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Fluid and Electrolyte
Regulation
Kathryn E. Roberts

suited to meet their homeostatic requirements, critical
illness often overburdens them. A disturbance in fluid
and electrolyte balance affects the ability of the kidney to
regulate water and many hormones (see Chapter 21).
This, in turn, affects regulation in a number of body
systems, including the cardiac and respiratory systems. For
these reasons, a major goal of critical care management is to prevent major fluctuations in electrolyte
concentrations and to stabilize fluid in the correct compartment. When critical imbalances occur, astute assessment and rapid intervention can determine a successful
outcome. The nurse's responsibility is to observe for
insidious changes and to initiate interventions that will
correct imbalances. An awareness of fluid and electrolyte regulation guides the nurse in anticipating potential
problems and ensuring that appropriate interventions take
place.

MATURATIONAL IMPACT OF FLUID AND ELECTROLYTE
REGULATION

Composition of Body Fluids
Total Body Water
Regulation of Water and Electrolyte Balance
ASSESSMENT OF FLUID AND ELECTROLYTE BALANCE

Movement of Fluids and Electrolytes
Fluid Volume Regulation
MONITORING FLUID AND ELECTROLYTE BALANCE

Clinical Assessment
Laborato,ry Tests
SUPPORT OF FLUID AND ELECTROLYTE REGULATION
ALTERATIONS IN FLUID VOLUME BALANCE

Fluid Volume Deficit
Fluid Volume Excess

MATURATIONAL IMPACT OF FLUID
AND ELECTROLYTE REGULATION
Composition of Body Fluids

ELECTROLYTE DISORDERS

Sodium
Potassium
Calcium
Chloride
Phosphate
Magnesium

Fluid and electrolyte homeostasis occurs when fluid and
electrolyte balance is maintained within narrow limits
despite a wide variation in dietary intake, metabolic rate,
and kidney function. Body fluids are composed primarily of
water and electrolytes.
An electrolyte is a substance that develops an electrical
charge (ion) when dissolved in water. Those substances that
develop a positive electrical charge are called cations (i.e.,
potassium, K+; sodium, Na+; calcium, Ca++; and magnesium, Mg++). Electrolytes that develop a negative charge are
called anions (i.e., chloride, CI-, and bicarbonate, HC0 3-).
Electrolytes are regulated by intake, output, acid-base
balance, hormonal influence, and cellular integrity. Nonelectrolytes are small solute particles that do not carry an
electrical charge when dissolved in water. Examples are
simple sugars (i.e., glucose), proteins, oxygen, carbon
dioxide, and organic acids.

SUMMARY

T

he concepts of fluid and electrolyte balance apply to
a broad spectrum of pediatric critically ill children.
Many disease states alter the intake and elimination of
fluids and electrolytes, but physiologic immaturity places
infants and children at higher risk for the consequences of
imbalance. Fluid and electrolyte regulation is dependent
on renal function. The kidney provides for the maintenance of the body's internal environment that supports
cellular processes. Although the immature kidneys are well
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Part III

Phenomena of Concern

Total Body Water
Water constitutes approximately 65% to 80% of body
weight. Total body water (TBW) varies from person to
person and is dependent on several factors: age, gender,
skeletal muscle mass, and fat content. The water content of
adipose tissue is approximately 10% as compared with a
water content of 73% in lean body tissues. J Thus the amount
of fat in the body determines, to a major degree, the amount
of water.
As the infant and child mature, TBW, as a percentage of
body weight, changes. During the first year of life, the total
body fluid percentage decreases, with the most rapid change
occurring in the first 6 months. 2 TBW accounts for 75%
80% of body weight in the newborn, 70% at 6 months, and
65% at I year of age. In children, the percentage of total
weight as body water decreases steadily until the adult
percentage (55% to 60%) is reached at about 8 years of age 3
(Table 11-1). On the average, obese children and women
generally have lower percentages of TBW as water. TBW is
distributed in two separate compartments: the intracellular
fluid OCF) compartment and the extracellular fluid (ECF)
compartment (Fig. II-I).
In addition to the changes in the percentage of TBW as
body weight, infants and young children have a relatively
higher percentage of ECF compartment compared with
adults. More than half of the infant's body weight is ECF
compartment. This decreases quickly over the first 6 to 8
weeks of life, and by 3 years of age, body fluid components
more closely resemble those of the adult with an ECF
compartment of approximately 20% to 23% and an lCF
compartment of 40% to 50%.1.2
Intracellular Compartment. ICF consists of all
liquid within the cell membranes of the body and is the
largest fluid compartment, accounting for 40% of the body
weight of the child by 1 year of age (see Table 11-1). Much
of the ICF compartment is found within muscle cells. The
primary electrolytes of the lCF compartment are potassium
and phosphate. The ICF compartment contains only small
quantities of sodium and chloride ions and almost no
calcium ions. The cells contain 4 times as much protein as
the plasma.

Extracellular Compartment. The extracellular compartment is not a homogenous compartment. It is composed
of interstitial fluid (ISF), plasma, and transcellular water
(TSW). The lSF bathes all of the body cells and includes
lymph fluid, the largest component of ECF compartment.
ISF volume accounts for approximately 20% of TBW.
Plasma is the liquid component of whole blood, contained
within the vascular system. Although plasma accounts for
only 8% of TBW, it is essential to the functioning of the
cardiovascular system. TSW is composed of the fluids
found in pleural, pericardial, synovial, peritoneal, and joint
spaces. In addition, TSW includes the secretions of the salivary glands and pancreas and fluid in the respiratory and
gastrointestinal tracts. The function of TSW is to either
lubricate or cushion. TSW accounts for a small portion of
TBW; however, it can increase during certain disease
states. 4
The serum or plasma portion of the extracellular compartment contains the electrolytes found in the ECF
compartment and a large amount of protein. The plasma
proteins determine colloid osmotic (oncotic) pressure, with
the most abundant plasma protein being albumin. Albumin,
because of its size, remains in the vascular space and exerts
a differential osmotic force or oncotic pressure between the
capillary lumen and the interstitial space. The consequence
is maintenance of volume in the intravascular space.
Oncotic pressure is also important in the kidney, influencing
filtration and reabsorption of water and solutes.

OUTPUT
Kidneys

Lungs
Feces
Sweat
Skin
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11-1 Changes in Total Body
Water (TBW) and Body Compartments
During Development

~

TABLE

TBW
(% Body
Weight)

Extracellular
Fluid (% Body
Weight)

Intracellular
Fluid (% Body
Weight)

72-79
59

32-44
25

62

21
18

35-40
33
41
39

58

Fig. ,,-, Fluid distribution-body compartments. (Adapted
from Guyton AC, Hall JE: Textbook of medical physiology. ed 9,
Philadelphia, 1996, WB Saunders, p 298.)
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The ECF compartment contains large quantities of
sodium and chloride ions; reasonably large quantities of
bicarbonate ion; and small quantities of potassium, calcium,
magnesium, phosphate, sulfate, and organic acid ions. The
ECF compartment makes up just 20% of body weight in the
adult but 50% in full-term infants. J The infant's entire ECF
compartment volume is replaced every 3 days. By the age of
I year, ECF compartment decreases by one half and declines
very slowly thereafter (see Table 11-1).

Regulation of Water and Electrolyte Balance
A dynamic relationship exists between the extracellular and
intracellular fluid compartments. This relationship maintains
cellular homeostasis through the exchange of fluids and
electrolytes. The compartments are kept separate by the
structural and functional integrity of cell membranes. Both
passive and active processes regulate the movement of
water and solutes across the cell membrane. The selective
permeability of the cell membrane and the specific active
transport activity of the cell determine the characteristics of
intracellular and extracellular fluid compartments. A profound alteration in anyone of the fluid compartments can
disrupt cellular health and may result in a fatal systemic
response.
Homeostatic maintenance of fluid balance ensures
that TBW remains constant. The aim is to have intake
equal output plus insensible water loss. Intake is composed of water from enteral or intravenous solutions and
fluid metabolically produced through oxidati ve metabolism
(300 ml/24 hours). Intake is regulated mainly through the
mechanism of thirst. This mechanism cannot be relied on
to obtain adequate intake in critically ill infants and children
because they may not be able to demonstrate or respond
to thirst.
Output of fluids and electrolytes is regulated by the
integumentary, respiratory, digestive, and renal systems. All
of these systems work together to protect adequate elimination and retention of body water. Several factors, such as
humidity and ambient temperatures, affect the amount of

iii

11-2 Fadors Known to Influence
Insensible (Evaporative) Fluid Losses

TABLE

iii-'

I~llcreased Insensible Loss

Decreased Insensible Loss

'JiHyperthermia*
~llilncreased activity
~Jtyperventilation

Hypothermia
Decreased activity
Sedation
Humidified air

" diant wannerst
~ototherapyt

m Besunder 18: Abnormalities in fluids. minerals, and glucose. In
er JL. 00: A practical guide to pediatric intensive care, ed 3,
ouis, 1990, Mosby. P 546.
creases sensible losses by 12% per Celsius degree above 38° C.
creases insensible losses by 40% to 50% in infants less than 1500 g;
rcentage may be higher in larger infants.
.Increases insensible losse~ by approximately 40% in infants less than
_500 g; percentage may be higher in larger infants.
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water lost. Factors affecting insensible water loss are
presented in Table 11-2.

ASSESSMENT OF FLUID AND
ELECTROLVTE BALANCE
The kidneys, in conjunction with the endocrine system, are
responsible for maintaining the body's fluid and electrolyte
balance. The regulation of fluid and electrolytes in designated compartments (intracellular and extracellular) is
dependent on the osmotic pressure, colloid osmotic pressure, hydrostatic pressure (pressure exerted by a liquid) in
the vascular spaces, and capillary permeability. Hydrostatic
pressure is produced through the action of the cardiovascular and lymphatic systems. The force of cardiac contractions
generates capillary hydrostatic pressure.
The tern} colloid osmotic pressure (COP) is used to
distinguish the osmotic effects of the colloid from those of
dissolved crystalloids such as sodium. COP is a pulling
force generated by plasma proteins that opposes fluid
filtration from the capillaries. The plasma proteins are large
colloid molecules that disperse in the blood and sometimes
escape into the tissue spaces. Both the intravascular and
interstitial compartments contain plasma proteins, including
albumin, the globulins, and fibrinogen. Albumin, the smallest and most abundant of the plasma proteins, accounts
for about 70% of the total osmotic pressure. Albumin
provides for the return of fluid to the vascular compartment
from the tissue spaces. When plasma protein concentration falls acutely, plasma oncotic pressure falls, and fluid
may leave the vascular space, resulting in third spacing of
fluid.

Movement of Fluids and Electrolytes
For water and electrolytes to function effectively in the
body, a regulatory process that controls fluid movement is
required. The regulatory process is dependent on the
concentration of the specific fluid or electrolyte (osmolality)
and on the functioning capacity of the renal system. Fluids
move constantly from one body compartment to another and
then remain in specific compartments until an inequality in
concentration of electrolytes develops. Then, movement
once again occurs. Movement is through one of four
transport mechanisms: osmosis, diffusion, filtration, and
active transport.
Osmosis is the movement of water through a semipermeable membrane from an area oflower solute content to an
area of higher solute activity (with lower activity of water
molecules) (Fig. 11-2). Osmosis occurs only when the
membrane is more permeable to water than solutes. The
force of the movement, or shift, of water depends on serum
osmolality, which controls distribution and movement of
water between compartments.
Osmolality refers to the concentration of particles
(proteins and electrolytes) per liter of water. The osmolality
of a solution does not depend on the size, molecular weight,
or electrical charge of the molecules. Osmotic pressure of a
solution is described by the terms osmole and milliosmole.

