidence of anaphylactic reactions than is the case with natural colloid
albumin [33, 36].

4.5.3.1 Hemodynamic
In patients with ascites, after massive paracentesis, gelatin infusion may cause
hemodynamic impairment due to increased plasma aldosterone and renin
activity [39].

4.5.3.1 Coagulation and Hemostasis
Gelatins were classically thought not to significantly impair coagulation.
However, recently, there has been evidence of their causing platelet dysfunc-
tion and clotting disorders. In a study comparing the effects of progressive
hemodilution with gelatins, saline, hydroxyethyl starch, and albumin on blood
coagulation, significant changes in the thromboelastogram were found after
the infusion of gelatin solutions [40]. Nonetheless, in clinical practice, they
seem to impair fibrin polymerization less than the “modern” medium-weight
starches. Thus, in critically ill patients and in patients with severe hemorrhag-
ic shock, who need large intravascular volume replacement, gelatin solutions
are still widely adopted because of the absence of significant side effects on
either the coagulation system/fibrinogen polymerization or kidney function,
the lack of accumulation in the RES, and the unlimited dose.

4.6 Hydroxyethyl Starches

Hydroxyethyl starches (HES) are modified natural polysaccharides derived
from amylopectin, a highly branched starch similar to glycogen that is found
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in maize or potatoes (Fig. 4.2). Polymerized D-glucose units are connected by
1-4 linkages with one 1-6 branching linkage every 20 glucose units.

Natural starches cannot be used in clinical routine since they are rapidly
hydrolyzed by circulating amylase (Fig. 4.3). HES are obtained by replacing
the hydroxyl groups of natural starches with hydroxyethyl groups at the C2,
C3, and C6 carbon positions of anhydroglucose residues. This results in
greater solubility and less amylase degradation especially for hydroxyethyl
groups at the C2 position [1, 41].

4.6.1 Classification

The first HES, Hespan, was produced in the 1970s in the USA. Since then, fur-
ther generations have been produced.

HES are designated by a series of numeric parameters (e.g., HES 10%
200/0.5/5) reflecting their pharmacokinetics. The first number relates to the
solution concentration, the second represents the mean MW, the third is the
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Fig. 4.2 HES are obtained substituting hydroxyl groups of natural starches with hydroxyethyl
groups (big grey round) at carbon position C2, C3 and C6 of the anhydroglucose residues

Fig. 4.3 Hydrolyzation by circulating amylase. The arrows represent the site of action of the
enzyme. The hydroxhyethil group block two of the three site of hydrolisis



molar substitution rate (MSR), and the fourth is the C2/C6 ratio. Thus, HES
may be classified according to:
• concentration (3%, 6%, 10%);
• mean MW (low molecular weight: 70 kDa; medium-molecular weight:

130–270 kDa; high-molecular weight: > 450 kDa);
• molar substitution (low MS: 0.4–0.5; high MS: 0.62–0.7);
• C2/C6 ratio.

4.6.1.1 Concentration
The volume expansion power of HES is firstly influenced by the concentra-
tion. HES at 6% concentration are iso-oncotic and have a 100% volume-
expanding power (1 L infused fluid = 1L plasma volume expansion). HES at
10% concentration are hyperoncotic and have a volume-expanding power >
100% (1 L infused fluid = > 1 L plasma volume expansion) [1, 6].

4.6.1.2 Mean Molecular Weight
The arithmetic mean of the MW of all HES molecules dispersed in a solution
is referred to as the mean molecular weight (MMW). HES are polydispersed
solutions made up of different-sized molecules. Particles with a low MW
(45–70 kDa) have a rapid enzymatic degradation and a fast renal excretion
because their size is under the renal threshold. Particles with high MW (> 70
kDa) have a longer half-life, according to both their size and their rate of enzy-
matic degradation [6, 33].

4.6.1.3 Molar Substitution 
The molar ratio of the total number of hydroxyethyl groups to the total num-
ber of glucose units is termed the molar substitution. The MS impacts human
α-amylase degradation and thus the break down of the starch: the higher the
MS, the slower the degradation, the longer the volume effect and the higher
the incidence of side effects [1, 6, 33].

4.6.1.4 C2:C6 Ratio
The quotient of the total number of hydroxyethyl groups on carbon atom 2 and
the total number of hydroxyethyl groups on carbon atom six yields the C2:C6
ratio (Fig. 4.4). For example, a C2:C6 ratio of 9 to 1 means that substitution
with hydroxyethyl groups at position C2 is nine times higher than at position
C6 [33].

The C2 hydroxyethyl group hinders the action of α-amylase, delaying HES
degradation and increasing the volume-expanding power. A higher C2:C6 ratio
means lower α-amylase degradation, with a longer and greater volume effect.

4.6.1.5 HES Electrolyte Composition
HES can also be classified according to the electrolyte features of the carrier
solution, yielding balanced or unbalanced, plasma-adapted, and non-plasma-
adapted HES solutions.
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Three successive generations of HES have been commercialized (Table
4.5):
• First-generation: MW > 450 kDa, MS > 0.7, and high C2:C6 ratio
• Second-generation: lower MW (200 kDa), MS (0.5), and lower C2:C6 ratio
• Third-generation: MW = 130 kDa, MS < 0.5, and lower C2:C6 ratio.

Thus, HESs widely differ with respect to the extent and duration of their
volume-expansion power and their impact on the clotting system, renal func-
tion, inflammation, itching, and storage.

4.6.2 Pharmacokinetics: Distribution, Elimination, 
and Duration of Action

The water-binding capacity of HES varies between 20 and 30 mL/g. As previ-
ously described, small molecules are rapidly excreted by the kidney (up to
50% of the administered dose within 24 h), whereas larger molecules are
retained for longer amounts of time. The oncotic effect of HES is due solely to
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Fig. 4.4 Representation of the C2:C6 ratio. A higher C2:C6 ratio means lower α-amylase
degradation, with a longer and greater volume effect

Table 4.5 Differences between the three different generations of HES
:
Concentration Origin Solvent Mean Molecular Molar (Mw) C2:C6 

Weight Substitution Ratio

3% Potato- Unbalanced Low (LMW) Low MS: 9:1

(hyponcotic) derived HES 70 KD < 0.5

6% Waxy maize- Balanced Medium (MMW) Medium MS: 6:1

(normoncotic) derived HES from 0.5

130 to 370 KD

10% - - High (HMW) High MS: 4:1

(hyperoncotic) > 450 KD > 0.5

Hydroxyethyl group

Oxygen



the number of particles, and not to their size. While renal elimination of the
small molecules reduces the oncotic power, this is compensated by the enzy-
matic degradation of the large molecules. Consequently, the expanding power
of HES is greater than that of other synthetic colloids, particularly gelatins. The
duration of the expanding power equals the time interval of HES retention in
the vascular bed, usually 8–12 h. A minor amount of the small molecules pass-
es into the ISS, for later redistribution and elimination. Another fraction is
trapped by reticuloendothelial cells, which slowly break down the starch (tissue
storage). Thus, HES can be detected for several days after their infusion [42].

As mentioned above, there are potato- and maize-derived HES. They have
the same oncotic power and plasma-expanding effects, even if the former have
a more rapid elimination due to their lower amylopectin content (about 80%)
[43].

In the subsequent HES generations, MMW, MS and the C2:C6 ratio have
been modified to allow α-amylase degradation, in order to reduce the retention
of residual fractions, and to prolong the volume effect, with less accumulation
and side effects (Table 4.6).

HES molecules are generally dispersed in unbalanced, non-plasma-adapted
solutions (first-, second, and third-generations). The first balanced HES solu-
tion (Hextend) had high MMW (550 kDa) and MS (0.7). However, it resulted
in tissue storage, impaired coagulation, and platelet dysfunction.
Consequently, the latest generation HES have a lower MMW and MSR and are
dissolved in balanced solutions (Fig. 4.5).

Nowadays the best HES for clinical practice are the latest generation HES,
such as HES 130/042. It is available in two different carrier solutions: 9%
saline solution (Venofundin) and a solution very similar to plasma (Tetraspan)
(Table 4.7).
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Table 4.6 Characteristics of HES

Characteristics HES HES HES HES HES HES

70/0.5 130/0.4 200/0.5 200/0.5 200/0.62 400/0.7

Concentration (%) 6 6 6 10 6 6

Mean Molecular 70 130 200 200 200 450

Weight (KD)

Volume effect (hours) 1-2 2-3 3-4 3-4 5-6 5-6

(approx.)

Volume efficacy (%) 100 100 100 130 100 100

(approx.)

Molar 0.5 0.4 0.5 0.5 0.62 0.7

Substitution (MS)

C2:C6 ratio 4:1 9:1 6:1 6:1 9:1 4.6:1



4.6.3 Clinical Use

The various preparations of HES have been successfully used to improve the
macro- and microcirculation of hypovolemic patients. Their effects are deter-
mined by their high hemodilutional power in combination with a specific
action on red cells, platelets, plasma viscosity, and the endothelium. A lower
blood viscosity means reduced vascular resistance, increased venous return,
and improved cardiac index. This ameliorates tissue perfusion and oxygena-
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Fig. 4.5 Four generations of hydroxyethyl starches. HMW, High molecular weight; HMS,
high molar substitution 

Table 4.7 Comparison between Venofundin® and Tetraspan® composition

Electrolyte or parameter Venofundin® 6% Tetraspan® 6%

Colloid-osmotic pressure (mmHg) 37.8 37.8

Osmolality (mOsm/Kg) 308 296

Colloid HES 130/0.42 HES 130/0.42

Sodium (mEq/L) 154 140

Potassium (mEq/L) - 4

Magnesium (mEq/L) - 1

Calcium (mEq/L) - 2.5

Chloride (mEq/L) 154 118

Bicarbonate (mEq/L) - -

Acetate/Malate - 24/5



tion, with fewer infectious complications, especially in critically ill patients.
The anti-inflammatory action of HES may play a role in maintaining the gut
microcirculation in endotoxemia [44]. Third-generation HES result in
improved tissue oxygenation in patients undergoing major abdominal surgery.
However, patients treated with HES in 0.9% NaCl experienced greater dilution
and hyperchloremic acidosis than patients treated with HES in balanced solu-
tions [45].

4.6.4 Potential Risks and Side Effects

4.6.4.1 Coagulation and Hemostasis

Coagulation
There is broad debate about whether HES impair coagulation. Observed
decreases in von Willebrand factor, fibrinogen levels, and thrombin generation
presumably alter the coagulation time (normal value: 100–240 s), clot forma-
tion time (normal value: 30–110 s) and maximum clot firmness (normal value:
50–72 mm), as shown in intrinsic thromboelastography. In animal experi-
ments, MMW was determined to not be a key factor in impaired coagulation.
Previous reports in the literature showed a severe increase in the bleeding risk
with high MMW and high MSR HSE (i.e., Heptastich: MW 450 kDa, MSR:
0.7). This is due to a von-Willebrand-like syndrome, with decreased factor
VIII activity and reduced levels of von Willebrand factor antigen and factor
VIII-related ristocetin cofactor [46-49].

HES also impairs fibrin polymerization, although HES with a medium
MMW and a low MS probably do not strongly affect the coagulation system.

Platelet Function
Another side effect of HES is impaired platelet function. The reduction of fac-
tor-VIII-related ristocetin cofactor leads to its reduced binding to platelet
membrane receptor glycoproteins GPIb and GPIIb/IIIa, resulting in decreased
platelet adhesion. HES with a high MMW, high MS, and high C2/C6 ratio
(e.g., HES 450/0.7 or HES 200/0.62) alter platelet function to a greater extent
than HES with a lower MMW and a lower MS, as mentioned above for coag-
ulation [50-53].

Franz et al. [54] studied the effects of IV infusion of saline solution and
four HES preparations with different MWs and MSs on platelet function. HES
450/0.7, HES 200/0.6, and HES 70/0.5 prolonged platelet function analyzer
(PFA)-100 closure times. All of the tested HES preparations reduced platelet
GPIIb/IIIa expression. By contrast, the newest-generation HES seem to have
no negative effects on platelets. Stögermüller et al. [55] reported that the
expression of platelet GP IIb/IIIa was reduced after the infusion of non-bal-
anced HES 200. However, according to in vitro studies, GP IIb/IIIa expression
increases with high MMW, high MSR HES in balanced solutions. This unex-

4 How to Maintain and Restore Fluid Balance: Colloids 61



pected result was obtained with a solvent containing calcium chloride dehy-
drate (2.5 mmol/L) [55, 56]. By contrast, HES in balanced plasma-adapted
solutions were shown to have fewer effects on platelets. Many reports con-
firmed the importance of the solvent in determining potential adverse effects
of HES solutions [54].

HES and Fibrin Polymerization Disturbances
In a mathematical model it was shown that in the case of normovolemic dilu-
tion with an initial fibrinogen level of ≤�300�mg/dl critical fibrinogen concen-
tration of 150�mg/dl is reached before a critical hematocrit value would require
the administration of erythrocytes [57]. Several clinical studies in orthopedics,
cardiac surgery, and pediatric surgery have shown that even relatively moder-
ate dilution with HES above all disturbs fibrin polymerization.

Clinical Evidence
Gallandat et al. [58] found that in cardiac surgery patients new-generation
HES increase von Willebrand factor levels to a greater extent than HES
200/0.5, resulting in a reduction of bleeding risk and transfusion need. Similar
results were found in patients undergoing orthopedic surgery [59] and major
surgery [60]. However, negative effects of modern HES preparations on coag-
ulation and platelets have also been reported. For example, Scharbert et al.
[61] found an impairment of platelet function by HES 130 similar to that of
HES 200 in patients with chronic back pain undergoing epidural anesthesia.
Nevertheless, HES 130 produced a not clinically significant platelet alteration.
Similar results were reported for minor elective surgery [62].

4.6.4.2 Nephrotoxicity
Another clinical concern about HES use is the risk of kidney failure. All col-
loids can induce kidney injury. Some studies showed an increased incidence
of kidney dysfunction in patients treated with high MMW and high MS HES
[62, 63].

Risk Factors and Mechanisms
The proposed risk factors for HES-related kidney dysfunction are: age (older
patients have a higher risk), hypovolemia, previous kidney alterations (chron-
ic or acute injury due to other causes), and others comorbidities (such as dia-
betes and others conditions causing direct or indirect renal alterations). Other
risk factors are the type of HES administered (higher MMW and MS) and the
total amount per kg body weight.

The most likely mechanism of renal dysfunction is a tubular obstruction
caused by hyperoncotic urine formation with the storage of colloidal mole-
cules filtered by the glomeruli. This mechanism is further impaired by a con-
dition of dehydration. Another suggested mechanism is an increase in plasma
oncotic pressure, with secondary renal macromolecules accumulation [64].
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Adequate hydration using crystalloids may prevent this injury. The anatomic
feature of renal damage is an osmotic nephrosis-like lesion. In fact histologi-
cal studies conducted after HES infusion revealed a reversible swelling of
renal tubular cells due to the reabsorption of colloidal molecules [65].

Clinical Evidence
Clinical evidence of the renal effects of HES are not uniform and there is still
intense debate in the literature as to whether there is truly a critical creatinine
level for HES administration. 

In a retrospective study on transplanted kidneys from brain-dead donors,
Legendre et al. [66] found an 80% rate of renal injury after the infusion of
HES 200/0 [62]. However, these anatomic alterations did not cause adverse
effects in kidney transplant recipients. A similar study found that the use of 6%
HES 200/0.62 caused renal dysfunction after transplantation [63].

In a prospective multicenter study, patients with sepsis or septic shock were
treated with HES 200/0.62 or gelatin [67]. In the HES group, 42% of the
patients developed acute renal failure, while in the gelatin group only 23% of
the patients showed kidney alterations. Neither the need for renal replacement
therapy nor mortality were significantly different between the two groups. In
another study, the use of 10% HES 200/0.5 was compared with lactated Ringer
(LR). The HES group showed a higher incidence of late acute kidney dysfunc-
tion [68]. In two meta-analyses [69, 70] HES were related to a higher signifi-
cant risk of renal damage and dysfunction. On the other hand, large doses (> 2
L) of HES solutions with low MMW and low MS, such as HES 130/0.4 or HES
200/0.5, have been safely used [71-72]. Moreover, in a large observational
study, intensive-care patients receiving HES (type not specified) had the same
incidence of acute renal dysfunction and similar renal failure scores as patients
receiving other plasma substitutes [73].

In the recent literature, the administration of the latest generation HES was
suggested to reduce the risk of short-term and long-term renal injury [1].

In a study on brain-dead kidney donors, Blasco et al. [74] compared two
HES of different generations: HES 130/0.4 and HES 200/0.62. At one month
and one year post-administration, they found better effects on renal function
(lower serum creatinine) with HES 130/0.4 than with HES 200/0.62. In neuro-
surgical patients, the infusion of high doses of HES 6%/130/0.4 was not asso-
ciated with a deterioration of renal function [72].

The use of fourth-generation HES seems to cause much less harm than
older-generation HES, even in patients with previous renal impairment. The
infusion of 500 mL of HES 6%/130/0.4 did not cause any kidney damage in
volunteers with mild-to-severe renal dysfunction [75].

In a review comprising 34 studies (2607 patients), HES were compared
with other fluids [76]. The results evidenced an increased risk of acute renal
dysfunction with HES, especially in patients with sepsis.
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Conclusions
According to the recent literature, the latest generation HES seems to be the
better colloidal solutions to protect the kidney from oncotic damage, while
assuring an adequate volume replacement. However, the influence of HES on
kidney function remains controversial and large studies are still needed to
evaluate the incidence of acute kidney injury with HES in patients without
sepsis, directly applying the RIFLE criteria, which distinguish worsening lev-
els of acute kidney function (risk of injury and failure, loss of kidney function,
and end-stage kidney function) by precisely measuring the GFR and urine out-
put together with creatinine and neutrophil gelatinase-associated lipocalin
(NGAL).

4.6.4.3 Anaphylaxis
All colloidal plasma substitutes can cause anaphylactic/anaphylactoid reac-
tions due to specific or non-specific histamine release. In a trial comprising
approximately 20,000 patients, Laxenaire et al, found a decreased incidence of
anaphylaxis with HES compared to other colloids [77]. Histamine release
seems to be induced by the starch itself; thus, it is unlikely that recent modifi-
cations of the MMW, MS, or C2/C6 ratio are the cause of the increased ana-
phylactic power.

4.6.4.4 Storage
HES are stored in either the reticuloendothelial or the mononuclear phagocyte
system, depending on their chemical features, without causing phagocyte dys-
function. High MMW HES have an elevated rate of storage, especially after
prolonged or repetitive administrations. By contrast, in animal studies, the
newest-generation HES were found to cause less storage, even after multiple
uses [78, 79]. One day after the infusion of HES 130/0.4, the percentage
remaining in the plasma is approximately 2%, rather than the 8% after the
infusion of HES 200/0.5 [78]. Moreover, in a prospective crossover study on
healthy volunteers, HES 130/0.42 showed slight accumulation after repeated
administration, whereas HES 200/0.5 was stored in significant amounts [79].

4.6.4.5 Itching
Itching occurs after the prolonged administration of large amounts of HES,
especially those of the older generations [80, 81]. In some cases, pruritus has
been reported after a single large HES dose (≥ 2 L) [80]. Itching induced by
HES is of late onset (weeks or even months after their administration) and long
lasting. It is due to storage of the material in small peripheral nerves [81]. In
a prospective multicenter study, 500 patients were observed 3–9 weeks post-
operatively; no differences were found in terms of itching between patients
treated with HES and control patients [82].
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4.6.4.6 Hyperglycemia
Since HES are similar to glycogen they have the potential to interfere with
blood glucose levels. In a study of 150 non-diabetic, ASA class I (American
Society of Anesthesiologists) patients undergoing elective surgery, blood
sugar levels significantly increased in patients receiving HES 450/0.7 and in
those receiving HES 200/0.5 [83]. Although this increase was statistically sig-
nificant, blood sugar concentration always remained within the normal range.
Large clinical trials including patients with established diabetes mellitus and
receiving the newest HES preparations are needed to finally address this issue.

Key Concepts
• Advantages and disadvantages of albumin administration 
• Properties of dextran solutions: advantages and disadvantages
• Gelatins: limited by the short duration of their volume expansion
• Hydroxyethyl starches (HESs): good plasma volume expanders
• HES effect on coagulation,  platelets, and renal function
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5.1 A Little Bit of History

One of the most important questions about fluid management is what kind of
fluid to use. Historically, the debate was developed around the dispute crys-
talloids vs. colloids. In its course, the medical literature has largely demon-
strated the difference in the pharmacokinetics and pharmacodynamics of these
two classes of plasma substitutes (see Chapters 3 and 4). Consequently, crys-
talloids should no longer be considered as an alternative to colloids and vicev-
ersa. Instead, they must be considered as the two faces of the same coin, and
their use as part of an integrative fluid management. 

The electrolyte composition of fluids (crystalloid or colloid) is another
source of controversy. The debate on balanced, plasma-adapted solutions
started in the 1970s, when their features were first described. A new definition
was proposed in 2000 in “Avoiding iatrogenic hyperchloremic acidosis: Call
for a new crystalloid fluid”, published in Anesthesiology [1], which referred
to the classic need for “a solution containing sodium bicarbonate” because it
was clear that “…the predominate physiologic deficit is metabolic acido-
sis…”. Subsequent developments were summarized in 2003 by Reid et al [2],
who highlighted that scientists and clinicians must inevitably reach a compro-
mise in their long-standing attempts to find the ideal physiological solution.   

On the other hand, the Hamletic doubt fluid management is “to fill or not
to fill” the patient? Many studies have tried to answer the question, resulting
in a 50-year ongoing debate in which many strategies have been proposed,
especially in surgical patients. 



The initial evidence supported the use of large amounts of IV fluids (“lib-
eral” approach). Subsequently, a “restricted” approach was proposed, especial-
ly in major abdominal surgery. The more recent literature has emphasized
rational and guided fluid management in the context of a hemodynamic eval-
uation of each patient (Goal-Directed Fluid Therapy), optimizing tissue oxy-
genation and avoiding acid-base disequilibrium and electrolytic alterations.

5.2 What Fluid for What Purpose?

5.2.1 Clinical Settings

The effects of the different fluids should take into account organ function,
endothelial leakage, inflammation, organ tissue/perfusion, comorbidities of
the patient, and her/his clinical situation (major surgery, critically ill, pedi-
atric, pregnancy, etc.). 

The most frequent fluid deficits are due to:
• acute blood loss; 
• dehydration.

5.2.1.1 Acute Blood Loss
The main physiological reaction to acute blood loss is the activation of the
Sympathetic Nervous System (SNS) and of the renin-angiotensin-aldosterone
axis, with increased ADH levels (Fig. 5.1).

All these responses lead to a fluid shift from the extravascular space (EVS)
into the intravascular space (IVS), resulting in blood volume restoration and a
concomitant decrease in colloid-oncotic pressure (COP). The return to normal
values of the plasma protein concentration (80% COP) is reached within 24 h,
from a blood loss of 30%. This observation suggests that the body replaces a
blood loss ≤ 15% in about 24 h, even in the absence of intravenous fluid
administration [3-5]. 

The amount of blood volume loss determines the clinical manifestations of
hemorrhage. Blood losses up to 15% of blood volume are compensated by the
hormonal and autonomic response to hypovolemia, with minor clinical mani-
festations. Consequently, they can optionally be replaced with crystalloid.
Blood loss > 15% (about 750 mL) should be treated with colloid infusion, as
should major blood loss (> 30%) which may also require red blood cells trans-
fusion [6, 7]. 

Comparison Between Colloids and Crystalloids
Theoretically, we expect greater advantages in blood volume expansion with
isotonic colloids than with isotonic crystalloids. This is due to many reasons: 
• Crystalloids are mainly distributed in the interstitial space (ISS), with less

effectiveness in maintaining plasma volume, because they do not contain
oncotic particles (Fig. 5.2). Their duration of action is short, with a rela-
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tively large volume needed for a specific target volume expansion. Their
infusion dilutes plasma proteins, thus reducing the COP. Consequently,
there is a diffusion of fluids from the IVS to the ISS. This fluid shift
increases when vascular permeability is altered, causing interstitial
edema.

• Colloids are distributed in the IVS, with a larger increase in plasma volume
because they contain oncotic particles. They have a longer duration of
action, with smaller volumes needed for a specific target volume expan-
sion. If endothelial permeability is intact, colloids are retained in the IVS,
with a subsequent increase of the plasma oncotic pressure and the diffusion
of fluids from the ISS to the IVS (Fig. 5.2). 
When using colloids, it is important to remember that they have a “contest
volume effect” [8]. In hypovolemic patients, they have a volume effect >
90% of the infused volume; in normovolemic patients, two-thirds of the
infused volume shifts to the ISS within minutes [9, 10]. Consequently, they

5 Clinical Treatment: The Right Fluid in the Right Quantity 73

Fig. 5.1 The renin-angiotensin-aldosterone system: hypovolemia reduces perfusion of the juxa-
glomerular apparatus, with renin release. Circulating renin coverts angiotensinogen to
angiotensin I, while ACE (angiotensin converting enzyme) acts on angiotensin I converting it to
angiotensin II. This hormone increases sympathetic nervous system activity and the reabsorption
of Na+ and water directly by the kidneys and through aldosterone action, which causes vasocon-
striction and ADH secretion



should be used only in hypovolemia, even when there is capillary mem-
brane damage. In fact, in this case hypovolemia is connected to the shift
into the ISS of protein-rich fluids, with a plasma COP reduction. Colloids
that are able to increase COP are needed: their use reduces ISS overload
[8]. 
In 2001, Jarvela [11] reported that intravascular volume expansion was sig-

nificantly higher after HES than after crystalloids infusion. In 2006, Verheij
[12] showed that volume expansion and Cardiac Index (CI) following cardiac
surgery were significantly higher after colloid infusion than after the adminis-
tration of crystalloids.

However, in 2004, Jones [13] found no significant differences between col-
loids and crystalloids in pre-load (Central Venous Pressure, CVP; Pulmonary
Arterial Occlusion Pressure, PAOP), post-load (Systemic Vascular Resistence,
SVR), Heart Rate (HR) and CI during acute normovolemic hemodilution.

Concerns about Colloids
Debates about hemodynamic effects exist also with respect to the different iso-
tonic colloids. Verheij [12] found no significant difference in hemodynamic
state and COP registration after the infusion of 6% HES 450/0.7, 5% HA, or
6% dextran.
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Fig. 5.2 Crystalloids and colloids distribution. ICS, intracellular space; ISS, interstitial space; IVS,
intravascular space



For the same solutions, Jones [13] demonstrated no significant differences
in hemodynamic power. On the other hand, Niemi [14] found that CI increas-
es immediately after the infusion of 6% HES 130/0.4, whereas over the long
term the increase of CI in the studied HES group was comparable to that of the
group treated with 4% HA. In 2006, Palumbo [15] found that after the infusion
of crystalloids, CVP (pre-load!) does not significantly change and that CI sig-
nificantly increases after the infusion of 6% HES 130/0.4 but not after the
infusion of 20% HA. In addition, Van der Linden [16]. showed that the quan-
tity of colloids necessary to maintain target values of CI, O2 saturation, and
diuresis did not significantly change (p > 0.05) between 6% HES 200/0.5 and
gelatins.

Another issue is the hemodynamic effects of the different isotonic HES,
depending on their metabolism. The enzymatic degradation of HES has two
opposing effects on volemic expansion: (1) a reduction in volume expansion,
because it improves renal excretion; (2) an increase in hemodynamic power,
by increasing the number of active osmotic particles. Most studies report sim-
ilar hemodynamic effects between HES with higher MMW and MSR, and HES
with lower MMW and MSR [17, 18]. However, according to a report on a
small sample population (20 patients) plasma volume expansion induced by an
HES with low MMW and MS (HES 130/0.4) is longer lasting than that
achieved with the infusion of an HES with high MMW and MS (HES
670/0.75) [19].

Concerns about Crystalloids
Hypertonic crystalloids induce a greater and a more rapid increase of the plas-
ma volume than isotonic solutions, for the same infused volume. However,
hypertonic crystalloids induce a short-lasting volemic expansion, probably
because of their strong diuretic effect (see Chapter 3). 

5.2.1.2 Dehydration
Dehydration derives from an imbalance between water intake and losses. It
consists of a reduction of ISS and ICS water. Common causes are: 
• diarrhea;
• vomiting;
• fever;
• excessive sweating;
• prolonged fasting; 
• renal loss.

Even in case of dehydration, the organism uses compensatory mechanisms.
The most important reactions to dehydration are ADH release by the neurohy-
pophysis and hypothalamic stimulation of thirst (Fig. 5.3).

Mild to moderate dehydration can be resolved by oral water intake (except-
ed for the patient who cannot drink); severe dehydration needs immediate
medical treatment. The safest approach is prevention, by monitoring fluid bal-
ance (water balance = 0). 
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Water losses are associated with sodium losses, with a modification of
plasma osmolarity. Thus, with respect to water losses/sodium losses we can
distinguish among three types of dehydration:
• hypotonic (water losses < sodium losses); 
• hypertonic (water losses > sodium losses);
• isotonic (water losses = sodium losses).

Fluid therapy must be adapted to the specific needs of the patient. In case
of hypotonic dehydration, a hypertonic solution should be carefully (slow
infusion) administered, in order to allow the restoration of plasma sodium,
reducing the risk of an ICS fluid shift and cellular death (see Chapter 1). In
case of hypertonic dehydration, a dextrose solution may be indicated in order
to restore plasma sodium. In fact, dextrose is distributed throughout the body
spaces as free water (free from the osmolar effect of sodium) allowing dilution
of the hypernatremia and body water restoration (Fig. 5.4).
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Fig. 5.3 Mechanism of ADH secretion: hypothalamic osmo-receptors are stimulated by IVS water
losses with increased plasmatic osmolarity. The hypothalamus then stimulates the posterior pitu-
itary gland to release antidiuretic hormone (ADH), which increases free water reabsorption by the
renal distal tubules, in order to maintain fluid balance. ADH secretion is more sensitive to plas-
ma osmolarity than to that of the circulating blood



In case of isotonic dehydration, isotonic electrolyte solutions should be
used in order to restore water and sodium balances, with no significant effects
on plasma osmolarity and electrolytes. 

5.2.1.3 To Summarize
Evidence [8] suggests that fluid management must be adapted to the specific
loss of body water (Fig. 5.5).
• Use crystalloids to restore urinary loss, perspiratio insensibilis, and physi-

ologic fluid circulation between the ISS and the IVS.
• Use colloids to restore blood loss and the ISS shift of protein-rich fluid

when the vascular barrier is damaged.
• Use hypertonic or dextrose solutions when water loss is accompanied by

significant alteration of plasma osmolarity (i.e., alterations in plasma sodi-
um concentration). 

5.2.2 Goal-Directed Fluid Therapy: An Overview

Goal-directed therapy (GDT) is a complex strategy for fluid infusions aimed
at optimizing tissue perfusion and oxygenation; it is guided by hemodynamic
variables. Through hemodynamic monitoring, GDT allows physicians to
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Fig. 5.4 Dextrose distribution compared to crystalloids and colloids

Dextrose



administer fluids, and/or use other therapies, such as inotropic or vasoactive
drugs, only to those patients who need them, in order to assure oxygen deliv-
ery sufficient to fulfill the metabolic requirement of the particular patient.
With GDT, hemodynamic management is therefore personalized.

5.2.2.1 GDT: Physiological Basis
Management of both critically ill and elective surgery patients is mainly aimed
at assuring adequate tissue perfusion and oxygenation. Physiologically ade-
quate oxygen delivery (DO2) is assured by the cardiovascular and respiratory
systems and it corresponds to the quantity (in mL) of oxygen per minute car-
ried to the tissues [20].

DO2 is defined by the following equation:

DO2 (mL/min)= cardiac output (CO) × arterial oxygen content (CaO2) 
(Eq. 5.1)

DO2 physiologically corresponds to 900–1100 mL/min or to 500–600
mL/min/m2 if reported as body surface area (DO2I). 
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Fig. 5.5 Specific treatment according to affected body water space



Considering the factors determining CO and CaO2, Eq. 5.1 can be rewrit-
ten as:

DO2 (mL/min)= (HR × SV) × [(1.34 x Hb x SaO2) + (0.003 × paO2)]
(Eq.5.2)

where:
• HR is the heart rate;
• SV is the stroke volume;
• 1.34 is the number of mL of oxygen carried by hemoglobin at 100% satu-

ration;
• Hb is the amount of hemoglobin in g/dl;
• SaO2 is the O2 saturation in arterial blood;
• 0.003 is the solubility coefficient of oxygen;
• PaO2 is the partial O2 pressure of arterial blood;

Thus, oxygen delivery can be improved by modifying:
• SV, by using inotropic (heart contractility) or vasoactive drugs (post-load)

and fluid administration (pre-load);
• Hb, by the transfusion of red cells;
• SaO2 and paO2, by O2 therapy and in some cases by mechanical ventilation.

Oxygen demand-consumption (VO2) is the quantity (in mL) of oxygen con-
sumed by the tissue per minute. It depends on the metabolic state and is
increased by surgical stress and critical conditions. VO2 may be described by
the following relationship:

VO2 (mL/min)= caridac outpout (CO) × [arterial O2 content (CaO2) 
– venous O2 content (CvO2) (Eq. 5.3)

Equation 5.3 can be rewritten as:

VO2 (mL/min)=  (FC × SV) × [(1.34 × Hb × SaO2) + (0.003 × paO2) - 
(1.34 × Hb × SvO2) + (0.003 × pvO2)] (Eq. 5.4)

where:
• CO and CaO2 are described by the same factor as in  Eq. 5.2;
• SvO2 is the saturation of mixed venous blood;
• PvO2 is the partial O2 pressure in mixed venous blood.

VO2 is about 200–300 mL/min (110–160 mL/min/m2 if reported as body
surface area) at basal metabolism. Under stress conditions it may increase of
four- to six-fold.  

O2 extraction (O2ER) is the fraction of DO2 released to the tissues per
minute. It is a tissue oxygenation index, expressed as:

O2ER= VO2/DO2 (Eq. 5.5)
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Under basal conditions, the ratio is 0.25, but it can increases in order to
assure VO2. In fact, normally, VO2 is maintained despite wide-ranging DO2

values, through an increase of O2ER. Below a critical value of DO2 (critical
DO2), O2ER can no longer increase and VO2 becomes flow dependent (Fig.
5.6). Tissue hypoxia appears and anaerobic metabolism is initiated [20].

The tissue hypoxia causes a disequilibrium between ATP production and
ATP demand. A reduction in cAMP and cGMP levels activates the endotheli-
um, reducing its barrier function and causing the release of pro-inflammatory
cytokines, leading to capillary leak syndrome. Disruption of the endothelial
barrier exposes the blood to pro-coagulant factors and leukocyte adhesion
molecules. Leukocytes and complement are activated, leading to a systemic
inflammation with organ hypoperfusion and failure (multi-organ failure). The
detection and prevention of tissue hypoxia is therefore crucial [20].

A rational approach to fluid therapy (GDT) is the most readily available
and simplest tool to assure adequate DO2.

Some patients are lacking in compensatory mechanisms when VO2 increas-
es, because of comorbidities (cardiovascular or pulmonary diseases), and thus
have a higher probability of reaching the critical DO2 under stress conditions.
These are high-risk patients who are likely to benefit from a GDT approach.
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Fig. 5.6 Relation between DO2, VO2 and O2ER: VO2 is assured despite wide-ranging values of
DO2, through an increase in O2 extraction (O2ER). Below a critical value of DO2 (critical DO2),
O2ER can no longer increase and VO2 becomes flow dependent. Tissue hypoxia appears and
anaerobic metabolism starts



5.2.2.2 Hemodynamic Variables in GDT 
The rational approach to fluid administration in GDT is based on the predic-
tion of fluid responsiveness. It refers to a strategy aimed at identifying fluid
responders, i.e., patients who, according to Starling’s law, will benefit from
fluid loading in terms of hemodynamic stability and DO2, avoiding the admin-
istration of unnecessary fluid boluses. Defined hemodynamic variables are
necessary to test fluid responsiveness. These can be divided into static and
dynamic. Static variables indicate hemodynamic status at a specific time, for
the pre-load value at that time. An example of static variable is the value of
Cardiac Index obtained in a single thermodilution through Swan-Ganz
catheter. Dynamic variables indicate hemodynamic changes in response to a
periodic variation in pre-load. Static indexes are comparable to a picture,
while dynamic ones to a movies. Dynamic variables are better indicators of
fluid responsiveness than static ones [20].  

Historically, cardiac filling pressures (CVP and PAOP) were used to guide
intravascular volume therapy. Indeed, CVP measurement is still widely used.
However, recent studies have shown that CVP does not adequately reflect pre-load
and fails to predict fluid responsiveness [21, 22]. At the same time, other parame-
ters have been considered, such as the Pulse Pressure Variation (PPV), defined as
the difference between systolic and diastolic pressure for each heart beat (Fig. 5.7).
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Fig. 5.7 Pulse pressure variation (PPV). The determination of PPV requires an invasive system to
measure arterial blood pressure.
Pulse pressure = systolic pressure – diastolic pressure



PPV is the variation in pulse pressure at different heart beats induced by
variations of the intra-thoracic pressure due to mechanical ventilation (MV)
and caused by a variation in pre-load value (Fig. 5.8). Its use in guiding vol-
ume therapy has been demonstrated, suggesting a possible improvement in
outcome after high-risk surgery [23]. 

Pulse wave analysis allows the assessment of other functional hemodynam-
ic parameters, such as Stroke Volume Variation (SVV) and CI (Fig. 5.9).

Intermittent transpulmonary thermodilution, according to the monitoring
system applied, can be used to calibrate pulse wave analysis, which enhances
the reliability of CI measurements.

It can also be used to measure Stroke Volume Variation (SVV),
Extravascular Lung Water (EVLW), and Global End Diastolic Volume
(GEDV). SVV, GEDV, and EVLW (the “golden triangle”) may be used in com-
bination for GDT assessment. 

SVV is based on cyclic changes in the SV due to intrathoracic pressure
during mechanical ventilation and caused by a variation in pre-load value
(Fig. 5.9).

