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MAINTENANCE FLUID
THERAPY
BODY COMPOSITION

Water is the most plentiful constituent of the human body.
Total body water (TBW) as a percentage of body weight
varies with age. The fetus has a high TBW, which gradually
decreases to about 75% of birth weight for a term infant. Premature infants have a higher TBW content than term infants.
During the first year of life, TBW decreases to about 60% of
body weight and basically remains at this level until puberty.
At puberty, the fat content of females increases more than
that of males, who acquire more muscle mass than females.
Because fat has low water content, and muscle has high water
content, by the end of puberty TBW in males remains at 60%,
but it decreases to 50% of body weight in females. During
dehydration, TBW decreases and is a smaller percentage of
body weight.
TBW has two main compartments: intracellular fluid
(ICF) and extracellular fluid (ECF). In the fetus and newborn, the ECF volume is larger than the ICF volume. The
normal postnatal diuresis causes an immediate decrease in
the ECF volume. This decrease in ECF volume is followed by
continued expansion of the ICF volume because of cellular
growth. By 1 year of age, the ratio of the ICF volume to the
ECF volume approaches adult levels. The ECF volume is 20%
to 25% of body weight, and the ICF volume is 30% to 40% of
body weight (Fig. 32-1). With puberty, the increased muscle
mass of males results in a higher ICF volume than in females.
The ECF is divided further into plasma water and interstitial fluid (see Fig. 32-1). Plasma water is about 5% of body
weight. The blood volume, given a hematocrit of 40%, is usually 8% of body weight, although it is higher in newborns and
young infants. The interstitial fluid, normally 15% of body
weight, can increase dramatically in diseases associated with
edema, such as heart failure, protein-losing enteropathy, liver
failure, and nephrotic syndrome.
The composition of solutes in the ICF and ECF is different.
Sodium and chloride are the dominant cation and anion in
the ECF. Potassium is the most abundant cation in the ICF,
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and proteins, organic anions, and phosphate are the most
plentiful anions in the ICF. The dissimilarity between the
anions in the ICF and the ECF is determined largely by the
presence of intracellular molecules that do not cross the cell
membrane, the barrier separating the ECF and the ICF. In
contrast, the difference in the distribution of cations—sodium
and p
 otassium—is due to the activity of the Na+,K+-ATPase
pump, which extrudes sodium from cells in exchange for
potassium.

REGULATION OF INTRAVASCULAR
VOLUME AND OSMOLALITY

Proper cell functioning requires close regulation of plasma
osmolality and intravascular volume; these are controlled by
independent systems for water balance, which determines
osmolality, and sodium balance, which determines volume
status. Maintenance of a normal osmolality depends on control of water balance. Control of volume status depends on
regulation of sodium balance.
The plasma osmolality is tightly controlled between 285 and
295 mOsm/kg through regulation of water intake and urinary
water losses. A small increase in the plasma osmolality stimulates thirst. Urinary water losses are regulated by the secretion
of antidiuretic hormone (ADH), which increases in response
to an increasing plasma osmolality. ADH, by stimulating
renal tubular reabsorption of water, decreases urinary water
losses. Control of osmolality is subordinate to maintenance of
an adequate intravascular volume. When significant volume
depletion is present, ADH secretion and thirst are stimulated,
regardless of the plasma osmolality.
Volume depletion and volume overload may cause significant morbidity and mortality. Because sodium is the principal
extracellular cation and is restricted to the ECF, adequate body
sodium is necessary for maintenance of intravascular volume.
The kidney determines sodium balance because there is little
homeostatic control of sodium intake, although salt craving
occasionally occurs, typically in children with chronic renal
salt loss. The kidney regulates sodium balance by altering the
percentage of filtered sodium that is reabsorbed along the
nephron. The renin-angiotensin system is an important regulator of renal sodium reabsorption and excretion. The juxtaglomerular apparatus produces renin in response to decreased
effective intravascular volume. Renin cleaves angiotensinogen, producing angiotensin I, which angiotensin-converting
enzyme converts into angiotensin II. The actions of angiotensin