372

Part III

Phenomena of Concern

The osmolar concentration of a solution is called the
osmolality when the concentration is expressed as osmoles
per kilogram of water. The terms tonicity and osmolality are
used interchangeably.
Serum osmolality can be estimated by the following
formula:
Serum osmolality = 2(Serum Na) + Glucose/ 18 + BUN/2.8

where BUN is blood urea nitrogen.
Normally, the amount of water that diffuses in and out of
the cell is balanced, and the volumes within the extracellular
and intracellular fluid compartments remain constant. Because water moves freely between the blood, ISF, and
tissues, changes in the osmolality of one body compartment

.
OsmosIs

)

Fig. 11·2 Osmosis at cell membrane when sodium chloride
solution is placed on one side of the membrane and water on the
other side. (From Guyton AC: Textbook of medical physiology,
ed 8, Philadelphia, 1991. WB Saunders, p 45.)

produce a shift in all other compartments. Consequently, in
most cases, the osmolality of the plasma is equal to the
osmolality of other compartments.
Water moves from the ECF compartment to the ICF compartment if the ICF compartment osmolality increases
(Fig. 11-3). Conversely, if the ECF compartment osmolality
increases, water will shift from the ICF compartment into
the ECF compartment (see Fig. 11-3). When the movement
of water causes a concentration difference, the cells either
shrink or swell, depending on the direction of the net movement. Isotonic solutions (0.9% saline) do not cause cells to
either shrink or swell. Hypertonic solutions (one with
greater than 0.9% saline) cause cells to shrink by moving
water from within the cell to the ECF compartment, which
has less sodium than the cell. Hypotonic solutions (such as
5% dextrose and 0.2% normal saline) cause cells to swell.
Diffusion is the movement of a substance (electrolytes
and nonelectrolytes) from an area of higher concentration
to one of lower concentration through a solution or gas
(Fig. 11-4). Diffusion ceases when equilibrium occurs.
Electrical potential differences and pressure differences
across the pores of a semipermeable membrane also
influence diffusion, although the most important factor
determining the rate of diffusion is the concentration
difference. The greater the concentration difference, the
greater the rate of diffusion.
Molecules moving via simple diffusion must possess one
of two capabilities: lipid solubility or a negative charge. The
lipid-soluble molecules, such as oxygen, carbon dioxide,
and alcohol, are able to diffuse readily through the lipid
component of the cell membrane. Chloride is an example of
a negatively charged particle able to pass easily through the
membrane pores.
Filtration is the transfer of water and dissolved substances through a semipermeable membrane from a region

+

t

Plasma Osmolality

Plasma Osmolality

--

x

x

x
Cell shrinks
•

x

Cell swells

Represents amount of osmotically active solute

Fig.11-3 Fluid movement with changes in osmolality. (From Toto KH: Regulation of plasma osmolality:
thirst and vasopressin, Crit Care Nurs Clill North Am 6:662, 1994.)
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of high pressure to a region of low pressure. The force
causing filtration is hydrostatic pressure. An example of
filtration is the passage of water and electrolytes from the
arterial capillary bed to the ISF in response to blood
pressure. The pumping action of the heart causes the
hydrostatic pressure. 2
Movement against a concentration or electrochemical
gradient is known as active transport, and energy, in the
form of adenosine triphosphatase (ATPase), is required for
the activity (Fig. 11-5). The transport occurs somewhat like
a "pump" in the membrane of the cell, driven by the energy

A

B

10M UREA

1M UREA

Fluid Volume Regulation
Water is the most abundant component of the body.
Although serving a vital role in the regulation of body heat
through insulation or evaporation, water further serves as
the diluent for cell solids and as a message carrier among the

Peritubular
Capillary

Cell
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generated by cellular respiration. Regulation and distribution of sodium and potassium within the interstitial and
the intracellular fluid compartments are via the sodiumpotassium pump. Active transport is necessary to move
sodium from the cells to the ECF compartment. The active
process of pumping sodium out of the cells forces potassium
into the cell.
An example of the effects of the sodium-potassium pump
is seen in children with severe bums. The injury causes more
sodium than water to be drawn into the interstitial spaces.
This decreases the efficiency of the sodium pump, which
allows more water and sodium to enter the intracellular
space. The increased osmotic pressure gradient drives
potassium out of the cell. The loss of water and sodium from
the intravascular space results in the increased secretion of
aldosterone and antidiuretic hormone (ADH) as compensatory mechanisms, which contributes to the retention of
sodium and water.
Not only is energy required to move substances against a
concentration gradient, but a carrier substance is required
for the transport of sodium, potassium, chloride, sugars, and
amino acids. Carrier substances are either a protein or a
lipoprotein. The protein carriers function by providing an
attachment site for the specific substance to be transported.
The lipoprotein facilitates the solubility of the substance in
the lipid portion of the cell membrane.

Fig. 11-4 Simple diffusion. A membrane permeable to urea
separates two solutions. Side A contains a tenfold greater
concentration of urea than side B. Random motion of individual
solute molecules results in net movement of urea from A to B.
(From Wright E. Schulman G: Dynamics of body water: principles
of epithelial transport. In Maxwell MH, Kleeman CR, Narins RG,
eds: Clinical disorders of fluid and electrolyle metabolism.
New York, 1985, McGraw-Hill, p 17.)

Interstitium
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Tubular
Epithelium

Tubular
Lumen

(-3 mV)

Tubular
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Back

~;;;;;::;;~~~~-~- - ~ leakage

B
Fig. 11-5 A, Basic mechanism for active transport of sodium through a layer of cell. This figure shows
active transport by the sodium potassium pump, which pumps sodium out of the basolateral membrane of
the cell and simultaneously creates a very low intracellular sodium concentration, as well as a negative
intracellular potential. The low intracellular sodium concentration and the negative potential then cause
sodium ions to diffuse from the tubular lumen into the cell through the brush border. B, Net mechanism
for active transport of sodium from the tubular lumen all the way into the peri tubular capillary. (From
Guyton AC: TeXlbook of medical physiology, ed 9, Philadelphia, 1996, WB Saunders, p 54.)
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cells, tissues, and organs of the body. Water also provides
the body with form and structure.
Renal regulation of water and sodium is the most
important mechanism of volume regulation. This occurs
through normal functioning of the nephron in conjunction
with certain hormonal factors, including ADH, aldosterone,
and natriuretic factors. 4
Nephron. Sodium is filtered at the glomerulus and is
reabsorbed by the renal tubules. In the normally functioning
nephron, 99% of the filtered load of sodium is reabsorbed.
However, changes in the glomerular filtration rate (GFR)
affect the amount of sodium that is reabsorbed or excreted.
The GFR increases over the first 2 years of life, stabilizing
in a range between 30% to 50% of adult levels by the end
of the first year and reaching adult levels by the age of
2 years. s During times of volume expansion, the GFR
increases, and sodium and water excretion are increased in
an attempt to return intravascular volume to normal levels.
In contrast, in times of volume depletion, the GFR
decreases, and more sodium and water are retained in an
attempt to restore intravascular volume. I
Antidiuretic Hormone. ADH, or vasopressin, is
manufactured in the hypothalamus of the brain and is
released by the posterior pituitary gland. ADH acts on the
cells of the renal collecting ducts to increase their permeability to water, promoting a simultaneous increase in ECF
compartment volume and decrease in urinary output through
selecti ve reabsorption of water without sodium.
Three major stimuli for the regulation of ADH secretion
are (I) plasma osmolality, (2) changes in the ECF compartment volume, and (3) changes in arterial blood pressure.
When sufficient water is not being taken in or excessive loss
occurs, serum osmolality rises. A small increase in serum
osmolality of 1% to 2% is sufficient to cause ADH release,
which acts at the nephrons, signaling them to conserve water
and produce a more concentrated urine. ADH is released
when the osmotic pressure of the ECF compartment is
greater than that of the cells (e.g., during hyperglycemic and
hypernatremic states). When osmotic pressure of the ECF
compartment is less than that of the cells, ADH is inhibited,
causing renal excretion of water? When the blood pressure
falls or blood volume decreases, ADH is also released.
ADH has a direct vasoconstrictor effect on the blood
vessels, resulting in elevation of blood pressure. Other
stimuli affecting ADH secretion are angiotensin II, drugs
(opiates, nicotine, barbiturates, alcohol), stress, and severe
pain. Release of angiotensin II, stress reaction, and severe
pain cause release of ADH and thus increase blood pressure.
Opiates, barbiturates, and alcohol reduce ADH secretion and
are associated with decreases in blood pressure.
Aldosterone. The adrenal cortex secretes aldosterone, which is a mineralocorticoid and a primary influence
in fluid homeostasis. Sodium depletion, increases in potassium concentration, angiotensin II, and adrenocorticotropic
hormone (ACTH) stimulate aldosterone release. The distal
renal tubules, sweat glands, salivary glands, and intestines
are the receptors of aldosterone activity.
Aldosterone causes the renal retention of sodium and
water in exchange for the excretion of potassium and

hydrogen. When the serum level of sodium falls, aldosterone is secreted. This leads to sodium and water retention in
the renal tubules. Potassium is then given up by the renal
tubules in a further effort to increase sodium levels. When
aldosterone secretion is inhibited, potassium is retained, and
sodium and water are excreted. Aldosterone helps regulate
blood volume by regulating sodium retention.
Natriuretic Factors. Natriuretic factors are saltlosing hormones that influence blood pressure and blood
volume. These factors are produced by the hypothalamus
and by the left and right atrial walls of the heart. The
natriuretic hormone produced by the heart is atrial natriuretic factor (ANF). ANF is released when the atria are
stretched, as in volume overload. Once released, ANF acts
on the kidneys, where sodium reabsorption is inhibited, and
a salt diuresis results.

MONITORING FLUID AND
ELECTROLVTE BALANCE
A significant focus in the management of fluid and
electrolyte balance involves monitoring for the occurrence
or worsening of imbalances. Monitoring for fluid and
electrolyte imbalances requires an understanding of the
physiologic mechanisms behind the imbalances in addition
to the clinical signs.

Clinical Assessment
Clinical assessment of the critically ill infant or child is a
critical component in monitoring fluid and electrolyte
balance. Suspicious findings often precipitate validation
with invasive monitoring or diagnostic testing. Table 11-3
summarizes the clinical signs and symptoms associated with
the most common fluid volume and electrolyte imbalances.
Key components of the cardiovascular system include the
assessment of the patient's cardiac output and perfusion:
heart rate, blood pressure, strength and quality of central and
peripheral pulses, capillary refill time, color of the mucous
membranes, and perfusion of extremities. 6 The presence of
edema or hepatomegaly is assessed. A gallop rhythm,
indicative of volume overload, may be noted on cardiac
auscultation. Changes in the patient's electrocardiogram
(ECG) may indicate various electrolyte imbalances. Table
11-4 summarizes the ECG abnormalities associated with
various electrolyte imbalances.
Respiratory system examination includes an assessment
of the patient's respiratory effort, an increase or decrease in
respiratory rate and depth, and work of breathing. The
presence of rales on auscultation, indicating fluid volume
excess, is observed.
Key components of the neurologic examination include an assessment of the patient's level of consciousness (i.e., confusion, lethargy, orientation) and presence
of seizures. In addition, the patient is assessed for hyporeflexia or hyperreflexia, muscle cramps, paresthesias,
tetany, and Chvostek's or Trousseau's sign. Chvostek's
sign is twitching of the facial muscle in response to
gentle percussion at the top of the cheek just below the
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11-3 Clinical Signs and Symptoms Associated With Common Fluid
andElectl"olyte Imbalances

TABLE

;;if-~!

~mbalance

Clinical Signs and Symptoms

);1:

truid volume deficit

!3',;lli'Iuid volume excess

~ftyponatremia
jk':

hjf:Na <135 mEqlL
~,
!i1iHypernatremia
iflC',
~,' Na >145 mEqlL
iIypokalemia
<3.5 mEq/L
~}liyperkalemia
jlW. K >5.5 mEqlL
llHypocaIcemia
:@
Ca <8 mg/dl

p;tK

If

~ypercaIcemia

arCa >10.5 mg/dl
11lliH'
, ',, ypochloremia
Mi c ..
i~ICI <95 mEqlL
liii:Hyperchloremia
iii" Cl > 108 mEqlL
!=i:'
~i
fPypophosphatemia
~r:' PO. <3 mg/dl
!l!F'"~

~~;JiIyperphosphatemia

l.tPO. >4.5 mg/dl

~~ypomagnesemia

1&'; :

1~:Mg <1.4 mEqlL

liiJlypermagnesemia
111:... Mg >2.5 mEqIL
iii;

TABLE

Acute weight loss, J. urine output. J. central venous pressure, altered level of consciousness, dry skin
and mucous membranes
Acute weight gain, edema. i central venous pressure, tachypnea, hepatomegaly
Lethargy, disorientation (may progress to seizures or coma), muscle cramps, nausea/vomiting
Irritability, lethargy, i muscle tone, coma
Muscle weakness, abdominal distension, paralytic ileus, lethargy, irritability, hyperreflexia, tetany,
nausea/vomiting
Muscle weakness, confusion, ascending paralysis, altered cardiac function, nausea, diarrhea,
hyperactive bowel sounds
Tingling around the mouth or in fingenips/hands, Chvostek's or Trousseau's signs, muscle cramps,
lethargy, seizures, hypotension
Lethargy, stupor (can progress to coma), seizures, anorexia, nausea/vomiting
Hyperirritability; agitation; muscle weakness; tetany; slow, shallow respirations
Muscle weakness; decreased level of consciousness; deep, rapid respirations
Irritability, disorientation, tremors, seizures, hemolytic anemia, J. myocardial function, potential
respiratory failure, potential coma
Tachycardia, hyperreflexia, abdominal cramps, nausea, diarrhea, muscle tetany
Neuromuscular excitability, vertigo, ataxia, nystagmus, tetany, respiratory depression, tachycardia,
hypertension, confusion, dizziness, headache, hallucinations, seizures, coma
Lethargy, muscle weakness, inability to swallow, ,J. gag reflex, bradycardia, hypotension, hyporeflexia