SVV = (SV max – SV min)/SV mean

It is conceptually similar to PPV, but more precise and reliable.
SVV and other dynamic variables may indicate the actual position on the

Frank–Starling curve. When the heart operates on the ascending limb of the
curve, the intrathoracic pressure variation with MV induces large changes in
pre-load and SV (SVV > 13%), indicating a preserved pre-load reserve and CI
improvement after fluid administration (fluid responders). By contrast at the
plateau of the Frank-Starling curve, there are minimal or no CI improvement
after fluid administration. In this case small change in SV (SVV < 13%) are
registered  in response to intrathoracic pressure variation, indicating a mini-
mum pre-load reserve (Fig. 5.10). In this case inotropes may be required.

SVV has been found to consistently predict fluid responsiveness, with
threshold values of 11–13% [24, 25]. However, there are some limitations that
may exclude a valid use of SVV: 
• right ventricular failure;
• arrhythmias;
• spontaneous breathing;
• ratio heart rate/respiratory rate < 3.6;
• low tidal volume (< 8 mL/kg).

GEDV (total cardiac filling volume) is a better marker of cardiac pre-load
than CVP [26]. However, it is a static parameter that does not allow the eval-
uation of cardiac responsiveness to fluid loading. 

In case of left ventricular failure or acute lung injury, the EVLW (index of
lung edema) can be used. EVLW is an independent predictor of survival. In GDT,
use of the EVLW accelerates the resolution of lung edema, whether due to
increased vascular permeability or to an increase in hydrostatic pressure [27, 28]. 
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Fig 5.8 Changes in arterial pressure in response to respiration. When the intrathoracic pressure
increases in the inspiratory phase of mechanical ventilation, pre-load decreases, with a transitory
reduction of CO and consequently of systolic pressure and PPV. In expiration, intrathoracic pres-
sure decreases and pre-load increases, with a transitory increase of CO and consequently of sys-
tolic pressure and PPV

Fig. 5.9 Pulse wave analysis: the area under the curve corresponds to the stroke volume (SV).
Knowing the heart rate, the cardiac index may be calculated continuously. The variation of the area
under the curve, and consequently of SV (SVV), reflects through the time CI variation in response
to pre-load variation due to intrathoracic pressure variation in mechanical ventilated patients



In cardiac surgery patients, the use of a goal-directed protocol (GEDV >
800 ml/m2, EVLW = 10–12 ml/kg) resulted in an enhanced post-operative out-
come [29]. In patients with subarachnoid hemorrhage, CI was maximized
using GEDV and EVLW (targets: CI ≥ 3 L/min/m2, indexed GEDV >= 700
ml/m2, EVLW >= 14 ml/kg) in order to prevent secondary brain injury: no con-
gestive heart failure was observed using the goal-directed protocol [30].

5.2.2.3 Monitoring Systems in GDT 
The use of GDT requires hemodynamic assessment and monitoring. The ideal
system should be simple, non- or hardly invasive, safe, and precise, allowing
immediate therapeutic intervention. Unfortunately, however, this system has
not yet been invented, although many systems have been proposed for hemo-
dynamic assessment, especially recently.

All these systems have to be compared to the Swan-Ganz or Pulmonary
Artery Catheter (PAC), which remains the gold standard, despite its limits. In
fact, a PAC is not recommended when GDT is performed in the routine peri-
operative setting, as demonstrated by multiple clinical trials. Its use is further
discouraged by the invasiveness of the procedure, which exposes patients to
complications. In addition, PAC cannot be used without adequate training and
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Fig 5.10 Fluid responders and fluid non-responders according to the Frank–Starling curve. Fluid
responders: On the ascending limb (pink) of the curve, intrathoracic pressure changes induce
large changes in pre-load (right atrial pressure) and SV (SVV > 13%). Fluid non-responders: On
the plateau (red of the curve) only small SV changes are observed (SVV < 13%) in response to
intrathoracic pressure variation



experience. Finally, its performance mainly refers to filling pressure values
(PVC, PAOP), which may be affected by valvular pathologies and alterations
in cardiac compliance. Consequently, its fame in the literature and in clinics
has decreased over the years. Moreover, less invasive systems with similar
precision have been introduced [20].

Modern technologies provide filling volume values that are more reliable
as pre-load and fluid responsiveness indices. Current and less invasive flow-
monitoring techniques include Doppler technologies or arterial pressure wave-
form analysis, which measure changes in stroke volume or cardiac output. 

The Esophageal Doppler (ED) allows measurement of blood velocity at the
level of the descending aorta. The flow time in the descending aorta, corrected
for HR (FTc normally 330–360 ms) corresponds to the SV. According to the
chosen probe, the correspondence is obtained through a nomogram calculated
from comparative studies performed with a PAC or through the measurement of
the vessel cross-section. At lower FTc, hypovolemia should be suspected. ED
requires less operator training than other systems and does not require calibra-
tion, but it is difficult to use in awake patients and the results may be operator-
dependent. GDT using ED was shown to improve patient outcomes [31]. Chytra
et al. have shown that the optimization of fluid management using ED in trau-
ma patients reduces blood lactate levels, the incidence of infections, and the
duration of the intensive-care unit (ICU) and hospital stay [32]. A meta-analy-
sis showed that patients undergoing major abdominal surgery who received ED
GDT had a reduction in complications, requirement of inotropes, ICU admis-
sions, and hospital stay, with a rapid gastrointestinal function recovery [31].

Today, less invasive hemodynamic monitoring devices, such as the PiCCO
(Pulsion Medical System) and the new EV1000 system, provide parameters
that may improve the monitoring of fluid therapy. These devices combine
pulse wave analysis and trans-pulmonary thermodilution, with the former
based on data obtained by the latter. For this reason, the validity of pulse pres-
sure analysis depends on periodic recalibration through thermodilution [33,
34]. These systems require invasive arterial lines and a central venous catheter,
but they are less invasive than PAC.

The PICCO system yields the GEDV and EVLW through thermodilution
curves, while EV1000 uses the maximum slope of the thermodilution curve’s
ascent and descent to calculate GEDV. This method can reduce the interfer-
ence potential of the indicator with the thermic recirculation. Recently, the
results of a first validation study on animal models showed that the perform-
ance of the two devices is comparable [35]. SVV evaluated by the PiCCO plus
system (an evolution of PiCCO) adequately indicates fluid-responders in var-
ious clinical settings. 

Another system based on pulse wave analysis is the FloTrac/Vigileo
(Edwards Lifesciences, Irvine, CA, USA; SVVFloTrac) system. It uses
Langewouters’ algorithm to perform the wave analysis and does not require
thermodilution for calibration. Consequently, it can be used only with a nor-
mal invasive arterial line connected to the FloTrac sensor [20].
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A study on 40 patients undergoing cardiac surgery compared the SVV
measured with FloTrac/Vigileo and the PiCCOplus and found no significant
difference in the prediction of fluid responsiveness [36].

Mayer et al. showed that the use of a GDT protocol through
FloTrac/Vigileo in high-risk patients undergoing major abdominal surgery
resulted in a reduction of both hospital stay and the incidence of complications
[37]. In similar patients, Benes et al. found that intraoperative fluid optimiza-
tion through the Vigileo/FloTrac system decreased the incidence of postoper-
ative complications, reducing hospitalization time [25]. The limits of Vigileo
involve the validity of the wave pressure analysis and SVV values only in
mechanically ventilated patients.

A new, non-invasive monitor for the measurement of continuous CO is the
Nexfin HD monitor. It measures CO continuously completely non-invasively
by an inflatable finger cuff. The Nexfin HD using volume clamp technology,
continuously measures finger blood pressure and converts the value into a
blood pressure wave of the brachial artery. The truly non-invasive nature of
the Nexfin HD allows the measurement of CO and can be used in awake, not
mechanically ventilated patients.

5.2.2.4 Current Results of GDT in Critically Ill Patients. 
A Systematic Review

Our group has evaluated the current results of hemodynamic monitoring and
manipulation in critically ill patients [38]. In a systematic review and meta-
analysis of randomized controlled trials (RCTs), GDT was compared with the
standard of care. Studies were searched in MEDLINE, EMBASE and
Cochrane Library databases.  RCTs included in the analysis were:
I. Those in which the effects of hemodynamic GDT on mortality or morbidi-

ty in critically ill patients was the main research topic. GDT was defined as
the monitoring and manipulation of hemodynamic parameters to reach nor-
mal or supranormal values using fluids and/or vasoactive therapy. Studies
with no description of GDT, no difference between groups in the optimiza-
tion protocol, with therapy titrated to the same goal in both groups were
excluded.

II. The control group comprised patients treated according to the standard of
care.

III.The study population consisted of critically ill, non-surgical patients, or
postoperative patients with already established sepsis or organ failure.
Studies involving mixed populations or surgical patients undergoing non-
cardiac or cardiac surgery were excluded. 
A random effects model was chosen for all analyses, since it involves the

assumption that the effects estimated in different studies are not identical but fol-
low certain distributions and that studies represent a random sample of the rele-
vant distribution of effects. The combined effects estimate is the mean effect of
this distribution. Several sensitivity and subgroup analyses for the main outcome
were planned on the basis of: clinical setting, treatment, therapeutic goals, nor-
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mal and supranormal hemodynamic optimization, monitoring tools. 
Among the 3060 patients randomized in the 14 included studies, hospital

mortality was recorded  in 966 cases (31%).  Of these deaths, 518 occurred in
the control group (34%), and  448 in the experimental group (29%). Table 5.1
shows the overall responses (ORs) and 95% confidence intervals for the
observed in-hospital mortality in each trial as well as the pooled estimate. The
overall effect when combining the studies was a significant reduction in mor-
tality for the experimental group [pooled OR of 0.74 (0.57–0.96); p = 0.02],
with a significant heterogeneity among studies (p = 0.01; I2 = 52%). 

The experimental protocol significantly reduced mortality in studies with
homogeneous populations, including patients with sepsis or trauma patients
only, but this advantage was not observed in studies including mixed popula-
tions (test for subgroup difference p = 0.002; Table 5.2). A supranormal target as
opposed to a normal target (p = 0.38),  the use of a PAC as opposed to other
monitoring devices (p = 0.68) and CI/oxygen delivery as the end point as
opposed to other end points (p = 0.22) were not superior in reducing hospital
mortality in the experimental group. Fluids and inotropes as opposed to fluids
alone did not provide any significant advantage on hospital mortality (p = 0.87)
but fluids alone in the experimental protocol were used in one study only.  

In conclusion, hemodynamic optimization can reduce mortality in non surgi-
cal critically ill patients. However subgroup analysis showed that such a benefit
was relevant for septic or trauma patients only meanwhile it was no longer
observed when this therapy was applied to a mixed population of critically ills.
In patients receiving hemodynamic optimization, supranormal target as opposed
to normal target, using a pulmonary artery catheter as opposed to other monitor-
ing devices and cardiac index/oxygen delivery as the end point as opposed to
other end points and fluids and inotropes as opposed to fluids alone were not
superior in reducing hospital mortality.

5.2.2.5 Conclusions
Pre-load assessment and hemodynamic optimization by assessing fluid respon-
siveness represent the main hemodynamic goal in critically ill patients. In
patients with reduced circulating volume, but fluid responders, management
with intravenous fluid is required. Colloids are needed when a fast hemody-
namic improvement is necessary [39]. The volume effect of colloids depends
on the volume and hydration state of the patient. Giving fluids, not before but
when relative hypovolemia occurs, seems to be more rational because the vol-
ume effects of colloids have been demonstrated to be more sensitive [40].
Furthermore, treating relative hypovolemia with colloids in patients undergo-
ing surgery or in the critically ill who need sedation ignores the indirect
vasodilatory effect of anesthetic drugs. Thus, when vascular tone is restored, a
relative hypervolemia can occur, in some cases causing post-operative pul-
monary edema, especially in patients who have undergone major visceral sur-
gery, and in those with abdominal hypertension and intracranial trauma. The
kidneys do not seem to compensate this overload [41].
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Goal-directed therapy has been proven to be an effective strategy for
rational fluid administration, based on the hemodynamic valuation of the
patient, improving outcome in different clinical settings.

Key Concepts
• Management of hypovolemia
• Management of dehydration
• Physiology and pathophysiology of O2 delivery
• Goal-directed therapy
• Fluid responsiveness

Key Words
• Hypovolemia
• Dehydration
• DO2

• VO2

• O2ER
• Starling’s law
• PPV
• SVV
• GEVD
• EVLW

Focus on…
• Giglio et al (2009) Goal-directed haemodynamic therapy and gastroin-

testinal complications in major surgery: a meta-analysis of randomized
controlled trials. Br J Anaesth 103(5):637-46

• Forget et al (2010) Goal-directed fluid management based on the pulse
oximeter–derived Pleth variability index reduces lactate levels and
improves fluid management. Anesth Analg 111:910-914

• Reinhart K, Perner A, Sprun CL, Jaeschke R, Schortgen F, Johan
Groenveld AB, Beale R, Hartog CS (2012) Consensus statement of the
ESICM task force on colloid volume therapy in critically ill patients.
Intensive Care Med 38(3):368-83
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6.1 Major Abdominal Surgery

6.1.1 Introduction

Perioperative intravenous fluid therapy is a fundamental part of the manage-
ment of any surgical procedure and a daily challenge for anesthesiologists.
While historically it has been quite neglected in clinical practice, in the last
few years fluid administration has received suitable interest, following sever-
al studies demonstrating its influence on the outcome of perioperative fluid
management [1, 2].

6.1.2 Physiopathology

Major surgery is associated with a significant systemic inflammatory response
(SIRS) that is responsible for an increase in oxygen demand. 

An important goal of perioperative fluid therapy is to maintain a safe range
of DO2, which may be compromised by both surgery and general conditions
of the patient. In fact, the risk of postoperative multi-organ failure severely
affects the prognosis of surgical patients. 

Thus, it is necessary to identify high-risk surgical patients (based on sur-
gery and patient-related risk factors) [3], to modify preoperatively the possi-
ble causes of tissue hypoxemia and to optimize intraoperative fluid manage-
ment [4] (Fig. 6.1).



6.1.3 History

Fluid administration during surgery has been a matter of debate for 50 years.
Francis Moore was one of the first authors to focus attention on the need to
limit the amount of water and sodium used in the intraoperative and early post-
operative phase [5], taking into account that the metabolic and hormonal
responses (“stress response”) to surgical injury are targeted “to save” salt and
water. In the early 1960s, Shires [6] introduced the concept known as the
“third space loss,” i.e. to compartments not available for restoration of lost
plasma volume (traumatized tissues, intracellular and interstitial spaces), the
amount of which was dependent on the degree of surgical injury and not on
blood losses. Although debated, this concept became the theoretical structure
for the liberal approach to intravenous fluid therapy, leading to the administra-
tion of fluid volumes often exceeding the effective volume deficit. 

6.1.4 Clinical Management of Fluids 

Recently, there has been renewed controversy regarding the “optimal” periop-
erative fluid therapy [10-12]. Starting from 2000, many randomized controlled
trials (RCT) began to consider different fluid regimens in elective open
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Fig 6.1 Perioperative management of high-risk surgical patients (data from Lees [2009], N Crit
Care 13:231)



abdominal surgery and their effects on the outcome of the procedure. Several
trials emphasized the superiority of a “restrictive” fluid strategy [7-9].
Moreover, a recent meta-analysis [10] showed the importance of assuring fluid
balance throughout the perioperative period. In fact, those results proved that
water and salt overload, resulting in a 2.5- to 3-kg weight increase, impaired
clinical outcome.

6.1.4.1 Which Kind of Fluid?
The controversy between the use of crystalloids vs. colloids in major surgery
is not yet resolved. 

Balanced Plasma-Adapted Solutions
There is, however, large consensus on the importance of the type of fluid
infused and not only the administered volume [13-15]. 

As fully explained in other sections of this book, in the recent literature
there is evidence favoring balanced solutions with an electrolyte concentration
similar to plasma. Many trials have suggested that hyperchloremic acidosis
caused by the infusion of large volumes of normal saline should be avoided
due to its effects on splanchnic perfusion [16]. In addition, 0.9% saline is
retained in the ISS for longer than balanced crystalloids [15, 17]. Even so, an
overload of balanced solutions should be avoided [15] because it may cause
mucosal edema, thus impairing the efficacy of the intestinal anastomosis [18].

6.1.4.2 How Much Fluid?
An appropriate volume of the correct fluid allows physicians to establish prop-
er blood volume and organ function [1]. Fluid overload and underhydration
can compromise an adequate fluid balance, resulting in adverse clinical out-
comes [2].

Fluid Overload
Nature has provided humans with efficient mechanisms to save salt and water
in order to preserve the effective circulating volume against injury. Excess
dietary salt and water is a phenomenon linked to modern life and prosperity.
Therefore, constant suppression of the renin–angiotensin–aldosterone axis has
become the most important mechanism to excrete eventual overload and it is
largely unproductive [14, 19] (Fig. 6.2).

Infusions of 0.9% saline, commonly used in clinical practice, may cause
hyperchloremic acidosis, with renal vasoconstriction and reduction of the
glomerular filtration rate [20]. 

A load of 2 L of normal saline over 25 min may require over 2 days to be
excreted by a healthy person [21]. Most of the retained fluid after acute infu-
sions accumulates in the ISS, leading to edema [13-15]. In particular, splanch-
nic edema can result in increased intra-abdominal pressure, ascites, and even
abdominal compartment syndrome [22, 23]. The worst effect of this intra-
abdominal hypertension is the reduction in mesenteric blood flow, with conse-
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quent intestinal failure, increased intestinal permeability, and ileus. The
decrease in mesenteric blood flow, along with tissue edema, may lead to tissue
hypoxia. This can impair the anastomotic capability, up to obstruction and/or
anastomotic dehiscence [23-25].

Another undesirable effect of hyperchloremic acidosis, as a result of saline
infusions, is reduction of gastric blood flow and a decrease of gastric intramu-
cosal pH in elderly surgical patients [26]. Besides macroscopic effects, salt
and water overload can result in disorders at tissue and cell levels, such as
membrane hyperpolarization, disordered neurotransmitter metabolism, and
impairment of the mitochondrial activity [26].

Fluid Restriction
Similarly harmful effects occur with fluid restriction, as it causes a state of
underhydration with potential hemodynamic effects (reduction in venous
return and cardiac output, which negatively impact tissue perfusion and DO2). 

Fluid restriction can also increase blood viscosity, with multiple effects,
e.g., decreased saliva production, with a predisposition to post-operative
parotitis and an increased viscosity of pulmonary secretions, with a predispo-
sition to mucous plug formation and lung atelectasis [27]. 
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Fig. 6.2 Renin-angiotensin-aldosterone system



Goal-Directed Therapy
There are two main strategies in perioperative fluid management: fixed regi-
mens with estimation of fluid losses conducted without monitoring systems
[11], and goal-directed therapy (GDT) based on fluid responsiveness and opti-
mization of hemodynamic parameters [28, 29]. As is well-known, periopera-
tive fluid restriction has been found to improve clinical outcomes, with faster
recovery and decreased mortality [7-9, 18; 30, 31]. Furthermore, it seems to
ameliorate the microcirculation of perianastomotic tissues [32].

As previously stated, there are many unwanted results of both fluid over-
load (tissue edema, low tissue oxygenation and even anastomotic breakdown)
[7, 12, 18, 30, 31] and underhydratation (hypovolemia, organ hypoperfusion
and dysfunction) [22, 32, 33]. Nevertheless, a physician’s aim should be to
preserve the volume in the intravascular space (IVS) in order to ensure ade-
quate organ perfusion while limiting the increased endothelial permeability
resulting from surgical trauma [12]. With an individualized GDT approach,
hypovolemia and fluid overload can be prevented [34, 40]. Recent data suggest
that early signs of tissue hypoxia should be considered in the management of
surgical patients, [41-43], since hypovolemia (with reduced ScvO2) enhances
the incidence of postoperative complications [44]. A study by Holte et al. on
elective laparoscopic patients, and another study on hysterectomy patients,
found a more rapid removal of fluids administered during surgery than those
administered postoperatively [45, 46].

Randomized trials by Kehlet et al. have shown the ability of GDT to
improve clinical outcomes such as postoperative nausea and vomiting, ileus,
and the rapidity of recovery [34, 47-49], while taking into account the need to
consider the particular patient’s cardiovascular capability [34, 47, 50].

Special Settings
Although maintaining patients in a state of fluid balance should be one of the
main goals of the anesthesiologist, there are particular cases and contexts in
which this is neither possible nor desirable. Hemorrhagic shock and sepsis are
characterized by a reduction in effective circulatory volume, which is often
dramatic. In these situations, resuscitation procedures should include the
administration of relatively large amounts of fluids (crystalloids, colloids, or
blood) in order to replace the intravascular volume lost and guarantee tissue
perfusion and oxygen delivery. Thus, fluid overload may be an inevitable but
tolerated consequence to avoid the impairment of tissue oxygen delivery,
organ failure, and adverse clinical outcomes. In these extreme situations, a
restriction of salt and water intake in the post-acute phase can aid in the excre-
tion of fluid excess, thus improving recovery and convalescence [51, 52]. 

Intestinal fistula is another peculiar condition characterized by huge losses
of fluids and electrolytes. It may require the administration of large amounts
of fluids, both in terms of volume and electrolytes [53].
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6.1.4.3 What and How Much Fluid Over Time?

Preoperative Management
Three principles explain the need for preoperative fluid infusion [12]:
1. Preoperative fasting causes hypovolemia, since it is associated with diure-

sis and perspiration. 
2. Perspiration dramatically increases after skin incision.
3. The shift of fluids into the third space requires an appropriate fluid replacement.

According to the British Consensus Guidelines, if the patient undergoes a
bowel preparation, disorders of fluid balance and electrolytes may occur.
These must be prevented and corrected with balanced fluid therapy [4].

Extreme gastric losses should be treated preoperatively with crystalloids
containing an appropriate load of potassium (balanced solution). A solution of
0.9% saline is indicated in cases of hypochloremia, but with attention paid not
to produce hypernatremia. Fluid losses from ileostomy, diarrhea, and small
bowel fistulae should be replaced with balanced solutions [4].

Hypovolemia can occur even preoperatively and should be appropriately
monitored. When advanced monitoring systems are not available, hypov-
olemia should be clinically diagnosed, based on arterial pulse pressure, capil-
lary refill time, Glasgow Coma Scale, and diuresis, together with acid-base
and lactate measurements [4].

In case of acute blood loss, absolute hypovolemia should be first treated
with balanced crystalloids and colloids, until blood is available. 

In cases of sepsis, peritonitis, or pancreatitis, relative hypovolemia should
be treated with balanced crystalloids and colloids [4].

In clinical settings, fluid overload must be minimized. In fact, critically ill
patients are not able to excrete excess water and sodium, thus being at risk of
tissue edema. 

Given clinical uncertainty regarding the presence of hypovolemia and an
inability to determine central venous pressure (CVP), fluid responsiveness to
a bolus of a 200 mL colloids or crystalloids 15 minutes post-infusion should
be tested. Fluid infusion should be reiterated until there is no further hemody-
namic improvement [4].

Intraoperative Management
In patients undergoing major surgery, fluid therapy should be given in order to
optimize cardiac function and to decrease both the incidence of post-operative
complications as well as the lengths of the ICU and hospital stays. Patients
should receive intravenous fluids in order to achieve an optimal stroke volume
from the beginning of surgery to the first 8 h after surgery [4].

For decades, fluids have been liberally infused during surgery and general
anesthesia in order to treat both relative hypovolemia due to anesthetic drugs
and absolute hypovolemia due to fasting, perspiration, and blood losses [11,
12]. However, fluid overload impairs the efficacy of the vascular barrier, thus
causing pulmonary and peripheral tissue edema, despite a restrictive fluid
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Table 6.1 Adverse effects of restrictive vs. liberal approach to perioperative fluid management in
patients undergoing colorectal surgery [4]

Restrictive fluid use Liberal fluid use 

Hypotension Interstitial edema

Increased postoperative nausea Poor wound healing 

Inadequate organ perfusion Prolonged/resumption in bowel function 

Impaired tissue oxygenation Delayed gastric emptying

Fluid overload resulting in heart failure 

strategy that seems to reduce cardiopulmonary and bowel complications, thus
reducing the length of hospital stay [12]. Liberal approaches to fluid manage-
ment in surgical patients are becoming the subject of discussion, particularly
in colorectal surgery patients. The varies reports in the literature mostly
encourage a restrictive approach (Table 6.1) [54]. 

According to the recent literature, GDT is the best way to manage high-risk
surgical patients undergoing major surgery. The evidence recommends giving
fluids to patients who need them, in the quantity they need! A systematic
review of patients undergoing major abdominal surgery revealed improved
hemodynamic outcomes after fluid therapy guided by esophageal Doppler
monitoring instead of the conventional parameters, such as arterial blood pres-
sure, heart rate, CVP, and diuresis. This alternative form of monitoring results
in a decreased need of inotropes, a faster return to normal intestinal function,
shorter hospital stays, and fewer ICU admissions [47].

Buettner et al. found that, compared with routine care, intraoperative GDT
was associated with slightly increased fluid administration whereas there was
no difference in organ perfusion [48]. 

Another study, performed by Lopes et al., showed that GDT during high-
risk surgery decreases the incidence of postoperative complications as well as
the duration of mechanical ventilation, time of ICU stay, and hospital stay
[49].

Finally, in high-risk major abdominal surgery patients, intraoperative GDT
using the Vigileo/FloTrac monitor increased hemodynamic stability during the
operation, decreased lactate concentration at the end of the operation, and was
associated with a lower rate of postoperative complications and length of ICU
stay [55].

Postoperative Management
After the patient leaves the operating room, the amount and type of fluids used
in the perioperative phase must be assessed and then compared with intraoper-
ative blood, urinary, and insensible losses. 

Maintenance fluids must contain low levels of sodium and chloride and
must not cause volume overload. They are essential to ensure adequate oxygen
delivery. In edematous patients, hypovolemia should be treated only if it is



truly present, followed by a gradual negative balance of sodium and water. The
plasma concentration of potassium should also be carefully monitored.

Malnourished patients should be carefully re-nourished, as soon as possi-
ble, by enteral or parenteral nutrition, including foods rich in potassium, phos-
phate, and thiamine. If edema is present, the diet must be low in sodium and
water. The surgical patient should be evaluated in terms of nutrition on the
basis of guidelines for perioperative nutritional support [4].

Key Concepts
• Effects of fluid restriction and fluid overload
• Fluid management in the preoperative, intraoperative, and postopera-

tive periods

Key Words
• Balanced plasma-adapted solutions
• Fluid overload 
• Fluid restriction
• Goal-directed therapy

Focus on...
• Soni N (2009) British Consensus Guidelines on Intravenous Fluid

Therapy for Adult Surgical Patients (GIFTASUP): Cassandra’s view.
Anaesthesia 64:235-8

• Abbas SM, Hill AG (2008) Systematic review of the literature for the
use of oesophageal Doppler monitor for fluid replacement in major
abdominal surgery. Anaesthesia 63:44–51

100 F. E. Agrò et al.



References

1. Holte K, Sharrock NE, Kehlet H (2002) Pathophysiology and clinical implications of peri-
operative fluid excess. Br J Anaesth 89:622–32

2. Holte K, Kehlet H (2002) Compensatory fluid administration for preoperative dehydration –
does it improve outcome? Acta Anaesthesiol Scand 46:1089–93

3. Moonesinghe SR, Mythen MG, Grocott MPW (2011) High risk surgery: epidemiology and
Outcomes. Anesth Analg 112:891-901

4. Soni N (2009) British Consensus Guidelines on Intravenous Fluid Therapy for Adult Surgi-
cal Patients (GIFTASUP) Cassandra’s view. Anaesthesia 64(3):235-8

5. Moore FD (1959) Metabolic care of the surgical patient. Saunders, Philadelphia 
6. Shires T, Williams J, Brown F (1961) Acute changes in extracellular fluids associated with

major surgical procedures. Ann Surg 154:803-810 
7. Lobo DN, Bostock KA, Neal KR et al (2002) Effect of salt and water balance on recovery of

gastrointestinal function after elective colonic resection: a randomised controlled trial.
LANCET 359:1812-1818

8. Brandstrup B, Tonnesen H, Beier-Holgersen R et al (2003) Effects of Intravenous fluid re-
striction on postoperative complications : comparison of two perioperative fluid regimens. Ann
Surg 238:641-648

9. Nisanevich V, Felsenstein I, Almogy G et al (2005) Effect of intraoperative fluid management
on outcome after intraabdominal surgery. Anesthesiology 103:25-32

10. Van Der Linden P (2007) Volume optimization in surgical patients Wet or Dry? Acta Anaesth
Belg 58:245-250

11. Jacob M, Chappell D, Rehm M (2007) Clinical update: perioperative fluid management. Lancet
369(9578):1984-1986

12. Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M (2008) A rational approach to
perioperative fluid management. Anesthesiology 109(4):723-740

13. Lobo DN, Stanga Z, Simpson JAD et al (2001) Dilution and redistribution effects of rapid 2-
litre infusions of 0.9% (w/v) saline and 5% (w/v) dextrose on haematological parameters and
serum biochemistry in normal subjects: a double-blind crossover study. Clin Sci (Lond)
101:173–179

14. Lobo DN, Stanga Z, Aloysius MM et al (2010) Effect of volume loading with 1 liter intra-
venous infusions of 0.9% saline, 4% succinylated gelatine (Gelofusine) and 6% hydrox-
yethyl starch (Voluven) on blood volume and endocrine responses: a randomized, three-way
crossover study in healthy volunteers. Crit Care Med 38:464–470

15. Reid F, Lobo DN, Williams RN et al (2003) (Ab)normal saline and physiological Hartmann’s
solution: a randomized double-blind crossover study. Clin Sci (Lond) 104:17–24

16. Lang K, Boldt J, Suttner S, Haisch G (2001) Colloids versus crystalloids and tissue oxygen
tension in patients undergoing major abdominal surgery. Anesth Analg 93:405-409

17. Awad S, Allison SP & Lobo DN (2008) The history of 0.9% saline. Clin Nutr 27:179–188
18. Marjanovic G, Villain C, Juettner E et al (2009) Impact of different crystalloid volume

regimes on intestinal anastomotic stability. Ann Surg 249:181–185
19. Drummer C, Gerzer R, Heer M et al (1992) Effects of an acute saline infusion on fluid and

electrolyte metabolism in humans. Am J Physiol 262:F744–F754
20. Hansen PB, Jensen BL & Skott O (1998) Chloride regulates afferent arteriolar contraction in

response to depolarization. Hypertension 32:1066–1070
21. Shoemaker WC, Wo CC, Thangathurai D et al (1999) Hemodynamic patterns of survivors and

nonsurvivors during high risk elective surgical operations. World J Surg 23:1264-1271
22. Mayberry JC, Welker KJ, Goldman RK et al (2003) Mechanism of acute ascites formation

after trauma resuscitation. Arch Surg 138:773–776
23. Balogh Z, McKinley BA, Cocanour CS et al (2003) Supranormal trauma resuscitation caus-

es more cases of abdominal compartment syndrome. Arch Surg 138:637–642

6 Body Fluid Management in Abdominal Surgery Patients 101



24. Sheridan WG, Lowndes RH & Young HL (1987) Tissue oxygen tension as a predictor of colonic
anastomotic healing. Dis Colon Rectum 30, 867–871

25. Lobo DN (2004) Sir David Cuthbertson medal lecture. Fluid, electrolytes and nutrition: phys-
iological and clinical aspects. Proc Nutr Soc 63:453–466

26. Wilkes NJ, Woolf R, Mutch M et al (2001) The effects of balanced versus saline-based het-
astarch and crystalloid solutions on acid-base and electrolyte status and gastric mucosal per-
fusion in elderly surgical patients. Anesth Analg 93:811–816

27. Lobo DN & Allison SP (2005) Fluid, electrolyte and nutrient replacement. In: Burnand KG,
Young AE, Lucas J et al (eds) The New Aird’s Companion in Surgical Studies. Churchill Liv-
ingstone, London, pp 20–41

28. Donati A, Loggi S, Preiser JC et al (2007) Goal-directed intraoperative therapy reduces mor-
bidity and length of hospital stay in high-risk surgical patients. Chest 132:1817-1824

29. Rahbari NN, Zimmermann JB, Schmidt T, Koch M, Weigand MA, Weitz J (2009) Meta-analy-
sis of standard, restrictive and supplemental fluid administration in colorectal surgery. Br J
Surg 96:331-341

30. Walsh SR, Tang TY, Farooq N, Coveney EC, Gaunt ME (2008) Perioperative fluid restric-
tion reduces complications after major gastrointestinal surgery. Surgery 143:466-468

31. Holte K, Kehlet H (2006) Fluid therapy and surgical outcomes in elective surgery: a need for
reassessment in fast-track surgery. J Am Coll Surg 202:971-989

32. Kehlet H, Bundgaard-Nielsen M (2009) Goal-directed perioperative fluid management: why,
when, and how? Anesthesiology 110:453-455

33. Jonsson K, Jensen JA, Goodson WH III, West JM, Hunt TK (1987) Assessment of perfusion
in postoperative patients using tissue oxygen measurements. Br J Surg 74:263-267

34. Bundgaard-Nielsen M, Holte K, Secher NH, Kehlet H (2007) Monitoring of peri-operative
fluid administration by individualized goal-directed therapy. Acta Anaesthesiol Scand 51(3):331-
340

35. Wilson J, Woods I, Fawcett J et al (1999) Reducing the risk of major elective surgery: randomised
controlled trial of preoperative optimisation of oxygen delivery. BMJ 318(7191):1099-1103

36. Venn R, Steele A, Richardson P, Poloniecki J, Grounds M, Newman P (2002) Randomized
controlled trial to investigate influence of the fluid challenge on duration of hospital stay and
perioperative morbidity in patients with hip fractures. Br J Anaesth 88(1):65-71

37. Sinclair S, James S, Singer M (1997) Intraoperative intravascular volume optimisation and
length of hospital stay after repair of proximal femoral fracture: randomised controlled trial.
BMJ 315(7113):909-912

38. Tote SP, Grounds RM (2006) Performing perioperative optimization of the high-risk surgi-
cal patient. Br J Anaesth 97(1):4-11

39. Wakeling HG, McFall MR, Jenkins CS et al (2005) Intraoperative oesophageal Doppler guid-
ed fluid management shortens postoperative hospital stay after major bowel surgery. Br J
Anaesth 95(5):634-642

40. Sinclair S, Singer M (1995) National Confidential Enquiry into Perioperative Deaths. Peri-
operative haemodynamic monitoring and fluid management: NCEPOD revisited. Br J Hosp
Med 53(4):166-168

41. Collaborative Study Group on Perioperative ScvO2 Monitoring. (2006) Multicentre study on
peri- and postoperative central venous oxygen saturation in high-risk surgical patients. Crit
Care 10(6):R158

42. Pearse R, Dawson D, Fawcett J, Rhodes A, Grounds RM, Bennett ED (2005) Changes in cen-
tral venous saturation after major surgery, and association with outcome. Crit Care 9(6):R694-
R699

43. Pearse RM, Hinds CJ (2006) Should we use central venous saturation to guide management
in high-risk surgical patients? Crit Care 10(6):181

44. Futier E, Constantin JM, Petit A, Chanques G, Kwiatkowski F, Flamein R, Slim K, Sapin V,
Jaber S, Bazin JE (2010) Conservative vs restrictive individualized goal-directed fluid replace-
ment strategy in major abdominal surgery: A prospective randomized trial. Arch Surg
145(12):1193-200

102 F. E. Agrò et al.



6 Body Fluid Management in Abdominal Surgery Patients 103

45. Holte K et al (2007) Influence of “liberal” versus “restrictive” intraoperative fluid adminis-
tration on elimination of a postoperative fluid load. Anesthesiology 106(1):75-9

46. Strandberg P et al (2005) Volume kinetics of glucose 2.5% solution and insulin resistance af-
ter abdominal hysterectomy. Br J Anaesth 94:30–8

47. Abbas SM, Hill AG (2008) Systematic review of the literature for the use of oesophageal
Doppler monitor for fluid replacement in major abdominal surgery. Anaesthesia 63:44–51

48. Buettner M et al (2008) Influence of systolic-pressure-variation-guided intraoperative fluid
management on organ function and oxygen transport. Br J Anaesth 101:194–9

49. Lopes MR et al (2007) Goal-directed fluid management based on pulse pressure variation mon-
itoring during high-risk surgery: A pilot randomized controlled trial. Crit Care 11:R100–9

50. Spahn DR, Chassot PG: CON (2006) Fluid restriction for cardiac patients during major non-
cardiac surgery should be replaced by goal-directed intravascular fluid administration. Anesth
Analg; 102:344–6

51. Plank LD, Connolly AB & Hill GL (1998) Sequential changes in the metabolic response in
severely septic patients during the first 23 days after the onset of peritonitis (see comments).
Ann Surg 228:146–158

52. Lobo DN, Bjarnason K, Field J et al (1999) Changes in weight, fluid balance and serum al-
bumin in patients referred for nutritional support. Clin Nutr 18:197–201

53. Varadhan KK, Lobo DN (2010) A meta-analysis of randomised controlled trials of intravenous
fluid therapy in major elective open abdominal surgery: getting the balance right. Proc Nutr
Soc 69(4):488-98

54. Bamboat ZM et al (2009) Perioperative fluid management. Clin Colon Rectal Surg 22(1):28-
33

55. Benes J et al (2010) Intraoperative fluid optimization using stroke volume variation in high
risk surgical patients: results of prospective randomized study. Crit Care 14(3):R118. Epub
2010 Jun 16



F. E. Agrò (ed.), Body Fluid Management, 
DOI: 10.1007/978-88-470-2661-2_7 © Springer-Verlag Italia 2013

105

Fluid Management in Thoracic Surgery  

Edmond Cohen, Peter Slinger, Boleslav Korsharskyy, 
Chiara Candela and Felice Eugenio Agrò

7

C. Candela (�)
Postgraduate School of Anesthesia and Intensive Care, Anesthesia, Intensive Care and Pain
Management Department, University School of Medicine Campus Bio-Medico of Rome,  
Rome, Italy
e-mail: chiaracandela@yahoo.it

7.1 Thoracic Surgery

7.1.1 Introduction

Fluid and electrolyte balance is of paramount importance for patients under-

going major non-cardiac intrathoracic surgery. The intravenous fluid resusci-

tation profoundly influences perioperative morbidity and mortality [1].

Despite significant differences in anesthetic techniques during these opera-

tions, the approach to the fluid therapy seems to follow the same direction. 

