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Section 1 Water and Electrolyte Imbalance( 7K | B fi# [fT < 17 )

[ Basic knowledge]

1. Body water

Water accounts for 60% of total body weight in a normal adult, 75%
in an infant, 45% in elderly and obese. The water content of the tis-
sues of the body varies. Adipose tissue has the lowest percent of water;
the skeleton has the second lowest water content. Skeletal muscle,
skin, and the blood are among the tissues that have the highest content
of water in the body. A reduction in volume of only 1% results in
symptoms of deficiency or dehydration. Fluctuations in the amount of

water in the body can have harmful and even fatal consequences.

2. Distribution of water in the body

Total body water (TBW) is distributed between two compartments
separated by the cell membrane: The intracellular and the extracellular
fluid.

(1) Intracellular fluid (ICF) is the fluid within the cells. ICF consti-
tutes approximately 40% of body weight or 70% of the total body
water.

(2) Extracellular fluid (ECF) is the fluid outside the cells. ECF con-
stitutes approximately 20% of body weight or 30% of the total body
water. The ECF is further divided into two compartments which are

separated by a capillary membrane.
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« Interstitial fluid is the fluid between the cells. Interstitial fluid
constitutes approximately 15% of body weight.

« Intravascular fluid is the blood plasma in the arteries and veins. In-
travascular fluid constitutes approximately 5% of boay weight.

3. Functions of water

(1) Solvent for nutrients, metabolic products, vitamins, minerals
and wastes.

(2) Medium for blood transport.

(3) Participates in chemical reactions.

(4) Body temperature regulation (water spreads heat efficiently
throughout the entire body water pool). When there is an excess of
heat generation, increased amounts of water are directed to the skin and
mainly lost as perspiration, via evaporation.

(5) Lubricant and cushion in joints.

4, Fluid spacing

Fluid spacing is a term used to classify the distribution of body
water.

First.spacing is a normal distribution of the fluid in both the extracel-
lular and intracellular compartment,

Second spacing refers to an excess accumulation of institial fluid(ede-
ma).

Third spacing occurs when fluid accumulates in areas that normally
have no fluid or only a minimum amount of fluid(e. g. , ascites, seques-
tration of fluid in the bowel with peritonitis, and edema with burns).
Third fluid should be concerned because it takes fluid away from the

normal fluid compartments and may produce hypovolemia.

5. Mechanisms controlling fluid and electrolyte movement

Many different processes control the movement of fluid and electro-
lytes between the intracellular and extracellular spaces. These proces-
ses include simple diffusion, facilitated diffusion, active transport, os-
mosis, hydrostatic pressure, and oncotic pressure.

(1) Diffusion

Diffusion is the net movement of ions or molecules from an area
where their concentration 1s higher to an area where their concentration
is lower. The difference between the high and low concentrations repre-
sents a concentration gradient, and diffusion tends to eliminate that
gradient. Net movement of molecules stops when the concentrations are
equal in both areas. These molecules move without external energy.

Diffusion occurs most rapidly when (Dthe distances involved are
small; @the concentration gradient is large; @the ions or molecules in-
volved are small.

(2) Facilitated diffusion

Facilitated diffusion moves molecules from an area of high concentra-
tion to one of low concentration. The rate of diffusion accelerates when

some molecules combined with a specific carrier molecule.
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(3) Filtration

Fluids and the substances dissolved in them are forced through cell
membranes by hydrostatic pressure. Net flow of water is due to overall
effect of pressure on both sides of a membrane. Fluid is filtered out of
capillaries in response to changes in hydrostatic pressures and oncotic
(osmotic) pressures.

(4) Active transport

Active transport is a process in which molecules move in the absence
of favorable diffusion gradient. External energy is required for this
process because molecular are being moved against a concentration gra-
dient. The concentrations of sodium and potassium differ greatly intra-
cellularly and extracellularly. By active transport, sodium moves out of
the cell and potassium moves in to maintain this concentration differ-
ence. The energy source for the sodium-potassium pump is ATP,
which is produced in the mitochondria.

(5) Osmosis

Osmosis is a special type of diffusion. Water moves through the
membrane from an area of low solute concentration to an area of high
solute concentration. The semipermeable membrane prevent of solute
particles. Osmosis requires on outside energy sources and stops when
concentration differences disappear. It is very important for maintaining
the chemical stability of body cells.

1) Osmotic pressure

The force of osmotic water movement. It can be described as a “pul-
ling” of water. The higher the solute concentration of a solution, the
greater the solution’s osmotic pressure. The osmotic pressure of the
blood is also called blood colloid osmotic pressure (BCOP), because on-
ly the suspended proteins are unable to cross the capillary walls. Os-
motic water movement will continue until either the solute concentra-
tions are equalized or the movement is prevented by an opposing hydro-
static pressure.

2) Measurement of osmolality

Both Osmolality and Osmolarity measure the osmotic pressure.

Osmolality is a measure of a solution’s ability to create osmotic pres-
sure and thus affect the movement of water. It measures the osmotic

force of solute per unit of weight of solvent(mmol/L).

Osmolarity is another term to describe the concentration of solutions.
It measures the total milliosmoles of solute per unit of total volume of
solution(mmol/L).

The difference between osmolality and osmolarity is small, and the
terms are often used interchangeably

3) Osmotic pressure in the body

ICV, the interstitial fluid volume (ISV) and the vascular space have

the same concentration expressed as mmol per liter of water or the same
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