11-4 ,Common ECG Abnormalities Associated With Electrolyte Imbalances

.,
'Iectrolyte Imbalance

ECG Findings

l!Rypokalemia
I!~yperkalemia

Flattened, inverted T waves; presence of U waves
Tall, peaked T waves, followed by widened QRS and prolonged PR interval; can progress to
ventricular arrhythmias and cardiac arrest
Prolonged QT interval
Shortened QT interval
Premature ectopic beats
Premature ventricular contractions, ventricular tachycardia, ventricular fibrillation
Prolonged PR, QRS, and QT intervals; AV block

~5I

Il-iypocalcemia
l'i~ypercaJcemia

~~ypophosphatemia

:1':'--

•

~ypomagneseml3

!lIyperrnagnesemia

zygomatic bone. Trousseau's sign is carpopedal spasm
produced by prolonged blood pressure cuff inflation (>3
minutes). Both of these signs are clinical manifestations of
hypocalcemia.
The renal examination provides important information
regarding fluid volume status. This examination includes an
assessment of the patient's urine output and urine specific
gravity, hourly assessment of intake and output, and patient
weight. Trends in weight gain or weight loss are assessed
using the same scale with notations of any items weighed

with the child (i.e., arm board, dressings). The severity of
alterations in fluid volume is estimated by changes in body
weight (I liter of water is equivalent to 1 kg of body weight).
Significant increases in weight gains are 50 g124 hours in the
infant, 200 g124 hours in the child, and 500 g/24 hours in the
adolescent.
The skin and mucous membranes are examined for
moisture and elasticity. The skin in a patient with a fluid
volume deficit is typically dry and warm. Mucous membranes may also be dry.
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Laboratory Tests
Urea is measured in the blood as blood urea nitrogen (BUN)
(normal level: 8 to 25 mg/dl). Urea is produced as the end
product of protein metabolism and occurs as the result of the
breakdown of ammonia in the liver. An elevated BUN may
be associated with reduced renal blood flow secondary to
fluid volume depletion. However, it may also be elevated as
the result of increased protein intake. A decreased BUN is
associated with fluid volume excess and with malnutrition
or liver failure. 2
Creatinine (normal level: 0.6 to 1.2 mg/dl) is an end
product of protein metabolism synthesized in muscle cells
and excreted by the kidney. An elevated creatinine usually
indicates volume depletion or impaired renal function. A
decrease in creatinine may be seen with fluid volume excess.
Creatinine is a more specific indicator of kidney function
than BUN because nonrenal causes of creatinine elevation
are minimal. However, creatine may also rise in instances of
muscle injury (crushing injuries, burns, etc.) independent of
renal function. 4 Therefore the BUN/creatinine ratio is a
more accurate indicator of fluid volume status than either
value alone.
The BUN/creatinine ratio (normal value: 10: Ito 15: I)
is useful in evaluating hydration status. An elevation in the
BUN/creatinine ratio is associated with a decrease in renal
perfusion or increased protein metabolism. A decrease in
this ratio may be due to low protein intake, hepatic
insufficiency, or repeated dialysis. The patient with an
increase in both BUN and creatinine who maintains a ratio
of 10: I may have intrinsic renal disease?
Serum sodium levels (normal value: 135 to 145 mEqlL)
are closely related to fluid volume status. However, this
value alone is not an indicator of volume status. Both
fluid volume depletion and excess can be associated
with a normal, decreased, or elevated serum sodium. As a
result, serum sodium must be evaluated in light of the
physical findings, water balance, and other laboratory
values.
The serum osmolality (normal value: 280 to 295
mOsmIL) is determined mainly by serum sodium concentration. An elevated osmolality may indicate hypernatremic dehydration, hyperglycemia, or an elevated BUN.
A decreased osmolality is seen in patients who are
hyponatremic and may be seen with euvolemia, hypovolemia, hypervolemia.
Hematocrit (normal values: males, 40% to 52%; females, 37% to 46%) is the percentage of red blood cells in
plasma. Plasma volume is ECF and red cell volume is ICF.
Changes in plasma volume may result in changes in the
hematocrit. An elevated hematocrit is seen in fluid volume
depletion, and a decreased hematocrit is seen in fluid
volume excess. However, these changes may only be
interpreted in terms of fluid balance in the absence of
changes of red cell mass (i.e., bleeding or hemolysis).
Total protein values (normal level: 6.3 to 8.2 g/dl) are
affected by changes in volume status in a similar manner to
hematocrit values. An elevation in total protein reflects a
volume-depleted state. A decrease in total protein is the
result of the dilutional effect of a volume-overloaded state.

Urine specific gravity (USG) (1.010 to 1.030) and urine
osmolality (50 to 1200 mOsm/kg) are a reflection of the
kidney's ability to concentrate and dilute. In states of
volume depletion associated with normal kidney function,
both the USG and the osmolality are typically elevated. The
urine volume is usually diminished except in the instance of
an osmotic diuresis. In volume-overloaded states, the urine
is typically dilute with a decreased USG and osmolality and
an increased volume. However, infant kidneys have a
limited ability to concentrate urine,2 and USG values may
not be as helpful in the assessment of fluid volume status in
this population.
Urine sodium values tend to vary with changes in
volume status in much the same manner as USG and
osmolality values do. Urine sodium is typically decreased in
volume-depleted states and increased in volume-overloaded
states. In volume-depleted states, the kidneys attempt to
hold onto water and sodium in an effort to restore and
maintain intravascular volume. In volume-overloaded
states, the kidneys attempt to excrete water and sodium.
Exceptions to this occur in renal failure in which the kidney
loses its ability to concentrate urine. As a result, urine in
renal failure may be dilute, and urine sodium values will not
change, regardless of volume status. 4

SUPPORT OF FLUID AND
ELECTROLYTE BALANCE
Intravenous (IV) therapy is the most common type of
therapy used to support the balance of fluids and electrolytes. It allows more rapid replacement of fluids and
electrolytes than oral administration. 6 In addition, oral
administration is not always the most practical method in the
critically ill infant or child. Table 11-5 describes the most
commonly used IV solutions in critically ill children.
Diuretics are commonly used to increase the urine output
and excretion of sodium and chloride. These agents act by
decreasing the rate of sodium reabsorption by the kidney
tubules, which in turn leads to natriuresis and diuresis 8
Diuretics are most commonly used to decrease extracellular
volume. For the most part, diuretics can be grouped into
three major classes: loop diuretics, thiazide-type diuretics,
and potassium-sparing diuretics. Table I I-6 provides an
overview of some commonly used diuretics.
IV administration of electrolyte supplements is another
therapy in the management of fluid and electrolyte imbalances. Table 11-7 presents suggested guidelines for the
administration of these solutions.

ALTERATIONS IN FLUID
VOLUME BALANCE
Fluid Volume Deficit
Etiology. Fluid volume deficit is defined as negative
body fluid or water balance. When extracellular volume
depletion is present, hypovolemia exists, and circulatory
collapse can result. In infants and children, fluid volume
deficit and dehydration are terms often used interchange-
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Composition of Common Parenteral Fluid Solutions

'!':"

~.-

Ionic Concentrations (mEq/l)

~;;

it..solution

it"

Solute

Glucose
Glucose

Concentration
(g/dl)

5
10

pH

lactate

4.7
4.6

Calculated Osm
(mOsm/l)

250
505

5.3
5.3

77
154

77
154

155
310

4.9

77

77

280

4.6

34

34

320

4.6

77

77

405

4.6

154

154

560

6.3

130

5.1

65

2

5.0

26

0.8

0.5

0.31
0.60
0.03
0.02

4.7

130

4

3

5

6.9

154

NaCI
NaCI

0.45
0.9

Glucose
NaCI
Glucose
NaCI
Glucose
NaCI
Glucose
NaCI

2.5
0.45
5
0.20
0.45
5
0.90

Lactate
NaCI
KCI
CaCl 2

0.31
0.60
0.03
0.02

Glucose
Lactate
NaCl
KCI
CaCl z
Glucose
Lactate
NaCI
KCI
CaCl 2
Glucose
Lactate
NaCl
KCI
CaCl z
Albumin
NaCl

2.5
0.155
0.30
0.015
0.01

5

4

3

109

.015

54

28

14

275

265

4
0.062
0.12
0.006

22

5.5

280

0.004
5
109

154

28

515

310

0.9

ably. Fluid volume deficit is a common problem in critically
ill infants and children. Negative water balance occurs from
(l) excess loss of fluids and electrolytes, which can result
from diarrhea or vomiting; (2) shifts of fluids and electrolytes into nonaccessible third spaces, such as in the severely
burned child or following abdominal surgery; and (3) decreased intake of fluid and electrolytes, such as in the child
who has nothing by mouth (is NPO)9
Excessive fluid volume loss and loss of electrolytes are
major contributing factors to dehydration in infants and

children. Increased insensible water loss may occur with
bums, hyperventilation, fever, renal or gastrointestinal
disease, increased ambient temperature, diaphoresis, and
cystic fibrosis. As much as 400 to 2000 mUm2 of water may
be lost each day in children losing fluid as a result of
diaphoresis. 10 Tn cystic fibrosis, not only is excessive fluid
lost, but sodium losses in sweat may vary belween 50 and
130 rnEqlL. II Tncreased renal waler loss occurs as a result
of osmotic diuresis, central diabetes insipidus, impaired
tubular response to ADH, renal IUbular dysfunction, and
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11-6

Diuretic Overview
Diuretic Mechanism of Action

T excretion of Na and

Dose

Complications

J, serum K, Na, Mg
Volume depletion
Ototoxicity
Metabolic alkalosis

CI by inhibiting

reabsorption

1-2 mg/kg/dose IV
2-4 mg/kg/dose PO
0.25-0.5 mg/dose IV
0.01-0.02 mg/kg/dose PO

J, NaCI entry into cell

Volume depletion

J, serum K, Na
Metabolic alkalosis
10-20 mg/kg/day PO
0.1-0.4 mg/kg/day PO

T serum K
Metabolic acidosis

Depresses reabsorption of Na
Depresses excretion of K
1.3-3 mg/kg/day PO

J, osmotic pressure

Volume depletion

J, serum K, Na
Metabolic acidosis
0.25-2 g/kg/dose IV
,$i.;

14'Pata from Sherbotie JR, Kaplan BS: Diuretics. In Yaffe SJ, Aranda JV, eds: Pediatric pharmacology: therapeutic principles in practice, Philadelphia,
liiil992, WB Saunders, pp 524-534.

F-""

TABLE

11-7

~Electrolyte

WE:

>otassium (chloride)

Suggested Guidelines for Administration of Electrolyte Solutions
Administration Guidelines

Monitoring

Hypertonic saline (3%) may be given for severe
hyponatremia «120 mEqlL) when the patient is
symptomatic. The amount of hypertonic saline
solution needed can be calculated by the following
formula: mEq Na =(0.60) (body weight in kg)
(125 - Na). Discontinue infusion when serum
Na reaches 120-125 mEqlL and begin water
restriction.

Monitor serum sodium frequently.
Administer through large vein.
Maximum rate: 1 mEq/kg/hr.

IV push or undiluted potassium is never
administered.
Recommended maximum dose is 0.5 mEq/kg/hr in
children, although dosages of 0.25-1 mEq/kg/hr
may be used for severe depletion.
Recommended maximum concentration for solution for
peripheral lines is 40 mEq/L to prevent local irritation
at infusion site.
Recommended maximum concentration for infusion for
central lines is I mEq/2 m!.
Infusion rates of less than 0.3 mEq/kg/hr and concentrations of less than 60 mEq/L are usually adequate for
replacement and maintenance of potassium.

Continuous ECG monitoring is
necessary during KCI intermillent
infusion(0.5 mEq/kg/hr).
Monitor serum potassium levels
frequently.
Use with caution in patients with
renal impairment (avoid use if
patient is anuric or severely
oliguric).

Cominued
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11-7 Suggested Guidelines for Administration of Electrolyte Solutions--:-cont'd

~

~!Iectrolyte

Administration Guidelines

Monitoring

Administer slowly (no faster than 50 mg/min for CaCI 2 ;
100 mg/min for Ca gluconate) into a central line (in an
emergent situation, may be given into a peripheral line
if no central access is available).
May be administered by continuous infusion via peripheral intravenous line. Maximum concentration should
not exceed 20 mg/m!.
Administer boluses in a dextrose or saline solution with
no additives. Calcium is incompatible with many
medications. Boluses are not administered in parenteral
nutrition solutions or with intralipids.

Monitor intravenous site closely.
Necrosis and sloughing will occur
with extravasation.
Monitor patients taking digoxin who
are receiving calcium supplements
closely because elevated calcium
levels precipitate digoxin-related
arrhythmias.
(Monitor for bradycardia, hypotension, and cardiac arrhythmias.)

~»hosphorus

Potassium or sodium phosphate can be diluted in IV
maintenance fluids; infusion rate should not exceed
0.05 mmoUkg/hr. The usual dose for both is
0.15-0.33 mmoUkg/dose IV over 6 hours.