7.1.2 How Much Fluid?

7.1.2.1 Pulmonary Resection Surgery
Specific areas of concern in the management of patients undergoing one-lung

ventilation (OLV) for pulmonary resection include fluid management, intraop-

erative tidal volume, and acute lung injury post-surgery, which together lead

to the concept of protective lung ventilation [2].

Fluid administration after major lung resection remains an issue. In an

early retrospective report by Zeldin et al. [3], the authors evaluated the risk

factors for the development of Acute Lung Injury (ALI) after pulmonary

resection, more specifically evaluating the incidence of post-pneumonectomy

pulmonary edema. They concluded that a right-sided pneumonectomy is asso-

ciated with an increased incidence of postoperative pulmonary edema (6.9%



post-pneumonectomy vs. 2.1% post-lobectomy). This procedure was also

shown to be associated with increased perioperative intravenous fluid admin-

istration and increased urine output in the postoperative period. In anes-

thetized dogs, the same study demonstrated that, following a pneumonectomy,

blood flow can increase up to six-fold. Therefore, any increase in blood vol-

ume, following excessive fluid administration, would injure the capillary

endothelium, with the leakage of protein-rich fluid into the alveolar space. A

more recent study by Licker et al. consisted of a retrospective analysis of 879

patients, showing that ALI was associated with four risk factors: high ventila-

tory pressure, excessive administration of intravenous fluid in thoracic surgi-

cal patients (in that case more than 3L in the first 24 h), pneumonectomy, and

preoperative alcohol abuse [4]. Thus, an excessive amount of fluid can lead to

ALI, which, after pneumonectomy, has a high mortality rate [5].

In patients undergoing pneumonectomy, respiratory failure is one of the

most significant causes of postoperative morbidity and mortality. In most

cases, it is associated with a decrease in respiratory function (FEV1 or DLCO)

in those patients who are particularly at risk [6]. A significant correlation

between ALI and high tidal volume was previously reported. A retrospective

report [7] by Fernandez-Perez, involving 170 pneumonectomy patients,

showed that patients receiving median tidal volumes higher than 8 mL/kg had

a major risk of developing respiratory failure following pneumonectomy com-

pared to patients who received tidal volumes < 6 mL/kg.

Schilling et al [8] reported that a tidal volume of 5 mL/kg during OLV sig-

nificantly reduces the inflammatory response induced by alveolar cytokines. 

The incidence of ALI after pneumonectomy is only 4, but the mortality rate

is 30–50%.

The clinical picture of post–pneumonectomy pulmonary edema is usually

related to other complications, such as aspiration, bronchopleural fistula, and

surgical complications. Currently, only symptomatic management is appropri-

ate. This includes fluid restrictions, use of diuretics, low ventilatory pressures

and tidal volumes (when mechanical ventilation is used), and measures to

reduce pulmonary arterial pressure. Even if pulmonary resection results in a

slight postoperative pulmonary hypertension during exercise, right ventricular

systolic function is normally minimally affected [9].

A serious concern for anesthesiologists is that fluid restriction in thoracic

surgery may contribute to postoperative renal dysfunction, previously report-

ed as being associated with a very high (19%) mortality [10]. In a recent

review by Reimer et al., of over 100 pneumonectomies acute kidney injury

(AKI), as defined by the RIFLE classification, occurred in 22% of the patients.

[11]. However, there was no association between AKI and fluid balance; nei-

ther was there an increased mortality of AKI patients. AKI is associated with

preoperative hypertension and complex surgical procedures such as

extrapleural pneumonectomy.
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In patients undergoing pneumonectomy restricted intraoperative fluid

administration should be performed, while being careful to preserve renal

function. Some patients may require inotropes/vasopressors to maintain hemo-

dynamic balance while under fluid restriction (Fig. 7.1).

This balance between fluid administration and the use of inotropes should

be closely monitored, particularly in the patient who received a thoracic

epidural for postoperative pain management. The vasodilatation caused by the

epidural may initially have a “protective effect” from fluid overload. However,

it should be interpreted with caution since weaning of the epidural effect may

significantly increase the intravascular volume, placing the patient at risk for

pulmonary edema. In summary, close monitoring of fluid administration is

part of a protective lung ventilation strategy together with limiting the tidal

volume and the peak airway pressure during OLV. 

7.1.2.2 Transplanted Lung
A brief discussion of the management of the transplanted lung is warranted. 

The interruption of lymphatic drainage in the graft may predispose the

patient to peri-operative pulmonary interstitial fluid overload. Since it is

unsure when and to what extent lymphatic channels are restored in human lung

transplants, careful management and monitoring of intrathoracic fluids are rec-

ommended, at least in the early post-transplantation period [12]. If large quan-

tities of crystalloids/colloids are needed, interstitial pulmonary edema can be
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Fig. 7.1 Suggested fluid 
management for 
pneumonectomy patients Replacement of blood volume losses 

In the first 24h perioperative period:  
Fluid Balance �� 20 mL/Kg 

Crystalloid Solutions < 3 Liters  

Urine output more than 0.5 m /kg/h  

If increased tissue perfusion is needed 
postoperatively:  

use invasive monitoring and inotropes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



prevented by intraoperative ventilation with moderate-to-high PEEP.

However, excessive fluid replacement becomes harmful after tracheal extuba-

tion, because the increase in venous return, as the mechanical ventilation is

withdrawn, may determine pulmonary congestion. If the PiCCO system has

been used for hemodynamic monitoring, it will probably show an increased

intrathoracic blood volume with a significant expansion of extravascular lung

water [13]. Quite often, the presence of renal dysfunction, associated with lung

transplantation, complicates peri-operative fluid management, rendering these

patients more vulnerable to fluid retention.

7.1.2.3 Procedures Involving the Esophagus
Fluid requirements change widely depending on the patient and the type of

surgical procedure, such that ultimately the chosen strategy represents the sum

of preoperative deficits, maintenance requirements, and ongoing losses.

Preoperative fluid deficits in patients undergoing esophageal surgery may be

relevant, although they have not been well defined [14]. In these patients, it

should be taken into account that esophageal obstruction or dysphagia may

limit fluid intake; in addition, there will be perioperative losses such as urinary

and gastrointestinal losses, bleeding, and interstitial fluid shifts. Indeed, a

fluid shift from the intravascular space into the interstitial space follows sur-

gical trauma and is likely to reflect vascular damage.

“Third space” losses describe fluid loss into non-interstitial extracellular

spaces that are not in equilibrium with the vascular compartment and thus con-

sidered to comprise a “non-functional” extracellular fluid compartment.

However, this space has not been well characterized and its existence has been

recently questioned [15]. Fluid management for esophageal resection is partic-

ularly challenging because thoracic epidural analgesia has been shown to

improve outcome for these patients [16], but its use tends to contribute to

hypotension, and in turn to ischemia of the gut anastomosis [17]. Treatment

with excessive fluids is likely to exacerbate the problem due to swelling of the

mucosa [18]. Many surgeons have expressed concern about the effects of vaso-

pressors on the gut blood flow [19]. Often, the surgeon will ask the anaesthe-

siologist to refrain from administering vasopressors because of the fear of

bowel ischemia. However, several recent animal studies suggested that the

treatment of intraoperative hypotension with norepinephrine does not cause

any reduction of gut blood flow [20, 21].

For major surgeries, including esophageal procedures, the best choice for

fluid management is an individualized strategy, optimizing cardiac output and

oxygen delivery. There is some evidence that fluid therapies designed to

achieve individualized and specific flow-related hemodynamic endpoints,

such as stroke volume, cardiac output, or measures of fluid responsiveness,

such as stroke volume variation (Goal-Directed Therapy, GDT), may be a bet-

ter choice than fixed regimens [22, 23]. Most practitioners would at least

measure central venous pressure in patients administered a thoracic epidural. 

In addition to the importance of the timing and amount of fluid adminis-
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tered, several authors argue that patient outcome is strongly influenced by the

choice of the kind of fluid [24]. Intravascular colloid retention during the treat-

ment of hypovolemia may approach 90%, vs. 40% during normovolemia [15].

The relationship between hydrostatic and oncotic pressure in the determi-

nation of fluid flux across a semi-permeable membrane was described in an

equation developed in 1896 by Starling. However, it does not clearly explain

several clinical observations, such as the relative resistance of the intact organ-

ism to the development of edema. This discrepancy is now attributed to the

glycocalyx, a microcilial layer that lines the endothelium and acts as a molec-

ular sieve [15]. This layer tends to decrease leukocyte and platelet adhesion to

the endothelium while increasing the oncotic pressure on its inner surface. The

glycocalyx deteriorates during ischemia-reperfusion and in the presence of a

wide variety of inflammatory mediators, and thus probably contributes to the

increased vascular permeability seen in these situations. Also, the glycocalyx

is disrupted in the presence of atrial natriuretic peptide, which may explain the

increase in plasma protein filtration seen following the administration of col-

loid boluses. Thus, protecting the glycocalyx may be among the anesthesiolo-

gist’s most important duties perioperatively.

In summary, several new important guidelines are: 

• the fasting deficit in most patients is very small or nil [25]; 

• basal fluid loss during a major procedure such as esophagectomy is proba-

bly only 1mL/kg/h;

• hypotension (mean BP < 70) is probably harmful to gastric tube blood

flow;

• treatment of hypotension with excess fluids is probably harmful;

• treatment of hypotension with sympathomimetic vasopressors (norepineph-

rine or epinephrine) is probably beneficial [26].

7.1.3 Which Kind of Fluid?

The controversy between the use of crystalloid vs. colloid in thoracic surgery

patients includes the propensity of each fluid to cause pulmonary edema.

Crystalloids are safe and inexpensive. However, thoracic surgery, and lung

surgery in particular, poses a significant problem of fluid overload and pul-

monary edema. In fact, compared with colloids, a very large volume of crys-

talloids is needed to achieve the same amount of volume expansion. As already

seen, this can easily lead to fluid overload. 

In a study comparing the effects of saline vs. colloids administration in

patients with ALI undergoing thoracic surgery, it was found that neither one

altered capillary permeability (when fluid overloading was avoided), although,

it was observed that hydroxyethyl starch (HES) may improve the increased

permeability [27].

Some data are currently available that favor using colloids for the replace-

ment of volume losses due to fluid shifting and/or bleeding. It is likely that the
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greater effectiveness of colloids in this context reflects their better effect on

volume expansion [28] and their minimized shifting of liquid through poten-

tially damaged capillary membranes [29, 30].

In patients undergoing esophagectomy, the choice of crystalloids versus

colloids as intraoperative fluid therapy and its effect on intestinal anastomotic

healing remains a matter of debate. 

Marjanovic et al. [31] reported intriguing findings in an experimental

model in which the treatment group received more colloids than the controls.

This was not the initial intention of the investigators, but rather a result of the

study design. Nevertheless, in contrast to a similar volume of crystalloid, col-

loids showed positive effects on intestinal anastomotic healing.

In animal models, only goal-directed colloid, and not crystalloid, therapy

increased intestinal microcirculatory blood flow and tissue oxygen tension

after abdominal surgery [32].

Ultimately, according to the type of fluid loss/deficit, a goal-directed

approach with the appropriate fluid might improve the surgical outcome [15].

Nonetheless, based on the above-described evidence, colloids are increasingly

being used to compensate the reduction in plasma volume related to blood

losses during major surgery [33].

Older, high-molecular-weight preparations of HES exhibited prolonged

hemodynamic effects but their used was hindered by major side effects in

terms of renal impairment, clotting disorders, and anaphylactoid reactions.

[34-36]. As explained elsewhere in this monograph, the latest-generation

HES, with a lower molecular weight, were shown to be associated with fewer

side effects while maintaining the desirable properties of plasma expansion

[36, 37].

A recent study [38] compared the use of HES 130/0.4, HES 200/0.5, and

modified fluid gelatin for volume replacement in patients undergoing major

thoracic surgery. Fluid infusion was guided by transesophageal Doppler. The

study found comparable hemodynamic stabilization effects for all three solu-

tions, but fewer side effects in terms of hemostasis and kidney impairment

with HES 130/0.4.
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8.1 Regional Anesthesia

8.1.1 Introduction

In regional anesthesia, only a specific part of the body is anesthetized. The pain
signal coming from the anesthetized area is blocked at the level of the central or
peripheral nervous system and does not reach the brain. There is also a reduc-
tion in tactile sensitivity and the movement ability of the muscles is abolished. 

Regional anesthesia allows faster recovery and causes fewer side effects
than general anesthesia.

The three types of regional anesthesia are:
• peripheral nerve block: in which local anesthetic is injected around the

nerve such that the supplied area loses sensitivity;
• spinal block: in which a small dose of anesthetic is injected into the sub-

arachnoid space, thus blocking all stimuli from the nerves that go to the
brain (Fig. 8.1);

• epidural anesthesia: in which the anesthetic is injected into the extradural
space (Fig. 8.1).
Regional anesthesia is frequently used in obstetric-gynecologic procedures

and in orthopedic surgery, but it can be used also for:
• urologic surgery;
• vascular limb surgery;
• inguinal hernia repair;
• proctologic surgery;



• eye surgery;
• some operations on the nose and ears.

8.1.2 Cesarean Section

Neuraxial anesthesia causes a preganglionic blockade of the fibers of the sym-
pathetic nervous system innervating smooth muscle of arteries and veins; this
causes vasodilation and thus blood pooling, with a decrease in venous return
to the heart. There may even be significant changes in systemic blood pres-
sure, especially in patients who are intravascularly depleted. Some studies
have determined a passage of fluids from the intravascular to the interstitial
space, based on measurements of hemoglobin [1, 2]. The ensuing hypotension
typically occurs about 30 min after the administration of epidural anesthesia
and earlier in spinal anesthesia. These hemodynamic effects are not due to a
reduction of blood volume per se, but rather to vasodilatation, which causes a
relative “functional” hypovolemia [2].

One of the most debated issues in regional anesthesia is the prevention of
hypotension following spinal anesthesia. This is one of the most common com-
plications during elective cesarean delivery under spinal anesthesia, with an
incidence up to 80% [3].
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The effects of preinduction fluid administration to reduce the incidence and
severity of spinal-induced hypotension have been extensively studied over the
past few decades. In fact, the administration of colloid or cristalloid volume
preload before induction has become a widespread practice. However, not all
studies have found a difference in mean arterial pressure and heart rate in pre-
load and non-preload situations in which crystalloid was administered. The
only difference was a greater time to reach the sensory block [4]. This is of
importance in the elderly population, as it is important to avoid hypotension
and reduce unnecessary fluid infusion. Coe et al. compared two different reg-
imens of crystalloid infusion but failed to find any difference in the incidence
of hypotension in the normovolemic elderly [5]. Additionally, crystalloids
infusion 20 min before the induction of spinal anesthesia may induce the
secretion of atrial natriuretic peptide (ANP) [6], resulting in peripheral vasodi-
latation followed by an increased rate of preloaded fluid excretion, if renal
function is preserved, as in the normal population. In elderly patients with
impaired renal status, however, this may be the cause of fluid retention. A
more physiological approach may be to administer a fluid preload at the begin-
ning of the anesthetic block. This practice has been termed “coload” [7]. Yet,
several authors [8] did not find any difference between standard preload and
“coload” protocols in terms of blood pressure, vasopressor requirements, and
neonatal outcome [9] in an obstetric population. Instead, they suggested the
use of a modest colloid preload (no more than 500 mL) plus phenylephrine
support to maintain blood pressure close to the baseline, claiming a better final
outcome [8, 10]. Both the administration of fluids and vasoactive drugs can
play the same role in restoring hemodynamic balance.

Intravascular fluid administration of colloids and crystalloid differs in
terms of their half-life and thus also in altering osmotic pressure and cardiac
output (CO) [3]. 

A study by Holte et al. [2] examined the effects of ephedrine vs. HES
administration 90 min after the administration of an epidural block. The hemo-
dynamic effects in the two groups were equal, but a reduction in hemoglobin
concentration was recorded with HES. The authors, therefore, concluded that
ephedrine administration is preferred for the treatment of hypotension after
epidural anesthesia, above all, when there are contraindications to its use or
when there is harmful fluid overload (as in cardiopulmonary diseases).

Regional anesthesia should be followed by a decrease in fluid require-
ments due to a perioperative decrease in blood loss [11]. Over the last 20
years, the mean intraoperative fluid administration in orthopedic surgery has
fallen from 3108 to 1563 mL [12]. In high epidural anesthesia, when hypoten-
sion is more likely, CO may be improved by increasing preload in the form of
increased fluid intake, or by sympathomimetic drugs, acting on myocardial
contractility, with unchanged fluid balance. Low spinal or epidural anesthesia,
below T10, is usually the cause of minor circulatory impairment due to com-
pensatory vasoconstriction in the upper part of the body. This compensation
generally is enough to counteract the vasodilatation in the anesthetized area. 
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8.1.3 Orthopedic Surgery

In the last few years, fluid administration has received suitable interest
because several studies have demonstrated the influence on outcome of peri-
operative fluid management. In fact, it was recently found that the optimiza-
tion of fluid management has an important impact in reducing postoperative
complications and mortality [13, 14].

In patients undergoing spinal surgery, it was demonstrated that the admin-
istration of excessive amounts of liquid causes an increase in respiratory com-
plications [15]. Some authors proposed hypertonic 75 mg/mL (7.5%) saline as
an alternative for preloading before spinal anesthesia in patients affected by
comorbidities in which excess free water administration is not desired. It is
effective in small doses of 1.6 mL/kg, which increase the extracellular water,
plasma volume and CO, and thus maintains hemodynamic stability during
spinal anesthesia [16].

8.1.3.1 Assessment of Liquid Request
Patients undergoing major surgery, such as orthopedic surgery, are more like-
ly to develop complications if they have a limited supply of physiological flu-
ids. Proper fluid administration can reduce the stress of the surgical trauma in
addition to improving outcome and reducing hospital stay [17-19].

In the past few years, attempts to optimize fluid therapy has led to a more
thorough examination of the fluids requested in the hospital setting.
Previously, fluid administration was often based on non-specific parameters,
such as urine output, which are not adequate to indicate subclinical hypov-
olemia. Nowadays, parameters such as stroke volume (SV) and CO guide
volemic filling. These parameters have been shown to be related to outcome
and are predictive for both survival and complications [20-22].

One of the easiest ways to monitor invasive cardiovascular parameters is
esophageal Doppler, which uses Doppler ultrasonography to measure blood
flow in the descending aorta. This technique allows the administration of
repeated boluses of fluids or vasoactive drugs on the basis of ongoing assess-
ments of SV and preload indices. For example, the control of CO by
esophageal Doppler in patients undergoing hip surgery reduced the hospital
stay from 17 to 12 days [12, 23].

Parker et al., in a study on hip fracture surgery, compared the effects of two
fluid strategies: 500 mL gelatin solution and conventional crystalloid solution.
Since no difference emerged with respect to the outcome of these two groups
of patients, the authors concluded that invasive monitoring of hemodynamic
functions in the perioperative period is desirable, in order to identify patients
in whom a more precise fluid control will generate actual benefits [22]. The
effects of invasive techniques on other important, longer-term outcomes have
yet to be studied [12].

In orthopedic surgery performed under regional anesthesia, an invasive
evaluation of CO is not always possible because the patients are awake and

118 L. Bertini et al.



obviously cannot tolerate an esophageal probe. Instead, new techniques, such
as thoracic electrical impedance cardiography can be utilized to measure CO
and SV [24]. CO data obtained with bio-impedance seem to correlate with
those obtained from more invasive techniques [25, 26]. 

Techniques such as Esophageal Doppler ultrasonography or central venous
pressure monitoring and non-invasive advanced techniques, such as plethys-
mographic pulse volume determination, may be used in awake patients; while
techniques involving  arterial wave analysis (pulse contour, pulse power),
measuring variations in pulse-pressure, systolic blood pressure, and SV
induced by mechanical ventilation, are useful during general anesthesia [27,
28]. However, the optimal protocol has not been determined and further stud-
ies are needed.

8.1.3.2 How Much Fluid?
The choice of the amount of fluid to be administered has always been more
difficult and controversial than the choice of the type of fluid to be adminis-
tered. Currently, very few studies are available concerning the amount of fluid
to be administered during the perioperative period; moreover, these studies are
not uniform, instead covering different types of surgery and patients.

Available data, however, show that in patients undergoing minor surgery
the perioperative administration of 1–2 L of fluids (mainly crystalloids) is a
rational strategy to correct dehydration. In addition, it can reduce postopera-
tive complications such as drowsiness, dizziness, nausea, vomiting, and post-
surgical pain [29-31].

In major surgery, there are three major strategies for fluid administration:
liberal, restricted, and goal-directed therapy (GDT). Studies comparing liber-
al vs. restricted strategies have not provided unanimous results. In fact, some
support restrictive fluid administration (approximately 3–3.6 L), arguing that
it reduces postoperative complications [32, 33] whereas other authors argue
for a liberal approach (approximately 5–5.9 L) [34]. 

A recent study on knee arthroplasty [35] found better results with a liberal
(median 4250 mL) than with a restrictive (median 1740 mL) approach in terms
of improving pulmonary function 6 h postoperatively and reducing the inci-
dence of vomiting, but it did induce significant hypercoagulability (although
with unknown clinical implications) 24–48 h postoperatively. No further dif-
ferences were found with respect to outcome and functional recovery. 

In a recent review based on currently available evidence, Holte could not
offer definitive recommendations on the optimal fluid in elective surgery
while the IV administration of > 5 L of fluids is not indicated as it can lead to
postoperative problems [36].

The results of studies on GDT are more consistent. GDT is a strategy of
fluid administration specific and highly individualized for each patient. Its
purpose is to optimize perfusion and tissue oxygenation under the guidance of
hemodynamic variables that suggest the need for fluids or other therapies
(such as vasoactive inotropic drugs). Many studies have shown that GDT is a
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valid approach for managing patients undergoing major surgery, reducing both
hospital stay and postsurgical complications [37, 38]. However, there are some
limitation of GDT studies: many of them had a small sample size and there has
been a lack of standardization, in addition to concerns of inappropriate goal
selection [39]. GDT also requires increased fluid administration compared to
standard approaches, but there are as yet no data on postoperative weight gain.
Other rapid rehabilitation techniques might also allow a good outcome.

8.1.3.3 Which Kind of Fluid?
In fluid management, it is important to identify the compartments vulnerable
to fluid loss and to restore those losses with a suitable fluid. In an acute emer-
gency, the priority is to restore circulating volume, suggesting the need for col-
loids or crystalloids. In other conditions, such as prolonged surgery with evap-
orative loss, water, in the form of 5% glucose, is needed.

Patients undergoing orthopedic surgery, especially major surgery such as
the repair of hip fractures and major joint replacements, are at risk of impor-
tant fluid losses due to decreased intake, bleeding before and after surgery,
medications that promote fluid losses (elderly patients on diuretic therapy),
among others.

Hypovolemia is the most important conditions that may occur during major
orthopedic surgery and must be prevented during the perioperative period.
Hypovolemia due to bleeding must be promptly treated with balanced crystal-
loid associated with a colloid rather than crystalloids alone [40]. Several
authors have shown that volume expansion is greater with colloids than with
crystalloids [16, 41]. Furthermore, fluid infusion reduces the possibility of
hypercoagulability [42] and vomiting in the post-operative period [35].
Nevertheless, it is also important to consider the effects of colloids on coagu-
lation. 

Many studies comparing the effects of colloids and crystalloids on clotting
showed that colloids interfere with clotting more than crystalloids [43, 44].
The alterations in the coagulation system are due to interference with fibrino-
gen/fibrin polymerization. Different fluids can worsen the coagulation state.
For example, in stressful situations or when hyperfibrinolysis is either suspect-
ed or detected by thromboelastography and in the presence of colloids, clot
disintegration is faster than clots formed in the presence of Ringer’s lactate.
Thus, clot strength and clot resistance to fibrinolysis will be better preserved
by administering crystalloids rather than colloids to maintain normovolemia
under these conditions [45]. 

This effect is particularly pronounced for HES. The main advantage of
HES over crystalloid infusions is a faster restoration of the intravascular vol-
ume deficit using smaller amounts of fluids; however HES can significantly
affect blood coagulation. Consequently, in patients in whom copious blood
losses are expected crystalloids and gelatin solutions should be used instead of
HES [45].
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The exception may be the latest-generation HES, which differ from older
HES formulations in their impact on coagulation. Studies carried out in vivo
and in vitro, comparing HES 130/0.4 (Voluven) with an older-generation HES,
showed much less pronounced effects on coagulation by the former [46-49].

Probably this effect is due to Voluven faster removal from the body
although it has the same efficacy in restoring plasma volume. Langeron et al.
suggested that the use of Voluven is appropriate in patients undergoing surgery
in which a large blood loss is expected [45, 46]. Gandhi et al. obtained the
same results comparing the safety of Voluven and HES 670/0.75 for volume
replacement in orthopedic surgery [50]. Thromboelastographic analysis of
healthy male patients also demonstrated less compromise of thromboelas-
togram parameters with HES130/0.4 than with other HES solutions [50, 51].
Recent studies focus on HES diluted in balanced solutions [52]. Finally, a con-
trolled, randomized, double-blind, multicenter trial confirmed that both solu-
tions have positive effects on volume replacement, but Voluven has less
adverse effects on coagulation. 

Papakitsos et al. [53] compared the efficacy and safety of Tetraspan® with
conventional unbalanced HES in patients undergoing orthopedic surgery.
There was less blood loss in the Tetraspan® group and a smaller amount of had
to be fluid infused compared to non-balanced HES. The authors concluded that
Tetraspan® provides excellent volemic filling and can be used throughout the
perioperative period.
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9.1 Pathophysiology

Adequate fluid replacement in cardiac patients is fundamental to successful
surgery. In patients undergoing cardiac surgery, correct fluid management
maintains an adequate circulatory volume and a proper electrolyte and acid-
base balance, avoiding arrhythmic (i.e., atrial fibrillation) and hemodynamic
(i.e., hypotension, pulmonary edema) complications. 

In particular, hypovolemia is a frequent occurrence among cardiac surgical
patients: fluid deficits are the result of fluid loss such as due to hemorrhage or
mannitol-induced diuresis, often used during cardiopulmonary bypass (CPB).
CPB patient may also present a Systemic Inflammatory Response Syndrome
(SIRS) with a capillary leakage syndrome and a consequent shift of fluid from
intravascular space (IVS) to interstitial space (ISS): hypovolemia develops in
absence of obvious fluid loss.

Hypovolemia leads to a reduction in cardiac output (CO) and tissue perfu-
sion, with a high risk of complications (organ failure), which in some cases
may be fatal. 

Another cause of concern is fluid overload, which may precipitate a wors-
ening of cardiac function (especially in patients with impaired contractility),
leading to acute pulmonary edema and cardiogenic shock. These events may
complicate patient management (use of inotropes and other cardiovascular
active drugs) during surgery (prior to CPB) and cause difficulties in weaning
the patient from the CPB pump. Moreover, aggressive preoperative or intraop-
erative (prior to CPB) fluid administration may cause hemodilution, with an



increased need for blood products, which is further augmented by CPB prim-
ing. Suboptimal Hb values may reduce O2 delivery (DO2) increasing transfu-
sional need, especially in patients affected by coronary artery diseases [1]. 

In order to avoid either hypoperfusion, with major organ damage, or fluid
overload, stabilization of the cardiovascular system through an adequate fluid
therapy should take into account the type of surgery and the initial electrolyte
balance of the patient [2, 3]. In this setting, Goal-Directed Therapy GDT) may
be indicated to optimize the management of cardiac surgery patients. In fact,
GDT can assure an adequate circulating volume, avoiding water overload and
instead leading to an ideal perfusion condition (DO2) for each patient.

9.2 Clinical Management of Fluid

In cardiac surgery, the debate regarding optimized fluid therapy concerns not
only solutions given to patients during and after surgery but also those used in
CPB priming. The treatment of hypovolemia using an appropriate intravascu-
lar volume means preventing organ dysfunction, without increasing cardiac
work. However, the ideal approach to volume management is still debated in
cardiac surgery patients. Recently, the historical debate crystalloid/colloid has
enlarged to include colloid/colloid. Nonetheless, the physical and chemical
properties of the various plasma substitutes determine the different therapeu-
tic and adverse effects. Thus, any discussion of intravenous volume replace-
ment should consider the potential side effects, involving the inflammatory
response, endothelial integrity, coagulation, and organ function (e.g., the kid-
neys), and not only the effect of the chosen fluid on systemic hemodynamics.

9.2.1 Comparison Between Crystalloids and Colloids

In cardiac surgery, the use of crystalloids seems to be less appropriate for vol-
ume replacement than colloids. In fact, in the intravascular space (IVS), a
major amount of crystalloids is needed to achieve the same volume replace-
ment [4]. The distribution of crystalloids is mainly interstitial and the admin-
istration of a large dose may facilitate fluid overload and hemodilution.
Moreover, a relationship between the administration of high fluid volumes and
increased mortality has been reported [5]. According to the literature, the use
of crystalloids for volume stabilization in patients with circulatory shock is
related to a higher risk of altered lung function because of pulmonary edema
(fluid overload, referred to as “Da Nang lung” based on the large number of
cases in the Vietnam war) [6, 7]. In particular, the use of crystalloids seems to
be less appropriate in patients with reduced myocardial function. Ley et al.
compared fluid replacement with crystalloids or colloids in patients undergo-
ing coronary artery bypass or valve substitution. In that study, patients treated
with hydroxyethyl starches (HES) needed less time in the intensive care unit
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than patients treated with normal saline solution. In addition, they required
fewer fluids after surgery and showed better hemodynamic performance than
the crystalloids group [8]. On the other hand, colloids are associated with
coagulopathy, and anaphylaxis, and may cause tubular damage (ATN) with
renal dysfunction (Table 9.1).

The state of the art use of crystalloids is suggested for continuous losses
(total body water loss, such as due to perspiratio insensibilis and urinary out-
put) while colloids are suggested for temporary losses (IVS loss, such as due
to hemorrhage).

9.2.1.1 Gelatins
Currently available gelatins come in cross-linked (e.g., Gelofundiol), urea-
cross-linked (e.g., Haemacel), and succinylated (e.g., Gelofusine) forms and
they have comparable volume-expanding power. All of them are safe enough
with respect to coagulation and organ-function preservation but they are the
second most frequent cause of anaphylactic shock in cardiac surgery, follow-
ing antibiotics.

9.2.1.2 Hydroxyethyl Starches
In cardiac surgery patients, HES are widely used for correcting hypovolemia.
The first- and second-generations HES demonstrated good hemodynamic
effects but were the cause of important side effects involving renal function,
coagulation, and tissue storage and frequently caused pruritus [9].

Second- and third-generation HES include HES 6% 550/0.75 and HES 6%
130/0.4, respectively. The first is exclusively used in USA, and the second
widely in Europe. HES with a lower mean molecular weight (MMW) and a
lower molar substitution rate (MSR) (third and fourth generations) are safer in
terms of kidney injury, even at higher doses [10]. In fact, HES 6% 130/0.4 may
confer protection in ischemic/toxic renal injury, at least compared to HES 6%
200/0.5. This is an important highlight considering that acute renal failure is a
frequent complication in cardiac surgery patients, especially after CPB.

One concern regarding HES use in cardiac surgery is its association with
coagulation disturbances and, consequently, a greater bleeding risk in patients
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Table 9.1 Comparison between crystalloids and colloids in cardiac surgery

Crystalloids Colloids

Facilitate fluid overload Less time in intensive care

Hemodilution Less fluids after surgery

Pulmonary edema Better hemodynamic performance

Fewer indications in patients with reduced Anaphylaxis reactions

myocardial function

Suggested for continuous loss Coagulopathy

Suggested for temporary loss 



receiving large amounts of blood or blood products. This is especially the
case with first-generation HES preparations, which induce a fibrin polymer-
ization disturbance, a type I von-Willebrand-like syndrome, decreased coag-
ulation factor VIII levels, and alterations in platelet function. In a recent
meta-analysis, the use of third- vs. second-generation HES was not related to
clinical (and statistically significant) differences in patients with blood loss
after surgery [11].

The effect of HES on platelet function during cardiac surgery is an addi-
tional concern of HES use. However, unlike HES 450/0.7, HES 200/0.6, and
HES 70/0.5, HES 130/0.4 were not associated with negative effects on platelet
function. The preservation of endothelial function and the maintenance of
endothelial integrity using HES 6%130/0.4 was also reported [12].

HES solutions with a narrow range of MMW were shown to be effective in
reducing capillary edema in an animal model [13]. Furthermore, an improve-
ment in microcirculation and in tissue oxygenation secondary to HES infusion
has been demonstrated [14]. One explanation for these results is a direct effect
of HES on inflammation (e.g., via a reduction in NF-κB release) [15].

These observations point to potential beneficial effects of HES in reducing
systemic stress and the inflammatory response due to surgery and CPB, which
may cause a capillary leak syndrome, with vasodilatation, interstitial and pul-
monary edema, increased O2 consumption VO2, and reduced O2 delivery DO2

and tissue diffusion. Thus, modern HES preparations can be expected to
reduce cardiovascular changes that may alter or precipitate disturbances in the
hemodynamic and metabolic equilibrium of these patients. 

In recent years, the solution in which HES are diluted has also become a
subject of interest [16]. Saline solutions, in which most colloids are dissolved,
contain higher amounts of chloride than plasma and therefore may cause
hyperchloremic acidosis and sodium overload, especially in the presence of
clinical conditions such as renal dysfunction or heart failure. Accordingly, the
latest-generation HES are dissolved in plasma-adapted solutions, with a com-
position very close to that of plasma.

9.2.1.3 Albumin
Albumin is generally considered the best volume-replacement solution for car-
diac surgery patients, but it is very expensive and its use does not justify its cost.

A meta-analysis by Russell et al. showed that, compared to crystalloids, the
use of albumin in cardiac surgery yields good results with respect to platelet
count, as well as a positive influence on oncotic pressure and postoperative
weight gain [17].

9.2.2 Comparison Between HES and Other Colloids

There is some evidence in cardiac surgery [18] that HES affect coagulation to
a greater extent than gelatins. Specifically, there is greater blood loss and an
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increased need for allogenic blood products in patients treated with HES
200/0.5 [19].

In an isolated renal perfusion model in which tubular damage occurs, HES
were shown to impair kidney function [20]. However, different results have
emerged from studies on the latest-generation HES: compared to gelatins,
third- and fourth-generation HES exhibit positive effects on both the inflam-
matory response [15] and endothelial integrity, with reduced renal effects and
a decrease in the total volume of colloid required. Allison and colleagues [21]
studied the influence of gelatin and HES 6% 200/0.5 on the renal excretion of
albumin. Excretion was significantly higher in the gelatin group, consistent
with a better integrity of vascular membranes in the HES-treated patients. 

Ooi et al. [22] confirmed that HES 6% 130/0.4 maintains plasma oncotic
pressure better than gelatins and that it is also capable of reducing third-space
plasma shifts. They suggested the use of HES 6% 130/0.4 instead of gelatin
solutions. 

One of the most serious complications after cardiac surgery is renal dys-
function. Gelatins cause greater kidney damage than HES, especially when
compared to third- and fourth-generation HES. However, in a study of CBP
patients, HES use corresponded to a decrease in GFR and modest renal dys-
function. Based on these heterogeneous results, the role of HES in determin-
ing renal damage remains to be clarified [23] (Table 9.2).

The effect of albumin and modern HES on hemodynamic and acid-base
equilibrium after cardiac surgery was evaluated by Niemi et al in a prospective
randomized study [24] comparing volume replacement with HES 6% (130
kDa, n =15) to HES 6% (200 kDa, n =15) and 4% albumin (69 kDa, n =15)
after CBP. In the early postoperative phase, the albumin group had a lower car-
diac index and less O2 delivery than either the HES 130 or HES 200 group.
Moreover, HES 130 did not induce acid-base alterations, while albumin infu-
sion had a negative base excess (Table 9.3).
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Table 9.2 Comparison between HES and gelatins in cardiac surgery

HES vs. gelatins

Decreased renal effects

Better oncotic characteristics

Maintenance of plasma oncotic pressure

Reduced plasma shift in the third space

Table 9.3 Comparison between HES and albumin in cardiac surgery

HES vs. albumin

Better effect on CO and DO
2

No acid-base alterations



9.2.3 Comparison Between Balanced and Unbalanced Solutions

When evaluating the effects of different volume replacement strategies, the
electrolytic composition has to be taken into account. Hyperchloremia caused
by non-balanced, nor non-plasma-adapted solutions can alter kidney sensitiv-
ity to vasoconstrictors, leading to increased vascular tone and a reduction in
glomerular filtration. Balanced and plasma-adapted solutions avoid hyper-
chloremia, with a lower risk of kidney injury, even in cardiac surgery patients,
as well as a reduced bleeding risk [9] and inflammatory response. 

Clotting disturbances can be avoided or reduced by dissolving HES in bal-
anced, plasma-adapted solutions. Furthermore, there is growing evidence that
the use of balanced solutions reduces the need for blood products because of
the improved coagulation status, even in the setting of CPB priming [25, 26].

Finally, balanced plasma-adapted solutions maintain acid-base balance,
alterations of which may worsen the hemodynamic status of cardiac patients.
In a prospective, randomized, double-blind study of cardiac surgery patients
[27], a balanced HES 130/0.4 preparation was compared to an unbalanced
HES 130/0.4. While the hemodynamic status did not differ between the two
groups, the base excess at the end of surgery was significantly less negative in
the balanced than in the unbalanced HES group.

9.2.4 Cardiopulmonary Bypass Priming

Priming consists in filling the tubes of extracorporeal circuits for CPB with a
fluid, before CPB starts. CBP priming is still the subject of debate, as the ideal
priming strategy has not been determined and there are no specific guidelines
for the procedure. Nevertheless, CPB priming plays a central role in cardiac
surgery, with the choice of the solution as one of the major factors influencing
patient outcome. 

The main goal of CBP priming is to avoid the drop in colloid-osmotic pres-
sure (COP) that occurs during CBP, because of hemodilution. Several lines of
evidence suggest that the use of crystalloids alone is not indicated for priming.
In fact, they reduce the COP, increasing the risk of postoperative organ dys-
functions and pulmonary edema [28, 29]. 

A study comparing HES, albumin, and Ringer lactate solution as priming
fluid for CBP showed that colloids are preferable to crystalloids. The study
pointed out similar results for the HES and albumin groups, whereas fluid
accumulation was demonstrated in the Ringer lactate group [30].

