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Introduction 
         Clinical use of hypertonic solutions dates back to 1926, 
when Silbert used 5% saline to treat Burger’s disease. 
Moderately hypertonic solutions of 1.5% to 3% have been 
used to treat patients with burn shock and hypovolemia since 
the 1970s (Monafo, 1970). 

       The use of isotonic crystalloids for resuscitation has 
several limitations as large volumes are needed and the fluid 
rapidly redistributes throughout the extravascular space. 
Hypertonic solutions, on the contrary, are administered as 
small-volume boluses and, by mobilizing extravascular water 
to the intravascular space, result in an immediate restoration of 
intravascular volume that can last several hours. Additional 
properties of hypertonic solutions include positive effects on 
cardiac function, the microvasculature, and the immune system 
that not only justify their use in shock resuscitation but also 
suggest the opportunity for other applications (Kyes and 
Johnson, 2011). 

       Hypertonic saline resuscitation may reduce the 
inflammatory responses triggered by shock and trauma, 
decrease susceptibility to post-traumatic sepsis, modulate 
trauma and sepsis-induced immune dysfunction, inflammatory 
response and apoptosis. These beneficial effects may be of 
potential relevance for the management of severe sepsis and 
septic shock (Poli de Figueredo, et al 2006).                                              

      Owing to their systemic effects and osmotic effect on the 
brain, hypertonic saline solutions have been investigated as 
resuscitative fluid in brain-injured patients with hemorrhagic 
shock, as therapy for intracranial hypertension resistant to 
standard therapy, as first line therapy for intracranial 
hypertension in certain intracranial pathologies, as small 
volume fluid resuscitation during spinal shock, and as 



Introduction and Aim of The Essay 

2 

maintenance intravenous fluid in neurocritical care (Qureshi 
and Suarez, 2000).  

              Hypertonic saline is used in treating symptomatic 
hyponatraemia. In acute hyponatremia, usually observed in the 
postoperative period, prompt treatment with hypertonic saline 
can prevent seizures and respiratory arrest. On the other hand, 
chronic symptomatic hyponatremia, rapid correction should be 
avoided to reduce the risk of development of osmotic 
demyelinating syndromes (Decaux and Soupart, 2003).  

Nebulised hypertonic saline is a promising treatment in 
cystic fibrosis as it can enhance mucociliary clearance and   
lessen the destructive inflammatory process in the airways 
(Wark and McDonald, 2009). 

            Potential adverse effects of intravenous administration 
of hypertonic saline include electrolyte abnormalities, cardiac 
failure, renal failure, bleeding diathesis, and phlebitis. 
Although unproven, a possibility for central pontine 
myelinolysis and rebound intracranial hypertension exists with 
uncontrolled administration (Qureshi and Suarez, 2000). 
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Aim of Essay 

 This work aims to provide a comprehensive overview of 
body fluid and electrolyte physiology, uses and mechanism of 
possible therapeutic effects of hypertonic saline and the 
potential adverse effects and complications of its use in the 
intensive care setting. 
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Relevant fluid and electrolyte physiology 
The example of homeostasis and homeostatic 

imbalances shown by acid–base balance is one of many 
homeostatic systems that act throughout the body to maintain a 
constant internal environment. A large number of other 
examples can be used to show how important this balance is 
and the consequences of its failure, but one of the most critical 
is the maintenance of the correct fluid balance. 

The human body contains large quantities of water in a 
number of different compartments, and the maintenance of the 
correct amounts of fluid, of the correct composition in the 
different compartments is essential for all vital chemical 
reactions.  

Body Fluids And Fluid Compartments 

Body Fluids: 

The total body water (TBW) of adult male is about 
60%. This percentage varies with age and weight. Babies, at 
birth, are about 80% water, while an elderly person may only 
have about 50% water. As the amount of adipose tissue 
increases, the proportion of body water decreases. The TBW is 
divided into two main compartments   which have different 
ionic compositions (Fig. 1-1). 

• Intracellular fluid (ICF), which is contained inside all 
cells, is about two-thirds of the TBW (or 40% body 
weight). 