Side effects associated with
rapid administration include
hypotension.

, ,?IMagnesium (sulfate)

Administration by IV push is not recommended but in
emergent situations may be diluted to 10 mg/ml and
given slowly over 3-5 min. Dose should not
exceed 150 mg/min. ECG should be monitored
during administration.
Infusions are recommended to be diluted to <10 mg/ml
and infused over at least 15-30 min. Maximum
concentration is 200 mg/m!.

Monitor patient closely for signs of
hyperrnagnesemia. Cardiac arrest
may occur with magnesium levels
of 12-15 mEqrL.

!C',

~!~alcium (chloride, gluconate)
~ii::

~}

i:i

i
!!'I'

~ti

I~'

I

sodium wasting conditions. 12 Gastrointestinal water loss
from diarrheal disease is ordinarily the most common cause
of excess fluid volume loss in infants and children.
In the critically ill child, fluid volume loss through "third
spacing" is a common cause of fluid volume deficit. Third
spacing occurs when extracellular fluid compartment volume is shifted into cavities, where it accumulates and is
physiologically inaccessible for use by the body. Third
spacing develops in ascites, pancreatitis, bums, peritonitis,
sepsis, and intestinal obstruction.
Fluid deficit produced by inadequate intake is primarily
caused by unreplaced normal insensible water loss. Examples of underlying clinical problems that contribute to
decreased intake are coma, dysphagia, debilitation, impaired
thirst, or anorexia. In addition, intake may not be adequate
if ongoing losses are undetected or excessive.
Pathophysiology. Dehydration is usually classified
on the basis of the serum sodium level because the level
in dehydrated patients may be low, normal, or high,
depending on electrolyte losses. Dehydration is classified as
hyponatremic when serum sodium levels are less than
130 mEqlL, isonatremic when serum sodium levels are
130 to 150 mEqlL, and hypematremic when serum sodium
levels are above 150 mEqlLY These forms of dehydration
are also hypotonic, isotonic, and hypertonic, respectively,
because plasma osmolality reflects sodium concentration.
However, the two sets of terms cannot be used interchangeably because changes in tonicity do not always indicate
sodium concentration.

Hyponatremic dehydration occurs when there is a
proportionately greater loss of sodium compared with fluid
loss. This often results when a child who is experiencing
diarrhea or vomiting at home is given a hypotonic fluid such
as water. An osmolar gradient results and produces a fluid
shift from the hyponatremic extracellular space into the
intracellular space, increasing the ECF compartment loss.
Isonatremic dehydration occurs when equal amounts of
fluid and electrolytes are lost. When there is no osmolar
gradient and isotonicity exists, the resultant fluid volume
depletion is primarily extracellular.
Hypernatremic dehydration is characterized by an increased osmolality of the ECF compartment, which results
in a shift of fluid from within the cells to maintain osmolar
equilibrium. 9 ICF compartment volume is depleted, and
ECF compartment loss is less than expected.
Critical Care Management. In addition to the previously discussed components of the physical examination,
an estimate of the degree of dehydration is made, based on
the child's physical examination and weight loss (Tables
11-8 and 11-9). An estimate of fluid loss is made by
considering that I g of weight is equal to I ml of fluid.
Adelman and Solhaug 13 also note that fluid loss can be
approximated by capillary refill time. Specifically, a capillary refill of less than 2 seconds is associated with a fluid
loss of less than 50 ml/kg; capillary refill time of 2 to 3
seconds is associated with losses of 50 to 90 ml/kg; and
capillary refill time greater than 3 seconds occurs with losses
of 100 ml/kg or more.
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TABLE 11·8

Clinical Assessment of Severity of Dehydration

F~

~,;Signs and Symptoms

:'\,

~,G:eneral Appearance and

~'!nfants and young children

Moderate Dehydration

Severe Dehydration

Thirsty, alert, restless

Thirsty, restless or lethargic but
irritable to touch or drowsy

Drowsy, limp, cold, sweaty,
cyanotic extremities, may
be comatose

Thirsty. alert, restless

Thirsty, alert, postural
hypotension

Usually conscious, apprehensive,
cold, sweaty, cyanotic extremities, wrinkled skin of fingers
and toes, muscle cramps

Normal rate and strength

Rapid and weak

Rapid, feeble, sometimes
impalpable

Mild Dehydration

Condition

~.

IDi.~;:·
~~~

iili-Dlder children and adults
~

jJj'

Jii

~:E

@~J

~adial
!l:~

pulse

i!r
Hi;

~iRespiration

Normal

Deep, may be rapid

Deep and rapid

1:':Anterior fontanelle

Normal

Sunken

Very sunken

l§ystOJiC blood pressure

Normal

Normal or low
Orthostatic hypotension

Low, may be unrecordable

Pinch retracts immediately

Pinch retracts slowly

Pinch retracts very slowly
(>2 seconds)

Normal

Sunken (detectable)

Grossly sunken

i1'[]I'e ars

Present

Absent

Absent

fp):Mucous membranes

Moist

Dry

Very dry

Normal

Reduced amount and dark

None passed for several hours,
empty bladder

m~;;

lrt~

!RSkin elasticity
~~~,

!iW:
ill!!

W;:13yes

iti\'

1'~"

l1lrYrine output

i~:~;
~¥ody weight loss

3%-5%

6%-9%

~IO%

ii!iEstimated fluid deficit

30-50 m1/kg

60-90 mUkg

~IOO

ml/kg

iV'
Ibata from Adelman RD, Solhaug MJ; Pathophysiology of body fluids and fluid therapy. In Behonan RE. ed; Nelson textbook oJ pediatrics, ed 15.
j['-Philadelphia, 1996, WB Saunders. pp 185-222.

=iT'-

TABLE 11-9

til

~i;ECF

Effects of Type of Dehydration on Physical Signs

volume

~jiCF volume

Isonatremic Dehydration
(Proportionate Loss of
Water and Sodium)

Hyponatremic Dehydration
(Loss of Sodium in Excess

of Water)

Hypernatremic Dehydration
(Loss of Water in Excess
of Sodium)

Markedly decreased

Severely decreased

Decreased

Maintained

Increased

Decreased

Gray
Cold
Poor
Dry
Dry
Sunken and Soft
Sunken
Lethargic
Rapid
Low

Gray
Cold
Very poor
Clammy
Slightly moist
Sunken and soft
Sunken
Coma
Rapid
Very low

Gray
Cold or hot
Fair
Thickened, doughy
Parchedt
Sunken
Sunken
Hyperirritable
Moderately rapid
Moderately low

~rhysical signs
~.

!r.i".

Skin color*

~~ii Temperature

i,i!: Turgort

~~:;, Feel
lffii"
jiir:' Mucous membranes

flii.

Eyeball

~k,: Fontanelle

lirQj'- Pulse*
Psyche

~" Blood pressure*
!ill'..
Jf·

!I'Data from McCarthy PL: General considerations in the care of sick children. In Behonan RE. ed; Nelson textbook oJpediatric.., ed 14. Philadelphia. 1992.
~iwB Saunders, pp 17 1-21 L
~:*Signs of shock rather than of dehydration itself.
!li:tReflects magnitude of fluid loss from ECF.
i!4Tongue often has shriveled appearance because of loss of cellular fluid.
ij'ECr; Extracellular fluid; fCr; Intracellular fluid.
.
~.-.
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Initial therapy for the child with a fluid volume deficit is
directed toward quickly expanding ECF compartment volume to treat or prevent shock. Repeated boluses of 10 to
20 ml/kg of Ringer's lactate or normal saline (NS) is usually
administered. For the child with severe dehydration, rapid
fluid resuscitation with up to 60 mIlkg may be necessary.
Peripheral perfusion, heart rate, urine output, and blood
pressure are monitored to determine the child's response to
therapy.
Once initial resuscitation has been accomplished, therapy is directed toward definitive water and electrolyte
replacement. For isotonic or hypotonic dehydration, one
half of the calculated fluid loss is replaced along with
maintenance fluids over the next 8 hours, usually with 5%
dextrose and 0.45% NS. 14 The calculated fluid loss can be
determined by multiplying the assessed percentage of dehydration by the child's body weight. For example, a lO-kg
child who is 10% dehydrated has lost 10% of his or her body
weight. or 100 mIlkg, for a total fluid loss of 1000 m!. 14
Calculation of maintenance fluid is presented in Table

It) of Maintenance Fluid
TABLE

11.,10

~.j',

Calculation

rJ'er Day Body Weight (kg)
sr.~

Fluid Requirements/Day

100 ml/kg
1000 ml + 50 mllkg for each
kg above 10
1500 ml + 20 ml/kg for each
kg above 20
Fluid Requirements/Hr

4 mllkg
2 mllkg for each kg
above 10
1 mVkg for each kg
above 20

TABLE

11·11
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11-10. Potassium chloride (20 mEqlL) may be added once
urine output has been established. Ongoing losses may be
replaced concurrently with Ringer's lactate. The other half
of the calculated loss along with maintenance fluid is replaced over the next 16 hours, usually with 5% dextrose and
0.45% NS with 20 mEqlL of potassium. The resuscitation
bolus of Ringer's lactate or NS is not included in the calculation to determine deficit and maintenance needs. 14 An example of fluid replacement in a dehydrated child is presented in Table II-II.
Fluid resuscitation as described earlier is the initial
treatment, if appropriate, for moderate to severe dehydration. After initial therapy, further replacement is calculated
as maintenance plus estimated fluid deficit given evenly
over the next 48 to 72 hours, with 5% dextrose and 0.2% NS
being the fluid of choice. Fluid replacement that occurs too
rapidly can precipitate neurologic complications hallmarked
by seizure activity.
An additional early consideration for the child with
hyponatremic dehydration is sodium replacement. If
the child is severely hyponatremic (serum sodium
<120 mEqlL), a 3% solution of sodium chloride (NaCl) can
be rapidly given. Four ml/kg is usually given over 10 minutes to return the serum sodium level to 125 mEqlL. 14
The extent of hypernatremic dehydration is more difficult to assess because water moves from the intracellular to
the extracellular space, thus preserving the circulating
volume. Seizures may develop before or during replacement
therapy and are thought to be the result of intracellular
dehydration. Long-term neurologic sequelae and death may
result.
Serum Na correction in hypernatremia takes place no
faster than 0.5 to I mEqlL/hr because rapid correction of
serum sodium can lead to cerebral edema. During replacement therapy, serum sodium levels are monitored every 4
hours. If serum sodium levels decrease too rapidly, the rate
of hydration is decreased or the sodium content in the
replacement fluid is increased. If levels decrease too slowly,
the rate of hydration is increased. If the child demonstrates
neurologic symptoms, cerebral edema is suspected and
treated.

Fluid Replacement in Dehydration

i~o calculate the fluid requirements for a 20-kg child who is 10% dehydrated (serum sodium level of 132 mEqIL).
:if<,peficit
20 kg xl0% (or 100 ml/kg) = 2000 ml
,jfJtviaintenance
(10 kg x 4 ml/kg/hr) + (10 kg x 2 ml/kg/hr) = 60 ml/hr
n;

~j:rime

Administered Fluid

j,,,!

t'.O-30 minutes

20 ml/kg Ringer's lactate

[:;;30 min-8 hours

1/2 the deficit (1000 ml)/8 hours = 125 ml/hr + maintenance fluids (60 ml/hr) or 185 ml/hr of
Ds .45 NS + 20 mEqlL potassium
1/2 the deficit (1000 ml)1I6 hours = 63 ml/hr + maintenance fluids (60 ml/hr) or 123 ml/hr of
Ds .45 NS + 20 mEq/L potassium

~t,c
~~;

~'9: 24 hours
~~-

..

iil'rom Wetzel Re: Shock and fluid resuscitation. In Nichols DG et al. eds: Golden hour: the handbook of advanced pediatric life .fl(pport, SI Louis, 1996,

~)fosby.

!j:WS, Nonnal saline.