The more recent focus of the literature has been on the use of third- and
fourth-generation HES for CBP priming. Some studies have reported fewer
side effects with these solutions than with gelatin, especially regarding the
effects on coagulation [31-33]. However, this conclusion was not supported by
a recent study. Appelman et al. [34] did not find the expected preservation of
clotting parameters in a comparison of a balanced HES priming solution with

132 F. E. Agrò et al.



9 Cardiac Surgery 133

gelatin-based priming. Nonetheless, HES in balanced preparations are related
to fewer post-operative alterations than either albumin or gelatin. However,
there is still insufficient evidence supporting the “default” use of HES.
Accordingly, these solutions should be used with caution in CBP priming, as
is the case for all fluids. All CBP priming solutions should be considered as
real drugs, i.e., with both beneficial effects but also negative side effects. The
correct choice is based on literature evidence as well as on surgical experience
and on the patient’s risk factors for fluid therapy. 
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Sepsis and septic shock are major health issues involving millions of people
worldwide each year.

10.1 Definitions

10.1.1 Systemic Inflammatory Response Syndrome (SIRS)

Systemic Inflammatory Response Syndrome (SIRS) is a condition often
observed among critically ill patients. This syndrome is sustained by proin-
flammatory cytokines and factors that mediate endothelial activation and
adhesion resulting in capillary leakage. Clinically, SIRS is diagnosed based on
the presence of two or more of the following criteria:
• body temperature < 36°C or > 38°C [1];
• heart rate > 90 beats per minute;
• tachypnea (high respiratory rate), with > 20 breaths per minute or an arte-

rial partial pressure of carbon dioxide < 4.3 kPa (32 mmHg);
• white blood cell count < 4000 cells/mm³ (4 × 109 cells/L) or > 12,000

cells/mm³ (12 × 109 cells/L), or the presence of > 10% immature neutro-
phils (band forms) [2, 3].

10.1.2 Capillary Leakage

Capillary leakage is a condition of increased capillary permeability to water,
ions, and macromolecules. Generally, it is caused by an alteration of capillary per-



meability due to an inflammatory response such as SIRS. The result is a loss of
proteins (particularly albumin) from the plasma to the interstitial space (ISS), and
a fluid shift from the intravascular space (IVS) to the ISS (third space syndrome),
resulting in hypovolemia and interstitial edema (especially pulmonary edema).

10.1.3 Sepsis

Sepsis is a form of SIRS that is caused by an infection [4].

10.1.4 Severe Sepsis

Severe sepsis is defined as sepsis and sepsis-induced organ dysfunction or tis-
sue hypoperfusion [4].

10.1.5 Sepsis-Induced Hypotension

Sepsis-induced hypotension is defined as [4]:
• a systolic blood pressure (SBP) < 90 mm Hg or 
• mean arterial pressure < 70 mm Hg or 
• a SBP decrease > 40 mm Hg or 
• a SBP < 2 SD below normal for the patient’s age in the absence of other

causes of hypotension.

10.1.6 Sepsis-Induced Hypoperfusion

Sepsis-induced tissue hypoperfusion is defined as either [4]:
• septic shock;
• an increased lactate;
• oliguria.

10.1.7 Septic Shock

Septic shock is defined as hypotension induced by sepsis refractory to fluid-
resuscitation.

10.2 Physiopathology

The physiopathological basis of sepsis is a redistribution of blood flow due to
the migration of inflammatory cells into tissues, with increased vascular per-
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meability and vasodilatation. The consequences of this mechanism are
hypotension and hypoperfusion, with interstitial edema resulting in a stress-
induced response that includes stimulation of the sympathoadrenergic and
renin-angiotensin systems. Initially, the resulting increase in cardiac contrac-
tility helps to maintain an adequate cardiac output. Later, however, there is
cardiac dysfunction: cardiac output decreases, tissue perfusion is inadequate,
and the oxygen supply is dereased, which evolves into multi-organ failure
(MOF) [5].

10.3 Clinical Management of Fluids

According to current published guidelines, fluid administration is the first
therapeutic action that should be taken in order to guarantee adequate cardiac
output and oxygen [6]. Fluid therapy should, ideally, improve tissue oxygena-
tion and microcirculation, while preventing lung edema. The recent literature
reports that extravascular lung water is an independent outcome indicator in
septic patients [6].

Fluid management in patients with severe sepsis/septic shock is not easily
managed. It is a severe condition that requires the administration of very large
amounts of IV fluids over a short period of time. Accordingly, these patients
require close clinical monitoring in which the hemodynamic response to fluid
loading is evaluated and overload of the ISS is avoided. Due to vasodilatation
and capillary leakage, most patients require a high volume fluid loading dur-
ing the first 24 h [5].

10.3.1 Which Kind of Fluid?

An unresolved question of sepsis management is which kind of fluid to use?
Are crystalloids better than colloids? To answer this question, the effects of
crystalloids and colloids on septic patients have to be evaluated.

10.3.1.1 Crystalloids
Crystalloids are composed of water and electrolytes (or glucose) that diffuse
easily through the endothelium into the ISS in amounts proportional to the
extravascular water rate; specifically, the greatest amount of crystalloids
localize into the ISS as it is more extensive than the IVS. In patients with
sepsis, crystalloids have an increased distribution in the ISS (Fig. 10.1),
resulting in a higher risk of tissue edema. Moreover these patients need high-
er-dose infusions (6–8 times normal) in order to obtain an effective volume
expansion.
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10.3.1.2 Colloids
Theoretically, colloids have a greater expanding power than crystalloids. In
fact, colloids are composed of macromolecules that are unable to pass through
semi-permeable biological membranes. In the presence of normal vascular
permeability, colloids remain in the ISS, exerting a high colloid-osmotic pres-
sure, which retains water in the ISS. If endothelial permeability increases, col-
loid macromolecules then shift from the IVS to the ISS [7] (Fig. 10.1). In par-
ticular, colloid molecules pass through the endothelium according to their
molecular weight (MW): the lower the MW of the colloid (albumin, gelatins),
the greater the membrane permeability. Thus, for higher MW colloids, such as
hyydroxyethyl starches (HES), the membrane remains quite impermeable. The
MW also determines the ability of the colloid to pass into the ISS, increasing
its colloid-osmotic pressure and leading to water movement from the IVS to
the ISS and thus to the formation of edema.

10.3.2 Comparison Between Crystalloids and Colloids 
in Balanced and Unbalanced Solutions

Different results are described in the literature regarding the hemodynamic
effects of crystalloids and colloids [7-12]. If short-term effects (within 90 min
from the beginning of fluid therapy) are considered, studies on small sample
populations report a greater improvement of cardiovascular function in terms
of volume expansion with colloids (4% gelatin, 6% albumin, 6% HES 200/0.5)
[7, 8]. A non-randomized study on a large sample population (346 patients)
reported mean arterial pressures of patients administered fluid therapy consist-
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ing of crystalloid or colloid (HES 130/0.4 or 4% gelatin) for a period of 2
weeks; the HES 130/0.4 group had higher mean arterial pressures [11]. 

A double-blind, randomized study on 475 patients reported that patients
receiving crystalloids for primary resuscitation took longer to achieve initial
cardiovascular stability than patients receiving colloids (6% HES 200/0.5 or
dextran 70). However, this difference was not clinically important, as the
degree of compromise during this period was generally not sufficient to
require intervention with a rescue colloid. The same study reported that a
reduction in hematocrit was greater in the colloid group 2 h after fluid thera-
py was initiated, but greater in the crystalloid group 6 h after fluid therapy
was started [12] A randomized multi-center study on 537 patients reported
that colloid (10% HES 200/0.5) therapy was associated with a more rapid
achievement of the target central venous pressure and with a smaller total
resuscitation fluid amount than achieved with crystalloid therapy, at least dur-
ing the first 4 days of fluid therapy; however, the mean cardiovascular
Sequential Organ Failure Assessment (SOFA) score of the entire fluid thera-
py period (21 days or one intensive care unit stay) was similar between the
two groups [9] 

Finally, a randomized, multi-center, double blind study on 1.218 patients
found no difference in the mean cardiovascular SOFA score during one week
in patients assigned to fluid resuscitation with either 4% albumin or crystal-
loids [10]. 

In a comparison of albumin or gelatin and crystalloids, albumin or gelatin
resuscitation is associated with a greater hemodynamic improvement than
crystalloids at least regarding short-term effects [7, 8]. If the longer-term
actions of fluid therapy are considered, however, it seems that there are no sig-
nificant differences in cardiovascular effects between crystalloids and albumin
or gelatin [10, 11]. This may be due to the fact that over longer periods of time
colloids are not as well retained in the IVS as crystalloids since sepsis increas-
es endothelial permeability [11].

In evaluations of HES (200/0.5 or 130/0.4) and crystalloids, resuscitation
with the former (in particular, HES 200/0.5, the most well-studied) is associ-
ated with a more rapid achievement of cardiovascular stability and a greater
volume expansion, after both short and long-term fluid resuscitation [7-9, 11,
12]. It is unclear, however, whether the differences in hemodynamic effects are
clinically significant [9, 12]. Only one study compared dextran 70 to crystal-
loids, concluding that dextran resuscitation is associated with a more rapid, but
clinically not significant, achievement of cardiovascular stability [12].

10.3.3 Side Effects of Crystalloids and Colloids 

10.3.3.1 Pulmonary Edema
The results of previously discussed studies provide support for the hypothesis
that during severe sepsis/septic shock colloidal macromolecules diffuse across
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the endothelial membrane due to the severely increased capillary membrane
permeability. In the ISS, colloidal macromolecules exercise a colloid-osmotic
pressure that tends to pull water into the extravascular space, potentially
resulting in edema, including pulmonary edema. Studies comparing crystalloid
and colloid resuscitation reported that the type of resuscitation fluid did not
influence the incidence of pulmonary edema [8, 9, 19, 12].

10.3.3.2 Nephrotoxicity
Nephrotoxicity is a side effect associated with the use of some colloids. It is
highly feared in septic patients because sepsis can cause renal failure and
hemostatic disorders. In such cases, the rates of acute renal failure and renal-
replacement therapy are higher following fluid resuscitation with HES
200/0.5, HES 130/0.4, or gelatin than with balanced crystalloids or saline [9,
11]. It seems that HES 200/0.5 but not HES 130/0.4 is more nephrotoxic than
gelatin [11, 14]. The nephrotoxicity of HES 200/0.5 seems to be dose-depend-
ent and occurs especially at doses > 20 mL/kg/die [9]. Interestingly, the
administration of albumin vs. saline did not alter kidney function in septic
patients [10]. 

10.3.3.3 Coagulation and Hemostasis
Coagulopathy [15] is another possible side effect of fluid administration.
Normally, septic patients are at higher risk of clotting disorders (CID). The
few studies on colloid-induced coagulopathy in septic patients yielded con-
flicting results [12, 16]. A randomized, double-blind study of a homogeneous
population of 475 patients with septic shock reported similar bleeding mani-
festations and coagulation disorders for patients resuscitated with 6% dextran
70 and those resuscitated with 5–10 mL/kg of 6% HES 200/0.5; the patients
were followed for 4 days after the beginning of fluid resuscitation [12].
However, these results should be considered with caution since they were
obtained after a relatively short follow-up (4 days) and conflict with those of
a large meta-analysis, on the hemostastic effects of colloids in a heterogeneous
sample population, in which dextran and high-medium MW (kDa ≥ 200) HES
was associated with a high risk of bleeding [15].

10.3.3.4 Inflammation
There is increasing evidence that some plasma substitutes possess additional
effects besides volume replacement. These additional properties positively
impact perfusion, microcirculation, tissue oxygenation, inflammation,
endothelial activation, capillary leakage, and tissue edema [16, 17]. For exam-
ple, Lang et al. [18] have shown that modern HES 130/0.4 is able to improve
tissue oxygenation, increase microperfusion, and decrease endothelial inflam-
mation; while crystalloids seem to mostly distribute into the ISS and reduce
capillary perfusion. Neff et al. [19] suggested that a lower molar solubilization
ratio (MSR) HES alters red blood cell aggregation, thus reducing blood vis-
cosity. More studies are needed to confirm these findings.
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10.3.4 Hypertonic Solutions

Hypertonic solutions allow an efficacious volume expansion using small fluid
volumes. Studies performed mostly on animals have reported that volume
replacement with hypertonic solutions not only results in hemodynamic
improvements (by increasing preload, reducing afterload, and increasing
inotropism) but also counters the formation of tissue edema and modulates the
inflammatory response. These properties could be particularly useful in
patients with severe sepsis/septic shock. Unfortunately, the findings in animals
have yet to be confirmed in humans such that it is still not possible to recom-
mend hypertonic solutions for fluid resuscitation in patients [20]. 

10.3.5 How Much Fluid?

According to the International Guidelines of the Surviving Sepsis Campaign
(SSC), during the first 6 h, the goals of resuscitation from hypoperfusion
induced by sepsis should include:
• central venous pressure (CVP) of 8–12 mmHg;
• mean arterial pressure ≥ 65 mmHg;
• urine output ≥ 0.5 mL/kg/h;
• central venous or mixed venous oxygen saturation ≥70% or ≥65%, respec-

tively.
A high CVP target (12–15 mmHg), which means a high atrial filling pres-

sure, should be considered for patients mechanically ventilated with diastolic
dysfunction or high abdominal pressure, or those with pre-existing, clinically
significant pulmonary artery hypertension. It must be remembered, however,
that the CVP can be misleading regarding volume status as it depends not only
on ventricular preload but also on ventricular compliance. More reliable meas-
ures are the volumetric parameters calculated, for example, by pulse contour
continuous cardiac output (PiCCO); in fact, resuscitation directed toward
hemodynamic goals in the first 6 h reduces mortality after 28 days of follow
up [21].

Multiple studies have shown an improvement of mortality data when the
goal-directed therapy was that indicated by the SSC guidelines [22-25]. For
some patients, the administration of fluids can be dangerous, as acute right-
ventricular failure, pulmonary or cerebral edema, and abdominal compartment
syndrome may increase the damage caused by the fluid overload. Thus, it is
important that clinicians identify those patients who will truly benefit from
fluid therapy. 

Depending on the available monitoring (arterial line, PAC, ScvO2, echocar-
diography, Doppler ultrasound), a dynamic parameter is crucial to predict
damage due to infusion therapy. Most often this will involve pulse pressure
variation (PPV) (Fig. 10.2) [26].
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10.4 Guidelines

The SCC guidelines recommend a goal-targeted fluid management with an ini-
tial target CVP ≥ 8 mmHg and the continuation of fluid therapy until the
achievement of hemodynamic stability. The suggested fluids for resuscitation
are crystalloids and natural/artificial colloids, but there is not enough evidence
for the superiority of one particular fluid type over another [21]. A fluid chal-
lenge is recommended to calculate fluid responsiveness. It consists of either
instantaneous infusion (within 10–15 min) of 250 ml of crystalloid or colloid,
repeatable if indicated, with an increase of CVP ≥ 2 mmHg. Fluid responsive-
ness should bring an improvement in cardiac output and consequently an
increase in tissue perfusion [27]. Fluid therapy must be started with 1 L of
crystalloids or 300–500 mL of colloids over 30 min. Balanced solutions are
reasonably preferable in patients with sepsis, in whom fluid resuscitation
should be rapid and involve the use of large volumes. The rate of fluid admin-
istration must be decreased if the targeted CVP has not yet been achieved and
when clinical signs of fluid overload arise (pulmonary edema, severe increase
in CVP and wedge pressure) without any coexisting hemodynamic improve-

144 R. Cataldo et al.

Fig. 10.2 How to measure pulse pressure variation (PPV)



ment [5, 21]. A meta-analysis on 1001 patients treated for sepsis reported a
reduction in mortality in the group treated according to the SSC guidelines
[28].

10.4.1 Current Results of Goal-Directed Therapy in Sepsis: 
a Systematic Review

An overview of the current results of hemodynamic monitoring and manipula-
tion in sepsis was obtained by our group [29] in a systematic review and meta-
analysis of randomized controlled trials comparing GDT with the standard of
care. Studies were searched in MEDLINE, EMBASE, and Cochrane Library
databases. The features of our review were as follows:
I. Randomized controlled trials (RCTs) were selected using the following

inclusion criteria. RCTs on the effects of hemodynamic goal-directed the-
rapy on mortality or morbidity in critically ill patients were the main
research topic. Goal-directed therapy was defined as the monitoring and
manipulation of hemodynamic parameters to reach normal or supranormal
values by fluids and/or vasoactive therapy. Studies with no description of
goal-directed therapy, no difference between groups in the optimization
protocol, with therapy titrated to the same goal in both groups were exclu-
ded.

II. The presence of a control group with patients treated according to standard
of care was required.

III.The study population consisted of critically ill, non-surgical patients, or
postoperative patients with already established sepsis or organ failure.
Studies involving mixed populations or surgical patients undergoing non-
cardiac or cardiac surgery were excluded. 
Among the 737 patients randomized in the four included studies, hospital

mortality was recorded in 298 (40%). Of these, 179 patients had been assigned
to the control group (47%), and 119 to the experimental group (32%). Table
10.1 shows the overall responses (ORs) and 95% confidence intervals (CIs) for
the observed in-hospital mortality in each trial as well as the pooled estimate.
The overall effect in the combined studies was a significant reduction in mor-
tality for the experimental group [pooled OR of 0.50 (0.34– 0.74); P = 0.0006]
without a significant heterogeneity among studies (P = 0.25; I2 = 27%).
Overall, the findings suggest that hemodynamic optimization can reduce mor-
tality in sepsis. 

10.5 Conclusions

According to the most recent clinical trials on fluid resuscitation of patients
with severe sepsis/septic shock, a few hours after the beginning of fluid ther-
apy, colloid resuscitation causes an improvement in cardiovascular function
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and plasma volume expansion that is greater than the recovery obtained with
crystalloid resuscitation. The effects of fluid therapy are recordable after
hours/days. The hemodynamic effects of albumin and gelatins are likely simi-
lar to those of crystalloids. HES, on the other hand, have a greater expanding
power than crystalloids, even after hours or days and have been recommended
for patients with sepsis. However, HES is associated with many side effects,
some on which depend on MMW and MSR (i.e., nephrotoxicity, coagulopathy,
risk of pulmonary edema) while others involve independent risk factors (i.e.,
allergic reactions and itching). Theoretically, patients with severe sepsis/sep-
tic shock are very susceptible to the development of colloid-induced kidney
injury, coagulopathy, and pulmonary edema given that sepsis alone can already
cause renal failure, hemostatic disorders, and pulmonary edema. There are
several types of HES, which differ according to their MW and MSR. The side
effects (nephrotoxicity, coagulopathy and risk of pulmonary edema) of medi-
um-MW HES, especially HES 200/0.5, has been well studied. Compared to
crystalloids, HES 200/0.5 therapy does not increase the risk of pulmonary
edema but it is associated with a higher rate of acute kidney failure. Thus,
comparatively speaking, low-MW HES (HES 130/0.4) poses less danger to the
kidney and causes only minor changes in the clotting system. Nevertheless,
current studies on the safety of HES 130/0.5 are of limited statistical power in
addition to the fact that in septic patients this HES has been largely unexam-
ined. A major ongoing study is aimed at assessing the safety and efficacy of
HES 130/0.4 in patients with severe sepsis [30].

In conclusion, as HES have known side effects and their advantages com-
pared to crystalloids in improving hemodynamic are still being evaluated, it
seems rational that, at least for the time being, fluid resuscitation of patients
with severe sepsis/septic shock should be mainly based on the use of crystal-
loids. This conclusion is in agreement with many recently published reviews on
this topic [31, 32]. The use of HES should be limited to patients whose hemo-
dynamic condition is particularly compromised. Low-MW HES, such as HES
130/0.4, are associated with less nephrotoxicity and coagulopathy than medi-
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Table 10.1 Effect of hemodynamic optimization on hospital mortality in patients with sepsis
(experimental vs. control group)

Study Experimental Control Weight Odds Ratio
Group Group (95%CI)

De Oliveira 8/51 21/51 5.3 0.27 [0.10, 0.68]
(2008)

Lin (2006) 58/108 83/116 9.4 0.46 [0.27, 0.80]

Rivers (2001) 46/95 50/106 9.4 1.05 [0.60, 1.83]

Santhanam 13/74 13/73 6.0 0.98 [0.42, 2.30]
(2008)

Overall 119/363 179/374 100 0.50 [0.34, 0.74]

Heterogeneity: I2 = 27%; χ2 = 4; P = 0.25; Overall effect: Z = 3.44; P = 0.0006
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um-MW HES, such as HES 130/0.5 (maximum daily dose of 50 mL/kg/die). As
already recommended by guidelines on sepsis therapy, crystalloids and colloids
in balanced solution should be preferred. Current studies on the safety of HES
130/0.4 in balanced solution may clarify whether this colloid can be considered
the first-choice fluid for patients with severe sepsis or septic shock.

Key Concepts
• Definition of SIRS, sepsis, and septic shock
• Side effects of colloids and crystalloids 

Key Words
• SIRS
• Sepsis
• Septic shock
• Side effects
• PPV
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11.1 Introduction

Trauma is a considerable health issue, given that each day 16 000 people die
from trauma and several thousand are severely injured [1].

11.1.1 Chest Trauma

Chest trauma is the second most common cause of death after head trauma.
Most cases of chest trauma are the consequence of motor vehicle accidents,
which is the main cause of death [2].
Patients with chest trauma show several clinical manifestations: rib fractures,
pneumothorax, hemothorax or both, lung contusion, cardiac contusion or lac-
eration, blunt aortic injury, diaphragmatic injury, and lung laceration. 

11.1.2 Hemothorax

Hemothorax is an intrapleural bleeding that results from injury to the chest
wall, lung, or thoracic vessels. In massive hemothorax, the affected lung is
collapsed, with right to left shunt and hypoxia. The blood loss leads to hem-
orrhagic shock and, potentially, circulatory failure. Hemothorax is very often
accompanied by pneumothorax, a condition termed as hemopneumothorax.



11.1.3 Cardiac Tamponade

Cardiac tamponade is a rare event in blunt chest trauma, mostly associated
with penetrating trauma. It occurs when blood from an injured great vessel,
cardiac chamber, or coronary or pericardial vessel accumulates in the pericar-
dial space. The pericardium is poorly distensible and tamponade can occur
with the accumulation of as few as 20 mL of blood. The heart is compressed,
blocking the filling of the cardiac chambers and resulting in cardiac output
reduction, hypotension and shock.

11.1.4 Flail Chest

Flail chest occurs when two or more adjacent rib fractures in two or more
places interrupt the bony continuity of a segment of the chest wall with the rest
of the thoracic cage, resulting in ventilatory mechanical failure. Flail chest is
coupled with an underlying pulmonary contusion and very often with pneu-
mothorax and/or hemothorax.

11.1.5 Pulmonary Contusion

Pulmonary contusions are injuries to the lung parenchyma that are caused by
a high-energy blunt force to the thorax, with alveolar hemorrhage and edema.
They are frequently associated with other chest injuries, such as rib fractures
or flail chest but can also occur alone. This is especially the case in younger
patients, whose thoracic cage is more elastic and flexible such that high-ener-
gy force is readily transmitted to the underlying lung without rib fractures.
Hypoxia may develop according to the proportion of right to left shunt.

11.1.6 Aortic Injury

Aortic injury typically results from high-energy accidents, such as high-speed
motor vehicle collisions or falls. It is fatal immediately at the scene of the
accident in > 80% of the cases; patients who reach the hospital alive usually
have a contained tear that most commonly involves the descending aorta
below the origin of the left subclavian artery. If not rapidly diagnosed and
treated, those patients are at very high risk of death shortly after their hospital
admission.

11.1.7 Abdominal Trauma

Abdominal injuries are an important cause of death in trauma patients and
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should be evaluated very carefully based on the likelihood of occult bleeding,
which may lead to catastrophic consequences if not promptly diagnosed and
treated. Patients with abdominal trauma should be rapidly assessed and under-
go early surgical consultation to avoid the misdiagnosis of abdominal injuries
and preventable trauma-related death.

11.1.8 Pelvic Trauma

Fractures of the pelvis are associated with high rates of mortality and morbid-
ity. Mortality is 30–50% for open pelvic fractures and 10–30% for closed
injuries. Associated trauma to the abdominal and pelvic viscera, chest, spine,
and musculoskeletal system is commonly seen. 

Fractures of the pelvis usually involve the pelvic ring, iliac wings, and
sacrum. Ligamentous disruption may lead to diastasis of the pubic symphysis
and rupture of the sacroiliac joints.

Disruption of the pelvic bone, iliac arterial and venous vessels can lead to
massive hemorrhage, 85% of which is venous or bony in origin. If not prompt-
ly and aggressively treated, those injuries lead to exsanguination and death.

11.2 Physiopathology

The first condition that should be suspected in cases of shock in the context of
trauma, up to its exclusion, is hypovolemia due to hemorrhage. Indeed,
absolute hypovolemia from blood loss is the main cause of shock in trauma
patients, as well as the most frequent cause of death in the acute phase of trau-
ma. It is responsible for a large majority of the deaths occurring within the first
hours of hospital admission.

However, hypovolemia in trauma patients is also caused by hemorrhages,
internal organ damage, capillary leakage, systemic inflammatory response
syndrome (SIRS) and third-space syndrome. Hypotension may have three
sequential components: hypovolemia, vasodilatation, and cardiac failure, lead-
ing to multiple organ failure (MOF).

Considering these observations, it is evident that the earliest goals in the
management of trauma patients are the control of bleeding and hemodynamic
stabilization.

11.3 Clinical Management of Fluids

According to WHO guidelines, trauma care with fluid resuscitation depends on
the type of fluids, the ability to administer them and to monitor the hemody-
namic response and the treatment of complications. One of the most important
complications in trauma patients is blood loss, which may cause hemodynam-
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ic instability. The clinical manifestations of hemorrhage depend on the amount
of blood loss (Table 11.1).

Blood losses up to 15% of blood volume are compensated by hormonal and
autonomic responses to hypovolemia, with minor clinical manifestations.
Consequently, they must not necessarily be treated with IV fluid and can
optionally be replaced with crystalloid. Blood loss > 15% (750 mL) should be
treated with colloid infusion solutions; while major blood loss (> 30%) must
be replaced with colloids [3,4]. The limitation of any volume replacement is
hemodilution, because a reduction in the hematocrit leads to a decrease in tis-
sue oxygen delivery. The critical level of the Hb concentration in patients with
no apparent heart or pulmonary diseases is approximately 7 g/dL.

Early deaths within the first 24 h after injury, are typically due to massive
uncontrolled hemorrhage in about 50% of patients and fatal traumatic brain
injury in the remainder. In addition, 56% of hemorrhagic deaths take place in
the pre-hospital setting [5].

11.3.1 Which Kind of Fluid?

Data on the ideal first-line fluid for trauma resuscitation are unclear. The type
of fluid and the timing of its administration remain poorly standardized.
Although pre-hospital fluid administration does not show any significant ben-
efit with respect to clinical outcomes, it is currently routinely performed. 

11.3.1.1 Crystalloids
According to the eighth edition of Advanced Trauma Life Support, fluid resus-
citation in trauma starts with warm isotonic crystalloids (Ringer lactate or
saline), as they provisionally allow expansion of the intravascular space (IVS).
More recently, a more restrained and prudent use of crystalloids in the pre-hos-
pital setting was recommended.

154 C. Candela et al.

Table 11.1 Clinical manifestations of blood loss

Blood losses Clinical manifestations

Over 40% of blood volume Most patients die quickly. 

30–40% of total blood volume Hemorrhagic shock: hypotension, mental impairment, 
high respiratory rate, heart rate over 100 bpm, oliguria.

15–30% of total blood volume High heart rate, high respiratory rate, cold extremities, 
decreased urine output, increased diastolic pressure.

0–15% of total blood volume No hemodynamic alteration, urine output slightly
decreased, mild anxiety.



11.3.1.2 Colloids
Colloids (mainly HES), administered in bolus form, are suggested when hemo-
dynamic instability or cognitive deterioration occurs [6]. However, capillary
leakage is an important consideration in patients receiving colloids, as it may
cause a worsening of pre-existing edema and impairment of tissue oxygenation
due to the shift of colloid into the interstitial space (ISS). Furthermore, sever-
al side effects (kidney injury, clotting disorders, and anaphylaxis) have been
reported, especially after the infusion of older-generation colloids. Colloids
have not been shown to be superior to crystalloids in the treatment of hypov-
olemia in critically ill patients [7].

11.3.1.3 Hypertonic Solutions
Hypertonic solutions are alternative fluids in the early stages of trauma. They
are especially useful in patients with brain injury as they have been shown to
decrease the intracranial pressure [8] with a better efficacy than mannitol [6].
Another possible benefit of hypertonic solutions is a rapid increase in the
mean arterial pressure by using small volumes and a consequent reduction of
lung edema in the days following resuscitation [9]. However, there are no
convincing data on better survival [10-12], as discussed elsewhere in this
volume.

11.3.2 How Much Fluid?

A bolus of fluid is recommended for patients with isolated injuries involving
the extremities and isolated brain injury. Patients at high risk of internal hem-
orrhage, however, should be managed with a deliberate hypotensive approach
until the achievement of complete hemostasis [13].

According to the Eastern Association for the Surgery of Trauma [6]: 
• in case of superficial wounds, intravenous access is not necessary; 
• if the patient is conscious and a radial pulse is present, the pre-hospital per-

sonnel may place a venous access but fluids should be withheld;
• venous access should be achieved and fluid infusion started (500 mL of

HES in bolus) if there is no radial pulse or the patient’s mental status is
confused;

• fluid infusion should be stopped if the pulse and mental status improve;
• if the patient is refractory to fluids, a bolus of 500 mL HES should be

repeated.
The Tactical Combat Casualty Care Guidelines (TCCC) guidelines recom-

mend [14]:
a. Trauma without shock:

• IV fluids are not required;
• per os fluids are allowed if the patient is conscious and able to swallow.

b. Trauma with shock:
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• an IV bolus of 500 mL HES should be administered;
• if the patient remains in shock, an additional bolus should be repeated

after 30 min;
• no more than 1000 mL of HES in an IV bolus should be administered.

c. Trauma with persistent hemodynamic instability:
• fluid resuscitation with Ringer lactate, HES, and blood are appropriate.

d. Brain trauma in unconscious patients with weak or absent peripheral pulse:
• resuscitation should be performed until a systolic blood pressure ≥ 90

mmHg is achieved.
Fluid resuscitation should be rationally delayed, i.e., until definitive hem-

orrhage control is achieved. This is especially important in out-of hospital set-
tings, where transport times are short [15].

11.3.3 The Risk of Fluid Overload

Excessive fluid infusion in the acute trauma setting is often associated with
complications that can lead to MOF and increased mortality. The administra-
tion of excessive fluids in a patient with uncontrolled hemorrhage could lead
to a dilution of coagulation factors and platelets, thus worsening the bleeding.
A large amount of crystalloids or colloids may promote interstitial and pul-
monary edema.

In the presence of SIRS and MOF, fluid overload may reduce organ perfu-
sion and lead to abdominal compartment syndrome. A retrospective study con-
ducted on 3137 trauma patients showed increased mortality following the
administration of > 1.5 L of fluids; this was especially pronounced in elderly
patients (> 70 years) [16].

11.3.4 Current results of Goal-Directed Therapy in Trauma.
Systematic Review

An overview of current results of hemodynamic monitoring and manipulation
in critically ill patients has been carried out by our group [17]. It is a system-
atic review and meta-analysis of randomized controlled trials comparing GDT
versus standard of care. Studies were searched in MEDLINE, EMBASE and
Cochrane Library databases. 
I. Randomized controlled trials (RCTs) were selected using the following

inclusion criteria. RCTs on the effects of hemodynamic goal-directed the-
rapy on mortality or morbidity in critically ill patients as main research
topic. Goal-directed therapy was defined as monitoring and manipulation
of hemodynamic parameters to reach normal or supranormal values by
fluids and/or vasoactive therapy. Studies with no description of goal-direc-
ted therapy, no difference between groups in the optimization protocol,
with therapy titrated to the same goal in both groups were excluded.
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II. Presence of a control group with patients treated according to the standard
of care.

III.Study population consisted of critically ill, non-surgical patients, or posto-
perative patients with already established sepsis or organ failure. Studies
involving mixed population or surgical patients undergoing non-cardiac or
cardiac surgery were excluded. 
The overall effect when combining the studies was a significant reduction

in mortality for the experimental group without a significant heterogeneity
among studies (Table 11.2).

From the study emerged that hemodynamic optimization can reduce morta-
lity in non-surgical critically ill patients with relevant benefits for trauma
patients. 

Key Concepts
• Hypovolemia due to hemorrhage in trauma patients
• The management of fluid administration in trauma patients
• Risk of fluid overload 

Key Words
• Blood loss
• Hemorrhagic shock 
• Crystalloids
• Colloids
• Hypertonic solutions 

Table 11.2 Effect of hemodynamic optimization in the experimental group versus control on 
hospital mortality in trauma patients

Experimental Control Group Odds Ratio

Group

Study or subgroup Events Total Events Total Weight Random, 95%

M-H CI

Bishop et al. (1995) 9 50 24 65 5.7% 0.38 [0.16,0.90]

Citra et al. (2007) 13 80 18 82 6.5% 0.69 [0.31,1.52]

Fleming et al. (1992) 8 33 15 34 4.5% 0.41 [0.14,1.15]

Velmahos et al. (2000) 6 40 4 35 3.0% 1.37 [0.35,5.30]

Subtotal (95% CI) 203 216 19.8% 0.56 [0.34,0.92]

Total events 26 61
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Focus on…
• Van den Elsen MJ, Leenen LPH, Kesecioglu J (2010) Hemodynamic

support of the trauma patient. Curr Opin Anaesthesiol 23(2):269-75
• Roppolo LP, Wigginton JG, Pepe P (2010) Intravenous fluid resuscita-

tion for the trauma patient. Curr Opin Crit Care 16(4):283-8
• Ertmer C, Kampmeier T, Rheberg S, Lange M (2011) Fluid resuscita-

tion in multiple trauma patients. Curr Opin Anaesthesiol 24(2):202-8
• Reinhart K, Perner A, Sprun CL et al (2012) Intensive Care Med

38(3):368-8
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12.1 Physiopathology

Severe burns result in a combination of hypovolemic and redistribution shock,
manifested by a decreased intravascular volume, a low occlusion pressure in
the pulmonary artery, a high systemic vascular resistance, and a reduced car-
diac index [1]. The balance of water, plasma protein (albumin), and inorganic
solute between the intravascular and interstitial spaces (IVS and ISS, respec-
tively) is modified by the alteration of capillary permeability, resulting in
hypovolemia. 

12.2 Clinical Management of Fluids

The basis of fluid management in burn patients is to prevent shock. A delay of
2 h in fluid administration complicates resuscitation and increases mortality [2]. 

The total amount of fluid infusion mainly depends on the severity of the
burn(s) and the extent of the body surface involved, but cannot be calculated
exactly. At best, a rough estimation is possible.

12.2.1 Which Kind of Fluid?

12.2.1.1 Crystalloids
Currently, crystalloids are widely used for fluid resuscitation in burn patients,



even if the infusion of large volumes reduces plasma protein concentrations
and produces tissue edema. While Ringer’s lactate is widely used, a balanced
solution with acetate or malate is preferred due to the reduced degree of oxy-
gen consumption during its metabolism. 

12.2.1.2 Colloids
According to the American Burn Association guidelines, colloids can be used
12 to 24 h from the injury, when the integrity of the capillary membrane has
been restored. The use of colloids results in a reduction of tissue edema and of
the overall fluid requirement [1, 3]. The literature is significantly focused on
the use of albumin in treating hypovolemia in burn patients. However, data on
mortality following the use of albumin in burn patients are still contradictory
[4]. In some burn centers, gelatin solutions are preferred based on cost reduc-
tion, whereas hydroxyethyl starch solutions are avoided due to probable renal
impairment.

12.2.1.3 Hypertonic Solutions
Hypertonic saline solutions need to be used with caution because of possible
hypernatremia, hyperchloremia, and renal failure [1, 2].

12.2.2 How Much Fluid?

12.2.2.1 The Role of Total Burned Surface Area (TBSA)
According to the American Burn Association guidelines, patients with burns
involving > 20� % of the total body surface area (TBSA) must receive fluid
replacement using the total burned area estimation (Fig. 12.1). A need for crys-
talloids at 2–4 mL/kg/% TBSA in the first 24�h has been estimated (Parkland
formula according to Baxter). A half volume should be administered during the
first 8 h and the remaining part in the following 16 h [1]. 

Children need higher infusion amounts than adults. The typical fluid
requirement is 6 mL/kg/% TBSA. They also may need the addition of dextrose
in the first 24 h to maintain glucose homeostasis [1]. Patients with deep lesions
and inhalation trauma also need larger volumes of fluid [5].

Fluid resuscitation should be carried out to maintain a urine output > 0.5
mL/kg/h in adults and > 1.0 mL/kg/h in children [1, 6]. However diuresis is
not recognized in the literature as the unique parameter to evaluate the effica-
cy of fluid resuscitation [7]. The crucial goal of fluid administration should be
to ensure an adequate blood perfusion to major organs rather than to normal-
ize hemodynamic parameters [7]. Consequently, goal-directed fluid therapy
has been recommended for burn patients as well [7].

12.2.2.2 The Risk of Fluid Overload
Burn patients are high-fluid-need patients but this does not mean an indiscrim-
inate and never-ending use of fluids. Indeed, fluid overload may worsen inter-
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stitial edema, leading to complications such as intra-abdominal hypertension,
abdominal compartment syndrome, as well as ocular compartment syndrome
[8]. Accordingly, current guidelines require the use of advanced invasive or
minimally invasive hemodynamic monitoring, especially in patients with
refractory shock or with poor cardiopulmonary reserve [1].

The first step in burn patients: infuse fluids at calculated rates, as ordered
by the treating physician. To avoid the inappropriate use of fluid therapy, vital
signs and urine output should be measured.

The main goals of a fluid regimen in the first phase are:
• no increase in the hemoglobin concentration or the hematocrit;
• mean arterial pressure at least 65 mmHg;
• urine output at least 0.5 mL/kg/h;
• central venous pressure 10–15 mmHg, if necessary 20 mmHg;
• central venous oxygen saturation > 70%;

Step one should be repeated every hour.
• If urine output is less than 15 mL/h (Table 12.1) for longer than 2 h, despi-

te an increase in the fluid administration rate, urinary catheter and vital
signs should be checked. Furthermore, gelatin should be considered in the
treatment protocol.