• Extracellular fluid (ECF), which surrounds all cells, is 
about one-third of the TBW (or 20% body weight). 
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Figure 1 Fluid compartments of the body. These are approximate values 
for a 70 kg person (per cent of total body water (TBW), (Joe Patlak, 
1999). 

 

The ECF itself is divided into two main compartments: 

• Interstitial fluid (ISF). This is about three-quarters of 
the ECF (or about 15% TBW). The ISF surrounds the 
cells but is outside the blood vessels. Unlike the blood 
plasma, it contains very little protein and few cells in 
suspension. 

• Blood plasma. This is one-quarter of the ECF (or about 
5% TBW). It is the fluid inside the blood vessels and 
carries the other components of blood, such as red and 
white blood cells and plasma proteins, in suspension 
around the body. Fig. (1-1) shows the volume in various 
compartments in an adult weighing 70 kg. The total 
blood volume is about 5.5 L for a 70 kg person. Only 
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3.5 L of this is blood plasma, the remainder is mainly 
red blood cells. The total blood volume is about 5.5 L 
for a 70 kg person. Only 3.5 L of this is blood plasma, 
the remainder is mainly red blood cells.  

Fluid Compartments: 

The different fluid compartments are separated by 
semipermeable barriers with different characteristics. In 
tissues, the cells are surrounded by membranes which allow 
water movement in and out of cells, but restrict the movement 
of the main extracellular ion, sodium. The interstitial fluids are 
separated from the blood plasma by a layer of cells, the 
endothelium. Gaps between the cells allow free movement of 
water and ions, but under normal conditions restrict the blood 
cells and proteins to the vascular compartment. This means 
that water can move freely between the compartments but that 
sodium does not move into cells, and proteins and blood cells 
are restricted to blood (Joe Patlak, 1999). 

Fluid movements among fluid compartments: 

The movement of water between the compartments is 
determined by the differences in hydrostatic and osmotic 
pressure in the different compartments. Hydrostatic pressure is 
produced by the pumping action of the heart, and osmotic 
pressure by the concentration of solute particles. Water moves 
osmotically from dilute to concentrated solutions, moving 
from a high concentration of water to a low one Fig (1-2).  

The more solute particles there are in a solution the 
greater the ‘pull’ on the water molecules. Osmolarity is 
determined by the number of osmotically active particles per 
litre and the normal osmolarity of body fluids is 290 mOsm/L. 
The tonicity of a solution is the actual effect of a solution on a 
living cell. A solution bathing a cell that does not cause the 
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cell to osmotically take up or lose water is said to be isotonic 
(Joe Patlak, 1999).  

A hypertonic solution, which contains more osmotically 
active particles than the cell, would cause cells to lose water 
and shrink. In a hypotonic solution, the cell takes up water 
until it bursts (lysis). The tonicity of a solution not only 
depends on the solute concentration but on the nature of the 
solute. For example, a solution of sodium chloride that has an 
osmolarity of 290 mOsm/L has no effect on the cells, so it is 
isotonic. However, a solution of urea of 290 mOsm/L causes 
cell lysis; it is hypotonic. This is because the cells are 
impairment to sodium, which does not move into the cells, but 
urea can cross the cell membrane. So it moves into the cell, 
increasing the number of osmotically active particles inside the 
cell, then water follows and the cell swells and bursts. This 
shows that it is not only the volume of water surrounding the 
cells that is important but the solutes as well (Joe Patlak, 
1999).  

Under normal conditions, while there are large 
exchanges of fluid between the different fluid compartments 
over time there are no net changes in the volumes in each 
compartment. This is because the different compartments have 
the same tonicity. However, if there was a change in either the 
water content or solute concentration in a compartment then 
net changes would occur (Joe Patlak, 1999). 

Body fluid osmotically active solutes: 

The three major fluid compartments have different 
solutes within them. The major extracellular ions are sodium 
(Na) and chloride (Cl-). The major intracellular ions are 
potassium (K+) and large anions such as protein and phosphate 
(Guyton, 1996).  