"Y
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Fluid Volume Excess

ELECTROLYTE DISORDERS

Fluid volume excess or fluid volume overload is defined as the actual excess of total body fluid or
a relative excess in one or more fluid compartments. 6 It
occurs when there is (I) increased sodium concentration and
water volume because of retention and/or excessive intake,
(2) decreased renal excretion of water and sodium, and
(3) decreased mobilization of fluid within the intracellular
space. 6 The major causes of excess fluid volume in critically
ill infants and children are cardiorespiratory dysfunction,
renal dysfunction, and inappropriate secretion of ADH, in
which serum sodium levels are decreased in the presence of
fluid overload.
Pathophysiology. As with dehydration, fluid volume
overload may be classified as isotonic, hypotonic, or
hypertonic. The most commonly occurring types of fluid
volume overload are isotonic and hypotonic 6
Isotonic fluid excess or hypervolemia occurs when excess fluid is in the ECF compartment in both the intravascular and interstitial spaces. Common causes of isotonic fluid
excess include excessive fluid administration or the use of
hypotonic fluids to replace isotonic losses. The hypervolemia causes an increase in blood pressure, which results in
an increased venous return to the heart or increased preload.
This increased preload causes stretching of the myocardium
and an increase in cardiac output. This response stimulates
an increase in the GFR, which results in increased excretion
of water and sodium.
Hypotonic fluid excess is also known as water intoxication. Common causes include syndrome of inappropriate
antidiuretic hormone (SIADH) (see Chapter 23), excessive
water intake, and congestive heart failure. This condition
occurs when the excess fluid is hypotonic to other body
fluids, resulting in a decrease in plasma osmolality. The
resulting osmotic gradient causes ECF compartment to shift
into the ICF compartment. Overexpansion of all body fluid
compartments and dilutional electrolyte deficits then occur.
Critical Care Management. The goal of management is to restore fluid balance, correct any electrolyte imbalances that may be present, and eliminate or control the
cause of the fluid volume excess. The critically ill infant or
child with fluid volume excess has the potential to develop
heart failure and pulmonary or cerebral edema, which are
potentially life-threatening complications. Excessive ECF
compartment volume is usually treated by eradicating the
underlying causes, as well as reducing the excessive volume. General fluid volume excess is treated with fluid restriction and the use of diuretics (if renal function is adequate). Low-dose dopamine may be useful to increase renal
blood flow and promote sodium and water excretion. Sodium restriction may be used to indirectly decrease fluid
retention.
Children with certain conditions, such as septic shock,
may manifest signs and symptoms of pulmonary edema,
despite the presence of hypovolemia. This occurs because of
increased capillary permeability, which results in capillary
"leak." Therefore interventions may be required to treat the
pulmonary edema, increase the ECF compartment volume,
and treat the underlying shock.

Sodium

Etiology.

Sodium is the major cation of the extracellular compartment. It regulates the voltage of action potentials in skeletal
muscles, nerves, and the myocardium. The action or
diffusion potential of the cell membrane occurs in response
to the sodium and potassium concentration in the ECF
compartment and the ICF compartment. Sodium plays a
significant role in the maintenance of acid-base balance
through combining with anions such as chloride and bicarbonate. Sodium is also responsible for the maintenance of
water balance (volume) in the ECF compartment through
maintenance of the osmotic pressure (osmolality). Consequently, imbalances in water and sodium often occur together and are equated with alteration in serum osmolality. Extracellular sodium concentration is normally 135 to
145 mEq/L. The intracellular sodium concentration is usually 3 to 5 mEq/L.
Sodium is actively absorbed by the intestines and
excreted by the kidneys and skin. The kidneys regulate
sodium excretion primarily under the influence of the
renin-angiotensin-aldosterone system. Renin is released by
the kidneys in response to sodium concentration changes in
the tubular fluid. The major factors that influence sodium
excretion are GFR and aldosterone. Alterations in the
sodium levels in the body are often the result of clinical
conditions involving fluid volume excess or deficit.
Hyponatremia

Etiology. Hyponatremia is defined as a serum sodium
concentration below 135 mEq/L. It is usually a secondary
manifestation of another disease state. In the critically ill
child, hyponatremia may occur as the result of excess water
retention in the ECF compartment, sodium loss from the
ECF compartment, or both. Hyponatremia may occur in
conjunction with hypovolemia, euvolemia, or hypervolemia. However, true hyponatremia must be differentiated from pseudohyponatremia. Pseudohyponatremia is
a falsely low serum sodium value that may occur in
patients with hyperlipidemia, hyperproteinemia, or both. In
children, diabetes mellitus is the most common cause of
pseudohyponatremia.
Pathophysiology. Decreases in serum sodium cause
a shift in water from the ECF compartment to the ICF
compartment, resulting in generalized cellular swelling or
edema. In the brain, where there is limited capacity for
expansion, the development of cerebral edema can have
catastrophic consequences (i.e., cerebral herniation and
death). The severity of the sodium deficit and the speed with
which it occurs have the most impact on the severity of
the clinical symptoms. Serum sodium levels of less than
120 mEq/L are associated with seizures and coma. This is
related to the development of cerebral edema, resulting from
cellular swelling, and may be severe enough to cause
cerebral herniation and death. Children who develop hyponatremia less acutely (over several days to weeks) may be
asymptomatic or may develop only lethargy, nausea, and
vomiting.
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Hyponatremia occurs most often with hypervolemia
in situations when the retention of water exceeds that
of sodium. Causes include water intoxication, nephrotic
syndrome, cardiac failure, cirrhosis, renal failure, and
SIADH. In this situation, the hyponatremia is usually
dilutional, so true total body sodium is normal or even
elevated.
Hyponatremia in conjunction with hypovolemia is less
common but may occur with renal or extrarenal losses.
Losses may occur through diarrhea and vomiting, third
spacing, or other disorders such as bums. Other causes
include excessive use of diuretics, osmotic diuresis, and
adrenal insufficiency.
Critical Care Management. The management of a
child with hyponatremia varies depending on the relationship to fluid volume. In severe symptomatic hyponatremia
with hypovolemia, serum sodium levels are rapidly elevated
to 120 to 125 mEqlL by infusion of a hypertonic 3% saline
solution. The amount of 3% saline necessary to raise the
serum sodium level is judged to be 4 ml/kg or is calculated
by the formula 15:
(125 mEq/L - Observed Na+ zmEq/L) x
Body weight (kg) x 0.6 Llkg

A solution of 3% saline contains approximately 0.5 mEq
NalmL and is given at a rate of I mEq/kg/hr (see Table
11-7). Serum sodium levels are monitored closely. If shock
is present because of hypovolemia, 0.9% NS is given
rapidly. Ongoing losses are replaced, and specific treatment
of the underlying cause is given.
Correction of hyponatremia with hypervolemia is directed toward treatment of the underlying cause. Administration of saline to increase sodium levels is not recommended because total body sodium may be normal and
saline infusion may expand the ECF compartment, worsening the situation. TBW may be decreased by fluid restriction
up to as much as 50% maintenance.
Hypernatremia
Etiology.
Hypematremia is defined as an excess of
sodium in the ECF compartment. It exists when serum
sodium levels exceed 145 mEqlL. Hypematremia may occur
as the result of pure sodium excess or of water deficit. Pure
sodium excess is unusual but has been reported as a result of
feeding improperly mixed high-sodium rehydration solutions or formulas to infants or to older children who cannot
gain water by themselves. 16 Sodium excess may also occur
as the result of excessive administration of sodium bicarbonate during resuscitation endeavors.
In addition to an actual increase in sodium, hypematremia can result from losses of water or from water deficit in
excess of sodium deficit. 17 Conditions that produce fluid
deficit and hypernatremia include diabetes insipidus, diabetes mellitus, excess sweating, increased insensible water
loss, diarrhea, dehydration, and lack of thirst. 16
Pathophysiology. Typically, when serum sodium begins to rise, the body responds with the release of ADH and
stimulation of the thirst mechanism in an attempt to retain
water and decrease serum sodium. However, in the critically
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ill infant and child, this response may not be sufficient to
prevent the serum sodium from continuing to rise.
Hypernatremia initially causes a generalized shrinking of
cells as fluid moves from the ICF compartment to the ECF
compartment. Central nervous system (CNS) dysfunction
often accompanies serum sodium concentrations over 158
mEqlL. 9 The CNS changes are thought to be the result of
several mechanisms, including intracellular dehydration;
shift of fluid from brain cells to cerebral vessels leading to
subdural, subarachnoid, and intracerebral bleeding; decreased microvascular perfusion related to increased blood
viscosity caused by increased plasma osmolarity; and
intracranial bleeding caused by damage to the bridging
veins as brain content contracts away from the skull. 15 Symptoms progress from restlessness and irritability through
ataxia and tremulousness, tonic jerks, seizures, and eventually to death if uncorrected. 16 Although the severity of the
symptoms is directly related to the level of excess sodium,
recovery from the CNS dysfunction appears unrelated, and
neurologic sequelae are common?
Critical Care Management. Hypernatremia may
produce serious problems related to CNS dysfunction (see
Table 11-3). The severity of the initial clinical signs is not
predictive of the degree of residual neurologic impairment.
Therefore although careful attention must be directed at
monitoring the child with hypematremia, evaluating children at risk for hypematremia is also important to prevent
neurologic dysfunction from occurring. Frequent assessments of the child's neurologic status, fluid gains and losses,
and serum sodium levels are done throughout the treatment
of hypematremia.
Treatment of hypematremia is directed toward removal
of excess sodium, if present, and correction of the underlying disorder. If fluid volume deficit is severe and shock is
present or imminent, volume expansion must be undertaken,
regardless of sodium levels. Isotonic solutions such as NS or
Ringer's lactate solution are used in initial treatment. After
initial stabilization and blood pressure recovery, hypotonic
fluids may be administered to bring sodium levels down at
the rate of 0.5 mEqlL/hr. 16 More rapid reduction is
associated with neurologic morbidity and mortality. Administration of fluid without sodium is never indicated, even
during correction.
Children with hypernatremia and fluid volume deficit are
at significant risk for cerebral edema and seizures with rapid
correction of fluid deficit. Volume deficits are replaced over
48 to 72 hours after initial intervention to prevent shock.
For children with increased total body sodium and
overhydration, excess sodium may be removed through the
use of diuretics and decreased sodium administration if
renal function is intact. If renal function is not intact,
dialysis may be required. 18

Potassium
Potassium has four major roles in the body. As the primary
intracellular cation, potassium plays an important role in the
action potentials in the nervous system, skin and smooth
muscles, and the cardiac conduction system. Acid-base
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balance is enhanced through the maintenance of electroneutrality of the body fluids. In cell anabolism, potassium is
released from cells when the body relies on cell catabolism
for energy. The biochemical reactions related to carbohydrate metabolism and synthesis of proteins also require
potassium. Maintenance of intracellular osmolarity is accomplished through the sodium-potassium (active transport)
pump (see Fig. 11-5). The normal range of serum potassium
is 3.5 to 5.5 mEq/L, with a concentration of 160 mEq/L
inside the cell.
Potassium excretion is enhanced by aldosterone, an
increase in cellular potassium, and increased activity of the
distal portion of the nephron. Aldosterone is the primary
controller of potassium secretion by the kidneys.
Hypokalemia
Etiology. Hypokalemia is defined as a potassium
deficit in the ECF compartment, with a serum potassium
concentration of less than 3.5 mEq/L. Hypokalemia occurs
as the result of either a true deficit of potassium or a shift in
potassium out of the intravascular space into the intracellular space. Excessive renal secretion, excessive gastrointestinal losses, and excessive sweating or decreased intake of
potassium (rare) 19 can cause a true deficit of potassium. A
shift of potassium out of the intravascular space into the
intracellular space can be caused by an increased cellular
uptake of potassium, which occurs with alkalosis or as the
result of excessive secretion or administration of insulin, or
in relation to increased cell production.
Pathophysiology. Serum potassium levels may not
always provide an accurate representation of total body
stores of potassium. Intracellular stores of potassium are
quite high, and when a deficit in extracellular stores occurs,
small quantities of intracellular potassium can be exchanged
into the extracellular space. As a result, serum levels of
potassium may remain within normal limits even though
body stores are somewhat depleted. However, once this
quantity of exchanged potassium is depleted, decreased
serum potassium levels will indicate a decrease in total body
potassium. 19 In addition, a decrease in serum potassium may
be seen even though total body stores are adequate, as is
seen when alkalosis is present, because alkalosis causes a
shift of intravascular potassium into the cells.
Increased renal excretion of potassium typically occurs
as a result of increased mineralocorticoid activity, acid-base
disturbances, or increased sodium delivery to the nephron.
Hyperaldosteronism increases renal wasting of potassium
and can cause severe hypokalemia. Primary hyperaldosteronism occurs as the result of adrenal adenomas and adrenal
hyperplasia. Secondary hyperaldosteronism is seen in patients with nephrotic syndrome, congestive heart failure, or
malignant hypertension 2
Acid-base disturbances can cause deficits in potassium
stores and hypokalemia as the result of increased potassium loss via the kidneys.23 A decline in serum potassium
accompanies respiratory and metabolic alkalosis because
potassium ions move into the cells to maintain the transmembrane electrical potential. However, the most severe
potassium deficiencies occur with metabolic alkalosis. In