Fig. 12.1 Rule of nines to rapidly assess the
percentage of body surface involved by burns
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• If the calculated maintenance rate is achieved and held for 2 h and the
patient is at least 24 h post-burn, fluid resuscitation should be considered
complete and maintenance IV treatment should then be instituted. Attention
must be paid to an eventual new onset of oliguria. In this case, crystalloids
or even gelatin should be administered again at the current rate. If the
patient requires an overly large volume of crystalloids (> 2× the normal
amount) at the current calculated rate for ≥ 2 h, colloid resuscitation with
gelatin should be considered.

Key Concepts
• Physiopathology of burns
• The role of total burned surface area
• Risk of fluid overload

Key Words
• Hypovolemic shock
• Crystalloids
• Colloids
• TBSA
• Fluid overload

Focus on...
• Pham TN, Cancio LC, Gibran NS (2008) American Burn Association prac-

tice guidelines burn shock resuscitation. J Burn Care Res 29(1):257-66

Table 12.1 Fluid management in burn patients with stable vital signs

Urine output Urine output Urine output Urine output Urine output

< 15 mL between 15 between between > 200 mL

and 30 mL 30 and 50 mL 50 and 200 mL

Increase the IV Increase the IV Left IV as it is Decrease the IV Decrease the

rate of fluid by rate of fluid by rate of fluid by IV rate of fluid

20% or 200 mL/h 10% or 100 mL/h 10% or 100 mL/h by 10% or 

100 mL/h 

every 30 and the  

in minutes

meanwhile blood 

sugar, lactate 

and hemoglobin 

should be checked
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13.1 Physiology

13.1.1 Body Fluid Distribution

The total body water (TBW) consists of intracellular (ICF) and extracellular
fluid (ECF) and represents up to 90% of the body weight in neonates. TBW
decreases significantly during the first six months of life and reaches adult
levels of about 60% after one year of age. The extracellular fluid (ECF) rep-
resents the main part of TBW and decreases in parallel from 40% in term
neonates to adult levels of 20–25% after one year of age. The ICF does not
vary much during infancy, from 30% at birth to 40% in adults [1]. The com-
position of the ECF or plasma is similar in neonates, children, and adults, but
dehydration occurs more rapidly in children because they need more fluids. 

13.1.2 Renal Function

Renal function is related to the maturation and size of the nephrons, which
have the ability to filter the blood and to collect the filtrate. At birth, the kid-
neys are still undeveloped and the reabsorptive areas of the tubular cells are
small. Thus, neonates cannot concentrate urine as effectively as adults, and
they are unable to excrete large salt loads. After one month, the kidneys reach
about 60% of their maturation but the reabsorptive areas of the tubular cells
are still small and the capacity, e.g., for glucose reabsorption or potassium



excretion is lower than in adults. In the first two years, the maturity and func-
tion of the kidneys increase greatly and reach adult levels [2].

13.1.3 Cardiovascular System

The newborn heart has a lower density of contractile elements and therefore
less reserve such that it does not respond to stress as well as the adult heart. A
higher percentage of non-contractile elements results in decreased ventricular
compliance and less responsiveness to changes in vascular tone and preload.
Cardiac output is tightly coupled with oxygen consumption, which is several
times higher in neonates and infants than in adults. The stroke volume of the
small heart is limited; consequently, a high cardiac output strongly depends on
a high heart rate. Normally, the heart pumps all of the venous return (VR) it
receives, and under most conditions VR is the main determinant of cardiac
output in all age groups. Since VR depends strongly on the intravascular vol-
ume, the maintenance of normovolemia is of paramount importance in young
age groups in order to maintain circulatory function and to stabilize the high
tissue perfusion needed [3].

13.2 Concerns Regarding Crystalloids

For half a century, maintenance fluid therapy in children has been based on
Holliday and Segar’s recommendation, i.e., the administration of hypotonic
fluids with 5% glucose added. Recently, however, many authors have found
that the wide use of such fluids may cause serious complications, such as
hyponatremia or hyperglycemia, and, more rarely, may result in permanent
neurological consequences or even death [4-9]. Perioperative hyponatremia
develops in response to two main factors: (1) the stress-induced secretion of
ADH, which decrease the body’s ability to excrete free water and (2) the use
of hypotonic solutions as a source of free water [10-12].

Severe hyponatremia is a very dangerous condition, leading to a shift of
water from the interstitial space (ISS) into neuronal cells. This process
increases brain volume, inducing cerebral edema, brainstem herniation, and
death. Infants are particularly susceptible to hyponatremia-related complica-
tions. In fact, they have a reduced Na-K-ATPase activity compared to adults
and their brain size/cranial vault ratio is higher [13]. It was also found that the
use of high volumes of normal saline may cause bicarbonate dilution and
hyperchloremic acidosis, with renal vasoconstriction and impaired renal func-
tion. All of these sequelae can be avoided by the use of balanced electrolyte
solutions containing both a physiological osmolarity and electrolyte composi-
tion and metabolic anions (acetate, lactate, or malate) as bicarbonate precur-
sors for acid-base stabilization [14]. Generally, the intravascular volume effect
of crystalloids depends on the ratio between the intravascular (IVFV) and the
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extracellular fluid volume (ECFV). The ECFV of neonates and infants is larg-
er than that of adults [1], and the intravascular volume effect of crystalloids is
therefore, in theory, lower in the younger age groups. 

Infants have higher metabolic requirements than adults, potentially leading
to perioperative lipolysis and hypoglycemia. Hypoglycemia can result in cere-
bral metabolism and blood flow alterations [15], and subsequently to long-
lasting neurodevelopmental impairment, if unrecognized or undertreated. It
can be prevented by administering 5% dextrose solutions in the perioperative
period, although these solutions often cause hyperglycemia because of stress-
induced insulin resistance [16]. The brain is also vulnerable to damage by
hyperglycemia, in which intracellular acidosis (due to increased lactate levels)
compromises cellular functions [17]. Lastly, the administration of glucose-free
solutions increases the risk of lipolysis, with the release of ketone bodies and
free fatty acids [18,19].

The literature suggests the intraoperative use of isotonic solutions with a
reduced dextrose (i.e., 1–2.5%) concentration to avoid the above-mentioned
consequences of hypoglycemia/lipolysis and hyperglycemia in children (Table
13.1) [20-22].

13.3 Concerns Regarding Colloids

13.3.1 Types of Colloids

Among colloids, human albumin (HA) was often used in children because it is
well tolerated [23]. Recently gelatin and hydroxyethyl starch solutions (HES)
are becoming more widely adopted as they have been shown to be equally effec-
tive and safe but less costly than HA (review in [24]). In adults, anaphylactoid
reactions occurred more frequently after gelatin than in response to HES,
whereas the risk of severe reactions seems to be lower in younger age groups. 

While the use of older-generation HES (MW > 450 kDa or 200 kDa) in
children is not recommended because of the negative side effects involving
coagulation, organ function, and accumulation, latest-generation HES
130/0.42 have been reported to be safe and effective for volume replacement.
Accordingly, they should be preferred in perioperative volume replacement
management (review in [25]). 

Interstitial fluid edema is a direct consequence of the administration of
high volumes of crystalloids to replace significant acute blood losses. Since
interstitial fluid overload may be related to postoperative complications [26],
crystalloids should be used for cutaneous, enteral or renal fluid loss (= fluid
replacement), and colloids for the substitution of significant blood loss or
when the patient’s circulation is in urgent need of additional volume (= vol-
ume replacement). 

In perioperative fluid management, care must be taken to avoid hyper -
volemic iatrogenic peaks, which can cause endothelial damage [27].
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13.3.2 Side Effects

Possible adverse drug reactions to artificial colloids include anaphylactoid
reactions, coagulation disorders, renal function impairment, and tissue accu-
mulation. Animal experiments and clinical studies in pediatric patients have
shown minor changes in clotting parameters after moderate doses (10–20
mL/kg) of gelatin or HES but significant impairment of the coagulation sys-
tem after hemodilution > 50% of the estimated blood volume [28, 29]. In a
recent observational study in 1,130 children, HES 130 was found to be safe
even in small infants and newborns [30]. Moreover, acid-base balance was
found more stable when HES were used in a balanced solution rather than in
normal saline. Since HES-related side effects are dose-dependent, moderate
doses of 10–20 mL/kg are very safe whereas doses close to the maximum daily
dose of 50 mL/kg should be used with caution because they may lead to criti-
cal hemodilution, dilutional coagulopathy, or iatrogenic hypervolemia. 

13.4 Clinical Concerns in Surgical Pediatric Patients

The objective of perioperative fluid therapy is to maintain circulatory function
and to stabilize the water-acid-base-electrolyte balance. In line with current
recommendations, children should be allowed to drink clear fluids until 2 h
before the induction of anesthesia, unless other considerations mandate other-
wise. Balanced Electrolyte Solutions (BES) are recommended for intraopera-
tive fluid replacement therapy in all age groups in order to avoid hyponatrem-
ia and hyperchloremic acidosis. For preterm infants, neonates and toddlers, it
is always advisable to at least compensate the deficit caused by preoperative
fasting and the intraoperative maintenance requirements, using BES with
1–2% glucose. Since these solutions are currently not available commercially
in many countries, they need to be prepared extemporaneously in the hospital
pharmacy or by the treating physician (e.g., by adding 6–12 mL of glucose
40% to 250 mL of IV fluid) [31, 32]. To compensate for preoperative deficits
(e.g., from fasting), the overall infusion rate in the first hour may be 10–20
mL/kg/h. As blood glucose concentrations increase, glucose-containing IV flu-
ids should be reduced or stopped, correspondingly infusing more glucose-free
BES. Older toddlers and school-age children may also be given glucose-free
BES within the recommended fasting periods. In cases of clinical evidence of
hypovolemia, 10 mL/kg of BES or 5 mL/kg of artificial colloid solution may
additionally be administered as required. Postoperatively, children should be
allowed oral fluids as soon as possible, unless other considerations mandate
otherwise (Table 13.2) [33].
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13.4.1 Monitoring Perioperative Intravenous Fluid Therapy

Conscious children, especially neonates and small infants, are able to maintain
blood pressure for long periods of time through vasoconstriction in the pres-
ence of larger fluid deficits, even if a shock situation has already occurred. In
deeply anesthetized children, however, some or all of the regulatory mecha-
nisms are suppressed so that hypotension is more likely to occur in the pres-
ence of reduced blood volume. Shallow anesthesia, on the other hand, may
mask hypovolemia. Therefore, apart from the standard parameters of heart rate
and arterial blood pressure, other parameters must be used to estimate a child’s
volume status [34]. An abnormal respiratory-synchronous invasive blood pres-
sure curve or pulse oximetry signal variations (i.e., perfusion or pleth variabil-
ity index) and low central venous pressure may be signs of low filling pres-
sures even in young children. Perioperative metabolic acidosis and increasing
lactate concentrations typically arise from hypovolemia with reduced oxygen
delivery. Major surgical procedures should therefore be accompanied by rou-
tine blood gas analyses (e.g., at hourly intervals), with central venous oxygen
saturation (ScvO2) as a particularly rapid indicator of peripheral organ and tis-
sue utilization of oxygen delivery. Other important parameters for estimating
volume status include urine output, refilling time, and skin temperature.

13.5 Clinical Concerns in Septic Pediatric Patients

Severe sepsis in children is much less frequent than in adults, and pediatric
mortality caused by sepsis is estimated to be 10% in the USA [35]. For sepsis
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Table 13.2 Suggested perioperative intravenous fluid therapy for neonates, infants, and toddlers
[33]

Before surgery Minimize fasting periods (clear fluids up to 2 h preop)

Minor procedures Background infusion of 10-20 mL/Kg/h of a balanced electrolyte 
solution with 1-2% glucose
(add 6-12�mL of glucose 40% to 250�mL of balanced electrolyte 
solution); older toddlers and school-age children may also be given
glucose-free balanced electrolyte solutions

Larger procedures Reduce glucose-containing background infusion to maintenance
requirements after one hour, use balanced electrolyte solution for 
correction requirements; consider artificial colloids in case of 
hypovolemia – the objective is to achieve normovolemia and 
hemodynamic stability

Major procedures Same as larger procedures; administer blood products in case 
of critical hemodilution

After surgery Permit oral fluid soon after surgery



13 Fluid Management in Pediatric Patients 171

treatment, an initial resuscitation volume of 40–60 mL/kg is recommended but
can be as much as 200 mL/kg. Subsequent therapy should be guided by inva-
sive hemodynamic monitoring. In fact, the filling pressure and blood-gas mon-
itoring, including ScvO2, can provide important information during fluid ther-
apy, suggesting that the venous system needs more fluid or that it is over-
loaded [36]. Given that venous access in pediatric patients is more difficult to
obtain, the American Heart Association and the American Academy of
Pediatrics have developed guidelines that encourage the use of an intraosseous
access in emergent cases. Brierley suggested decreasing the rate of fluid
administration if clinical signs of cardiac filling are identified but there is no
hemodynamic improvement [37]. However, the wide use of fluids for acute
hemodynamic stabilization in children has not been shown to increase the inci-
dence of cerebral edema or acute respiratory distress syndrome. Increased
fluid requirements may be evident for several days secondary to fluid loss
from the intravascular compartment when there is profound capillary leak. As
there is currently no evidence on the choice of fluids in children with sepsis,
the routine fluid and volume replacement therapy may include isotonic crys-
talloids, colloids, and blood products. 

Key Concepts
• Recommendations for fluid and volume replacement in pediatrics
• Safety of balanced electrolyte solutions and HES in small infants

Key Words
• Hyponatremia
• Hyperchloremia 
• Acidosis 

Focus on…
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crystalloid and colloid fluid management in children: where are we and
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14.1 Physiopathology

The brain and spinal cord are isolated from other tissues by the blood-brain
barrier (BBB): a uniquely composed, strictly controlled, extracellular envi-
ronment surrounding the central nervous system (CNS), i.e., neurons, astro-
cytes, and pericytes. Anatomically, the walls of the BBB differ from the
peripheral capillaries as a continuous and not fenestrated endothelium, which
blocks the free diffusion of interstitial fluid solutes [1].

In order to protect the CNS from the influx of any toxic or pathogenic
agents, all molecules with a radius of > 7–9Å are blocked [2]; the BBB, in
contrast, is freely crossed by H2O, O2, and CO2, while glucose passes through
by facilitated diffusion. The reduced size of the pores of the BBB prevents the
passage of plasma proteins and electrolytes (Na+, Cl-, K+). It also determines
a unique phenomenon in the body: the movement of water through the BBB is
driven only by the osmotic gradient between plasma and extracellular fluids.
This is in contrast to the peripheral tissues, where the movement of fluids
between the various compartments is regulated by oncotic pressure. Hence the
statement, “brain parenchyma acts as an osmometer rather than an oncome-
ter”; in case of an intact BBB, indeed, plasma osmolarity is the only determin-
ing factor in fluid movement between the CNS and the intravascular space [3].

An analysis of the pathophysiological mechanisms regulating intracranial
pressure (ICP) can better explain the significance of this phenomenon.
Monroe-Kellie’s law states that, since the skull is considered a rigid recipient,
relationships between the volumes of intracranial components is a constant



(K = total intracranial volume = V (brain 85–90%) + V (cerebrospinal fluid
3%) + V (blood 10%) [4, 5]. According to this law, to guarantee a constant
ICP, any increase in one of the three components has to be coupled with a
compensatory reduction in one of the other factors [6,7].

During pathological conditions (e.g., the development of an intracranial
hematoma), there is progressive utilization of these compensatory mecha-
nisms; when they are exhausted, even slight increases of volume suffice to
cause a potentially harmful increase in the ICP [8, 9].

Conversely, an overload in the infusion of solutions could lead to an
increase of the parenchymal component of the intracranial contents, thereby
also increasing the ICP [10]. With an undamaged BBB, the intravenous admin-
istration of hypertonic solutions, through a rapid increase of plasma osmolali-
ty, creates an osmotic gradient between the CNS and the intravascular com-
partment, leading to a reduction in brain volume and ICP.

When a brain injury occurs, whether of ischemic or traumatic nature, this
fine regulation could become weak—due to possible losses of BBB integrity—
with increased permeability of the brain capillaries and the subsequent
extravasation of plasma proteins [11-13].

14.2 Fluid Management

In the past, fluid management in neurosurgical or brain-injured patients main-
ly focused on a reduction of infusions (hypovolemic hemoconcentration), with
the aim of preventing the development of brain edema [14]. However, further
studies established the catastrophic impact of water restriction on brain trau-
ma [15], pointing to hypovolemia as one of the most negative factors deter-
mining the outcome of these patients. 

Clifton et al. confirmed these results in a retrospective study (2002) per-
formed on 392 patients with brain trauma. The results evidence the critical
involvement of ICP, mean arterial pressure (MAP), cerebral perfusion pressure
(CPP) derangements leading to a poor prognosis, and water unbalance and
hypotension [16]. Consequently, while the development of cerebral edema and
intracranial hypertension still represents the most feared complication of brain
damage, the risks due to hypovolemia and hypotension must be underlined, too
[17]. Currently, the strategy for volume replacement in these patients aims at
keeping the volume within normal levels (CVP ≈ 8 cm H2O) setting the arte-
rial pressure such that it guarantees adequate cerebral blood flow (CBF), and
CPP, avoiding brain ischemia [17].

It should be considered that hypoperfusion may represent an independent
risk factor for the development of coagulopathy in patients with head trauma
[18]. A high incidence (> 40%) of this complication has been detected and
investigated, including in children whereas a close correlation with the sever-
ity of the brain damage; low Glasgow coma scale, increasing age, Injury
Severity Score (ISS) ≥ 16 and intraparenchymal lesions were found to be inde-
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pendently associated [19]. Conversely, it must be considered that an overesti-
mated fluid administration, leading to hemodilution, could cause an imbalance
of the hemoglobin/hematocrit ratio [20,21]. Hemodilution for hematocrit val-
ues under 27%, could increase the ICP, with a reduction in CPP. In vitro stud-
ies have shown that the highest oxygen supply to tissues is coupled with hema-
tocrit values of about 30% while the supply of oxygen to the tissues is com-
promised at a hematocrit < 25%, with a risk of hypoxia in damaged brain tis-
sues. Conversely, unwarranted hemodilution in patients with a hematocrit <
30% should be avoided [22].

14.3 Which Kind of Fluid? 

Optimized fluid management plays an essential role during the perioperative
period: an adequate handling of fluid must maintain good cardiovascular sta-
bility, allows an efficient organ perfusion, and improves patient recovery after
surgery.

Patients undergoing neurosurgery often have important and rapid hemody-
namic imbalances due to the combination of factors such as prolonged surgery,
bleedings, prolonged fluid restriction, and diabetes insipidus. Thus, the choice
of the type and dose of liquid administered must be carefully targeted to main-
tain adequate values of perfusion pressure and blood volume.

14.3.1 Crystalloids

14.3.1.1 Saline Solution (NaCl 0.9%)
Most often, crystalloids in neurosurgical patients are iso-osmolar, such as nor-
mal saline solutions, due to their lack of action on plasma osmolality and
therefore the absence of water accumulation in the brain. Administration is
keyed to balancing the patient’s urine output and transepidermal water losses
(30–35 mL/kg/day), keeping in mind that the amounts can vary in critically ill
patients, related to various factors such as fever and mechanical ventilation.
Moreover, a correct fluid replacement should be aimed at maintaining an ade-
quate cardiac output, avoiding excessive fluid replacement.

As previously stated, inadequate fluid infusions with a “dry patient” can
lead to harmful scenarios, especially in cases of marked hypovolemia [15-17].

All glucose-containing solutions should be avoided, as well as all hypoton-
ic solutions, due to their ability to lower plasma osmolality and, conversely, to
increase the amount of incoming free water into the brain parenchyma, with an
accompanying worsening of cerebral edema [23, 24]. Moreover, glucosate
solutions, by increasing the amount of lactate in ischemic areas of the brain
(injured by the use of retractors during surgery or pathological situations),
could worsen outcome.
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14.3.1.2 Mannitol
Mannitol is the most commonly infused hyperosmolar solution in neuro-
surgery. It is administered for a broad range of purposes: for intracranial
hypertension therapy in neurotrauma, to obtain a “relaxed brain” during neu-
rosurgical procedures, with the aim of reducing both the pressure exerted by
surgical retractors on the brain parenchyma and to increase tumor definition
during surgery.

Mannitol is available in several different concentrations, usually adminis-
tered by intravenous infusion (15–20 min) at a dose of 0.25–1 g/kg. Due to its
high osmolality (1000–1300), mannitol is able to decrease ICP by establishing
(in an undamaged BBB) a high intravascular osmotic gradient with the move-
ment of free water from the brain parenchyma into the intravascular space. 

The sudden increase in plasma osmolality could induce a transient increase
in ICP, probably due to an improved volume in the cerebral vessels [25-27], as
well as a transient increase in Na+ and a decrease in K+. In the latter case, high
doses of mannitol (2 mg/kg) can lead to the onset of transient hyperkalemia,
probably due to solvents in the formulations or to red cells lysis at the infusion
site in response to the high concentration of mannitol; this can cause the onset
of specific electrocardiographic alterations [28].

14.3.1.3 Hypertonic Saline
In analogy with mannitol, hypertonic saline administration acts, by smaller vol-
umes, to increase plasma osmolality, with the swift passage of water from the
interstitial and intracellular compartments to the intravascular one. This approach
has favorable effects in patients with intracranial hypertension [29, 30]. 

Hypertonic saline is able to reduce the water content also in extracerebral
organs, especially when serum osmolality is > 350 mOsm/l. Here, potential
therapeutic effects are achieved in the perioperative management of fluids in
brain-injured patients [31]. Recent studies seem to confirm this approach;
Hauer et al. found that the early and continuous infusion of hypertonic saline
in patients with severe brain damage and signs of intracranial hypertension
was safe and helpful in reducing the frequency of seizures and intracranial
hypertension and thus in lowering mortality; the incidence of adverse events
in that study was comparable to that of the control group [32]. Although these
solutions are commercially available in different concentrations, clinical stud-
ies seem to show that concentration does not play a substantial role in chang-
ing serum osmolarity [33].

Both mannitol and hypertonic saline solutions exert beneficial effects on
ICP but through different features. Francony et al., comparing the effect of
equiosmolar doses of mannitol and hypertonic saline ranging from 20% to
7.5%, concluded that mannitol is as effective as hypertonic saline in decreas-
ing ICP in patients with brain injuries, but differs with respect to additional
effects on cerebral circulation by improving the rheology of the blood [34].

In contrast, a recent meta-analysis suggested that hypertonic saline solution
is more effective than mannitol for high-grade intracranial hypertension treat-
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ment [35]. In a study conducted in children with intracranial hypertension
unresponsive to other therapies, Khanna et al. evaluated the effects of 3%
saline continuous infusion for a mean of 7.6 days. They observed that the
increase in serum sodium correlated with a decrease in ICP and an increase of
CBF [36].

Hypertonic saline may also be used to correct hyponatremia, especially when
the patient is already symptomatic. In this case, a slow and controlled adminis-
tration of hypertonic saline, usually associated with furosemide to control iatro-
genic expansion of extracellular fluid, allows for an effective correction of
hyponatremia, avoiding serious sequelae such as myelinolysis (Fig. 14.1).

Despite the demonstrated efficacy of hypertonic saline therapy in
intractable intracranial hypertension, it should be borne in mind that its use
may result in the onset of secondary hypernatremia, even in response to small
amounts of infusion [37-39]. To counteract this risk, it may be safer to use a
3% hypertonic saline solution as it has been shown, compared to 7.5% saline,
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Fig. 14.1 a → b Hyponatremia leads to a rapid shift of fluid into the intracellular compartment, pro-
ducing cerebral edema. b → c The brain adapts to the decreased osmolality by removing cell elec-
trolytes (rapid adaptation) and subsequently organic osmolytes (slow adaptation). c → a A slow and
controlled correction of hyponatremia allows a return to the normal condition. c → d If correction
of hyponatremia is too fast, it can cause serious and irreversible consequences such as pontine mye-
linolysis

a

d c
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to exert similar effects on hemodynamics and ICP, with less of an impact on
Na+ concentration and the same increase in cerebral dehydration [40].

The administration of furosemide in combination with hypertonic solu-
tions, in order to enhance the osmotic effects, is widespread in common clini-
cal practice. This strategy has yielded favorable  and seems to be slightly more
effective when hypertonic saline rather than mannitol is administered [41, 42].

It is worth emphasizing that the use of hypertonic solutions requires an
uncompromised renal function, as intravascular volume expansion leads to an
increase in diuresis and natriuresis (in the case of hypertonic saline) in order
to maintain water and electrolyte homeostasis. Many studies have shown that
hyperosmolar solutions can produce several degrees of renal injury coupled
with arteriolar spasm and osmotic diuresis [43]. In vitro and in vivo studies of
hypertonic saline and mannitol have found direct damage to kidney cells with
a consequent reduction in renal blood flow and glomerular fraction rate. 

Osmotic nephrosis is the mechanism leading to nephrotoxicity following
high doses of mannitol, immunoglobulins, dextrans, and hetastarch. It is char-
acterized by swelling and the vacuolar degeneration of epithelial cells of the
proximal convoluted tubules following development of an oncotic gradient
induced in the tubular cells by administered and non-metabolizable sub-
stances. Hyperosmolality seems to act through different mechanisms, such as
activation of tubulo-glomerular feedback, or simply as a function of intravas-
cular volume depletion as a result of osmotic diuresis [44]. Moreover, manni-
tol augmentation drives an increase in plasma oncotic pressure higher than the
glomerular filtration ability, resulting in intense renal artery vasoconstriction
and reductions in the glomerular filtration rate [45]. The quick regression of
renal failure observed after the removal of mannitol by peritoneal dialysis
seems to confirm this hypothesis. Renal toxicity induced by the administration
of hetastarch has been linked to a pro-inflammatory effect, as shown by the
detection of macrophage interstitial infiltration and proliferation as well as
tubular damage [46].

14.3.2 Colloids

14.3.2.1 Hetastarches (HES)
Although HES have a remarkable effect on volume filling, their use is negli-
gible due to their negative effects on coagulation and hemostasis. These
adverse effects, though slighter than older generation HES, seem to apply to
the latest-generation HES as well [47, 48]. Thus, their use is still debated in
neuroanesthesia and in patients suffering from coagulopathies.

Dextrans are not available either in Europe or in the USA, since their use
is tempered by several adverse effects, involving not only alterations in hemo-
stasis, but also the triggering of severe allergic reactions, such as bron-
chospasm, and heart failure.
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14.3.2.2 Albumin
Albumin is the main plasma-derived protein. Its high costs, due to the compli-
cated and rigorous procedures necessary for its production, strongly limit its
use. The benefits of albumin in the field of neurosurgery and neuroanesthesia
are still not clear. The University Health System Consortium fully acknowl-
edges the use of other colloids but does not confirm the usefulness of albumin
in this particular setting [50].

14.3.3 Hypertonic/Hyperosmotic Solutions

The recent introduction of hypertonic/hyperosmotic solutions has generated
wide clinical and scientific interest, as confirmed by the large amount of liter-
ature investigating their effectiveness and superiority over other currently
available solutions. A comparative study performed in animals demonstrated
that the administration of small volumes of hypertonic/hyperoncotic solutions
afford both a stable systemic-splanchnic hemodynamic level, (by increasing
blood flow and O2 delivery, to reduce secondary hemodilution), without any
increase of pulmonary arterial pressure, a common event after saline 0.9% and
dextran infusion [51]. Improvement of hemodynamic status in humans was
confirmed in a randomized single-blind study, underlining the capability of
these particular solutions to significantly reduce the ICP and increase cardiac
index [52]. 

Compared to hypertonic solutions, hypertonic hyperosmotic solutions may
exert, in addition to a faster onset of volume refilling, more favorable effects
on brain tissue damage and cerebral edema, with no increase in ICP [53]. In
particular, at equimolar doses, these solutions reduce ICP more effectively
compared than mannitol, and are longer lasting [54].

14.4 Conclusions 

The main goals of peri-operative fluid management are to ensure adequate tis-
sue oxygenation and to prevent oxygen debt following an increase in the cere-
bral metabolic rate of oxygen (CMRO2) during surgery. In uneventful patients,
fluid therapy is directed at achieving balanced urinary and transepidermal
water losses. In neurosurgical patients with brain tumor, hematoma, or head
injury an increased ICP may be due to mass effect and perilesional edema.
Conversely, in this particular class of patients, hemodynamic stability repre-
sents a necessary but insufficient target to ensure a favorable outcome.

Consequently, fluid therapy, in addition to the above objectives (standard
intravascular volume, CBF and CMRO2, regardless of intracranial pathology
[16, 17]), should be adjusted to prevent/counteract the increase in ICP.
Therefore, in neurosurgical patients, an isovolemic state should be achieved by
the infusion of iso-osmolar crystalloid, of approximately 300 mOsm (0.9%
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saline solution), in order to avoid alterations in plasma osmolality, the main
determinant of fluid balance in the brain,  thereby avoiding water accumula-
tion in the brain parenchyma.

Hyperosmotic solutions, such as mannitol and hypertonic saline, should be
used in patients with intracranial hypertension, reserving the use of hyperton-
ic saline to those with intracranial hypertension refractory to conventional
therapy (hyperventilation, mannitol, diuretics). Hypertonic solutions might be
necessary even in the course of neurosurgical operations, e.g., in which brain
debulking could facilitate the exposure and subsequent excision of a brain
tumor. In these case, mannitol is the first option, followed, if necessary, by the
infusion of hypertonic saline coupled or not with a loop diuretic in order to
obtain a synergistic effect.
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• Water movement through the blood-brain barrier
• Liberal/restrictive fluid strategy
• Peri-operative fluid management

Key Words
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• Hypovolemia
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15.1 Physiopathology

In pregnancy, hemodynamic and cardiovascular changes occur that prevent

blood loss during delivery. In fact, there is an increase in blood volume, dur-

ing the first trimester [1]. The volume of blood continues to expand rapidly in

the second trimester before reaching a plateau in the last trimester. At the

same time, the increase in Red Blood Cell (RBC) mass occurs more slowly,

leading to a relative anemia and hemodilution [2], with the latter peaking by

30–32 weeks of gestation. Dilutional anemia is therefore common, especially

between 28 and 34 weeks gestation, when hemoglobin concentrations are low-

est. The accretion in RBC mass results in an 18–25% increase in the first

months of pregnancy, followed by a drop after childbirth due to hemorrhage

[3-5]. The increase in red cell volume provides for the extra oxygen demands

of the mother and fetus. The lower end of the normal range for hemoglobin in

pregnancy is 11–12 g/dL. These physiological responses have considerable

advantages during pregnancy: improved placental perfusion, decreased risk of

thrombosis and an adequate blood supply despite the bleeding that occurs with

childbirth [6-8].

The White Blood Cell (WBC) count increases in pregnancy beginning in

the first trimester, as a result of selective marrow erythropoiesis. This causes

a left shift, with granulocytosis and more immature white cells in the circula-

tion. The normal WBC count for pregnancy is 5000–12,000 WBC/mm3,

although values as high as 15,000 WBC/mm3 are not uncommon [9].



In pregnancy, there is a decrease in the platelet count, perhaps due to

hemodilution and endothelial activation; the latter causes an increase in

platelet consumption. In response, there is an increase in immature platelets

[10-12].

Mild thrombocytopenia (100,000–150,000/mm3), which is not particularly
significant, is present in approximately 8% of pregnant women and has been

termed “gestational thrombocytopenia” [13].

Pregnancy causes alterations of coagulation and fibrinolysis. These

changes promote clotting, which acts as a defense mechanism against hemor-

rhage during childbirth [14]. Circulating levels of factors VII, VIII, IX, X, and

XII, fibrinogen and von Willibrand factor increase, factor XI decreases, and

prothrombin and factor V remain unchanged. The natural anticoagulants

antithrombin III and protein C levels are unchanged or increase, and protein S

levels fall [15]. There is a reduction in fibrinolytic activity that is mainly due

to the marked increase in the plasminogen activator inhibitors PAI-I and PAI-

2. Together, these changes increase the risk of thrombosis during pregnancy

and during the postpartum period. 

A variety of physiological changes occurs during pregnancy. In the early

months, the retention of about 500 up to 900 mEq of sodium [16-18] generates

an increase in total body water from 6 to 8 L. Resistance to the pressor effects

of angiotensin II develops along with a rise in all components of the renin-

angiotensin system. This results in a large increase in the volume of extracel-

lular water (by 4–7 L) and in the retention of sodium and water, which acts to

maintain normal blood pressure [19-20]. Stroke volume and heart rate

increase. Cardiac output rises in the first trimester and then peaks by the end

of the second trimester, having reached approximately 30–50% of the non-

pregnant values (3.5–6.0L/min). The increase in cardiac output occurs rapidly
beginning at the fifth week of gestation (4.88 L/min) and continuing until the

32nd week. After birth, cardiac output decreases and is restored to normal lev-

els at 24 weeks postpartum. Between 8 and 16–20 weeks of gestation, stroke

volume increases [21-24].

Colloid osmotic pressure (COP) may also undergo changes that can affect

the well-being of the mother during pregnancy. For example, a decrease in the

plasma COP from 25 mmHg to 18–20 mmHg may cause edema.

All of these factors must be taken into account in the fluid management of

complicated obstetric patients.

15.2 Hemorrhage

Bleeding is a major cause of maternal mortality and of complications associ-

ated with childbirth [25]. In fact, a blood transfusion is required in 1–2% of

pregnancies [26-27]. In most women, however, the loss of blood is tolerated

due to the physiological changes that occur during pregnancy, as discussed

above. 
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Bleeding may develop before or after childbirth. The causes include: uterine

atony, placenta previa and placental abruption [28]. Other causes of postpartum

hemorrhage are a retained placenta, uterine inversion, placenta accreta, uterine

rupture, and trauma involving the genital tract [29, 30]. The risk factors for post-

partum hemorrhage include pre-existing anemia, obesity, chorioamnionitis, fetal

macrosomia, prior caesarean section, and multiple gestations [31].

The objectives of the management of obstetric hemorrhage are control of

the source of blood loss and the maintenance of tissue perfusion [31, 38].

Decreased cardiac output, hypotension, and vasoconstriction may result in the

decreased end-organ perfusion of vital organs, including the kidneys, heart,

and brain [36]. In order to restore the oxygen carrying capacity and maintain

adequate tissue perfusion, fluid resuscitation should begin with volume expan-

sion using crystalloid, at a volume approximately three times that of the esti-

mated blood loss. This should be followed immediately with red cell replace-

ment using packed RBCs to restore the oxygen carrying capacity, with the goal

of maintaining hemoglobin at 7–10 g/dL. Lastly, clotting factors and platelets

should be replaced in order to prevent or correct coagulopathy [32, 33]. This

replacement should begin with fresh, frozen plasma and be followed by cryo-

precipitate and platelets. In cases in which coagulopathy does not respond to

these measures, the administration of recombinant activated factor VII can be

considered [37]. Since these products are not always available, some authors

recommend massive transfusion [38].

Often, however, transfusion is delayed due to an underestimation by physi-

cians of the amount of hemorrhage. While waiting for blood products, perfu-

sion pressure and blood volume are initially maintained with crystalloids or

colloids. The optimal fluid type in hypovolemic patients has been the subject

of much debate; most studies have concentrated on traumatic hemorrhage.

Nonetheless, peripartum hemorrhage is a condition in which a lack of treat-

ment contributes to morbidity and mortality. Two difficulties arise in the preg-

nant woman compared with other patient groups. First, hypovolemia is much

more difficult to recognize, owing to the physiological changes that occur dur-

ing pregnancy. Second, when the volume of blood decreases, the oxygen sup-
ply is insufficient but the use of crystalloids and colloids contributes to the

hemodilution. Thus, some colloids should be avoided because they negatively

affect hemostasis [39]. In addition, according to Van der Linden and Ickx,

there is no advantage in using albumin rather than saline solution in terms of

morbidity and mortality [40]. Yet in other studies the administration of saline

solution 0.9% was not recommended because it causes hyperchloremic acido-

sis. Instead, there is an argument for balanced fluid resuscitation using fluid

(crystalloids and colloids) containing a physiological balance of electrolytes

[41]. The use of hypertonic saline has been suggested in cases of hemorrhagic

shock, but there are no studies demonstrating the effectiveness of this

approach [42]. The presence of relative anemia requires the limited adminis-

tration of clear liquids, with the amounts adapted to intravascular volume to

ensure perfusion [43].
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15.3 Pregnancy-Induced Hypertension 

For the patient with pregnancy-induced hypertension (PIH), in particular those

with pre-eclampsia, fluid management is a very important challenge because

in many cases neither the physiology nor the cause of the PIH is known. PIH

is characterized by the combination of intravascular volume depletion and an

increase in the extracellular volume, which makes fluid management difficult.

Some authors [44-45] advocate volume replacement to compensate the loss of

intravascular volume, while others [46-47] recommend diuretics or volume

limits because of the excess extracellular fluid. In simple PIH, crystalloid infu-

sion at a rate of 75–125 mL/h in childbirth and the postpartum period is deci-

sive [48-49]. In complicated cases of PIH or if there are other therapeutic

interventions, intravascular volume becomes an important factor to consider in

fluid management.

In the presence of oliguria, an infusion of 500-1000 mL of crystalloids is

appropriate [50]. If the condition persists, then the oxygenation state must be

taken into account because an excess of fluid can lead to pulmonary or cere-

bral edema. Clark and colleagues [50] showed that in patients with oliguria

who fail to respond to the infusion of crystalloids, alternative treatment strate-

gies may be required, depending on the cause. In the case of intravascular vol-

ume depletion, there is a need for the further infusion of crystalloid, but if,

instead, the oliguria is due to the renal artery, vasospasm is required, i.e., by

the administration of dopamine, without an infusion of fluids. In patients

requiring volume expansion, due to a postpartum decrease in COP, then col-

loids are the first choice [51] (Fig. 15.1).