patients who are alkalotic, potassium is taken up by the cells
from the ECF in exchange for hydrogen ions. In the initial
stages of alkalosis, the serum hypokalemia that occurs is
not reflective of body stores. However, as the alkalosis
progresses, a marked depletion of body stores occurs as the
result of increased exchange of potassium for hydrogen
ions. The direction of the change in pH is opposite the
change in serum potassium values.
The use of potassium-losing diuretics, such as thiazides
or furosemide, results in increased sodium delivery to the
distal nephrons. When this occurs in the presence of
increased aldosterone concentrations, an increased amount
of potassium is secreted into the tubular fluid and then lost
in the urine. 19
Gastrointestinal (GI) losses are a common cause of
potassium depletion. The potassium concentration of gastric
fluids is higher than that of serum concentration. Excessive
losses of these fluids (i.e., through vomiting or nasogastric
suctioning) can result in hypokalemia. This condition occurs
because of an actual loss of potassium and as the result of
the metabolic alkalosis associated with the GI losses.
Critical Care Management. Patients at risk for
hypokalemia are monitored for ECG changes and alterations
in their neuromuscular assessment (see Tables 11-3 and
11-4). The most significant problems caused by hypokalemia are related to cardiac dysfunction and muscle paralysis,
including paralytic ileus. Treatment of hypokalemia is
indicated whenever the serum potassium level falls below
3 mEq/L or the child exhibits symptoms related to hypokalemia. 15 Oral replacement is preferred if time and the child's
condition penni!. A dose of 0.5 to I mEq/kg (maximum,
20 mEq) usually corrects the hypokalemia if ongoing losses
are controlled. 15 This dose may be repeated every 4 to
8 hours. If IV replacement is required, concentrations up to
40 mEq/L are considered safe. The underlying cause of the
hypokalemia is considered and treated.
In severe cases of potassium depletion, in which serum
potassium levels are below 2.5 mEq/L, IV potassium
replacement is used. Dosages of 0.25 to I mEq/kg/hr may
be given to correct severe depletion. The correction of
hypokalemia is not an emergency and should be accomplished slowly because too rapid a correction may cause
lethal hyperkalemia. Table 11-7 provides additional recommendations for administration. Continuous ECG monitoring
for T wave assessments and frequent determination of serum
potassium levels are critical to avoid complications associated with hyperkalemia.
If the child is alkalotic, potassium is replaced as the
chloride salt because chloride depletion often accompanies
hypokalemia?O If the child is hypokalemic and acidotic,
serum potassium levels at a normal pH are lower. Thus
correcting the pH before the hypokalemia can make the
serum potassium level dangerously low2o
Hyperkalemia
Etiology. Hyperkalemia is an excess of potassium in
the ECF, existing when the plasma potassium level exceeds
5.5 mEq/L 21 The four general categories of causes are
altered renal excretion, impaired extrarenal regulation, shift
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from the intracellular to extracellular fluid, and increased
potassium intake. 22 Pseudohyperkalemia is relatively common and may be produced by conditions such as an
increased white blood cell count above loo,Ooo/mm 3 or a
platelet count greater than 750,ooO/mm 3 .9 A release of
intracellular potassium during the clotting process results
in the abnormal serum potassium level seen in that
circumstance.
Pathophysiology. Alterations in renal excretion of
potassium may result from either a decrease in the GFR or
a decrease in potassium secretion by the renal tubules?!
Conditions associated with altered renal excretion include
renal dysfunction and the administration of potassiumsparing diuretics such as spironolactone and triamterene. 22
Children with long-standing or congenital urologic abnormalities are likely to demonstrate subtly impaired renal
potassium excretion. Reflux nephropathy, prune-belly syndrome, and obstructions associated with bilateral hydronephrosis are likely to be associated with dysfunction of
tubular epithelium leading to abnormalities of potassium
excretion?2
Impaired extrarenal regulation may be produced by
such conditions as diabetes mellitus and adrenocortical insufficiencies or administration of drugs such as heparin,
~-blocking agents, and angiotensin-converting enzyme
(ACE) inhibitors. The absence of insulin limits the uptake of
potassium from the ECF compartment. 12 Decreased mineralocorticoid activity impairs excretion of potassium by the
kidney and colon, whereas drugs such as heparin or ACE
inhibitors limit aldosterone release from the adrenal gland. 22
The shift of potassium from intracellular to extracellular
fluid may be produced by rapid cell breakdown, which can
accompany cancer chemotherapy, burns or trauma, metabolic acidosis, hyperosmolar states, rhabdomyolysis, or the
administration of succinylcholine. 22 In these cases, normal
body stores of potassium may be available despite abnormal
serum levels.
Hyperkalemia may also be produced by excessive intake
of potassium, usually in the form of IV fluids or the oral
ingestion of medications or food substances high in
potassium. Although hyperkalemia may occur in young
children by this mechanism, hyperkalemia related to excessive intake is most often linked with impaired renal
function.
Critical Care Management. Hyperkalemia is one of
the most dangerous electrolyte imbalances because of the
potential to cause sudden death. I Hyperkalemia can eventually result in ventricular arrhythmias and cardiac arrest? 1
Treatment of hyperkalemia depends on the clinical
presentation. Potassium levels less than 6.5 mEqlL may
require only discontinuation of fluids containing potassium
along with close monitoring of serum potassium levels.
Increasing potassium excretion with sodium polystyrene
sulfonate (Kayexalate), especially in patients with diminished renal function, also helps to decrease potassium levels.
Kayexalate, I to 2 g/kg, is given orally (PO), by nasogastric
(NG) tube, or preferably, by rectum in a dextrose or sorbitol
solution. Sorbitol precipitates diarrhea, which aids in
potassium excretion. Kayexalate can be given every 6 hours
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orally or nasogastrically or every 2 to 6 hours rectally.
Because Kayexalate may bind calcium and magnesium,
symptoms related to deficiencies in these electrolytes may
occur.
Potassium levels higher than 6.5 mEqlL or those
producing ECG changes are treated immediately. In the
presence of life-threatening arrhythmias, calcium gluconate
at 100 mg/kg or calcium chloride at 20 mg/kg may be given
to reduce the cardiac toxicity associated with hyperkalemia. 24 Calcium increases the cardiac threshold potential,
thereby reducing membrane depolarization and reestablishing a more normal relationship between resting membrane
potential and firing threshold?4 The onset of action of
calcium is within minutes, and the effects last for about
30 minutes.
Redistribution of potassium from the ECF compartment
to ICF compartment decreases the elevated serum potassium
level. This is accomplished by the administration of sodium
bicarbonate, I to 2 mEq/kg, injected intravenously over 3 to
5 minutes. Sodium bicarbonate lowers the serum potassium
level within 30 to 60 minutes, with the effects lasting several
hours. Blood pH is monitored in children receiving this
therapy. Children with respiratory failure are carefully
evaluated because sodium bicarbonate increases carbon
dioxide (C0 2) production and may worsen respiratory
acidosis if CO 2 cannot be excreted by the lungs.
Glucose, 0.5 g/kg, accompanied by regular insulin,
0.1 U/kg, may also be used to shift potassium into the ICF
compartment. Cellular uptake of potassium from the ECF
compartment is enhanced with combined glucose and
insulin administration. The decrease in serum potassium
level associated with glucose and insulin therapy may last
several hours?4
Albuterol, a ~2-adrenergic agonist, causes an acute
decrease in plasma potassium and is another treatment
option for hyperkalemia. Albuterol activates the sodiumpotassium pump and stimulates the ~2-receptors of the
pancreas to release insulin, thereby shifting potassium into
the cells? I It is administered via inhalation or IV infusion.
The recommendation is that albuterol be administered in
conjunction with insulin because of the additive effect of the
two drugs?'
The diuretic furosemide (Lasix) may also be used to aid
in children with adequate renal function. However, the
amount of potassium removed is unpredictable. Therefore
diuretics are used only as an additional treatment modality.
The most rapid mechanism for potassium removal is
renal replacement therapy (see Chapter 21). Although
peritoneal dialysis may be used, it must be started early to
be effective. Continuous venovenous filtration or hemodialysis is used when potassium levels are lethal and
emergency life-saving treatment is necessary.

Calcium
Calcium, along with phosphorus and magnesium, plays a
critical role in nerve transmission, bone composition, and
regulation of enzymatic processes. Balance of these three
electrolytes is maintained through intestinal absorption and
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renal excretion. The majority of calcium (98% to 99%)
is stored in the skeleton and teeth, and the remainder is
found in soft tissue and serum. Approximately 50% of
serum calcium is ionized; the rest is bound to protein or
anions. Only ionized calcium is used by the body for
essential processes such as cardiac function, muscular
contraction, nerve impulse transmission, and clotting.
Therefore the ionized calcium level is of greatest physiologic significance. Because ionized calcium level has little
relationship to total serum calcium, direct measurement of
ionized calcium is critical whenever a clinically important
situation exists in which calcium levels may playa role.
Total serum calcium levels range between 9 and II mg/dl;
ionized calcium levels range between 4.4 and 5.4 mg/dl
(1.14 to 1.29 mmollL).
The roles of calcium in the body are conduction of
electrical impulses in cardiac and skeletal muscles, activation of clotting mechanisms, involvement in the coagulation
process, formation of bones and teeth, and mediation of
hormonal production. Calcium also activates serum complement, a major factor in the function of the immune
system. Calcium lines the pores of all cells and, with its
positive charge, controls the ability of sodium to enter
during depolarization because like charges repel each other.
Consequently, calcium aids in the maintenance of cellular
permeability.
Calcium regulation takes place through many different
factors. Vitamin 0-1,25 controls the intestinal absorption of
calcium. Parathyroid hormone (PTH) regulates renal excretion of calcium. PTH secretion varies inversely with ionized
calcium levels and is inhibited by hypomagnesemia and
vitamin 01.25.2 5 Vitamin 0, PTH, and serum phosphate
levels control bone deposition and resorption of calcium.
Normally, because of the constant activity of bone
deposition and resorption, there is little net change in serum
calcium. However, when this activity is disturbed, bone is a
reservoir to balance serum calcium levels. PTH, along with
vitamin 0-1,25 can change the degree of bone resorption.
With increased levels of PTH, release of calcium from the
bone is increased.
As mentioned earlier, PTH controls renal calcium
regulation in the distal nephron. Renal calcium reabsorption
increases with increases in serum PTH.

~

Hypocalcemia

Etiology. Hypocalcemia is a decrease of calcium in
the ECF and exists when serum calcium levels are below
8 mg/dl in full-term infants and older children and when
ionized calcium levels are below 4 mg/dl. Hypocalcemia in
children may be related to protein malnutrition because
decreased albumin for binding leads to decreased calcium
levels. Other causes are listed in Box 11-1. Alterations in
acid-base balance may also result in hypocalcemia.
Pathophysiology. Though the definition of hypocalcemia reflects a deficit in ECF concentration, the majority of
calcium is bound either to bone or to protein. Because serum
stores are replaced through the action of PTH, most
discussions of hypocalcemia are related to parathyroid
function. In addition, absorption of calcium from the
intestinal tract, excretion from the kidneys, and bone
rebuilding help regulate the available stores.
Approximately 40% of the total serum calcium is bound
to protein. Changes in plasma protein levels affect total
serum calcium levels. Hypoalbuminemia decreases total
serum calcium, and increased levels have the opposite
effect. Changes in serum albumin levels affect calcium. For
every I mg/dl change in albumin from the normal value, a
corresponding 0.8 mg/dl change occurs in ionized calcium. 26 The binding of calcium to protein is affected by pH.
If the pH is normal, approximately 40% of the total plasma
calcium is bound to the serum albumin. An increase in pH
as seen with alkalosis increases binding and decreases
ionized calcium. Even though the ionized calcium level is
changed, total serum calcium levels may be unchanged.
Critical Care Management. The child with hypocalcemia may be asymptomatic but requires monitoring for
clinical signs and symptoms (see Table 11-3), with particular attention paid to neurologic, neuromuscular, and
cardiac examinations. In addition, these children are monitored for changes in their ECG (see Table 11-4).
The total serum calcium, magnesium and phosphate
levels, and serum ionized calcium are useful laboratory tests
in managing hypocalcemia. Arterial blood gases may
demonstrate respiratory alkalosis as a cause of hypocalcemia. Because hypocalcemia may be linked to parathyroid
dysfunction, complete evaluation may include analysis of
PTH levels. In addition, because hypocalcemia is associated

Box 11-1

Causes of Hypocalcemia

Hypoparathyroidism (primary or surgically induced)
Hypomagnesemia
Hyperphosphatemia
Inadequate vitamin D
Decreased intake
Malabsorption syndromes
Protein malnutrition
Parenchymal liver disease
Anticonvulsant therapy

Nephrotic syndrome
Renal failure
Acute pancreatitis
Bums
Gram-negative sepsis
Chemotherapy
Transfusion with citrate·preserved blood
Certain medications: arninoglycosides, glucagon, phenobarbital, phenytoin