Fig. 15.1 Therapeutic 
approach in PIH 
complicated by oliguria
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Another aspect to be considered in patients with PIH is regional anesthe-

sia. The intravascular volume depletion, present in PIH, may exacerbate the

sympathetic block, leading to vasodilatation and thus a decrease in blood pres-

sure. Without adequate rehydration, the patient may experience hypotension,

which may adversely affect fetal well-being. However, the excessive infusion

of fluids can lead to overhydration, with the development of edema to the

extent that early studies [52, 53] advised against the use of regional anesthe-

sia in women with pre-eclampsia. This is no longer the accepted position as

regional anesthesia cannot be implicated [54]. Indeed, recent studies [55] have

shown that spinal anesthesia may cause less hypotension in patients with PIH

than in healthy ones. In the former, to give crystalloids a few minutes before

spinal anesthesia induction may prevent an increase in CVP [56]. In hypoten-

sive patients, vasopressors should be used, not fluids.

In general, in pregnant patients with PIH, fluid management is complex

and must be adapted to each case, considering the potential for complications

and the other therapeutic interventions that the patient may require.
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• Causes and treatment of hemorrhage in pregnancy

• Factors that influence the treatment of PIH 
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16.1 Palliative Sedation

Palliative sedation is a medical procedure in which consciousness is reduced
or abolished, as the only therapeutic resource to relieve refractory symptoms
that are intolerable for the patient. It is carried out through gradual titration of
a sedative accompanied by periodic monitoring of the patient’s vital signs,
level of sedation, and degree of symptom relief. A team of experts in pallia-
tive care must perform this procedure, taking into account the indication and
timing and the complete history of the patient. Ethical principles of propor-
tionality, beneficence,  and non-malfeasance, as well as the principle of
patient autonomy are important considerations.

Refractory symptoms are those in which interventions do not bring any
benefit to the patient, produce intolerable side effects, and/or do not provide
relief within a reasonable amount of time. Palliative sedation is based on the
following conditions [1]:
• the life expectancy of the patient is judged to be hours or days;
• the presence of intense pain;
• a sign that the suffering is refractory;
• the patient’s consent.

Life expectancy is measured in palliative care using prognostic factors and
prognostic indices, most commonly, the Palliative Prognostic Score [2] (Table
16.1) and the Palliative Prognostic Index [3].

Palliative sedation is indicated for the following refractory symptoms:
dyspnea, delirium, pain, massive bleeding, and asphyxiation. The etiology of



the various symptoms is important to understand the cause(s) of their possible
irreversibility and refractoriness [4]. 

Palliative sedation follows not only clinical but also ethical principles,
including the following [4-7]:
• the principle of double effect [5]: An intervention that is motivated by a

good end is considered to be legitimate even though it may produce further
effects that are negative but were neither sought nor desired;

• the principle of proportionality;
• the principle of beneficence;
• the principle of autonomy is respected when the patient, properly informed

and competent, decides to accept or to refuse palliative sedation.
Some studies have shown that palliative sedation does not reduce the

patient’s life span [8-13]; rather, this can happen in a small proportion of
patients because of the onset of respiratory depression, aspiration, and/or
hemodynamic instability, as reported by Morita et al. [14].

In palliative care, nutrition and hydration play important roles in the termi-
nally ill patient. 

Palliative sedation follows a decision algorithm, most commonly,
Portnoy’s algorithm, which can be integrated as shown in Fig. 16.1.
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Table 16.1 Palliative Prognostic Score

Cryterion Assessment Partial Score

Anorexia No 0

Yes 1.5

Karnofsky Performance Scale > 30 0

10-20 2.5

Dyspnea No 0

Yes 1

Total WBC (x 10
9
/L) < 8.5 0

8.6-11 0.5

> 11 2.5

Lynphocyte percentage 20-40% 0

12-19.9% 1

< 12% 2.5

Clinical prediction of survival > 12 0

11-12 2

7-10 2.5

5-6 4.5

3-4 6

1-2 8.5

RISK GROUP 30-DAY SURVIVAL TOTAL SCORE

A > 70% 0-5.5

B 30-70% 5.6-11

C < 30% 11.1-17.5



16.2 Hydration in Palliative Sedation

Dying patients, for example, those with advanced cancer, gradually stop eat-
ing and drinking. Hypercalcemia may occur and lead to a state of dehydration,
thereby worsening the patient’s condition [15]. 

Some studies [16] have shown that, for a terminally ill patient, less fluid is
needed than in a patient undergoing surgery. The terminally ill patient, howev-
er, is more susceptible to fluid deficit. In addition, the majority of patients are
elderly and their renal function is less effective in maintaining water balance
and a state of hydration [17-21]. The reduced water demand is due to a num-
ber of factors: age, body weight, and the clearance of free water. Oskvig found
that the loss of fluid occurs mainly in the intracellular rather than in the extra-
cellular space [22].
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Fig. 16.1 An algorithm for palliative sedation



A lack of fluids can cause symptoms such as cognitive impairment, altered
behavior, confusion, delirium, fainting, or syncope, which may lead to a fur-
ther fluid reductions [23] and thus a rapid deterioration of the patient, until
death.

16.3 Advantages and Disadvantages of Hydration

The aim of hydration is to prevent or correct the symptoms that may occur
with dehydration, especially delirium and opioid neurotoxicity. Numerous
studies have shown that in terminally ill cancer patients hydration can prevent
the onset of delirium [20, 24, 25]; in a Canadian study, vigorous hydration
resulted in a lower incidence of delirium among patients in a palliative care
unit [24] (Table 16.2).

Hydration is not only able to prevent delirium but it can also correct it.
Several studies [26-30] have shown that the administration of fluids can per-
manently correct or is able to improve delirium arising after dehydration. In
addition, delirium may indicate an accumulation of opioids and their metabo-
lites, since terminally ill patients undergo a progressive deterioration of renal
and hepatic function. The administration of fluids can reverse this accumula-
tion [31], thus preventing the onset of delirium.

The level of hydration, however, does not act on symptoms of thirst and dry
mouth [32]. This assertion is supported by several studies. Bourge [33] showed
that there was no significant correlation between markers of hydration status
in terminally ill patients and thirst. We therefore hypothesized that the home-
ostatic mechanisms controlling liquid and water balance are altered in dying
patients. The study of Waller confirmed this hypothesis [34]. Therefore, hydra-
tion is not required, and may indeed be useless, to relieve the symptom of
thirst [32].

Some authors have related certain side effects to hydration, i.e., vomiting,
nausea, increased secretions, edema, ascites, urinary tract infections (due to
increased use of urethral catheters in hydrated patients), airway secretions
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Table 16.2 Advantages and disadvantages of hydration

Advantages Disavantages

To prevent symptoms: confusion, agitation, Painful and invasive therapy
and neuromuscular irritability

To prevent complications Nausea, vomiting

To relieve thirst Increased secretions

To provide standard care Edema

Ascites



[35], and feelings of discomfort [36]. However, Dalal and Bruera [23] found
no concrete evidence for these effects but did acknowledge that side effects
can arise with excessive fluid administration. 

In terminally ill patients, hypoalbuminemia may occur [32], which can lead
to pulmonary or peripheral edema and ascites, if crystalloids are administered.
If serum albumin is less than 26 g/L, Dunlop et al. [15] advised against the
administration of fluids, whether intravenously or subcutaneously, to avoid
adverse effects. Instead, intravenous colloids were recommended.

16.4 Method of Administration

Fluids can be administered via several different routes, as discussed in the fol-
lowing.

16.4.1 Intravenous Route

Traditionally, the administration of fluids intravenously is carried out at the
peripheral level. However, in some cases, placement of a central venous access
device may be required, The various devices differ from each other in terms of
where and how they are positioned and the length of time they can remain in
place. Peripherally inserted central catheters (PICCs) are suitable for patients
who require prolonged intravenous therapy.

Importantly, intravenous therapy is not without risks, as infection and
occlusion of the catheter [37] may occur. Furthermore, in the case of a central
catheter, there may be complications related to the positioning procedure: arte-
rial puncture, arrhythmias, cardiopulmonary arrest, pneumothorax, and incor-
rect location of the catheter tip have been reported [23].

16.4.2 Subcutaneous Route

Hypodermoclysis is the administration of fluid subcutaneously and is relevant
in geriatric and palliative care [23]. Hypodermoclysis eliminates the disadvan-
tages of intravenous therapy even if it cannot be used in emergency situations.
It also should not be applied in patients with generalized edema and bleeding
disorders.

Fluids that can be administered subcutaneously include electrolytic solu-
tions  (saline 0.9% and 0.45%), dextrose-saline, and saline-glucose [38-41].
Non-electrolytic solutions are not suitable because they can accumulate in the
interstitial spaces and can lead to tissue desquamation. Colloids and hyperos-
molar solutions cannot be administered by hypodermoclysis [23].

16 Fluid Management in Palliative Care 199



200 M. Carassiti et al.

16.4.3 Enteral Route 

The enteral route is indicated in malnourished patients because of their inabil-
ity to ingest substances orally. It is chosen based on duration and in accordance
with the patient’s anatomy and physiology. Enteral nutrition is indicated in
patients with cancer of the head and neck causing dysphagia and in those with
esophageal obstruction, gastric outlet obstruction, or a prolonged critical ill-
ness requiring mechanical ventilation.

16.4.4 Proctoclysis 

Proctoclysis is the administration of fluids through the rectum. It is indicated
in patients in whom the enteral route is not an option. It cannot be used in
patients with  colon cancer or generalized edema.

This procedure was only recently considered as a viable alternative for
hydration, although it was evaluated in several earlier studies [42, 43]. The
side effects of proctoclysis are fluid loss, pain during the infusion, and catheter
insertion. Proctoclysis offers a valid alternative also based on its low cost, ease
of administration, and low maintenance. 

The hydration of a terminally ill patient is not an act of “charity”, but a
medical gesture. Indeed, to ensure proper hydration does not mean extending
the life of the patient but simply to prevent complications that arise due to
sedation, such as electrolyte disorders.



16 Fluid Management in Palliative Care 201

Key Concepts
• Palliative sedation
• Complications of dehydration
• Methods of fluid administration in palliative sedation

Key Words
• Palliative sedation
• Hydration
• Opioids
• Delirium
• Intravenous route
• Hypodermoclysis
• Enteral route
• Proctoclysis

Focus on…

• Juth N (2010) European Association for Palliative Care (EAPC).

Framework for palliative sedation: an ethical discussion. BMC

Palliative Care 9:20

• Dalal S, Bruera E (2004) Dehydration in Cancer Patients: To Treat or

Not To Treat. J Support Oncol 2:467–487

References

1. Nathan I Cherny, Lukas Radbruch and The Board of the European Association for Palliative
Care European Association for Palliative Care (EAPC) (2009) recommended framework for
the use of sedation in palliative care. Palliat Med  23:581

2. Maltoni M (1999) Successful validation of the palliative prognostic score (Pap Score) in ter-
minally ill cancer patients. J pain symptom manage 17:240-247 

3. Morita T (1999) The palliative prognostic index: a scoring system for survival prediction  of
terminally ill cancer patients. Support care cancer 7:128-133

4. Morita T (2005) Ethical validity of palliative sedation therapy: a multicenter, prospective, ob-
servational study conducted on specialized palliative care units in Japan.  Journal of Pain and
Symptom Management 30:308-319

5. Boyle J (2004) Medical ethics and double effect: the case of terminal sedation. Theoretical
Medicine 25:51–60

6. Juth N (2010) European Association for Palliative Care (EAPC) framework for palliative se-
dation: an ethical discussion. BMC Palliative Care 9:20

7. Olsen ML (2010) Ethical decision making with end-of-life care: palliative sedation and with-
holding or withdrawing life-sustaining treatments.  Mayo Clin Proc 85(10):949-954



8. Claessens P, Menten J, Schotsmans P, Broeckaert B (2008) Palliative sedation: a review of
the research literature. J Pain Symptom Manage 36:310–333

9. Rietjens JA (2008) Palliative sedation in a specialized unit for acute palliative care in a can-
cer hospital: comparing patients dying with and without palliative sedation. J Pain Symptom
Manage 36:228–234

10. Stone P, Phillips C, Spruyt O, Waight C (1997) A comparison of the use of sedatives in a hos-
pital support team and in a hospice. Palliat Med 11:140–4

11. Chiu TY, Hu WY, Lue BH, Cheng SY, Chen CY (2001) Sedation for refractory symptoms of
terminal cancer patients in Taiwan. J Pain Symptom Manage 21:467–472

12. Sykes N, Thorns A (2003) Sedative use in the last week of life and the implications for end-
of-life decision making. Arch Intern Med 163:341–344

13. Maltoni M, Pittureri C, Scarpi E et al (2009) Palliative sedation therapy does not hasten death:
results from a prospective multicentre study. Ann Oncol 20:1163–1169

14. Morita T, Chinone Y, Ikenaga M et al (2005) Efficacy and safety of palliative sedation ther-
apy: a multicenter, prospective, observational study conducted on specialized  palliative care
units in Japan. J Pain Symptom Manage 30:320–328

15. Dunlop RJ, Ellershaw JE, Baines MJ, Sykes N, Saunders CM (1995) On withholding nutri-
tion and hydration in the terminally ill: has palliative medicine gone too far? A reply. Journal
of medical ethics 21:141-143 

16. Bruera E, Belzile M, Watanabe S, Fainsinger RL (1996) Volume of hydration in terminal can-
cer patients. Support Care Cancer 4:147–150

17. Ciccone A, Allegra JR, Cochrane DG, Cody RP, Roche LM (1998) Age related differences
in diagnoses within the elderly population. Am J Emerg Med 16:43–48

18. Hoffman NB (1991) Dehydration in the elderly: insidious and manageable. Geriatrics 46:35–38
19. Lavizzo-Mourey R, Johnson J, Stolley P (1988) Risk factors for dehydration among elderly

nursing home residents. J Am Geriatr Soc 36:213–218
20. Seymour DG, Henschke PJ, Cape RD, Campbell AJ (1980) Acute confusional states and de-

mentia in the elderly: the roles of dehydration/volume depletion, physical illness and age. Age
Ageing 9:137–146

21. Warren JL, Bacon WE, Harris T et al (1994) The burden and outcomes associated with de-
hydration among US elderly, 1991. Am J Public Health 84:1265–1269

22. Oskvig RM (1999) Special problems in the elderly: the aging kidney and liver. Chest 115(5
suppl):158S–164S

23. Dalal S, Bruera E (2004) Dehydration in cancer patients: to treat or not to treat. J Support On-
col 2:467–487

24. Bruera E, Franco JJ, Maltoni M, Watanabe S, Suarez-Almazor M (1995) Changing patterns
of agitated impaired mental status in patients with advanced cancer: association with cogni-
tive monitoring, hydration, and opioid rotation. J Pain Symptom Manage 10:287–291

25. Inouye SK, Bogardus ST Jr, Charpentier PA et al (1999) A multicomponent intervention to
prevent delirium in hospitalized older patients. N Engl J Med 340:669–676

26. Agostini JV, Leo-Summers LS, Inouye SK (2001) Cognitive and other adverse effects of diphen-
hy- dramine use in hospitalized older patients. Arch Intern Med 161:2091–2097

27. Gagnon P, Allard P, Mâsse B, DeSerres M (2000) Delirium in terminal cancer: a prospective
study using daily screening, early diagnosis, and continuous monitoring. J Pain Symptom Man-
age 19:412–426

28. Maddocks I, Somogyi A, Abbott F, Hayball P, Parker D (1996) Attenuation of morphine-in-
duced delirium in palliative care by substitution with infusion of oxycodone. J Pain Symp-
tom Manage 12:182–189

29. Tuma R, DeAngelis LM (2000) Altered mental status in patients with cancer. Arch Neurol
57:1727–1731

30. Breitbart W, Gibson C, Tremblay A (2002) The delirium experience: delirium recall and
delirium-related distress in hospitalized patients with cancer, their spouses/caregivers, and their
nurses. Psychosomatics 43:183–194

202 M. Carassiti et al.



31. Fainsinger RL, Bruera E (1997) When to treat dehydration in a terminally ill patient. Support
Care 5:205–11

32. Ellershaw J E, Sutcliffe J M, Saunders CM (1995) Dehydration and the dying patient. Jour-
nal of pain and symptom management 10:192–197

33. Burge FI (1993) Dehydration symptoms of palliative care cancer patients. Journal of pain and
symptom management 8:454-464

34. Waller A, Adunski A, Hershkowitz M (1991) Terminal dehydration and intravenous fluids.
Lancet 337:745

35. Wildiers H, Menten J (2002) Death rattle: prevalence, prevention and treatment. J Pain Symp-
tom Manage 23:310–7

36. Fainsinger R (2006) Non-oral hydration in palliative care #133. J Palliat Med 9:206–7
37. Krzywda EA (1999) Predisposing factors, prevention, and management of central venous

catheter occlusions. J Intraven Nurs 22(6 suppl):S11–S17
38. Slesak G, Schnurle JW, Kinzel E, Jakob J, Dietz PK (2003) Comparison of subcutaneous and

intravenous rehydration in geriatric patients: a randomized trial. J Am Geriatr Soc 51:155–160
39. Schen RJ, Singer-Edelstein M (1981) Subcutaneous infusions in the elderly. J Am Geriatr Soc

29:583–585
40. O’Keeffe ST, Lavan JN (1996) Subcutaneous fluids in elderly hospital patients with cogni-

tive impairment. Gerontology 42:36–39
41. Bruera E, Brenneis C, Michaud M et al (1988) Use of the subcutaneous route for the admin-

istration of narcotics in patients with cancer pain. Cancer 62:407–411
42. Fainsinger RL, Bruera E (1991) Hypodermoclysis (HDC) for symptom control versus the Ed-

monton Injector (EI). J Palliat Care 7:5–8
43. Bruera E, Schoeller T, Pruvost M (1994) Proctoclysis for hydration of terminal cancer patients.

Lancet 344:1699

16 Fluid Management in Palliative Care 203



F. E. Agrò (ed.), Body Fluid Management, 
DOI: 10.1007/978-88-470-2661-2_17 © Springer-Verlag Italia 2013

205

Infusion-Related Complications

Annalaura Di Pumpo, Maria Benedetto
and Felice Eugenio Agrò

17

M. Benedetto (�)
Postgraduate School of Anesthesia and Intensive Care, Anesthesia, Intensive Care and Pain
Management Department, University School of Medicine Campus Bio-Medico of Rome,  
Rome, Italy
e-mail: m.benedetto@unicampus.it

17.1 Phlebitis

Infusion therapy requires the use of a peripheral venous catheter (PVC),
whose position can be complicated by phlebitis, defined as an inflammation
of the tunica intima of a vein. Inflammation, in turn, may have mechanical,
chemical, or bacterial origins [1].
• Mechanical phlebitis occurs when the cannula generates friction with the

wall of the vein, leading to inflammation.
• Chemical phlebitis is due to the infusion of fluids and medications, accord-

ing to their osmolarity or pH [2].
• Bacterial phlebitis is due to the presence of infectious bacteria. The main

risk factors are: a high number of administrations, inadequate practices
during infusion, or a lack of cleanliness of the skin before the cannula is
inserted [3, 4].

17.1.1 Signs and Symptoms

The three types of phlebitis share several signs and symptoms: 
• erythema;
• swelling; 
• warm skin at the cannula insertion; 
• pain during fluid infusion.

Other signs and symptoms that may indicate phlebitis are: difficulty of



infusion, the presence of a transudate, and fever of unknown origin. The pres-
ence of such events is the basis for the recognition of five degrees of phlebitis
[5] (Table 17.1).

17.1.2 Treatment and Complications

The treatment of phlebitis varies depending on the clinical severity. Mild
phlebitis (grades 0 and 1) reverts without treatment. More severe phlebitis
mandates that the infusion be stopped and the cannula removed [6]. An anti-
inflammatory cream should then be applied to the affected areas.

When phlebitis is not treated, patients may experience further complica-
tions, such as infection, thrombosis, superficial thrombophlebitis [7], and sep-
tic thrombophlebitis (a rare but very serious complication) [8].

17.2 Infiltration 

Infiltration is defined as a loss of intravenous fluid into the surrounding tissue,
mainly due to displacement of the catheter tip. Elderly patients are particular-
ly vulnerable because their veins are fragile and thin.

17.2.1 Signs and Symptoms

Several signs and symptoms characterize fluid infiltration: skin swelling, dis-
comfort, burning, tightness, and blanching. Accordingly, various degrees of
infiltration are distinguished [9] (Table 17.2).

17.2.2 Prevention and Treatment

The prevention of infiltration is mainly related to clinical practice; it is based
on the chosen veins and on the site of catheter placement. As an example, areas
of flexion or fragile veins should be avoided.
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Table 17.1 Phlebitis grading system

Phlebitis Grading

Grade 0: No symptoms

Grade 1: Erythema and pain

Grade 2: Pain, erythema and edema

Grade 3: Pain, erythema, edema, streak formation, palpable venous cord

Grade 4: Pain, erythema, edema, streak formation, palpable venous cord and purulent drainage



The treatment consists of small clinical procedures:
1. Stoppage of the infusion.
2. Removal of the catheter.
3. Application of cold packs.

In addition, it is necessary to check the patient’s pulse and to monitor the
potential development of blisters, necessitating surgical consultation.

17.3 Extravasation

Extravasation is defined as the leakage of medications or fluids into the tissues
close to the site of intravenous infusion.

Two types of extravasation are recognized:
• irritating, accompanied by inflammatory reactions;
• vesicant, with serious consequences.

17.3.1 Signs and Symptoms

Based on the amount of liquid, type, and position of the extravasation, the con-
sequences will differ, ranging from irritation to tissue necrosis. The main
symptoms are: swelling, pain, redness, and heating.

17.3.2 Prevention and Treatment

The best treatment for extravasation is prevention, which requires the place-
ment of the cannula in large and intact veins. The veins of the hands and wrists
should be avoided because they are areas rich in nerves and tendons, which
can be easily damaged.

If extravasation is already present, the infusion must be stopped and the
catheter removed. The extravasation is then aspirated from the subcutaneous
tissue in order to prevent an inflammatory reaction. If a drug is instilled, as in
the case of antineoplastic or vasopressors, an antidote should be administered.
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Table 17.2 Infiltration scale

Infiltration scale

Grade 0: No symptoms

Grade 1: Edema < 2,5 cm, cold and pale skin, pain

Grade 2: Edema 2,5 to 15 cm, cold and pale skin, pain

Grade 3: Edema > 15 cm, mild pain, cold skin, numbness

Grade 4: Pale translucent, swollen, bruised tight skin, edema > 15 cm, moderate or severe 
pain, infiltration of any amount of blood product, irritant, or vesicant



17.4 Hematoma

Hematoma is a pool of blood organized external to a blood vessel (artery, vein
or capillary). It occurs after damage to the blood vessel wall, which allows
leakage of blood into the surrounding tissues. Hematoma differs from ecchy-
mosis which is an expansion of blood located at skin level or in a mucous
membrane in a thin layer. 

Several factors are related to the accumulation of blood under the skin. For
example, patients under anti-coagulant drugs tend to develop large
hematomas. Consequently, the detection of a hematoma must be evaluated
with respect to the basic health status of the patient [10]. 

The most common complication of hematomas is bacterial infection of the
extravasated blood. There are different kinds of hematomas and both their
symptoms and their clinical management will be influenced by their site, size,
and the possible inflammation of nearby structures. 

17.4.1 Signs and Symptoms

Blood is a strong tissue irritant and thus may induce inflammation and irrita-
tion, together with pain, redness, and swelling. 

17.4.2 Prevention and Treatment

Hematoma should be managed following the R.I.C.E protocol: rest, ice, com-
pression, elevation. The pain associated with hematoma is caused by inflam-
mation and can be treated with anti-inflammatory drugs, taking into account
the patient’s health status. 

Hematomas caused by infusion can be prevented by applying a compres-
sive dressing at the vein insertion site. Patient cooperation can be useful in
preventing hematoma, since if the arm is moved within a short period follow-
ing venous puncture, the risk of bleeding will increase.

17.5 Hemorrhage/Thrombosis

These disorders are characterize by the onset of bleeding and the formation of
intravascular thrombi. Bleeding disorders can be due to a dilution of clotting
factors in the bloodstream or to the interaction of colloid molecules with
platelet adhesion or with clot formation.
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17.5.1 About Crystalloids and Colloids

In general, crystalloids are less likely than colloids to cause coagulation disor-
ders. However, dilution with crystalloids seems to induce a significant hyperco-
agulability status because of the reduction in serum antithrombin III levels [11]. 

By contrast, albumin may impact coagulation and hemostasis by enhancing
antithrombin III activity and inhibiting platelet function [12, 13]. Albumin
may also be associated with hypocoagulability. Dietrich et al. showed an
increased bleeding time in vitro [14], suggesting an increased risk of hemor-
rhage in patients. 

Dextrans have been shown to decrease factor VIII levels, increase fibrinol-
ysis, and alter platelet function, with a significant risk of bleeding especially
after their high-dose administration [15, 16].

Gelatins were classically thought not to significantly impair coagulation,
although recently evidence was presented for their causing platelet dysfunc-
tion and clotting disorders [17].

Regarding hydroxyethyl starches (HES), previous literature showed a
severe increase of bleeding risk with those of high molecular weight. This is
due to a von-Willebrand-like syndrome, with decreased factor VIII activity as
well as reductions in von Willebrand factor antigen and factor VIII-related ris-
tocetin cofactor [18-21]. However, fewer effects on the clotting system have
been reported for the latest-generation HES.

An impairment of platelet function is another unwanted activity of HES.
This effect is more significant in high molecular weight HES (e.g., HES
450/0.7 or HES 200/0.62) than in lower molecular weight preparations [22-
24]. Modern HES, when diluted in balanced plasma-adapted solutions, seem to
have no negative effects on platelets. In fact, reports have confirmed the
importance of the solution in which the HES molecules are dispersed [25].

17.6 Bloodstream Infections

Bloodstream infections are severe infections that can increase patient morbid-
ity and mortality. They are frequently related to the use of intravenous devices
and can result in serious complications.

17.6.1 Causes and Risk Factors

The incidence of bloodstream infections related to CVP placement is quite
low, even if serious infective complications from peripheral catheter place-
ment may increase the morbidity and length of hospital stay.
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The most common cause of bloodstream infections is related to the use of
central venous catheters (CVC), particularly in intensive care unit (ICU)
patients, with an estimated rate of 5.3 per 1,000 catheter days in the ICU [26].
This reflects the fact that ICU patients often have several comorbidities,
including nosocomial infections. 

In addition, a CVC may have been inserted under emergency conditions in
which a sterile procedure may not have been possible.

The development of bloodstream infections depends on various factors.
Pathogens enter the body usually through the skin, eventually colonizing the
catheter tip and creating a focus of infection. Nevertheless, this is not enough
for the development of a bloodstream infection. Other factors must be present,
such as a virulent pathogen with a large adhesive capacity. Also, bloodstream
infections often occur in patients with other comorbidities or with a compro-
mised immune status, which may facilitate the infective colonization.
Moreover, many intravascular devices are made of materials that favor colo-
nization and the adhesion of microorganisms [27, 28] (Table 17.3).

17.6.2 Prevention

Infusion therapy should include measures that minimize the infection risk
associated with intravenous therapy. These measures have an important impact
not only on patient outcome but also on management costs. The most generic
prevention measures concern hygienic requirements for the operator, antisep-
sis of the environment and of the instrumentation, and skin disinfection. In
addition, catheters and cuffs can be coated or impregnated with antimicrobial
or antiseptic agents. There are also materials that hinder the development of
infections by preventing the adhesion of microorganisms.

Even the site of catheter insertion may predispose the patient to the
development of infections, according to the density of the skin flora at the
involved site. Many authors have argued that femoral and jugular catheters
are more frequently associated with the risk of infection than subclavian
catheters [29-32].
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Table 17.3 Risk factors of bloodstream infection

Risk factors of bloodstream infection

Central venous catheter

Comorbidity

Compromised immune status

Pathogen virulence

Device material 

Non-sterility
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17.7 Venous Air Embolism

Venous air embolism is a possible side effect of fluid therapy that impacts
morbidity and mortality. It is the result of a communication between the
venous system and an air source. The positive pressure gradient allows the
passage of air from the outside (atmospheric pressure) into the vessels (sub-
atmospheric pressure) [33].

Generally, when a very small amount of air enters the venous system, it is
rapidly reabsorbed without complications. In other cases, it may cause
arrhythmias or lead to severe inflammatory disorders in the pulmonary ves-
sels, such as direct endothelial damage and the accumulation of platelets, fib-
rin, neutrophils, and lipid droplets [34].

17.7.1 Prevention

Measures for the prevention of air embolism must be practiced during both
catheter insertion and removal.

During CVC insertion, Trendelenburg position is needed for optimal CVC
placement. Catheter removal should take place during a Valsalva maneuver,
with the patient either supine or in the Trendelemburg position [35, 36].
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18.1 Crystalloids on the Market

In this chapter, the main commercially available crystalloids and colloids are
reviewed.

The characteristics of each product are described according to pharmaceu-
tical company indications.

18.1.1 Sodium Chloride Injection, Solution (B Braun)

Composition 
The properties of a 0.9% sodium chloride injection USP (per mL) are as follows:
• sodium chloride USP 9 mg;
• water for injection USP qs;
• pH adjusted to 5.5 (4.5–7.0)with hydrochloric acid NF;
• pH: 5.5 (4.5–7.0);
• calculated osmolarity: 310 mOsmol/L;

The electrolytes concentration (mEq/100 mL) is: 
• sodium 15.4 ;
• chloride 15.4.

Indications 
This intravenous solution is indicated for use in adults and pediatric patients as
a source of electrolytes and water for hydration. It is used as a diluent and as a



delivery system for the intermittent intravenous administration of compatible
drug additives. The prescribing information should be consulted regarding the
indications and instructions for drug additives to be administered in this manner.

Contraindications
This solution is contraindicated when the administration of sodium or chloride
could be clinically detrimental.

Adverse Reactions
Reactions may occur because of the solution itself or the technique of its
administration. Among the reported reactions are: febrile response, infection at
the injection site, venous thrombosis or phlebitis extending from the injection
site, extravasation, and hypervolemia.

The physician should also be alert to the possibility of adverse reactions to
drug additives diluted and administered from the plastic partial-fill container.
Prescribing information for drug additives to be administered in this manner
should be consulted.

Symptoms may result from an excess or deficit of one or more of the ions
present in the solution; therefore, frequent monitoring of electrolyte levels is
essential.

Hypernatremia may be associated with edema and an exacerbation of con-
gestive heart failure due to the retention of water, resulting in an expanded
extracellular fluid volume.

If an adverse reaction does occur, discontinue the infusion, evaluate the
patient, institute appropriate therapeutic countermeasures, and save the
remainder of the fluid for examination if deemed necessary [1].

18.1.2 Ringer’s (B Braun) (Fig. 18.1)

Composition
One liter of Ringer’s solution contains:
• sodium chloride 8.60 g;
• potassium chloride 0.30 g;
• calcium chloride 2H2O 0.33 g;
• water for injection;

The electrolytes concentration (mmol/L) is:
• sodium 147.20;
• potassium 4.02;
• calcium 2.24;
• chloride 155.70.

Indications
• Irrigation and cleaning during surgical intervention;
• irrigation of wounds and burns;
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• irrigation during endoscopic examinations of body cavities;
• intra-operative irrigation during arthroscopy with a mechanical instrumen-

tarium;
• postoperative irrigation.

Adverse Side Effects
None are known.

Warning 
Do not use for infusion. Only use the solution if the seal of the container is
undamaged and the solution is clear. Opened containers must not be saved;
quantities left over must be discarded. Store out of reach of children [2].

18.1.3 Ringer Lactate (B Braun) (Fig. 18.2)

Composition
One liter of Ringer’s lactate contains:
• sodium chloride 6.00 g;
• potassium chloride 0.30 g;
• calcium chloride 2H2O 0.20 g;
• magnesium chloride 6H2O 0.20 g;
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• sodium lactate 3.1 g;
• water for injection;

The electrolytes concentration (mmol/L) is:
• sodium 130.00;
• potassium 4.00;
• calcium 1.40;
• magnesium 1.00;
• chloride 111.00;
• lactate 28.00.

Indications
• Irrigation and cleaning during surgical intervention;
• irrigation of wounds and burns;
• irrigation during endoscopic examinations of body cavities;
• intra-operative irrigation during arthroscopy with a mechanical instrumen-

tarium;
• postoperative irrigation.

Adverse Side Effects
None are known.
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Warning 
Do not use for infusion. Only use the solution if the seal of the container is
undamaged and the solution is clear. Opened containers must not be saved;
quantities left over must be discarded. Store out of reach of children [3].

18.1.4 Plasma-Lyte148 Injection (Baxter) (Fig. 18.3)

Composition
One liter of Plasma-Lyte 148 contains:
• sodium chloride, USP 526 mg;
• sodium gluconate 502 mg;
• sodium acetate trihydrate, USP 368 mg;
• potassium chloride, USP 37 mg;
• magnesium chloride, USP 30 mg;

It contains no antimicrobial agents. 
The pH is adjusted with hydrochloric acid. The nominal pH is 5.5 (4.0–8.0).
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Indications
Plasma-Lyte 148 injection (multiple electrolytes injection, type 1, USP) is
indicated as a source of water and electrolytes or as an alkalinizing agent. It is
compatible with blood or blood components and may be administered prior to
or following the infusion of blood through the same administration set (i.e., as
a priming solution), added to or infused concurrently with blood components,
or used as a diluent in the transfusion of packed erythrocytes.

Contraindications
None are known.

Adverse Reactions
Reactions that may occur because of the solution or the administration tech-
nique include febrile response, infection at the injection site, venous thrombo-
sis or phlebitis extending from the injection site, extravasation and hyperv-
olemia.

If an adverse reaction does occur, discontinue the infusion, evaluate the
patient, institute appropriate therapeutic countermeasures, and save the
remainder of the fluid for examination if deemed necessary [4].

18.1.5 Sterofundin (B Braun) (Fig. 18.4)

Composition
One liter of Sterofundin® ISO solution for infusion contains:
• sodium chloride 6.80 g;
• potassium chloride 0.30 g;
• calcium chloride dihydrate 0.37 g;
• magnesium chloride hexahydrate 0.20 g;
• sodium acetate trihydrate 3.27 g;
• L-malic acid 0.67 g;
• excipients;
• water for injection.

The electrolytes concentration (mmol/L) is:
• sodium 140.0;
• potassium 4.0;
• magnesium 1.0;
• calcium 2.5;
• chloride 127.0;
• acetate 24.0;
• malate 5.0.

The theoretical osmolarity is 304 mosm/L and the pH is 4.6–5.4.
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Indications
Replacement of extracellular fluid losses in the case of isotonic dehydration,
in patients in whom acidosis is present or imminent.

Contraindications
Sterofundin ISO must not be administered in the following situations:
• hypervolemia;
• severe congestive cardiac failure;
• renal failure with oliguria or anuria;
• severe general edema;
• hyperkalemia;
• hypercalcemia;
• metabolic alkalosis.

Special Warning 
Monitoring of serum electrolytes, fluid balance, and pH is necessary.
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Undesirable Effects
Hypersensitivity reactions characterized by urticaria after the intravenous
administration of magnesium salts have been occasionally described. Although
oral magnesium salts stimulate peristalsis, paralytic ileus has been rarely
reported after intravenous infusion of magnesium sulfate. Adverse reactions
may be associated with the administration technique and include febrile
response, infection at the injection site, local pain or reaction, vein irritation,
venous thrombosis or phlebitis extending from the injection site, and extrava-
sation. Adverse reactions also may be associated with the medications added
to the solution; the nature of the additive will determine the likelihood of any
other undesirable effects [5].

18.2 Colloids on the Market

18.2.1 Dextran70

Indication
Shock.

Contraindications
• Known hypersensitivity to dextran or any ingredient in the formulation;
• severe bleeding disorders;
• severe congestive cardiac failure;
• renal failure.

Warnings
Circulatory and/or Volume Overload
May cause circulatory overload; use with caution in patients with impaired
renal function, and in those at risk of developing pulmonary edema or cardiac
failure.

May cause fluid and/or solute overloading when used as a diluent for
serum electrolyte concentrations, overhydration, congested states, or pul-
monary edema. The risk of dilutional states is inversely proportional and the
risk of solute overloading, resulting in congestion with peripheral and pul-
monary edema, directly proportional to the electrolyte concentration of the
solution. 

Hematologic Effects
Dextran70 may interfere with platelet function, especially at doses of approxi-
mately 15 mL/kg; use with caution in patients with thrombocytopenia.

Transient prolongation of bleeding time is possible in patients receiving >
1000 mL or approximately 15 mL/kg; a slight increase in bleeding tendency
may also occur.

Dextran70 causes a marked decrease in factor VIII and an even larger
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decrease in factors V and IX than expected from the effects of hemodilution
alone. These effects usually occur at doses of ~15 mL/kg. Trauma and major
surgery patients should be observed for early signs of bleeding complications.
The hematocrit should be determined after dextran70 administration, avoiding
a reduction below 30% by volume. 

Increased rouleaux formation is possible; blood samples for typing and
cross-matching should be drawn prior to dextran infusion. A sample of the
infusion should be reserved for subsequent analysis, if necessary.

Administration of large volumes of dextran solution decreases plasma pro-
tein concentrations.

Gastrointestinal Effects
Vomiting and involuntary defecation have occurred in anesthetized patients.
Use with caution in patients with pathologic abdominal conditions or in
patients undergoing bowel surgery.

Sensitivity Reactions
Hypersensitivity reactions, e.g., urticaria, nasal congestion, wheezing, tight-
ness of chest, and mild hypotension, may occur. These are usually relieved by
antihistamines.

Dextran-Induced Anaphylactoid Reactions
Severe dextran-induced anaphylactoid reactions (DIAR), e.g., generalized
urticaria, wheezing, hypotension, severe hypotension, shock, cardiac and res-
piratory arrest, and even death, are rare. They typically occur early in the infu-
sion period in patients with no previous exposure to dextran70. Closely moni-
tor these patients, especially during the first minutes of infusion. If severe
hypotension occurs, determine whether it is the result of dextran or the initial-
ly present shock.

Administration of 20 mL of dextran1 prior to dextran70 infusion decreases
the likelihood of DIAR; however, serious reactions still may occur.

Discontinue dextran at the first sign of an allergic reaction so long as cir-
culation can be maintained by other means. Immediate medical intervention
(e.g., parenteral epinephrine, antihistamines, and other supportive therapy)
may relieve symptoms. If circulatory collapse due to anaphylaxis occurs after
dextran discontinuation, begin rapid volume substitutions with another agent.

Resuscitative measures should be kept readily available during dextran use.

Local Injection-Site Reactions
Adverse local reactions caused by the IV administration of dextran70 include
febrile response, infection at the injection site, venous thrombosis or phlebitis
extending from the injection site, extravasation, and hypervolemia. If such
reactions occur, discontinue the infusion, evaluate the patient, institute appro-
priate therapeutic countermeasures, and save the remainder of the solution for
examination if deemed necessary [6].
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18.2.2 Dextran40

Indications
• Shock;
• extracorporeal circulation;
• prophylaxis of thromboembolic disorders.

Contraindications
• Known hypersensitivity to dextran or any ingredient in the formulation;
• marked cardiac decompensation;
• renal disease with severe oliguria or anuria;
• marked hemostatic defects of all types (e.g., thrombocytopenia, hypofib-

rinogenemia), including those caused by drugs (e.g., heparin, warfarin);
• some clinicians consider extreme dehydration a contraindication to dextran

40 therapy.

Warnings
Circulatory and/or Volume Overload
Dextran40 is a hypertonic colloidal solution; vascular overload may occur with
large doses. Central venous pressure should be closely monitored when the
drug is administered by rapid infusion and in patients with poor hydration sta-
tus needing additional fluid therapy. Immediately discontinue the drug if there
is a precipitous rise in central venous pressure or any clinical signs of circula-
tory overloading. Dextran40 may cause fluid and/or solute overloading (espe-
cially when large doses are administered), resulting in dilution of serum elec-
trolytes, overhydration, congested states, or pulmonary edema. Do not admin-
ister to patients with pulmonary edema; use with caution in those with cardiac
decompensation and cardiac failure. The risk of dilutional states is inversely
proportional, and the risk of solute overloading, resulting in congestion with
peripheral and pulmonary edema, directly proportional to the electrolyte con-
centration of the solution.

Renal Effects
Increases in the viscosity and specific gravity of urine, especially in patients
with decreased urine flow, may occur. Typically, specific gravity increases
only slightly in adequately hydrated patients with normal renal function; how-
ever, tubular stasis and blocking are reported even in adequately hydrated
patients. Low specific gravity of urine during dextran therapy may indicate a
failure of renal dextran clearance; in which case dextran should be discontin-
ued. Assess hydration before dextran administration and administer additional
fluid if signs of dehydration are present. If the decreased urinary output is sec-
ondary to shock, dextran40  can still be used so long as urinary output improves
after administration of the drug.

Monitor urinary flow rates during administration; discontinue therapy if
oliguria or anuria occurs and administer an osmotic diuretic to minimize vas-
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cular overloading. Renal failure has been reported, particularly in extremely
dehydrated patients. Excessive doses of dextran may precipitate renal failure
in patients with advanced renal disease; thus, dosage recommendations should
be followed. Tubular vacuolization (osmotic nephrosis) may also occur but is
potentially reversible; its clinical importance is not fully known. Abnormal
renal function test results are more likely in patients who have undergone sur-
gery or cardiac catheterization. A specific effect of dextran40 on renal function
has not yet been  determined.

Hepatic Effects
Abnormal hepatic function test results (increased AST and ALT) have been
reported, generally in patients who have undergone surgery or cardiac
catheterization. A specific effect of dextran40 on hepatic function has not yet
been  determined.

Metabolic Effects
Mild to moderate acidosis (usually transient) may develop during perfusion
with any priming fluid in pump oxygenators. This condition is not altered by
dextran40 administration and thus may require an alkalinizing agent.

Hematologic Effects
Dextran40 may interfere with platelet function and therefore should be used
with caution in patients with thrombocytopenia. A transient prolongation of
bleeding time is possible in patients receiving > 1 L of 10% dextran40 solution;
a slight increase in the bleeding tendency may also occur.

Dextran40 causes a marked decrease in factor VIII and an even greater
decrease in factors V and IX than expected from the effects of hemodilution
alone. Usually, these effects are seen at doses of ~1.5 g/kg (15 mL/kg). Trauma
and major surgery patients should be monitored for early signs of bleeding
complications. A slightly increased blood loss is possible in postoperative
patients. Additional blood loss may occur in patients with active hemorrhage
because of the increase in perfusion pressure and improved blood flow. The
hematocrit should be determined after the administration of dextran40, avoid-
ing reductions below 30% by volume. An increase in rouleaux formation is
possible. Blood samples for typing and cross-matching should be drawn prior
to dextran infusion. A sample of the administered dextran should be reserved
for subsequent use, if necessary. The administration of large volumes of dex-
tran solution reduces plasma protein concentrations.

Sensitivity Reactions
Mild urticarial reactions have been reported.

Dextran-Induced Anaphylactoid Reactions
Severe dextran-induced anaphylactoid reactions, e.g., generalized urticaria,
tightness of the chest, wheezing, hypotension, nausea, vomiting, severe
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hypotension, shock, cardiac and respiratory arrest, and even death, are rare.
They typically occur early in the infusion period in patients with no previous
exposure to dextran40, even with doses as small as 0.5 g (5 mL). Closely mon-
itor patients with no previous exposure to dextran, especially during the first
few minutes of infusion. The administration of 20 mL of dextran1 prior to dex-
tran40 infusion decreases the likelihood of anaphylactoid reactions; however,
serious reactions may still occur. Discontinue dextran at the first sign of aller-
gic reaction so long as circulation can be maintained by other means.
Immediate medical intervention (e.g., parenteral epinephrine, antihistamines,
and other supportive therapy) may relieve symptoms. If circulatory collapse
due to anaphylaxis occurs after dextran discontinuation, begin rapid volume
substitutions with another agent. Resuscitative measures should be kept read-
ily available during dextran use [7].

18.2.3 Gelatin: Gelofusine (B Braun) (Fig. 18.5)

Composition
A 1-L infusion solution contains the following active ingredients:
• succinylated gelatin;
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• water for injections.
The electrolytes concentrations (mmol/L) are:

• sodium 154; 
• chloride 120; 

The relevant physico-chemical characteristics are:
• theoretical osmolarity 274 mOsm/L;
• pH 7.1–7.7;
• gel point ≤  3 ºC.

Indications 
Gelofusine can be used as a colloidal volume substitute for:
• prophylaxis and treatment of absolute and relative hypovolemia (e.g., fol-

lowing shock due to hemorrhage or trauma, perioperative blood losses,
burns, sepsis);

• prophylaxis of hypotension (e.g., in connection with the induction of
epidural or spinal anesthesia);

• hemodilution;
• extra-corporeal circulation (heart-lung machine, hemodialysis);
• increasing the leukocyte yield in leukapheresis.

Contraindications 
Gelofusine must not be administered in cases of:
• known hypersensitivity to gelatin;
• hypervolemia;
• hyperhydration;
• severe cardiac insufficiency;
• severe disturbance of blood coagulation.

Gelofusine may only be administered with great caution in cases of:
• hypernatremia, since additional sodium is administered with Gelofusine;
• dehydration, since in such cases it is primarily the fluid balance that

requires correction;
• disturbance of blood coagulation, since administration leads to the dilution

of coagulation factors;
• renal insufficiency, since the normal excretion route may be impaired;
• chronic liver disease, since the synthesis of albumin and coagulation fac-

tors may be affected and administration brings about a further dilution.

Undesirable Effects
As with all colloidal volume substitutes, allergic (anaphylactic/anaphlactoid)
reactions of varying severity can occur after Gelofusine infusion. These can
either manifest themselves as skin reactions (urticaria) or result in a flushing
of the face and neck. In rare cases, there is a drop in blood pressure, shock, or
cardiac and respiratory arrest. The information contained in the standard prod-
uct information may differ from nationally approved indications, contraindica-
tions, etc. [8].
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18.2.4 Geloplasma (Fresenius Kabi)

Composition
A 100-ml solution for infusion contains:
• modified liquid gelatin (partially hydrolyzed and succinylated);
• amount expressed as anhydrous gelatin 3.0000 g;
• sodium chloride 0.5382 g;
• magnesium chloride hexahydrated  0.0305 g;
• potassium chloride 0.0373 g;
• sodium (S)-lactate solution;
• amount expressed as sodium lactate  0.3360 g.

The product contains 0.06% succinic acid as a result of  the manufacturing
process.

Ionic formula (mmol/l):
• sodium 150;
• potassium 5;
• magnesium 1.5;
• chloride 100; 
• lactate 30.

Indications
Emergency treatment of patients in shock:
• hypovolemic shock resulting from: hemorrhage, dehydration, capillary

leak, burns;
• vasoplegic shock of traumatic, surgical, septic, or toxic origin.

Treatment of relative hypovolemia associated with hypotension in the context
of vasoplegia related to the effects of hypotensive drugs, notably during anes-
thesia.

Contraindications
Geloplasma must not be used in the following situations:
• known or suspected hypersensitivity to gelatin solutions;
• predominantly extracellular hyperhydration;
• hyperkalemia;
• metabolic alkalosis;
• end of pregnancy.

Adverse Reactions
• Anaphylactic shock;
• allergic skin reaction;
• hypotension;
• slowing of heart rate;
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• respiratory difficulties;
• fever, chills [9].

18.2.5 Haemaccel (Piramal Healthcare)

Composition
A 100-mL solution contains:
• polygeline polypeptides of degraded gelatin, cross-linked via urea bridges

3.5 g (equivalent to 0.63g of nitrogen);
• sodium chloride Ph. Eur. 0.85 g;
• potassium chloride Ph. Eur. 0.038 g;
• calcium chloride Ph. Eur. 0.070 g;
• water for injection Ph. Eur.q.s..

The electrolytes concentration (mmol/L) is:
• sodium 145;
• potassium 5.1;
• calcium 6.25;
• chloride 145.
The mean molecular weight is 30,000.

Indications
Haemaccel is a plasma substitute for volume replacement; it is used to correct
or avert circulatory insufficiency due to plasma/blood volume deficiency,
either absolute (e.g., resulting from bleeding) or relative (e.g., resulting from
a shift in plasma volume between circulatory compartments).

Haemaccel is administered in the following situations:
• hypovolemic shock;
• loss of blood and plasma (e.g. due to trauma, burns, autologous blood or

plasma donation prior to surgery);
• heart-lung machine filling.

In addition Haemaccel can be used as a carrier solution for various drugs.

Contraindications
• Known hypersensitivity to constituents of the preparation;
• existing severe allergic reactions. 

The use of Haemaccel is restricted in all conditions in which an increase in
intravascular (blood vessel) volume and its consequences (e.g., increased
stroke volume, elevated blood pressure) or an increase in interstitial fluid vol-
ume or hemodilution could pose a particular risk for the patient. Examples of
such conditions are: congestive heart failure, hypertension, esophageal
varices, pulmonary edema, hemorrhagic diathesis, renal and postrenal anuria.
If the physician considers the infusion necessary, it should be given while tak-
ing special precautions:
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Caution is also advised in all patients at an increased risk of histamine
release, e.g., those with allergic/allergoid reactions or a history of histamine
response.

In the above cases, Haemaccel may be given only after taking appropriate
prophylactic steps (see Measures of precaution for administration). Use of the
preparation in pregnant women and nursing mothers is not contraindicated.
Generally, however, particular care is required when fluid or volume replace-
ments are administered during or immediately after pregnancy.

Side Effects
During or after the infusion of plasma substitutes, transient skin reactions
(urticaria, wheals), hypotension may occur. Tachycardia, bradycardia,
nausea/vomiting, dyspnea, increases in temperature and/or chills are occasional-
ly seen. Rare cases of severe hypersensitivity reactions, even including life-
threatening shock, have been observed. Here, the required treatment depends on
the nature and severity of the side effect. During the administration of polyge-
line infusion under pressure, air embolism has been reported albeit very rarely. 

If side effects occur, the infusion should be discontinued at once. For mild
reactions, administer antihistamines. For severe reactions, if appropriate,
immediately inject catecholamines, slowly i.v., plus high doses of corticos-
teroids, slowly i.v., together with volume replacement and oxygen. Histamine
release has been shown to be the cause of anaphylactoid side effects associat-
ed with infusions of Haemaccel. Histamine-induced reactions are more likely
if the infusion has been rapid.

Furthermore, the above-described reactions may occur as a result of the
cumulative effect of several histamine-releasing drugs, e.g., anesthetics, mus-
cle relaxants, analgesics, ganglia blockers, and anticholinergic drugs [10].

18.2.6 Gelaspan (B Braun)

Composition
A 1-L solution contains:
• succinylated gelatin (=  modified fluid gelatin) 40.0 g (molecular weight,

weight average: 26 500 Daltons);
• sodium chloride 5.55 g;
• sodium acetate trihydrate 3.27 g;
• potassium chloride 0.30 g;
• calcium chloride dihydrate 0.15 g;
• magnesium chloride hexahydrate 0.20 g;

The electrolytes concentration (mmol/l) is:
• sodium 151; 
• chloride 103;
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• potassium 4;
• calcium 1; 
• magnesium 1; 
• acetate 24;
• excipients.

Indications
Gelaspan is a colloidal plasma volume substitute in an isotonic, fully balanced
electrolyte solution for the prophylaxis and treatment of imminent or manifest,
relative or absolute hypovolemia and shock.

Contraindications
Gelaspan must not be used in the following situations:
• hypersensitivity to gelatin solutions or to any of the other ingredients of

Gelaspan;
• hypervolemia;
• hyperhydration;
• hyperkalemia.

Undesirable Effects
• Anaphylactoid reactions;
• tachycardia;
• hypotension;
• respiratory difficulties;
• allergic skin reactions;
• mild transient increase of body temperature, fever, chills [11].

18.2.7 HES 450/0.7/5: HESPAN (B Braun) (Fig. 18.6)

Composition
Hespan (6% hetastarch in 0.9% sodium chloride injection) is a sterile, non-
pyrogenic solution for intravenous administration.  A 100-mL solution con-
tains:
• hetastarch: 6 g;
• sodium chloride, USP: 0.9 g;
• water for injection, USP: qs;
• pH adjusted with sodium hydroxide, NF if necessary;

The electrolytes concentration (mEq/L) is: 
• sodium 154;
• chloride 154.

The pH is approximately 5.9, with negligible buffering capacity. The cal-
culated osmolarity is approximately 309 mOsM.
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Indications
Hespan is indicated in the treatment of hypovolemia, when plasma volume
expansion is desired. It is not a substitute for blood or plasma. The adjunctive
use of Hespan in leukapheresis has been shown to be safe and efficacious in
improving granulocyte harvesting and in increasing the yield of these cells by
centrifugal means.

Contraindications
Hespan is contraindicated in patients with known hypersensitivity to hydrox-
yethyl starch (HES). It is also contraindicated in clinical conditions in which
volume overload is a potential problem, such as congestive heart failure or
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renal disease with anuria or oliguria not related to hypovolemia. Patients with
pre-existing coagulation or bleeding disorders should not be given Hespan.

Adverse Reactions
Hypersensitivity
Death, life-threatening anaphylactic/anaphylactoid reactions, cardiac arrest,
ventricular fibrillation, severe hypotension, non-cardiac pulmonary edema,
laryngeal edema, bronchospasm, angioedema, wheezing, restlessness, tachyp-
nea, stridor, fever, chest pain, bradycardia, tachycardia, shortness of breath,
chills, urticaria, pruritus, facial and periorbital edema, coughing, sneezing,
flushing, erythema multiforme, and rash.

Cardiovascular
Circulatory overload, congestive heart failure, and pulmonary edema.

Hematologic
Intracranial bleeding, bleeding and/or anemia due to hemodilution  and/or fac-
tor Vlll deficiency, acquired von Willebrand’s-like syndrome, and coagulopa-
thy, including rare cases of disseminated intravascular coagulopathy and
hemolysis.

Metabolic
Metabolic acidosis.

Other
Vomiting, peripheral edema of the lower extremities, submaxillary and parotid
glandular enlargement, mild influenza-like symptoms, headaches, and muscle
pain have all been reported.

HES-associated pruritus has developed in some patients with HES deposits
in peripheral nerves [12].

18.2.8 HES 260/0.45: Pentaspan (Bristol-Myers Squibb Canada)

Composition
A 100 mL solution contains the following:
• pentastarch 10.0 g;
• sodium chloride USP 0.9 g;
• water for injection USP qs.

The pH is  adjusted with sodium hydroxide. The approximate electrolytes
concentration (mEq/L) is: 
• sodium 154;
• chloride 154.

The pH is ~5.0 and the calculated osmolality ~326 mOsm/kg.
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Indications
Pentaspan is indicated when plasma volume expansion is desired as an adjunct
in the management of shock due to hemorrhage, surgery, sepsis, burns, or other
trauma. It is not a substitute for red blood cells or coagulation factors in plas-
ma.

Contraindications
Pentaspan is contraindicated in patients with known hypersensitivity to HES,
or with bleeding disorders, or with congestive heart failure in which volume
overload is a potential problem. Pentaspan should not be used in patients with
renal disease and oliguria or anuria not related to hypovolemia.

Adverse Reactions
Coagulation disorders or hemorrhage have been reported in association with
the use of Pentaspan as a plasma volume expander. Headache, diarrhea, nau-
sea, weakness, temporary weight gain, insomnia, fatigue, fever, edema, pares-
thesia, acne, malaise, shakiness, dizziness, chest pain, chills, nasal congestion,
anxiety, and increased heart rate have also been reported in clinical studies
involving Pentaspan. It is uncertain whether these adverse experiences are
attributable to the drug, the medical procedures, concurrent adjunctive med-
ication, or a combination of these factors. Hypersensitivity (wheezing,
urticaria, and hypotension) has also been described, as have anaphylactic/ana-
phylactoid reactions [13].

18.2.9 HES 130/0.4: Voluven (Fresenius Kabi)

Composition
A 100-mL solution contains:
• poly (O-2-hydroxyethyl) starch 6.00 g (molar substitution: 0.4; mean

molecular weight: 130,000 Da);
• sodium chloride 0.90 g;
• water for injection qs;

The pH is adjusted with sodium hydroxide qs or with hydrochloric acid.
The approximate electrolytes concentration of (mmol/L) is:
• sodium (Na+) 154;
• chloride (Cl-) 154. 

The theoretical osmolarity is 308 mosmol/L.
The pH is 4.0–5.5; titratable acidity is < 1.0 mmol NaOH/L.

Indications
Voluven (6% HES 130/0.4) is indicated for the treatment of hypovolemia when
plasma volume expansion is required. It is not a substitute for red blood cells
or coagulation factors in plasma.
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Contraindications
Voluven is contraindicated:
• in patients with fluid overload (hyperhydration) and especially in cases of

pulmonary edema and congestive cardiac failure;
• in patients with known hypersensitivity to HES;
• in patients with intracranial bleeding.

Voluven should not be used:
• in renal failure with oliguria or anuria not related to hypovolemia;
• in patients receiving dialysis treatment;
• in patients with severe hypernatremia or severe hyperchloremia.

Adverse Reactions
Adverse reactions with Voluven, have been reported spontaneously, in clinical
trials and in the literature. Anaphylactoid reactions (mild influenza-like symp-
toms, bradycardia, tachycardia, bronchospasm, non-cardiac pulmonary edema)
may occur due to solutions containing HES but are rare. If a hypersensitivity
reaction occurs, administration of the drug should be discontinued immediate-
ly and the appropriate treatment and supportive measures undertaken until
symptoms have resolved.

The concentration of serum amylase commonly rises during HES adminis-
tration and can interfere with the diagnosis of pancreatitis.

Pruritus is a known complication of HES administration, although it is typ-
ically more common with the prolonged use of high doses. In a pivotal study,
in which patients were monitored for 28 days postoperatively, pruritus
occurred in 10.2% of the patients in the Voluven group and 9.8% of those in
the HES group. In both groups, pruritus was mild and self-limiting. However,
HES-induced pruritus may be delayed in onset, typically 1–6 weeks after
exposure; it may be severe, of protracted (weeks and months) duration, and is
generally unresponsive to therapy. The decreased molecular weight of
Volvulen, its lower degree of substitution, decreased tissue storage and intra-
vascular persistence in conjunction with a shorter plasma half-life may lower
the incidence of pruritus related to its use.

At high doses, dilution effects may commonly result in a corresponding dilution
of blood components, such as coagulation factors and other plasma proteins, and in
a decrease in the hematocrit. With the administration of HES, blood coagulation
disturbances can occur in rare cases, depending on the dosage [14].

18.2.10 HES 130/0.42: Venofundin (B Braun) (Fig. 18.7)

Composition
• Poly(O-2-hydroxyethyl)starch (HES) 60.0 g (molar substitution: 0.42);

mean molecular weight: 130,000 Da);
• sodium chloride 9.0 g
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The electrolytes concentration (mmol/L) is:
• sodium 154; 
• chloride 154.

The pH is 4.0–6.5; the titration acidity is < 1.0 mmol/L; and the theoretical
osmolarity is 309 mOsmol/L.

Indications
Treatment and prophylaxis of hypovolemia and shock.

Contraindications
• Hyperhydration states including pulmonary edema;
• renal failure with oliguria or anuria;
• intracranial bleeding;
• severe hypernatremia or severe hyperchloremia;
• hypersensitivity to HES or to any of the excipients;
• severely impaired hepatic function;
• congestive cardiac failure.

Undesiderable Effects 
After HES administration, anaphylactic reactions of varying degrees may
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occur. Therefore, all patients given starch infusions must be monitored close-
ly for anaphylactic reactions. In case of their occurrence, the Venofundin infu-
sion should be stopped immediately, followed by the administration of the
usual acute-treatment measures. There may be a drop in the hematocrit and in
the concentration of plasma proteins due to blood dilution. Increasing doses of
HES infusions lead to the dilution of coagulation factors and may thereby
affect blood coagulation. Bleeding time and aPTT may be extended and the
level of factor VIII/von Willebrand factor complex reduced after the adminis-
tration of large doses. Generally, repeated infusions of HES over several days,
especially when high cumulative doses are reached, may lead to pruritus that
hardly responds to any form of therapy. Pruritus can appear even several
weeks after the termination of HES infusions and may persist for months [15].

18.2.11 HES 130/0.42: Plasma Volume (Baxter) 

Composition 
A 1-L solution contains:
• poly(O-2-hydroxyethyl) starch (HES) 60.0 g (molar substitution: 0.42);

(mean molecular weight: 130 000 Da);
• sodium chloride 6.00 g;
• potassium chloride 0.400 g;
• calcium chloride dihydrate 0.134 g;
• magnesium chloride hexahydrate 0.200 g;
• sodium acetate trihydrate 3.70 g;

The electrolytes concentration (mmol/L) is:
• sodium 130;
• potassium 5.36; 
• calcium 0.912;
• magnesium 0.984;
• chloride 112; 
• acetate 27.2. 

The pH is 5.0−7.0; the theoretical osmolarity is ~277 mOsmol/L.

Indications
Treatment of imminent or manifest hypovolemia and hypovolemic shock.

Contraindications
• Hyperhydration states, including pulmonary edema and congestive heart

failure;
• renal failure with oliguria or anuria;
• intracranial bleeding;
• known hypersensitivity to HES or any of the excipients; 
• severely impaired hepatic function.
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Undesirable Effects
Adverse reactions are assessed based on the following frequency rates: very
common (≥ 1/10), common (≥ 1/100 to < 1/10), uncommon (≥ 1/1000 to <
1/100), rare (≥ 1/10,000 to < 1/1000), very rare (< 1/10,000), not known (can-
not be estimated from the available data). The most commonly reported
adverse reactions are directly related to the therapeutic effects of starch solu-
tions and the doses administered, e.g. hemodilution resulting from expansion
of the intravascular space without the concurrent administration of blood com-
ponents. Dilution of coagulation factors may also occur. Very rare hypersensi-
tivity reactions are not dose-dependent.

Disorders of the Blood and Lymphatic System 
A very common side effect is a decreased hematocrit and a reduction in the
plasma protein concentration as a result of hemodilution. Common (dose-
dependent) reactions are associated with higher doses of HES, which cause the
dilution of coagulation factors and may thus affect blood clotting. Bleeding
time and aPTT may be increased and the concentration of the factor VIII/von
Willebrand factor complex may be reduced after the administration of high
doses. 

Immune System Disorders
Anaphylactic reactions of varying intensity are rare.

General Disorders and Administration-Site Conditions
While uncommon, the repeated infusion of HES for many days, especially if
high cumulative doses are reached, usually leads to pruritus that responds very
poorly to therapy. It may appear several weeks after the end of the starch infu-
sions and may persist for months. The likelihood of this adverse effect has not
been adequately studied for plasma volume Redibag.

Laboratory Tests
Very commonly, HES infusion produces elevated serum concentrations of α-
amylase. This effect is the result of the formation of an amylase complex with
HES, with delayed renal and extrarenal elimination. It should not be misinter-
preted as evidence of a pancreatic disorder. It will disappear 3–5 days after
administration.

Anaphylactic Reactions
Anaphylactic reactions of varying intensity may occur after HES administra-
tion. All patients receiving starch infusions should therefore be closely moni-
tored. Similarly, the outcome and severity of any such reaction cannot be pre-
dicted for any given patient. In the case of an anaphylactic reaction, the infu-
sion must be stopped immediately and suitable emergency measures institut-
ed. There are no specific tests identifying those patients who are likely to suf-
fer an anaphylactic reaction. Equally, the outcome and severity of any such
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reaction cannot be predicted. Hepatic dysfunction, perhaps due to starch accu-
mulation, has been observed with other HES products. The prophylactic use of
corticosteroids has not proved to be effective [16].

18.2.12 HES 130/0.42/6:1: Tetraspan (B Braun) (Fig. 18.8)

Composition
• Poly(O-2-hydroxyethyl) starch (HES) 60.0 g (molar substitution: 0.42);

(average molecular weight: 130,000 Da);
• sodium chloride 6.25 g;
• potassium chloride 0.30 g;
• calcium chloride dihydrate 0.37 g;
• magnesium chloride hexahydrate 0.20 g;
• sodium acetate trihydrate 3.27 g;
• L-malic acid 0.67 g; (= mmol/L: Na+ 140, K+ 4.0, Ca2+ 2.5, Mg2+ 1.0;
• Cl- 118, acetate- 24, malate2–5).

The pH is 5.6–6.4; the theoretical osmolarity is 297 mOsmol/l.

Indications
Treatment of impending or manifest hypovolemia and shock.

Contraindications
• Hyperhydration states, including pulmonary edema;
• renal failure with oliguria or anuria;
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• intracranial hemorrhage;
• hyperkalemia;
• severe hypernatremia or severe hyperchloremia;
• hypersensitivity to any of the excipients;
• severely impaired hepatic function;
• congestive heart failure.

Undesirable Effects
After HES administration, anaphylactic reactions of varying degrees may
occur. Therefore, all patients given starch infusions must be monitored close-
ly. In case of an anaphylactic reaction, the Tetraspan infusion should be
stopped immediately, followed by the administration of the usual acute-treat-
ment measures. A drop in the hematocrit and in the concentration of plasma
proteins, due to blood dilution, may occur. Increasing doses of HES infusions
lead to the dilution of coagulation factors and may thereby affect blood coag-
ulation. Bleeding time and aPTT may be extended and the level of factor
VIII/von Willebrand factor complex reduced after the administration of large
doses. Generally, repeated infusions of HES over several days, especially
when high cumulative doses are reached, can lead to pruritus that hardly
responds to therapy. The pruritus can appear even several weeks after the ter-
mination of HES infusions and may persist for months [17].

This chapter has highlighted the features, indications, and side effects of
the main commercially available products. Here, they have been discussed
according to the type of solution, colloid or crystalloid, and in the ascending
order of their development, from first-generation to the latest-generation. A
feature of  the latter is that they are balanced and plasma-adapted.
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When limited economic resources are available, it is necessary to compare the
costs and benefits of two (or more) available alternatives. The aim of health
economics is to determine the most efficient way to spend limited resources [1]. 

Pharmaco-economics has been defined as “the description and analysis of
the costs of drug therapy to health care systems and society” [1]. In short,
pharmaco-economics searches, identifies, measures, and compares the costs
and clinical effects of drugs. Spending on drug therapies is one of the main
objects of study in pharmaco-economics, mainly because it accounts for a
very significant proportion of national budgets, representing about 15% of the
health budgets of many nations [1]. This is particularly relevant for patients
with multiple chronic conditions, who require several medications [2]. The
impressive rise in healthcare system expenditures seen in the last years is
largely explained by increased spending on chronic conditions. In the USA,
the care of patients with chronic diseases accounts for 78% of that country’s
health spending [3]. 

19.1 Costs and Benefits

The key concept in pharmaco-economics is opportunity cost, which does not
refer to the costs and benefits of a new treatment but to its added costs and
benefits over and above those of the existing treatment.

Costs can be classified as follows: 
• Direct costs are those spent by the healthcare funder for a specific service

or goods, including drug acquisition costs.



• Indirect costs are not directly related to a specific item, such as those for
administrative staff, equipment rental, and travel to and from the hospital.

• Intangible costs are unquantifiable because they cannot be related to a spe-
cific service or good; an example is engineering costs. These cannot be
measured in terms of money; instead, they only measure quality of life.
The expected benefits from an intervention can be measured in:

• Natural units, which refer to tangible events such as years of life saved and
strokes prevented.

• Utility units, which refer to the quality-of-health status.
The quality-adjusted life year (QALY) is the most common measure used

in health economics. It considers both the quality and the quantity of life and
is calculated as Estimated survival × Estimated quality of life (relative to per-
fect health).

Cost–benefit or outcome analyses are performed using the four common
types of economic evaluation discussed below.

19.1.1 Cost Minimization Analysis (CMA) 

The CMA is a cost analysis comparing the costs of different, clinically equiv-
alent strategies. As expected, the cheapest therapy is the generally preferred
strategy, assuming the same results. 

19.1.2 Cost Effectiveness Analysis (CEA) 

A CEA evaluation considers health benefits in natural units (e.g., years of life
saved, ulcers healed) whereas the costs are considered in terms of money. For
instance, in severe reflux esophagitis, it is possible to compare the costs per
patient who achieves symptom relief using a proton pump inhibitor compared
to those resulting from patients using H2 blockers. The key measure is the
incremental cost effectiveness ratio (ICER), expressed as (cost of drug A –
cost of drug B)/(benefit of drug A- benefit of drug B). 

The four possible results arising in a CEA are the following (Fig. 19.1):
1) If the costs of a new drug are lower and the resulting health benefits high-

er, this would be the preferred treatment. 
2) If the new drug is more expensive but less effective, it is not recommend-

ed. 
3) Commonly, the new drug is more effective but more expensive than the

standard treatment. Based on the ICER, it is necessary to determine
whether the extra benefits justify the additional costs, i.e., if the new drug
is “cost-effective.” This can be evaluated using a threshold value, previous-
ly established.
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4) Finally, the new drug is more expensive but more effective than the stan-
dard treatment. This case is similar to the previous one. The extra benefits
are assessed to determine whether they justify the additional costs if the
new drug becomes the preferred treatment. 

19.1.3 Cost Utility Analysis (CUA) 

The CUA considers a specific outcome, evaluating the costs to reach a goal
measured in money. However, in this analysis, the outcome is measured in
terms of survival and quality of life. Thus, the outcome may not be directly
related to health status. A CUA can compare strategies in different areas of
medicine. 

19.1.4 Cost Benefit Analysis (CBA) 

The benefit is assessed as the economic benefit of a strategy, and costs and
benefits are expressed as money. A CBA will not account for intangible costs,
as they cannot be measured in terms of money (e.g., relief of anxiety). This
approach is rarely used in health economics.
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Fig. 19.1 Four possible results arising in a cost effectiveness analysis



19.2 Pharmaco-Economics in Fluid Management

Cost is a main concern in decision-making for fluid therapy. Only a few
reports have compared the total costs of care adopting different fluid therapies.
Those studies were carried out in specific clinical settings [4]. 

In addition, there are no data on the costs associated with late outcomes
after fluid therapy, including those incurred after intensive care unit (ICU) or
hospital discharge. These aspects need to be evaluated to correctly assess the
cost–benefit ratios in fluid therapy [5], based on well-designed health econom-
ics studies. 

In addition, recent data on the different effects of fluid therapy strategies
and the biological properties of the various available crystalloid and colloid
solutions must be taken into account. All of these elements may help physi-
cians in choosing the best fluid type in different clinical situations.

For example, the widespread use of balanced instead of unbalanced solu-
tions has raised concerns due to their increased costs. The clinical benefits
related to their use, however, are expected to overcome the greater expense.
Thus, the cost-effectiveness of balanced solutions should be rigorously
addressed, taking into account potential advantages in outcomes, such as mor-
bidity, mortality, and length of ICU or hospital stay when compared to unbal-
anced solutions.

In fact, the administration of large volumes of 0.9% saline or colloids dis-
solved in isotonic saline (unbalanced) is associated with the development of
dilutional-hyperchloremic acidosis. Although moderate, this transient side-
effect (24–48 h) may increase the ICU stay [6]. Balanced or physiological flu-
ids are not associated with the same disturbance of acid/base physiology [6].
Moreover, several reports indicated that the use of unbalanced solutions and
the consequences may have detrimental effects on the clinical course of the
patient. Improved gastric and renal perfusion, thus reducing the incidence of
renal impairment, has been shown in patients receiving balanced solutions. In
addition, these solutions are better than unbalanced solutions in preserving
hemostasis [7]. 

Balanced crystalloid solutions have been available for many years. Colloid
solutions (hydroxyethyl starch, HES 130/0.42) presented in a “balanced” form
are now becoming widely available. On the base of accumulated observations,
the extra benefits provided by balanced solutions justify the additional costs
over the cheaper but less effective unbalanced solutions. Their cost-effective-
ness is expected to be relevant on the ward as well as in the ICU. 

Example 1 (see also Table 19.1). Assuming:
• hospital stay (HS) cost of 480€/day;
• unbalanced and non-plasma-adapted colloid or crystalloid cost: 7€/L;
• balanced and plasma-adapted colloid or crystalloid: 10€/L;
• WARD stay length of 8 days with fluid therapy (FT) consisting of 2 L per

day, as typically required by patients with multiple chronic diseases.
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As previously mentioned, the recent introduction of balanced and plasma-
adapted solutions has allowed many of the side effects of older-generation
solutions to be avoided, especially regarding acid-base and metabolic disor-
ders [6]. This advantage is due to their electrolytic composition, which is very
close to that of plasma. 

In particular, balanced and plasma-adapted solutions avoid the dilutional
acidosis caused by the older-generation solutions. The replacement of HCO3-
with metabolizable anions reduces the risk of dilutional acidosis. 

According to these observations, it can be expected that patients receiving
the older solutions will develop dilutional acidosis and/or hyperchloremic aci-
dosis and/or metabolic disorder, thus requiring an additional day of hospital-
ization to treat these side effects. 

In patients receiving unbalanced non-plasma adapted solution, one addi-
tional day will increase overall costs by (3,952+480+14)= 4,446 €

SAVING: (4,446 - 4,000) = 446 € using balanced and plasma-adapted
solutions.

This benefit becomes much more relevant if the total number of patients
treated per year is considered. 

Assuming:
• patient-volume of 1,000 patients�hospitalized per year;
• mean hospital stay of 5 days;
• fluid therapy of 2 L/day.

A crude analysis of the cost of adopting new balanced solutions vs. the old
unbalanced non-plasma-adapted solutions yields the result shown in Table 19.2.

Assuming that 15% of patients treated with unbalanced and non-plasma-
adapted solutions develop metabolic and acid-base balance alterations, thus
requiring one additional day of hospital stay, the overall costs in the group
using the unbalanced non-plasma-adapted solution have to be corrected as
shown in Table 19.3.
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Table 19.1 Total cost comparison adopting or not a balanced plasma-adapted solution

Unbalanced and non-plasma- Balanced and plasma-
adapted solutions adapted solutions

Cost of HS/day 480 € 480 €

Cost of FT/day 14 € 20 €

Cost of HS for 8 days (480 x 8) = 3,840 € (480 x 8) = 3,840 €

Cost of FT for 8 days (14 x 8) = 112 € (20 x 8) = 160 €

Total cost (3,840 + 112) = 3,952€ (3,840 + 160) = 4,000€

FT, fluid therapy; HS, hospital stay.



SAVING: (2,544,100-2,500,000)= 44,100,000 € by using balanced and
plasma-adapted solutions.

Therefore, balanced and plasma-adapted fluid therapy results in a remark-
able cost saving compared to unbalanced and plasma-adapted fluid therapy. 
Example 2. Assuming:
• ICU stay cost of € 1,000/day;
• unbalanced plasma-adapted colloid or crystalloid cost of € 7;
• balanced plasma-adapted colloid or crystalloid cost of € 10;
• mean hospital stay length of 3 days and fluid therapy of 3 L/day in patients

with multiple chronic diseases.
The use of unbalanced and non-plasma-adapted solutions commonly leads

to the onset of metabolic and acid-base balance disorders, requiring an addi-
tional day of hospital stay (Table 19.4).

The overall cost assuming the use of unbalanced solution as fluid therapy
corresponds to: 

(3,063 + 1,000 + 21) = 4,084 €
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Table 19.2 Total cost comparison adopting or not a balanced plasma-adapted solution

Unbalanced and non-plasma- Balanced and plasma-
adapted solutions adapted solutions

Cost of HS/day 480 € 480 €

Cost of FT/day 14 € 20 €

Mean HS 5 days 5 days

No. patients/year 1,000 1,000

Total cost in 1 year (480 + 14) x 5 x 1,000 = (480 + 20) x 5 x 1,000 = 
2,470,000 € 2,500,000 €

FT, fluid therapy; HS, hospital stay.

Table 19.3 Total cost comparison adopting or not a balanced plasma-adapted solution taking into
account the side effects related to the use of unbalanced solutions

Unbalanced and non-plasma- Balanced and plasma-
adapted solutions adapted solutions

Without side effects With side effects Without side effects
850 patients 150 patients 1000 patients

Cost of HS/day 480 € 480 € 480 €

Cost of FT/day 14 € 14 € 20 €

Mean HS 5 days 6 days 5 days

Total cost in 1 year (480 + 14) x 5 x 850 (480 + 14) x 5 x 150 (480 + 20) x 5 x 
= 2,099,000 € = 444,600 € 1,000 = 2,500,000 €

Total cost 2,544,100 € 2,500,000 €

FT, fluid therapy; HS, hospital stay.