Dala from Metheny NM: Fluid and electrolyte balance: nursing considerations. ed 2. Philadelphia. 1992, JB Lippincott, pp 98-100.
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with hypoproteinemia, plasma protein levels may be evaluated (Table 11-12).
Two major areas of concern in the child experiencing
hypocalcemia are neuromuscular dysfunction and altered
cardiac function. Treatment of hypocalcemia is directed at
both identification of the underlying cause and correction of
the alteration. Treatment of underlying conditions that are
causing hypocalcemia is considered. Respiratory alkalosis is
readily treatable. If hyperphosphatemia exists, correction is
necessary because administration of calcium may cause
deposition of calcium-phosphate salts. A calcium-phosphate
product in a dose higher (total serum calcium x phosphate)
than 80 mg/dl is avoided. '5 Because hypomagnesemia
affects PTH release and correction of hypocalcemia, this
complication is considered and treated if hypocalcemia is
severe or persistent. Any other underlying conditions, such
as renal disease or hypoproteinemia, are also treated.
Acute hypocalcemia, especially in the child with impending neuromuscular or cardiovascular collapse, requires
restoration of the serum ionized calcium level. Treatment is
provided by IV administration of either calcium gluconate
(9 mg elemental calcium/ml) or calcium chloride (36 mg
elemental calcium/ml). The dosage for calcium gluconate is
100 mg/kg; the dose for calcium chloride is 10 to 20 mg/kg.
Less thrombophlebitis and tissue necrosis with extravasation is noted with calcium gluconate, although all solutions
with calcium salts are capable of causing tissue damage with
extravasation. For this reason, calcium salts are administered through a central vein. Calcium is used cautiously in
the digitalized child because calcium may potentiate digoxin
toxicity. Rapid administration of calcium may cause bradycardia and asystole, and thus ECG monitoring and slow
administration (50 mg/min for CaCI 2 ; 100 mg/min for Ca
gluconate) are indicated (see Table 11-7).
Hypercalcemia
Etiology. Hypercalcemia is an excess of calcium in the
ECF compartment and exists when the total serum calcium
level exceeds 10.5 to II mg/d1. 6 However, symptoms are not
usually noted until the serum calcium level is higher than
12 mg/dl. Levels higher than 15 mg/dl may be life
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11-12 Normal Laboratory Values
in Assessment of Calcium Alterations

TABLE

Normal Values
ill!':'

1!~:'

~'
l~i
~.,

Calcium (total)

~:~l~t

Adolescent
!j!. Calcium (ionized)
[;(.
Plasma protein (total)
j:e,

7.0-12.0 mg/d]

8.0-11.0 mg/dl
8.5-11.0 mg/dl
4.4-5.4 mg/dl

~" ~~;:~: g:~2":~)

4.7-7.4 gldl
5-7.5 g/dl

·,~.;~!'.c

6.5-8.6 g/dl

~:'

Child (1-15 yr)
Serum parathyroid hormone
[;. C-terrninal
K N-terminal

400-900 pg/ml
200-600 pg/ml

Fluid and Electrolyte Regulation

387

threatening. Hypercalcemia is not a common occurrence. [n
general, it is caused by excessive amounts of calcium moving from the bones and intestines into the ECF compartment. A pseudohypercalcemia may be seen in children with
a fluid volume deficit when an increase in serum calcium
levels is caused by a concentrational effect. Specific conditions associated with hypercalcemia may include iatrogenic
overtreatrnent of hypocalcemia, malignancies or neoplasms,
immobility, hypophosphatemia, hyperparathyroidism, vitamin D intoxication, use of thiazide diuretics, hypophosphatasia, and familial hypercalcemia. It is seen most commonly
in the critically ill child concurrently with hyponatremia and
hyperkalemia and as chronic renal failure resolves.
Pathophysiology. Hypercalcemia occurs when calcium influx into the ECF compartment overwhelms the
calcium regulatory hormones (PTH and vitamin D) and
renal excretion mechanisms or when an abnormality of one
or both of these hormones exists?7 As discussed earlier,
protein and pH also affect calcium levels. Increased albumin
levels result in increased serum calcium levels. A decrease
in serum pH as seen with acidosis increases ionized calcium.
In this situation, more calcium is removed from proteinbinding sites and is available for participation in chemical
reactions.
Critical Care Management. Patients who are at risk
for and those with hypercalcemia are identified and monitored for the clinical manifestations of hypercalcemia (see
Table 11-3), with emphasis placed on the neurologic and GI
examinations. The ECG is monitored for changes (see Table
11-4). Laboratory values are monitored and may include
serum calcium, ionized calcium, and plasma protein levels
and parathyroid hormone concentration (see Table 11-12).
Because serum calcium levels above 15 mg/dl may be
life threatening, immediate attention is directed at reducing
the amount of calcium in the ECF compartment in addition
to treating the underlying disorder. This is accomplished by
administration of IV fluids to dilute the calcium in the ECF
compartment. Loop diuretics, such as furosemide, may also
be used to enhance calcium excretion. 17 These therapies can
also produce losses of sodium, potassium, magnesium, and
phosphate.2 5 Thiazide diuretics restrict calcium excretion
and are therefore contraindicated in the management of
hypercalcemia. 28 Vitamin D and antacids with calcium are
not administered.
Additional therapies may be used to treat the underlying
disorder. If excessive bone resorption because of malignancy or immobility is a problem, calcitonin (lOU/kg TV
every 4 to 6 hours), mithramycin (25 J..Ig/kg IV over
4 hours), prednisone (I to 2 mg/kg/day IV divided into four
doses), and indomethacin (I mg/kg/day) may inhibit the
process. 25 Calcitonin is the least toxic and works by
impeding PTH-induced bone resorption. It peaks at about I
hour after administration.
Mithramycin is a toxic antibiotic that inhibits osteoclastic
activity, but it depresses liver, kidney, and bone marrow
function. Prednisone inhibits osteoclastic activity and intestinal absorption of calcium. Indomethacin acts only when
bone resorption is the result of prostaglandin-secreting
tumors, which are rare. IV or oral phosphorus preparations
may be used to increase bone deposition of calcium,
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although they are not used in patients with hyperphosphatemia or renal failure because of the risk of calcification in
the soft tissues.

Chloride
Chloride is the most abundant anion found in the ECF
compartment. Its major role is as a buffer in the maintenance
of acid-base balance. Chloride, with sodium, also maintains
serum osmolality. Chloride competes with bicarbonate for
the cations in ECF compartment to establish electrical
neutrality. Passively attracted to positively charged cations,
chloride ions balance the positively charged electrolytes in
ECF compartment and create sodium chloride (NaC\),
hydrochloric acid (HCI), potassium chloride (KCI), and
calcium chloride' (CaCI 2 ). Because chloride is usually
combined with one of the major cations in the body, changes
in serum chloride levels usually indicate changes in other
electrolytes or in acid-base balance. 17
Chloride ions are highly concentrated in gastric secretions and perspiration. Factors influencing excretion are
acidosis and alkalosis because as serum levels of bicarbonate change from the secretion of hydrogen ions, reciprocal
changes in the serum chloride commonly occur. 13 Normal
serum chloride levels in children are 95 to 108 mEqlL.
Hypochloremia
Etiology. Hypochloremia is a deficit of chloride in the
ECF compartment, which exists when serum chloride levels
are below 95 mEqlL. The most common causes of
hypochloremia include 01 losses, renal losses, and loss of
chloride through excessive sweating. 6
Pathophysiology. Hypochloremia may occur in conjunction with metabolic alkalosis. When chloride decreases,
bicarbonate increases in an effort to maintain the electrical
neutrality of the ECF compartment. Thus as the chloride
decreases, the kidneys retain extra bicarbonate ions to
balance the sodium ions. This in turn results in a hypochloremic metabolic alkalosis. Chronic lung disease (respiratory
acidosis) may also be associated with hypochloremia. This
condition results from the renal compensation and reabsorption of bicarbonate, which occurs in response to the
respiratory acidosis.
Hypochloremia may also occur when the loss of chloride
from the body exceeds sodium losses. It may be caused by
excessive loss of gastric secretions or prolonged diarrhea or
as a consequence of excessive use of potent diuretics.
Urinary losses of chloride may exceed sodium losses during
correction of metabolic acidosis and during potassium
deficiency. Hypochloremia may occur as the result of limitation of chloride intake, which might accompany saltrestricted diets, and excessive sweating, such as that seen
with the febrile child.
Critical Care Management. Table 11-3 lists the
clinical findings seen in a child with chloride loss that is
disproportionate to sodium loss. When there has been
proportionate loss of sodium and chloride, clinical findings
are characteristic of those found in hyponatremia and fluid
volume deficit. Laboratory values are monitored and may

include serum chloride, serum sodium, and bicarbonate
levels and pH. The pattern characteristic of hypochloremia
is a decreased serum chloride, decreased serum sodium, and
increased pH and bicarbonate levels. 13
Prevention of chloride deficit is an important goal of
management. The use of IV solutions containing chloride as
opposed to water will help to prevent such a deficit.
Treatment for hypochloremia includes treating the primary underlying cause while correcting the imbalance. The
imbalance is usually corrected through the administration of
sodium chloride, potassium chloride, or ammonium chloride. Three fourths of the imbalance is often replaced with
sodium chloride, and the remaining one fourth is replaced
with potassium chloride. Ammonium chloride is used
instead of potassium chloride if serum potassium levels are
elevated?6 A 0.9% solution of sodium chloride is used to
correct chloride imbalance. The dose varies, based on the
child's normal fluid volume requirements. Usually potassium chloride is given in a dose of 0.5 to I mEq/kg over a
1- to 2-hour period. The dosage of ammonium chloride is
calculated by multiplying the serum chloride deficit by the
ECF compartment volume (approximately 20% of body
weight in kilograms)?9
Hyperchloremia
Etiology. Hyperchloremia is an excess of chloride in
the ECF compartment and exists when serum chloride levels
exceed 108 mEqlL. Causes of hyperchloremia include
excessive chloride intake, usually associated with medication administration, and conditions that lead to metabolic
acidosis with excessive loss of bicarbonate ions, such as
diarrhea, renal failure, and administration of isotonic saline
solution. I?
Pathophysiology. Hyperchloremia may present as a
metabolic acidosis. The metabolic acidosis occurs as the
result of a decrease in bicarbonate, which results in an
increase in chloride, or as the result of an accumulation of
hydrogen ions.
Hyperchloremia may also result from an excess of chloride ions being ingested or retained. Excess intake causes
bicarbonate ions to be released in the kidney tubules, resulting in decrea~ed serum bicarbonate levels. Chloride excess
also occurs as the result of administration of cortisone
preparations, which cause sodium retention; severe diarrhea,
which results in a loss of bicarbonate ions; head injury and
sodium retention; and acute renal failure. 6 A pseudohyperchloremia may be seen in fluid volume deficit as the
result of a concentrational effect on serum chloride values.
Critical Care Management. When chloride excess
occurs proportionately to sodium excess, the signs and
symptoms associated with hypernatremia or fluid volume
deficit predominate. Laboratory values including serum
chloride, sodium, and bicarbonate levels and pH are
monitored. The pattern of laboratory values seen in hyperchloremia includes elevated serum chloride and sodium and
decreased bicarbonate and pH levels. The changes in pH and
bicarbonate levels reflect the acid-base disturbance that
accompanies hyperchloremia rather than the hyperchloremia itself.
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Treatment of hyperchloremia includes identification of
the underlying cause and correction of acid-base disturbances and electrolyte and fluid imbalances. Fluids (either
oral or IV) may be increased to dilute the excess chloride. In
an emergency, sodium bicarbonate may be administered to
correct the underlying metabolic acidosis. Diuretics may be
used to eliminate chloride, as well as sodium.

Phosphate
Phosphate, like calcium, is present in large quantities in
bone. Eighty-five percent of phosphorus is held in the bone
with calcium. Ten percent of phosphorus is found in the ECF
compartment. Phosphorus is also found in the teeth and soft
tissues, and 5% of the total level is in the ICF compartment.
Phosphorus, the primary intracellular anion, exists in a
variety of forms as phosphate and elemental phosphorus.
Phosphates (components of phosphoproteins and phospholipids) play a significant role in intracellular energyproducing reactions. In addition, phosphates influence tissue
oxygenation, CNS function, carbohydrate use, and leukocyte function. Tissue oxygenation is dependent on the ability
of red blood cells (RBCs) to transport oxygen to the tissues
and on 2,3-diphosphoglycerate (2,3-DPG), an organic phosphate in RBCs that binds hemoglobin and decreases its
affinity for oxygen. The kidney plays the major role in
phosphorus homeostasis. More than 90% of plasma phosphate is filtered at the kidney, and most reabsorption occurs
in the proximal tubule.
Serum phosphorus levels are higher in the pediatric
population because of the high rate of skeletal growth. The
normal serum phosphate level may be as high as 6 mg/dl
in infants and children, compared with levels of 2.5 to
4.5 mg/dl in adults.

Hypophosphatemia
Etiology. Hypophosphatemia is defined as an abnormally low concentration of inorganic phosphorus in serum.
In children, levels below 3 mg/dl are usually defined as
hypophosphatemia, although symptoms may not be present
until the level is below 2 mg/dl. 12 Levels lower than I mg/dl
may be life threatening. Hypophosphatemia may occur as
the result of a total body deficit or may be a reflection of a
shift of phosphorus into the cells. The major causes of
phosphate deficiency are severely limited intake, shift of
phosphate from the ECF compartment into the cell, decreased absorption from the GI tract, and increased renal
phosphate excretion.3°
Pathophysiology. Because phosphorus is abundant
in normally consumed foods and beverages, limited intake
of phosphate is related to vomiting or long-term starvation.
Cellular shifts of phosphorus may occur during rapid
cellular growth or hypermetabolic states. Intestinal malabsorption of phosphate may occur because of excessi ve use of
antacids, which bind phosphorus in the GJ tract, and
malabsorption syndromes in which watery stools result,
such as Crohn's disease or ulcerative colitis. 31 Malabsorption of phosphate also occurs in the presence of increased
calcium levels. Increased renal phosphate losses occur with
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rapid catabolism and destruction of body tissue. Metabolic
acidosis is the predominant finding when this mechanism of
phosphate loss is present. In children, bums may also produce hypophosphatemia as a result of renal wasting. 32 In
addition, diuretic administration may lead to renal tubular
leaks.
Hypophosphatemia is also seen in children with diabetic
ketoacidosis (because of renal wasting), as a concurrent
finding with administration of cytotoxic agents for treatment
of tumors, with phosphate-poor parenteral hyperalimentation, and when low-phosphate diets are used to treat renal
failure. 17
Hematologic changes are commonly encountered with
hypophosphatemia. Hemolytic anemia may result from
inadequate ATP for maintenance of the red cell membrane.
Oxygen-hemoglobin binding capacity drops as a result
of reduced availability of 2,3-DPG 6 Leukocytes demonstrate decreased phagocytosis, and platelet abnormalities are
also seen. The platelet abnormalities may account for
increased epistaxis and GI bleeding in children with
hypophosphatemia. 13
Critical Care Management. Patients with or at risk
for hypophosphatemia are assessed carefully for the clinical
manifestations of this electrolyte imbalance (see Tables 11-3
and 11-4). Severe hypophosphatemia can affect multiple
body systems and may result in coma and respiratory
failure. Serum phosphorus, pH, and bicarbonate levels are
monitored.
As with all electrolyte imbalances, the first step in the
treatment process is to identify the underlying cause and
take steps to correct it. Then, replacement of phosphorus is
undertaken. Replacement is generally done very slowly
because the actual serum level may not reflect a deficit in the
intracellular compartment. Unless acute symptoms are
present, phosphate depletion is treated by enteral administration of phosphorus to to 20 mg/kg/day divided into
several doses to minimize diarrhea. I 5 Parenteral administration of phosphates is usually restricted to children with
levels below I mg/eIl. 3D The dose generally recommended is
0.15 to 0.33 mmol/kg given as a continuous infusion over at
least 6 hours (see Table 11-7). Subsequent dosages are based
on the response to the initial dose. Either potassium or
sodium phosphate may be used, with the potential complications associated with hyperkalemia or hypematremia.
Other adverse effects of phosphate administration include
hyperphosphatemia, which may result in hypocalcemia, and
hypotension. Care must be exercised in the administration of
parenteral phosphorus. It must be well diluted to avoid
irritation of the blood vessels, extravasation, or infiltration
leading to tissue necrosis. Administration of large quantities
of phosphorus may lead to precipitation with calcium if
levels are not carefully monitored. 17

Hyperphosphatemia
Etiology. Hyperphosphatemia is defined as an excess
of phosphate in the ECF compartment and exists when
phosphate levels exceed 4.5 mg/dl. Hyperphosphatemia
may be produced by chronic renal failure, rapid cell
catabolism, excessive intake of phosphates, neoplastic
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diseases, hypoparathyroidism, and excess consumption of
vitamin D metabolites. 6 • 17 Elevated phosphate levels seldom
become a concern unless renal excretion of phosphorus is
impaired.
Pathophysiology. In chronic renal failure the renal
tubules no longer excrete phosphorus, despite continued
uptake in the GI system. The disruption in renal function
accompanied by a decreased GFR leads to impaired
phosphate elimination.
Rapid cell catabolism leads to the release of the cellular
phosphorus stores into the ECF compartment. Children
being treated with chemotherapy for neoplastic disease of
lymphatic origin may also develop hyperphosphatemia
because of leakage of phosphates into the circulation as a
result of cytolysis?
Hyperphosphatemia may also be seen in children at times
of rapid growth because serum phosphate levels may reach
6 mg/dl during these periods. Vitamin D, which increases
absorption of phosphorus in the GI tract, may be helpful in
providing phosphorus for bone growth and cellular function.
Critical Care Management. Patients with hyperphosphatemia are monitored for the clinical manifestations
of hyperphosphatemia and hypocalcemia (see Table 11-3).
An inverse relationship exists between phosphorus and
calcium in the ECF compartment. Therefore in conditions
producing hyperphosphatemia, hypocalcemia also exists.
The relationship between these two imbalances accounts for
the fact that the clinical signs and symptoms associated with
hyperphosphatemia are the same as those found in the child
experiencing hypocalcemia. If the hyperphosphatemia is not
associated with a hypocalcemia, phosphorus may precipitate
into body tissues as phosphate salts, and conjunctivitis,
pruritus, or renal deposits may occur. 6
Serum phosphate and calcium levels are monitored. An
elevated phosphate level is seen in conjunction with a
clinically significant decreased serum calcium value.
Treatment should be directed both at determining the
underlying cause and correcting the imbalance. Hyperphosphatemia may be treated using dietary restrictions of
phosphorus. If this diet does not result in lowered phosphate
levels, aluminum antacids may be used. The antacids bind
with the phosphate in the intestines and thus facilitate
elimination. Adequate hydration and correction of hypocalcemia also enhance phosphate elimination. If increased
phosphorus is not the result of an influx of phosphorus
related to renal failure, the administration of sodium
bicarbonate may be used to enhance renal excretion of
phosphorus 6 For the child with life-threatening symptoms,
fluids to increase renal phosphate losses, treatment of
hypocalcemia, or dialysis may be indicated.

Magnesium
Magnesium is the fourth most abundant cation in the body
and the second most abundant intracellular cation. The
distribution of magnesium is similar to that of potassium and
is approximately 60% in the mineral component of bone,
40% in the body cells, and less than I% in the ECF
compartment. The major roles of magnesium can be divided

into three areas: enzyme and biochemical activation, mediation of skeletal muscle tension, and inhibition of electrical
activity at the neuromuscular junction. Magnesium serves as
a cofactor in numerous enzyme reactions that involve
transfer of a phosphate group: metabolism of glucose,
pyruvic acid, and ATP. Magnesium has a similar role to
calcium as an inhibitor of electrical activity in neuromuscular function. Magnesium acts directly on the myoneural
junction, affecting neuromuscular irritability and contractility of cardiac and skeletal smooth muscle.'
The serum magnesium concentration is regulated by the
kidney, GI tract, and bones. However, the kidneys are the
primary regulators. The kidneys have an extraordinary
ability to conserve magnesium and with decreased intake of
magnesium excrete less than I mEq/day. When the concentration of magnesium in the glomerular filtrate exceeds
certain limits, large quantities of magnesium are lost in the
urine. 33 Reabsorption occurs in the ascending limb of the
loop of Henle and is modulated by the serum concentration
of ionized magnesium.
Serum magnesium levels are a poor indicator of total
body stores because less than I% of total body magnesium
exists in the serum. Normal magnesium levels in the child
are 1.5 to 2.5 mEqIL. Magnesium levels show small
variations, correlating directly with changes in serum
calcium and inversely with phosphorus. 27 About 35% of the
available magnesium is bound to protein.

Hypomagnesemia
Etiology. Hypomagnesemia generally exists when the
serum magnesium level is less than 1.4 mEqlL. However, a
decrease in serum magnesium is not always synonymous
with a decrease in body stores. Two principal causes of
decreased magnesium in the ECF compartment are decreased absorption or increased excretion. 3o
Pathophysiology. Decreased intestinal absorption of
magnesium may occur intrinsically or may be drug induced
(i.e., laxatives). Conditions that may be associated with
decreased absorption include pancreatitis, chronic or severe
diarrhea, prolonged nasogastric suctioning, prolonged vomiting, intestinal and biliary fistulas, and malabsorption
syndromes 33
Increased renal excretion of magnesium can occur with
the use of diuretics, in particular, loop diuretics and
thiazides. Patients with conditions causing a rapid diuresis
(i.e., diabetic ketoacidosis and hyperosmolar, hyperglycemic, nonketotic coma) also demonstrate an increased
excretion of magnesium. Aminoglycoside antibiotics and
antineoplastic agents may induce hypomagnesemia in children because these drugs cause renal magnesium wasting. 34
Hypomagnesemia may also be related to lack of magnesium
administration during the time the child is NPO or caused by
malnutrition.
Other imbalances seen with hypomagnesemia are hyponatremia, hypokalemia, hypophosphatemia, and distal renal
tubular acidosis. Hypomagnesemia may damage the ATp·
dependent sodium, potassium, phosphate, and hydrogen
pumps, which would cause excess urinary losses of these
electrolytes. 35
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Critical Care Management. The infant or child with
a decreased serum magnesium level is monitored closely for
the clinical manifestations of hypomagnesemia (see Table
11-3). Despite generalized neuromuscular excitability, respiratory muscle depression and hypoventilation may occur,
creating a need for mechanical ventilation. 3D Continuous
ECG monitoring is indicated to assess for arrhythmias (see
Table 11-4).
In addition, the child may present with many of the same
clinical signs that are found with hypocalcemia. The signs
and symptoms of hypomagnesemia are often compounded
by the coexistence of hypocalcemia and hypokalemia. When
these electrolyte disturbances are persistent, hypomagnesemia may also exist.
Serum magnesium, potassium, and calcium levels are
monitored. Decreased serum magnesium levels are accompanied by decreased potassium levels in 50% of children
evaluated. 34 Urine magnesium levels are also decreased and
may be monitored.
Treatment of hypomagnesemia is directed at identification of the underlying cause and correction of the imbalance.
With severe magnesium deficiency resulting in symptoms
such as ventricular arrhythmias or seizures, IV magnesium
sulfate may be diluted to 10 mg/rnl and given slowly over
3 to 5 minutes. Subsequent doses may be repeated if
necessary, based on the child's response and serum magnesium levels. Adequate renal function is ensured before
treatment is undertaken because if function is diminished,
hypermagnesemia resultsY Other complications of parenteral magnesium administration include neuromuscular
and respiratory depression, hypotension, and malignant
arrhythmias.
Although oral and intramuscular magnesium administration may be more easily accomplished, neither can be relied
on to correct a serious deficit. Intramuscular magnesium
absorption is erratic, based on the amount of subcutaneous
fat tissue. Intestinal absorption of oral magnesium is
extremely variable. If either intramuscular or oral replacement is chosen, careful attention must be directed at
monitoring serum levels.
Hypermagnesemia
Etiology. Hypermagnesemia is defined as an excess of
magnesium in the ECF compartment. Hypermagnesemia
exists when the serum magnesium level exceeds 2.5 mEqlL.
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Hypermagnesemia occurs far less often than hypomagnesemia. This condition most commonly occurs as the result of
underlying chronic renal disease. Transient increases in
serum magnesium levels may accompany ECF compartment deficit or excessive administration of magnesiumcontaining drugs?
Pathophysiology. Hypermagnesemia may occur as
the result of an increase in magnesium load or a decrease in
GFR. An increase in magnesium load is rare but may occur
with the administration of large doses of magnesiumcontaining electrolyte supplements, laxatives, or antacids in
the patient with compromised renal function. A decrease in
GFR is typically associated with chronic renal disease, acute
renal failure, or hypovolemia. 27 The result is inadequate
filtration and excretion of magnesium.
Critical Care Management. Because hypermagnesemia is a rare occurrence, the nurse must maintain a high
index of suspicion in those patients who are at high risk (see
Table 11-3). In addition, the child is monitored for ECG
changes. Severe hypermagnesemia may lead to coma or
cardiac arrest. Laboratory values are obtained and may
include serum magnesium level and renal function tests,
including BUN and serum creatinine.
Treatment of hypermagnesemia is directed at both
correction of the imbalance and identification and treatment
of the underlying cause. Calcium gluconate or other calcium
salts may be administered because calcium is an antagonist
to magnesium and often reverses the cardiac manifestations
of hypermagnesemia. IV hydration facilitates renal excretion of excess magnesium in the presence of normal renal
function. If renal dysfunction is apparent, dialysis may be
indicated.

SUMMARY
This chapter has presented the regulation and assessment of
fluid and electrolyte balance in the critically ill child. Care
of the critically ill child depends on accurate assessment and
complete understanding of the unique interrelationships of
these substances. Minor deviations in electrolyte and fluid
balance may produce profound complications in children.
Therefore careful attention to signs and symptoms and appropriate intervention to alleviate the abnormality and correct the underlying cause may reduce the severity and length
of time of critical illness.
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