SAVING: 4,084 – 3,090 = 994 € by using balanced and plasma-adapted
solution.

Assuming:
• ICU patient-volume of 500 patients per year;
• mean hospital stay length of 3 days and fluid therapy of 3 L/day.

Crude analysis of the costs incurred by adopting the new balanced solu-
tions vs. the old, unbalanced non-plasma-adapted solutions yields the results
shown in Table 19.5.

Assuming that 15% of patients treated with unbalanced and non-plasma-
adapted solutions develop metabolic and acid-base balance alterations, thus
requiring one additional day of hospital stay, the overall costs in the group
using the unbalanced non-plasma-adapted solution have to be corrected as
shown in Table 19.6.

SAVING: (2,067,825 - 1545,000) = 522,825 € by using balanced and plas-
ma-adapted solutions.

Thus, the use of balanced and plasma-adapted fluid therapy could produce
a savings compared to unbalanced and plasma-adapted fluid therapy.

19 Pharmaco-Economics 249

Table 19.4 Total cost comparison adopting or not a balanced plasma-adapted solution

Unbalanced and non-plasma- Balanced and plasma-
adapted solutions adapted solutions

Cost of HS/day 1,000 € 1,000 €

Cost of FT/day 21 € 30 €

Cost HS for 3 days (1,000 x 3) = 3,000 € (1,000 x 3) = 3,000 €

Cost FT for 3 days (21 x 3) = 63 € (30 x 3) = 90 €

Total cost (3,000 + 63) = 3,063 € (3,000 + 90) = 3,090 €

FT, fluid therapy; HS, hospital stay.

Table 19.5 Total cost comparison adopting or not a balanced plasma-adapted solution

Unbalanced and non-plasma- Balanced and plasma-
adapted solutions adapted solutions

Cost of HS/day 1,000 € 1,000 €

Cost of FT/day 21 € 30 €

Mean HS 3 days 3 days

No. patients/year 500 500

Total cost in 1 year (1,000 + 21) x 3 x 500 = 1,531,500 € (1,000 + 30) x 3 x 500 = 1,545,000 €

FT, fluid therapy; HS, hospital stay.



This cost/benefit of plasma-adapted and balanced fluid therapy can vary
from country to country according to the cost of the fluids on the market and
the clinical condition of the patients. 

Considering site-specific costs, the result of a CBA on fluid therapy can be
summarized by the following formulas, which can be used by individual insti-
tutions to evaluate the cost saving related to the use of balanced plasma-adapt-
ed solutions.

Assuming that:
• EXC is the extra cost of 1 L of balanced plasma-adapted solution;
• L is the overall amount of fluid therapy per day, expressed in liters;
• CSD is the cost of a hospital stay per day;
• n is the number of patients/year;
• d is the average hospital stay length.

COST SAVING per year [€/$]: n*  0.15*CDS [€/$] -  d*L* EXC [€/$]

As an example, for a mean hospital stay of 5 days and fluid therapy of 2
L/day, the cost-saving will correspond to: n (0.15*CDS-10*EXC). Thus, the
extra cost should be < 1.5% (0.15/10) of the hospital stay cost per day to
obtain a cost savings. 

Therefore, for a mean cost of hospital stay of 400 [€/$] per day, we can
accept an extra cost for the use of balanced plasma-adapted solution of up to
6 [€/$] (1.5% of 400) per liter of fluid therapy per day.

The graph in Figure 19.2 allows a quick assessment of whether the additional
cost of using balanced plasma-adopted solutions translates into cost saving. If the
intercept between extra-cost for 1 L of balanced plasma-adapted solution and hos-
pital stay cost per day lies in the green area, a cost saving should be expected. 

In addition, we can use Table 19.7, which shows the maximum ratio (μ)
between the extra cost and the hospital stay cost for each combination of hos-
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Table 19.6 Total cost comparison adopting or not a balanced plasma-adapted solution taking into
account the side effects related to the use of unbalanced solutions

Unbalanced and non-plasma-adapted Balanced and plasma-
solutions adapted solutions

Without side effects With side effects Without side effects
425 patients 75 patients 500 patients

Cost of HS/day 1,000 € 1,000 € 1,000 €

Cost of FT/day 21 € 21 € 30 €

Mean HS 3 days 4 days 3 days

Total cost in 1 year (1,000 + 21) x 3 x 425 (1,000 + 21) x 4 x 75 (1,000 + 30) x 3 x 500
= 1,301,775 € = 766,050 € = 1,545,000 €

Total cost 2,067,825 € 1,545,000 €

FT, fluid therapy; HS, hospital stay.



pital stay length and average amount of fluid therapy per day. Taking into
account site specific average hospital stay length (day) and average amount of
fluid therapy per day (liter), we can obtain the site-specific μ. Multiplying μ *
site-specific hospital stay cost per day, we obtain the cut-off value of the extra
cost to obtain a cost saving.

In case of an average ICU stay length of 4 days and an average amount of
fluid therapy of 3 L, the maximum ratio is 0.0125. Assuming a hypothetical
cost of € 600 for 1 day in the ICU, the extra cost for 1 L of balanced plasma-
adapted solution should not exceed € 7.5 (0.0125*600) to obtain a cost sav-
ing. Therefore if 1 L of balanced plasma-adapted solution costs € 8 and 1 L of
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Fig. 19.2 Based on a mean hospital stay of 5 days and fluid therapy of 2 L/day

Table 19.7 Maximum ratio (μ) between the extra cost and the hospital stay cost for each combi-
nation of hospital stay length and average amount of fluid therapy per day

Length of stay (days) Amount of fluid (L/day)

1 L/day 2 L/day 3 L/day 4 L/day

1 day 0.15 0.075 0.05 0.0375

2 days 0.075 0.0375 0.025 0.01875

3 days 0.05 0.025 0.016667 0.0125

4 days 0.0375 0.01875 0.0125 0.009375

5 days 0.03 0.015 0.01 0.0075

6 days 0.025 0.0125 0.008333 0.00625

7 days 0.021428571 0.010714 0.007143 0.005357
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unbalanced solution costs € 3, the extra cost will be € 5 (8-3), and the use of
a balanced solution will translate into a cost saving. 

These examples underline the importance of a cost/benefit analysis in
assessing fluid therapy based on the available, balanced plasma-adapted solu-
tions.

However, it should be noted that the main objective in fluid management is
not to achieve a saving in terms of money, but rather to guarantee the best
quality of care. 

Key Concepts
• Expenditures on drug therapy as a target for health economics
• Relevance of multiple chronic conditions, which are associated with

the consumption, on average, of more medications
• Evaluation of the costs and benefits of different therapeutic choices
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20.1 How Is Water Distributed in Body Compartments?

Body water accounts for approximately 60% of body weight; it is mainly distrib-
uted in the extracellular and intracellular spaces (ECS and ICS, respectively).
The ICS contains nearly 55% of the water, and the ECS 45% (about 15 L in a
normal adult). The ECS is further divided into  the intravascular space (IVS), the
interstitial space (ISS), and the transcellular space (TCS), containing about 15%,
45%, and 40% of ECS water, respectively. The TCS is a functional compartment
represented by the amount of fluid and electrolytes continually exchanged (in
and out) by cells with the ISS and by the IVS with the ISS.

20.2 What Is the Physiological Role of Electrolytes 
Contained in the Plasma?

Sodium is the main cation in the ECS and the main determinant of ECS vol-
ume. It has an important hemodynamic role as it is involved in the renin-
angiotensin system. It is necessary for the regulation of blood and body flu-
ids, for the transmission of nerve impulses, and for cardiac activity.

Potassium is the major cation in the ICS. It is important in allowing car-
diac muscle contraction and conduction and participates in sending nerve
impulses. It also plays a key role in kidney function.

Calcium is involved in exocrine, endocrine, and neuro-endocrine secretions,
the coagulation system, muscle contraction, cell growth, and enzymatic regulation. 



Magnesium is the physiological antagonist of calcium. It is crucial in neu-
romuscular stimulation. In addition, it acts as a cofactor of several enzymes
involved in the energy metabolism contributed by three major categories of
nutrients: carbohydrates, lipids, and proteins.

Chloride is the most important anion of the ECS. Together with sodium, it
determines the ECS volume. It is also responsible for membrane potential,
acid-base balance, and plasma osmotic pressure.

Bicarbonate is the main buffer-system of the blood and thus has a crucial
role in maintaining acid-base balance.

20.3 What Is Acid-Base Balance? 

Acid-base balance represents a complex mechanism through which the body
maintains a neutral pH (7.38–7.42) in order to prevent protein degradation and
pathologic alterations in biochemical reactions. The control of pH includes an
inorganic (bicarbonate) and an organic (hemoglobin) buffer system. The kid-
neys and lungs are involved in the elimination of overproduced and accumu-
lated acids or and that are overproduced or accumulated.

20.4 What Is the Difference Between Osmolarity, 
Osmolality, and Tonicity?

Osmolarity is determined by the number of particles per one liter of a solution.
Osmolality is determined by the number of particles per one kilogram of a

solution.
Tonicity is represented by the sum of all small particles contained in a solu-

tion.

20.5 What Is the Role of Osmotic and Oncotic Pressures in
Water Movement Through a Semipermeable Membrane?

Osmotic pressure (μ) is exerted by osmotically active particles (electrolytes)
that do not freely pass through semi-permeable biological membranes. It is
one of the forces that regulate fluid movement across biological membranes.
According to the osmotic pressure, water will pass from a solution of low to
one of high electrolytic concentration to re-equilibrate the amounts of elec-
trolytes on either side of the membranes [1, 2].

Oncotic pressure, or colloid-osmotic pressure (π), is a form of osmotic
pressure exerted by macro-molecules (proteins, particularly albumin) that can-
not easily cross a semi-permeable membrane [1]. Thus, water passes from a
solution of low to one of high protein concentration [1, 2].
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20.6 What Are the Effects of a Hypotonic vs. 
a Hypertonic Solution?

A hypotonic solution reduces plasma osmotic pressure, leading to water move-
ment from the ECS to the ICS [3]. Consequently, cellular edema and cell lysis
(e.g., hemolysis) may occur. Larger volumes of hypotonic solutions have been
known to produce a transient increase in intracranial pressure (ICP) [4],
because of cerebral edema. The magnitude of this increase can be predicted by
the reduction in plasma osmolarity [5]. Patients whose osmolality is < 240
mOsmol/kg will fall into a coma, with a mortality rate of 50% [6]. 

Hypertonic solutions increase plasma osmotic pressure, leading to water
movement from the ICS to the ECS and cellular dehydration.

In hyperosmolar hyperglycemic non-ketotic syndrome and in diabetic keto-
acidosis, mortality is clearly correlated with plasma osmolality [7]. Hypovolemic
shock also triggers hyperglycemia with hyperosmolarity [8], through the release
of epinephrine [9] or through an increase in blood lactate levels [10].

20.7 What Are the Advantages of Balanced 
Plasma-Adapted Solutions?

A balanced, plasma-adapted solution is a solution qualitatively and quantita-
tively similar to plasma. Its use avoids the development of hyperchloremic aci-
dosis, while assuring the same volume effect as unbalanced solutions and
potentially reducing morbidity and mortality.

Balanced, plasma-adapted solutions also reduce the effects on acid-base
balance. Specifically, they avoid the dilutional acidosis caused by older-gener-
ation solutions, because they contain adequate concentration of metabolizable
anions, which may be converted into HCO3- in the tissues. Replacing HCO3-
with metabolizable anions reduces the risk of dilutional acidosis.

20.8 What Are the Main Crystalloids on the Market 
and What Are Their Properties?

Normal or physiologic saline solution, i.e., 0.9% NaCl solution, contains only
sodium and chloride, at high concentrations (154 mmol/L). The osmolarity of
a 0.9% NaCl solution is 308 mmol/l. Despite its name, it is not physiologic
because it is neither isotonic, nor balanced, nor plasma-adapted.

Ringer solutions are second-generation crystalloids. Compared to saline
solutions, they have lower sodium (130 mmol/L) and chloride (112 mmol/L)
contents. They contain potassium, calcium and magnesium (Ringer acetate) as
well as metabolizable ions: lactate (Ringer lactate) and acetate (Ringer
acetate). Both Ringer solutions are more plasma-adapted than normal saline,
while remaining unbalanced.
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Latest-generation crystalloid has an ionic composition very close to that of
plasma, a lower chloride content than normal saline, and a higher chloride con-
tent than Ringer solutions. It contains metabolizable ions (acetate and malate).
As a result, these solutions are isotonic, balanced, and plasma-adapted.

20.9 What Are the Main Colloids on the Market 
and What Are Their Properties?

Human albumin (HA) is the main plasma protein (50–60%), accounting for up
to 80% of normal oncotic pressure [11, 12]. Furthermore, HA contributes to
the formation of the normal anion gap and acid-base balance, while being a
charged protein. It is the gold standard in hypovolemia treatment. HA may
impact coagulation and hemostasis by enhancing antithrombin III activity and
inhibiting platelet function [13, 14].

Dextrans are endowed with a high colloid-oncotic power, due to their
high water-binding capacity. They lead to a 100–150% increase in the IVS
[15]. Dextrans have been mainly used to maintain hemodynamics in differ-
ent kinds of shock and to ameliorate tissue perfusion and microcirculation.
However, they may lead to anaphylactoid reactions more frequently and
more severely than other colloids. Another possible side effect is renal dys-
function and acute renal failure, through the production of hyper-viscous
urine. In addition, dextrans may significantly cause bleeding disorders, espe-
cially after high doses.

Gelatins have an average molecular mass of 30 000 to 35 000 Da and are
based on unbalanced, hypotonic solutions. Their low chloride content reduces
the risk of hyperchloremic acidosis, but their use leads to a higher incidences
of anaphylactic reactions compared to natural colloid albumin [16, 17].

Hydroxyethyl starches (HES) are successfully used to improve macro- and
microcirculation in hypovolemic patients. Their effects are determined by a
high hemodilutional power in combination with a specific action on red cells,
platelets, plasma viscosity, and the endothelium. This ameliorates tissue per-
fusion and oxygenation, with fewer infectious complications, especially in
critically ill patients. HES also has anti-inflammatory properties that may
maintain the intestinal microcirculation in patients with endotoxemia [18].

20.10 Which Fluids Can Be Used?

Evidence [19] suggests that fluid management must be adapted to the specific
body water loss. It could be useful, in fact, to distinguish between losses of
fluids poor in proteins, such as occurs in dehydration, and blood losses. In the
former, the EVS should be replenished; in the latter, the IVS. 

As a general rule, crystalloids should be used to restore losses from the
urine and perspiratio and due to physiological fluid circulation between the
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ISS and IVS. Colloids are more effective in restoring blood loss and in the ISS
shift of fluid rich in protein, when the vascular barrier is damaged.

Hypertonic or dextrose solution can be used when water loss is accompa-
nied by a significant alteration of plasmatic osmolarity (i.e., sodium plasmat-
ic concentration alteration).

20.11 What Is Goal-Directed Therapy?

Goal-directed therapy (GDT) describes a complex strategy of fluid infusions
aimed at optimizing tissue perfusion and oxygenation, guided by hemodynam-
ic variables. Through hemodynamic monitoring, GDT allows the physician to
administer fluids and/or use other therapies, such as inotropes or vasoactive
drugs, only to patients who need them in order to assure the oxygen delivery
necessary for the particular patient’s metabolic requirement. As a result, hemo-
dynamic management is personalized. 

In this view, it is very important to seek a method for optimizing fluid man-
agement. This can be achieved using protocols that guide the physician in the
assessment of the patient, or by invasive techniques such as esophageal
Doppler ultrasonography and central venous pressure monitoring, or by non-
invasive advanced techniques, such as plethysmographic pulse volume deter-
mination.

20.12 What Is the Goal of Fluid Therapy in Surgical Patients?

Major surgery is associated with a significant systemic inflammatory response
that is responsible for an increase in oxygen demand. Thus, an important goal
of peri-operative fluid therapy is to maintain a safe range of DO2, which may
be compromised by surgery as well as the patient’s general condition. In fact,
the risk of postoperative multi-organ failure severely affects the prognosis of
surgical patients. It is therefore necessary to identify high-risk surgical
patients (based on surgical and patient-related risk factors) [20], in order to
preoperatively modify the possible causes of tissue hypoxia and to optimize
intraoperative fluid management 

20.13 What Is the Correct Peri-Operative Strategy for Fluid
Management in Abdominal Surgery Patients?

In patients undergoing bowel surgery, disorders of fluid balance and elec-
trolytes can occur. They must be prevented and corrected through balanced
fluid therapy [21].

Extreme gastric losses should be treated preoperatively with crystalloids
containing an appropriate load of potassium (balanced solutions). A solution of
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0.9% saline is indicated in patients with hypochloremia, while avoiding hyper-
natremia. Fluid losses from ileostomy, diarrhea, and small-bowel fistula
should be replaced with balanced solutions [21].

In case of acute blood loss, absolute hypovolemia should first be treated-
with balanced crystalloids and colloids, until blood is available. Patients with
sepsis, peritonitis, pancreatitis, and relative hypovolemia should receive bal-
anced crystalloids and colloids. 

Intravenous fluids are administered in order to achieve an optimal stroke
volume during surgery and up to 8 h thereafter [21].

20.14 In Major Abdominal Surgery, What Are the Advantages 
of Total Balanced GDT?

A total balanced GDT has been demonstrated to reduce the incidence of peri-
operative complications [22], such as gut disorders, while improving healing
of the wound and anastomosis and reducing the length of hospital stay [23].

20.15 How Should Fluid Administration Be Managed 
in Thoracic Surgery?

First of all, blood losses should be appropriately replaced. It is advisable that
the total positive fluid balance in the first 24 h of the peri-operative period
does not exceed 20 mL/kg.

For an average adult patient, crystalloid administration should be limited to
< 3 L in the first 24 h. Urine output > 0.5mL/kg/h is unnecessary.

If increased tissue perfusion is needed postoperatively, it is preferable to
use invasive monitoring and inotropes to avoid fluid overload.

Central venous pressure monitoring is beneficial particularly in the pres-
ence of a thoracic epidural.

Intravascular colloid retention during the treatment of hypovolemia may
approach 90% vs. 40% during normovolemia.

20.16 How Should Lung Transplantation Patients Be Managed?

The interruption of lymphatic drainage in the graft may predispose the patient
to peri-operative pulmonary interstitial fluid overload. 

If large quantities of crystalloids/colloids are needed, potential interstitial
pulmonary edema may be prevented by intra-operative ventilation with mod-
erate-to-high PEEP. However, excessive fluid replacement becomes harmful
after tracheal extubation because the increase in venous return, following the
withdrawal of mechanical ventilation, may determine pulmonary congestion.
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If the PiCCO system has been used for hemodynamic monitoring, it will prob-
ably show an increased intra-thoracic blood volume, with a significant expan-
sion of extravascular lung water [24]. Quite often, the presence of renal dys-
function associated with lung transplantation complicates peri-operative fluid
management, rendering these patients more vulnerable to fluid retention.

20.17 Which Fluid Is the Best Choice in Thoracic Surgery?

The most recent data are in favor of the use of colloids for the replacement of
volume losses due to fluid shifting and/or bleeding. It is likely that the greater
effectiveness of colloids in this context is due to a better effect on volume
expansion [25] and minimized shifting of fluid through a potentially damaged
capillary membrane [26, 27].

In patients undergoing esophagectomy, the choice of crystalloids vs. col-
loids as intraoperative fluid therapy and the effects on intestinal anastomotic
healing are debatable. 

20.18 Why Does Regional Anesthesia Cause Hypotension?

Regional anesthesia blocks the fibers of the sympathetic nervous system that
innervates the smooth muscle of arteries and veins, causing vasodilatation,
blood pooling, and a decreased venous return to the heart. There may be sig-
nificant changes in systemic blood pressure, especially in patients who are
already intravascularly depleted. 

In this setting, vasodilatation induced by regional anesthesia produces
hypotension due to relative hypovolemia, rather than a reduction of blood vol-
ume.

20.19 How Can Hypotension Following Spinal Anesthesia 
for a Cesarean Section Be Prevented?

For many years, crystalloids were used to prevent hypotension related to
spinal anesthesia in women undergoing cesarean section, but recent evidence
does not support this practice. In fact, several studies have shown that HES is
better than crystalloid solutions in preventing hypotension [28, 29]. 

Among the various possible colloids, HES are certainly among those to be
preferred, despite its higher cost compared to other colloids because it offers
prophylaxis for venous thrombosis and is associated with fewer allergic reac-
tions. In addition, HES guarantee central volume expansion by preventing the
onset of hypotension. This effect is due to the increase in preload and the fact
that HES are quickly removed from the circulation [30, 31].
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20.20 How Much Fluid Is Needed in Orthopedic Surgery?

In patients undergoing minor surgery, the preoperative administration of 1–2
L of fluids (mainly crystalloids) appears rational to correct dehydration. This
approach has been shown to reduce postoperative complications, such as
drowsiness, dizziness, nausea, and vomiting, as well as post-surgical pain
[32-34].

In major surgery, there are strategies for fluid administration: liberal,
restricted, or goal-directed therapy. While studies on liberal-restricted strate-
gies do not provide unanimous results, many studies have shown that GDT is
a valid approach for managing patients undergoing major surgery, due to the
reduction in hospital stay and postsurgical complications [35-37].

The purpose of GDT is to optimize perfusion and tissue oxygenation under
the guidance of hemodynamic variables that suggest the need for fluids or
other therapies (such as vasoactive inotropic drugs). 

20.21 Which Fluid Is the Best Choice in Orthopedic Surgery?

Hypovolemia is the most important condition that may occur during major
orthopedic surgery and it must be prevented during the entire peri-operative
period. Patients with hypovolemia due to bleeding must be promptly treated
with balanced crystalloid associated with a colloid rather than crystalloids
alone.

While many studies comparing the effects of colloids and crystalloids on
clotting have shown that colloids interfere with clotting to a greater extent
than crystalloids [38, 39], this is not the case with the latest-generation HES.
In fact, comparisons of Voluven with older-generation HES showed a much
less pronounced effect on coagulation for the former [40-43].

More recent studies have focused on HES diluted in balanced solutions,
suggesting that they could be used throughout the peri-operative period. In
fact, in a recent study, patients undergoing orthopedic surgery who received
balanced and plasma-adapted solutions had fewer side effects than those
receiving non-balanced HES [44]. 

20.22 What Is the Best Fluid Management Strategy 
in Cardiac Patients?

In cardiac surgery, the use of colloids rather than crystalloids seems to be more
appropriate for volume replacement. A considerable amount of crystalloids,
with interstitial distribution, is needed in order to achieve the same IVS vol-
ume replacement as a comparatively minute amount of colloids [45].

Indeed, the administration of a large volume may facilitate fluid overload
and hemodilution. The use of crystalloids is suggested for continuous loss
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(total water body loss such as due to perspiration and urinary output) and the
use of colloids for temporary losses (IVS loss such as due to hemorrhage).

20.23 Which Fluid Should Be Used in Cardiopulmonary 
Bypass Priming?

The central role of CPBP in cardiac surgery is well-recognized. In fact, the
choice of the solution is one of the major factors that influence patient out-
come. Nevertheless, the ideal priming protocol has not yet been identified, and
there are no specific guidelines on this topic.

During cardiopulmonary bypass, the colloid-osmotic pressure decreases
because of hemodilution. The main goal of CPBP is to avoid this drop. 

Several lines of evidence suggest that the use of crystalloids alone is not
indicated for priming. In fact, crystalloids have been shown to reduce the
oncotic pressure and to increase the risk of postoperative organ dysfunctions
as well as pulmonary edema [46, 47]. 

According to many studies, colloids are preferable to crystalloids, in par-
ticular HES in balanced solutions, given that the latest-generation HES seem
to be related to fewer post-operative clinical alterations [48-51].

However, it is important to note that there is not enough evidence to advo-
cate the “default” use of HES for CPBP. Moreover, it should be borne in mind
that HES are true drugs, with potential benefits and side effects, and thus
should be used with caution. 

20.24 What Is the Best Choice for Fluid Therapy
in Septic Patients?

The choice of a specific fluid for the management of septic patients is contro-
versial, but it seems rational that fluid resuscitation in patients with severe
sepsis/septic shock should be mainly based on the use of crystalloids. This
conclusion is in agreement with many recently published reviews on this topic
[52, 53]. The use of HES should be limited to patients whose hemodynamic
status is particularly compromised. Low-molecular-weight HES, such as HES
130/0.4, have been associated with less nephrotoxicity and coagulopathy than
medium-molecular-weight forms. As already recommended by the guidelines
on sepsis therapy, crystalloids and colloids in balanced solution are preferred.
Current studies on the safety of HES 130/0.4 in balanced solutions will clari-
fy whether this colloid can be considered the first-choice fluid for patients
with severe sepsis or septic shock.

The Surviving Sepsis Campaign guidelines recommend a goal-directed
fluid management with an initial target CVP ≥ 8 mm Hg and the continuation
of fluid therapy until the achievement of hemodynamic stability [54].
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20.25 How Is Fluid Resuscitation Managed in Trauma Patients?

According to the eighth edition of Advanced Trauma Life Support, fluid resus-
citation in trauma starts with warm isotonic crystalloids (Ringer lactate or
saline). Hypertonic solutions are alternative fluids in the early stages of trau-
ma, especially in patients with brain injury, based on their ability to decrease
the ICP [55] with a greater efficacy than mannitol.

Another possible benefit of hypertonic solutions is a rapid increase in the
mean arterial pressure by using small volumes, and a consequent reduction of
lung edema in the days following resuscitation [56].

Trauma patients in whom hemodynamic instability or cognitive deteriora-
tion occurs, should be administered an intravenous bolus of 500 mL HES [57].
If the patient remains in shock, a new bolus should be repeated after 30 min,
but the total volume of intravenous HES should not exceed 1000 mL 

20.26 Can GDT Be Useful in Non-Surgical Patients?

We carried out a systematic review and meta-analysis of randomized con-
trolled trials comparing GDT with the standard of care. The primary aim was
to evaluate the effects of hemodynamic GDT on mortality and morbidity in
non-surgical critically ill patients. 

The review showed that hemodynamic optimization could reduce mortali-
ty in these patients. However, as determined in the subgroup analysis, the ben-
efit was relevant only for septic or trauma patients but was not observed in a
mixed population of critically ill patients. In these cases, there was no reduc-
tion in hospital mortality. 

20.27 What Are the Guidelines for Fluid Therapy 
in Burn Patients?

According to the American Burn Association guidelines, patients with burns >
20 % of total body surface area (TBSA) must receive fluid replacement based
on the total burned area estimation. A need for crystalloids of 2–4 mL/kg/%
TBSA has been estimated in the first 24 h (Parkland formula according to
Baxter). A half-volume should be administered during the first 8 h and the
remaining volume in the following 16 h [58]. The guidelines also support the
use of colloids between 12 and 24 h from the injury, when the integrity of cap-
illary membranes has been restored. The use of colloids may result in a reduc-
tion of tissue edema and of the overall fluid requirement [58, 59].

Fluid administration should be carried out in order to obtain, in the first
phase, a mean arterial pressure > 65 mmHg, urine output > 0.5 mL/kg/h, CVP
10–15 mmHg (if necessary 20 mmHg), and no increase in the hemoglobin-
concentration or hematocrit.
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20.28 How Should Fluid Administration Be Managed 
in Children?

Recommendations for infusion therapy in children indicate the use of crystal-
loids with an osmolality and electrolyte concentration similar to plasma (plas-
ma-adapted solutions) and a glucose concentration of 1–2.5% [60].

Gelatins are used in children between the ages of 1 and 12 years, while
HES should not be administered to children younger than 2 years because of
the immaturity of the kidneys [61].

Fourth-generation HES have the advantage of being diluted in balanced,
plasma-adapted solutions. Thus, both alterations of acid-base balance and
electrolyte imbalances are significantly reduced compared to the use of third-
generation HES, which are diluted in simple saline solution [62]. Since the
composition of the ECS or IVS in children and adults is comparable, the con-
cept of balanced fluid resuscitation should benefit both, especially when high
volumes of colloids are provided [11].

Recently, HES 130/0.42 was shown to be safe and effective for volume
replacement and well tolerated when used in pediatric surgery [63].

20.29 What Are the Advantages of Balanced Plasma-Adapted
Solutions in Children?

The literature supports the use of isotonic, balanced, plasma-adapted solutions
in children to avoid dilutional and hyperchloremic acidosis (caused by normal
saline solution) and to reduce the risk of peri-operative hyponatremia, espe-
cially when a large amount of fluid is needed [63-65]. These properties may
decrease the negative effects on acid-base balance and the electrolytic alter-
ations involving renal and cardiac function, particularly in children with kid-
ney disease or those who have undergone cardiac surgery [66, 67]. As a con-
sequence, even if outcome studies examining balance solutions in pediatric
patients are still lacking, clinical experience suggests that these solutions
should be used in the peri-operative period also in children, as in adults, for
their obvious positive effects [63, 68].

20.30 Why Is Hemodilution Associated with Fluid
Administration?

Fluid administration can lead to hemodilution, resulting in a decrease in
hemoglobin/hematocrit. [69, 70]. This is a compensatory mechanism to
increase cerebral blood flow despite a reduction of arterial oxygen content.
It is absent or reduced when there is brain damage; thus, excessive hemodi-
lution resulting from inadequate fluid management may further aggravate
brain injury [71-73].
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20.31 What Is the Best Approach to Patients 
Undergoing Neurosurgery?

The main goal of peri-operative fluid management is to ensure adequate tissue
oxygenation and prevent oxygen debt following an increase in the cerebral
metabolic rate of oxygen (CMRO2) during surgery. 

One of the most important complications, which must be avoided and pre-
vented, is iatrogenic cerebral edema due to a decrease in plasma osmolality.
Tommasino emphasized that iatrogenic cerebral edema will not occur when
the normal values of osmolality and oncotic pressure are maintained, regard-
less of whether colloids or crystalloids are used [74]. However, fluid therapy
should be adjusted also to prevent/counteract the increase in ICP. 

Therefore, in neurosurgical patients, an isovolemic state is acquired by the
infusion of iso-osmolar crystalloid (~300 mOsm; 0.9% saline solution), in
order to avoid affecting plasma osmolality, the main determinant of fluid bal-
ance in the brain, and water accumulation in the brain parenchyma.

Hyperosmotic solutions should be used in cases of intracranial hyperten-
sion, reserving the use of hypertonic saline to those cases refractory to conven-
tional therapy (hyperventilation, mannitol, diuretics). 

It is worth noting that it is always advisable to monitor postoperative osmo-
lality [75].

20.32 What Is the Major Complication in Childbirth?

Bleeding is a major cause of maternal mortality and complications of child-
birth [76]. In fact, the transfusion of blood is required in 1–2% of pregnancies.
[77, 78] The main causes of bleeding are: uterine atony, retained placenta,
trauma, placenta previa, and abruption placenta [77].

Maintenance of perfusion pressure and blood volume is provided initially
with crystalloids or colloids while waiting for blood products. The optimal
fluid type for use in hypovolemic patients has been the subject of much debate.
According to Van der Linden, there is no advantage in using albumin rather
than saline solution in terms of morbidity and mortality [79]. However, other
studies suggested that saline solution 0.9% causes hyperchloremic acidosis
and therefore cannot be recommended. There is an argument supporting bal-
anced fluid resuscitation using fluids (crystalloids and colloids) containing a
physiological balance of electrolytes [80]. Hypertonic saline has been advocat-
ed in patients with hemorrhagic shock, but studies demonstrating the effective-
ness of this solution are lacking [81]. The presence of relative anemia requires
that the administration of clear fluids be limited and, to ensure perfusion,
adapted to the intravascular volume [82].
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20.33 What Is the Optimal Management Approach to
Pregnancy-Induced Hypertension with Oliguria?

In the treatment of pregnancy-induced hypertension the infusion of 500–1000
mL of crystalloids has been recommended [83]. If the hypertension persists, it
is important to consider the state of fluid balance because excess fluid can lead
to pulmonary or cerebral edema. The lack of response to the infusion of crys-
talloids in patients with oliguria may require alternative treatments depending
on the cause [83]. In the case of intravascular volume depletion, a further infu-
sion of crystalloids is needed. If, instead, oliguria is due to renal artery
vasospasm then dopamine is required, without the infusion of fluids. In
patients requiring volume expansion, due to the decrease in postpartum colloid
osmotic pressure, colloids are the first choice [84].

20.34 What Is Palliative Sedation?

Palliative sedation is a medical procedure that consists of reduction/abolish-
ment of consciousness as the only therapeutic resource to relieve refractory
symptoms, which are intolerable for the patient. It is carried out through the
gradual titration of a sedative with periodic monitoring of the patient’s vital
signs, level of sedation, and degree of symptom relief. 

20.35 What Is the Role of Hydration in Terminally Ill Patients?

Hydration aims to prevent or correct the symptoms that may occur with dehy-
dration, especially delirium and the neurotoxicity of opioids. Numerous stud-
ies have shown that the hydration of terminally ill cancer patients can prevent
the onset of delirium [85-87]; in Canada, vigorous hydration resulted in a
decrease in the incidence of delirium in patients in a palliative care unit [86].

Some authors have reported side effects associated with hydration, includ-
ing vomiting, nausea, increased secretions, edema, ascites, urinary tract infec-
tions, and the presence of secretions in the airways [88]. However, according
to Dalal and Bruera [89], there is no concrete evidence for an association;
instead, they claimed, the side effects are due to excessive fluid administra-
tion.

In terminally ill patients hypoalbuminemia may occur [90], which can lead
to pulmonary or peripheral edema and ascites, if crystalloids are administered.
If serum albumin is < 26 g/L, then Dunlop et al. [91] advise against the admin-
istration of fluids either intravenously or subcutaneously to avoid adverse
effects. Instead, the administration of intravenous colloids is preferred.
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Hydration of a terminally ill patient should not be seen an act of “charity”
but as a medical gesture. Indeed, to ensure proper hydration does not mean
extending the life of the patient but simply to prevent complications that arise
due to sedation, such as electrolyte disorders.

20.36 What Are the Local Complications Related to 
Infusion Therapy?

Infusion therapy, as all medical procedures, is not free from complications,
which may differ in their gravity. Complications may arise due to incorrect
positioning of the catheter or to the side effects of the infused fluid.

Phlebitis is a local complication due to an inflammation of the vessel inti-
ma, characterized by erythema, swelling, and pain.

Infiltration is defined as a loss of fluid into the surrounding tissue, mainly
following displacement of the catheter.

Extravasation is the administration of medications or fluids into the tissues
surrounding the point of infusion. It can be prevented selecting a well fitting
vein. It is advisable to avoid hand and wrist veins because of richness of
nerves and tendons.

Hematoma is another common complication during fluid infusion. It occurs
due to vessel wall damage. In order to prevent hematomas, a compressive
dressing at the site where the needle entered the vein is suggested.

20.37 What Are the Systemic Complications Related 
to Infusion Therapy?

Infusion therapy may be associated with clotting disorders, ranging from the
onset of bleeding to the formation of intravascular thrombi. Bleeding disorders
can arise due to the dilution of coagulation factors in the blood or the interfer-
ence of colloids molecules with platelet adhesion or clot formation.

Blood stream infections are severe infections that can increase patient mor-
bidity and mortality. They are frequently related to the use of intravenous
devices and can result in serious complications.

Venous air embolism is a potential complication of infusion therapy, with
effects on morbidity and mortality. It occurs when there is a communication
between the venous system and a source of air while a pressure gradient allows
the passage of air into the vessel [92]. In severe cases, venous air embolism
may cause arrhythmias. Severe inflammatory alterations in the pulmonary ves-
sels may also occur, such as direct endothelial damage and the accumulation
of platelets, fibrin, neutrophils, and lipid droplets.
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20.38 Is It Possible To Quantify the Third Space?

Third-space fluid losses have never been directly determined and the actual
location of the lost fluid remains unclear. Instead, these losses have only been
quantified indirectly by continually measuring peri-operative changes in the
ECV via tracer-dilutional techniques, assuming that the total ECV (functional
plus non-functional) remains constant. These techniques are based on the
administration of a known quantity of a proper tracer into a definite body fluid
space. 

However, different studies using these techniques have demonstrated that a
classic third space quantitatively does not exist. It is a pathologic compartment
that reflects the peri-operative fluid shift. Therefore, we suggest abolishing
this vague notion and dealing with the given facts: fluid is peri-operatively
shifted inside the functional ECV, from the IVS toward the ISS.

20.39 What Are the Main Indications for Balanced 
and Plasma-Adapted Solutions?

• In major orthopedic surgery, in which there is a high risk to develop bleed-
ing and coagulation disorders.

• In major abdominal surgery, due to the bleeding risk and possible “third
space” syndrome.

• In polytrauma and head trauma, with a risk of an increase in ICP and cere-
bral edema.

• In cardiac surgery, especially cardiopulmonary by-pass priming.
• In patients with reduced kidney function who are at risk of hyperkalemia .
• In patients with reduced colloid-oncotic pressure and possible interstitial

edema.
• In pediatric patients with acid-base imbalance and electrolyte alterations.
• In patients with capillary leak syndrome, adult lung injury, adult respirato-

ry distress syndrome, or pulmonary edema.
• In patients with hyperchloremic acidosis and a possible reduction in renal

blood flow.

20.40 What Are the Cost/Benefit Advantages of Balanced 
and Plasma-Adapted Solutions?

Balanced and plasma-adapted solutions cause fewer side effects than either
older-generation colloids or crystalloids, thus shortening the hospital stay. For
example, the large-volume administration of 0.9% saline or colloids dissolved
in isotonic saline (unbalanced) is associated with the development of dilution-
al-hyperchloremic acidosis. Although moderate, this transient side effect
(24–48 h) may increase the length of the ICU stay. Furthermore, balanced and
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plasma-adapted solutions are not associated with disturbances of acid-base
physiology [90].

Patients randomized to balanced solutions, when compared with those ran-
domized to saline-based fluids, were less likely to have impaired hemostasis
while gastric perfusion improved [93]. Renal function may also be better pre-
served [94]. 

Based on these observations, the extra benefits provided by balanced solu-
tions justify the additional costs over cheaper but less effective unbalanced
ones. Their cost-effectiveness is expected to be relevant in both the ICU and
on the ward, suggesting that the use of balanced plasma-adapted solutions
will improve patient outcome while conserving economic resources at the
same time.
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